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'CompuIerAutomId CA 

SECTION I 

INTRODUCTION TO RTX 

This section presents an overview of Computer Automation's Real-Time Executive (RTX) 
program which operates on the ALPHA-16, LSI-2, and LSI-305 processors. The following 
discussion is concerned with three basic questions: 

1. What is RTX? 
2. When should RTX be used? 
3. What does an application program look like? 

1.1 WHAT IS RTX? 

RTX is a modular package of service routines that handles both the overhead functions 
and the scheduling services associated with a real-time environment. Modular con­
struction allows you to select only the portions of RTX required for your application. 
Real-time environment means that if your application requires that certain tasks be 
performed at selected intervals or in response to an external signal or event, then 
RTX will manage the orderly interruption and resumption of your program. RTX does 
all the overhead functions to maintain and direct the execution of your application 
during both normal and real-time processing. 

RTX is also a powerful multi-task executive that controls all tasks of the overall 
application. These tasks include priority scheduling, response and assignment, 
interrupt servicing, and communication among RTX tasks and user-developed handlers. 
OVerall task control: 

1. Allows the application program to be designed as a number of either inter-related 
or subord:inate tasks. The nature of the application determines the task relation­
ships. RTX will completely handle the switching from task to task as required. 

2. Allows the application program to dynamically define (and redefine) the priority 
level of the various tasks in the application using RTX service routines. This 
is a software priority which is then used by the RTX scheduler function to direct 
the sequence of task execution. 

3. Allows RTX priority scheduling, response and assignment to share the computer 
among tasks with equal priority. When all tasks of the highest priority are 
temporarily waiting for some event to occur, the next highest priority level is 
scheduled in the same manner. 

4. Allows response to interrupts, as generated, because the user provides the 
interrupt instructions which transfer control to an interrupt service routine. 
This interrupt service routine will save status (using an RTX function), perform 
the necessary instructions to assure no data loss, and then restore status (using 
an RTX function). This routine can also cause a lower priority routine to be 

I/l-l Revised 11/77 



scheduled if additional processing of the interrupt data is requiredi the lower l 
priority routine can be temporarily deferred until any higher priority tasks have ~ 
had their turn at executing. 

5. Allows the various tasks in the application to communicate between themselves (or 
with RTX) through RTX communication routines. These routines allow a task to 
uniquely identify the communication request and then post it. Posting consists 
of presenting information to, or requesting information from, another task. This 
facility may be used to operate simply as a signaling device, or it may be as 
complex as both a signaling and parametric (pointer-passing) function. 

All of these RTX features combine to produce a multi-tasking, real-time scheduling 
executive that is, despite its small size, the most powerful and easy to use system 
of its kind on the market. Figure 1-1 illustrates a typical example of RTX.' 

1.2 WHEN SHOULD RTX BE USED? 

The most significant reason for using RTX is that your application program requires a 
real-time environment. Real-time environments are found in many circumstances, 
varying from high speed data acquisition to occasional sampling of an electro­
mechanical device such as a relay. The basic criterion is that a need exists for the 
application to communicate with some external device or event in a time~dependent 
manner. If this criterion is met, then RTX is a suitable vehicle for defining the 
relationship between the external device or event and the application programming 
tasks which control and service that device or event. Same of the more obvious 
applications are: 

1. Communications 
Message switching 
Store-and-Forward 
Networks 
Reservation Systems 

2. Process Control 
Plant Operations 
Flow Monitoring 
Equipment Direction 
X-y Positioning 
Petro-chemical Applications 

3. Data Acquisition 
Test cells, such as automotive or airframe/aircraft 
Traffic Control 
Instrumentation Control 
Source Data Entry 
Oil Field Data Monitoring 

4. Medical Data Processing 
EKG/EEG Analysis 
Patient Monitoring 
Cardiac Monitoring 
Patient Billing 

1/1-2 
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5. Security Systems 
Plant/Facility Security 
X-Ray Security Systems 
Video Transmission Systems 

6. Financial Transactions 
Point-of-Sale 
Automatic Banking 
Inventory Control 

1.3 WHAT DOES AN APPLICATION PROGRAM LOOK LIKE? 

RTX allows the user to construct his application in modules. These modules are then 
combined with RTX during the loading process to produce the final application program. 
The user may choose any arrangement of his program into modules that suit his needs. 
Figure 1-1 shows a general diagram of this type of arrangement. This modularity 
concept applies not only to the user's application, but also to RTX itself. The RTX 
package is simply a library of separate subroutines which may be referenced by the 
user's modules; certain of the RTX subroutines in turn reference others, and the 
linking of all required modules (performed by the LAMBDA loader or by the OS:LNK 
program) results in a configuration consisting of only those modules needed for the 
application. Figure 1-2 shows how the modules and user programs are loaded into 
memory and the size of the individual RTX modules. Keep in mind that the only RTX 
modules actually loaded for a given program will be the ones required by the 
particular program. 

1.4 DEFINITIONS 

1. Activity: A task which has been initialized (via BEGIN: for example) arid is 
receiving support from RTX. 

2. Common Subroutines: Subroutines which may be used by two or more different 
activities concurrently. These require special coding to provide reentrant 
capabili ty • 

3. Coordination Number: A decimal integer used to identify a task to RTX. It 1.:3 

analagous toa telephone number in that it is used to "connect" a task to another 
task or to the DELAY: process. 

4. Interrupt Data Processing: That portion of code that processes the data obtained 
by an Interrupt Service routine. 

5. Interrupt Service: That portion of code that must be executed immediately after 
the interrupt occurs (so as not to lose data). It should be limited to only that 
code which is necessary to assure no data loss. 

6. Inter-Task Coordination: A method for tasks to communicate and pass parameters 
using two l6-bit computer words. These words may contain any information, such 
as a table address, a pointer to a list of values, or a value itself. 

1/1-3 
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l 

I 
I Peripheral Device Task 

Additional Communication AND 
Peripheral Device Tasks as 
needed 

r--t File . Manager 

H. Task 1 

I 
I TaRk 2 

H Task n 

.. ' .... 

(2) CAl-Supplied Tasks 
(lOX) 

(3) User-written Application 
Tasks (as many as 
needed) 

(1) RTX Nucleus provides control, scheduling,'priority handling. 
(2) CAl-supplied tasks provide handlers for I/O (such as printers, tapes, 

etc.,), for communications (such as BISYNC, ASYNC, etc.), and others. 
(3) The user need only supply tasks which perform his application's work, 

while utilizing the CAl-supplied software for support. 

Figure 1-1. Typical Example of RTX 
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List Pinters and 
Scheduler 

Debug (ZBG) 

lOX Controls 

. . ., 

IONIT:, EOR:, EOF:, 
SIO:, • • ., SINT:, 10: 
and EOFCK: 

RTX Services 
DECPR:, DELAY:, GET:, PUT:, 
.•• , SUBR:, SUBX:, INTG: 
and RTOSZ: 

File Manager 

:AO 

:CO 

:2D4 

:290 

:130 

:f:j00 

RTX/IOX Library 
Segment 1 

RTX/IOX Library 
Segment 2 

:nFFF 1. .. ------------------------------~~----~---------~ 
Figure 1-2. RTX Software.Configuration 
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~inLine: A short initializing sequence which res.ets all task table pointers, 
and then begins one or more tasks. (Tasks may also be begun by other tasks, or 
upon an interrupt from an external device.) 

8. Priority: A software defined method for assigning (and re-assigning) the rela­
tive importance of a task to RTX. 

9. Re-entrant Programs: A program specifically written such that it may be directly 
entered by more than one program, concurrently. Under RTX, this is necessary 
only if two or more Interrupt Service routines require immediate use of the same 
program. For example, Interrupt Service A calls routine C. While C is executing, 
Interrupt Service B becomes active and also calls routine C. If C were not re­
entrant, this second call to C would replace the return address at C's entry 
point, causing the return address for routine A to be lost. 

10. Task: A program or set of programs which operate to perform a specific function 
within the real-time application. 

11. Work Area: An area of storage dedicated to table space for RTX. This table 
contains all the necessary information for RTX to perform its functions. Its 
usage is dynamic and is dependent upon the maximum concurrent usage of RTX 
functions. 

I/1-6 
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SECTION 2 

R'l'X ORGANIZATION 

RTX is basically a collection of functions (subroutines) and a user-supplied work 
area, which are linked to the user's Mainline sequence and tasks prior to execution. 
Each RTX function may be called as a subroutine by the user as it is needed, to 
perform a specific job. (See below for descriptions and. calling sequences of these 
functions.) RTX also includes a task scheduler (SCHED:) which is used to execute the 
task of highest priority. The priority of a task is defined when the task is begun, 
and may be changed by the task, using the SETPR:, INCPR:, and DECPR: functions. 
Priorities may range from 1 to 8191, with larger numbers representing the higher 
priority. 

The scheduler maintains a "Ready" list of each task in order of priority. The highest 
priority task is executed until it suspends itsel~ by calling any of the following 
RTX functions: 

DELAY: 

GET: 

SUBR: 

PAUSE: 

IO: 

SETPR: 

DECPR: 

(unless altering or cancelling a ~revious delay) 

(if no corresponding PUT: yet, and not a cancel call) 

(if the common subroutine is busy) 

(essentially reschedules the pausing task at the same priority) 

(BEGINs, at I/O completion time, the normal or abnormal return at the 
same priority) 

(if the new priority is lower than that of another task) 

(if the new priority is lower than that of another task) 

Once the task has been suspended, RTX executes the new highest priority task. The 
rule for determining the highest of equal priority tasks is, "first in - first out". 
Thus, if a task suspends itself, it thereby becomes "last in" within its priority. 

In addition to the user-invoked suspends listed above, occurrence of an interrupt 
will cause a task to be suspended, if the new priority is higher than that of the 
current task. An interrupt is defined to be: 

1. A hardware (external) interrupt, with INTQ: or INTAC: attached, or 

2. A software (internal) interrupt: 

a DELAY: expiring 
a PUT: which satisfies an outstanding GET: 
a SUBX, UNLK:, or UNPR:, with a higher priority task waiting 
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In addition, an Input Output Executivf:) package (lOX) is available, which may be 
linked to run in conjUnction withRTX. Its function is to perform I/O operations to 
the standard CAl I/O devices (teletype, high speed paper tape reader and punch, card 
reader, magnetic tape units, and disk) and resolve confilicts of concurrent I/O 
utilization. 

A File Manager operates in conjunction with lOX. It enables the user to communicate 
with data files by name, independent of the physical medium storing the file. 
Requests for access are made through lOX using Logical Units (LUNs). 

tl 2.1 WORK AREA (USER BLOCKS) 

The user must supply a contiguous work area for RTX to build its tables. The address 
and length of this work area is specified in the call to the RTX: function. It is 
grouped by RTX into blocks of five words each, and there must be at least two of 
these blocks (10 words) reserved; otherwise an error return will be made from the 
initialization routine. Table 2-1 gives a list of the RTX functions which allocate 
and de-allocate this area. The left hand column denotes the number of blocks allo­
cated (+) or de-allocated (-) by the function in the right-hand column. The user 
must supply sufficient work area for the maximum number of five-word blocks which 
may be allocated at anyone time. 

2.2 RTX FUNCTIONS: 

2.2.1 Initialize Work Area (RTX:) 

Calling Sequence: 

N 
WKAREA 

Returns With: 

EQU 
RES 

JST 
DATA 
DATA 
ERROR 
NORMAL 

INTERRUPTS ENABLED 
OVERFLOW RESET· 
WORD MODE 

(NUMBER OF TASK BLOCKS) 
N+N+N+N+N,O 

RTX: 
N 

WKAREA 

RETURN 
RETURN 

AREA FOR BLOCKS 

# OF CONCURRENT ACTIVITIES 

WORK AREA EXCEEDED 

A REGISTER 
X REGISTER 

CURRENT RTX REVISION NUMBER IN ASCII 
CURRENT RTX REVISION NUMBER IN ASCII 

This subroutine is called in the user's Mainline sequence to initialize the working 
area of RTX. The work area is broken into N blocks of five words each, Which are 
then used by the remainder of RTX during system operation. The number N must be 
large enough to allow for all concurrent activities. Work area overflow will cause a 
jump to the RTX: routine's error return at any subsequent time during the running of 
the program, not just during the call toRTX: •. 
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o I NOTE I 
A call to this subroutine causes activation of the RTX Scheduler. 
Upon return, the calling program (normally the user's Mainline 
sequence) is thenceforth considered a task with a priority of 8172. 

In addition to initializing the work area, the RTX: subroutine can also reset all I/O 
tables, if desired~ this feature will insure restartability of a user's program. The 
feature may be referenced in the user program, i! restart capability is required~ 
otherwise it may be omitted, thereby shortening the overall length of the program. 
(Upon initial loading, I/O reset is not required before execution.) 

To include this feature in the RTX: subroutine, simply reference the module "IONIT:" 
in the Mainline sequence; either of ,the following directives: 

IONIT: REF 
or 

LOAD IONIT: 

will serve this purpose. 

2.2.2 Initiate New Task (BEGIN:) 

~ Calling Sequence: 

BEGIN: JST 
DATA 
DATA 

(*) START ADDRESS OF NEW TASK 
PRIORITY OF NEW TASK 

Returns With: 

INTERRUPTS --- ENABLED 
OV --- UNCHANGED 
A REGISTER --- UNCHANGED 
X REGISTER --- UNCHANGED 

I NOTE I 
When the new task starts executing, the A and X registers will 
contain the values at the time of the JST to BEGIN:, OV will be 
reset, and the computer will be in word mode. 

This subroutine is called to initiate a new task. The task is scheduled and BEGIN: 
then exits to the task Scheduler. This means that the calling program will not 
receive control back inunediately if the new ("begun") activity is of higher priority, 
or if another task of higher priority is ready to begin execution. 
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NO. of 
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+1 

+1 
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0 

+1 

0 

0 

-1 

0 

-1 

-1 

-1 

a 

a 

-1 

a 

a 

+1 

+1 

+1 

0 

Table 2-1. User Blocks for RTX Functions 

Function 

RTX: 

BEGIN: 

END: 

PAUSE: 

PUT: (If a new, unique PUT: and no corresponding GET: is waiting 
for it) 

PUT: (If a new unique PUT: and the corresponding GET: is already 
waiting for it) 

PUT: (To change the information in a previous PUT:) 

PUT: (To cancel an outstanding PUT:) 

GET: (If a new, unique GET: and no corresponding PUT: is waiting 
for it) 

GET: (If a new, unique GET:, and the corresponding PUT: is already 
waiting for it) 

GET: (To replace a previous task currently waiting for a PUT: 
with the current task; the new GET: must be called with the 
same coordination number as the task to be replaced) 

GET: (To cancel an outstanding GET:) 

DELAY: (To initiate a new delay) 

I),PT AY: (To change the length of an outstanding delay) 

DELAY: (To cancel an outstanding delay) 

IN'!'SV: 

INTRS: 

INTAC: 

INTQ: 

SUBR: (If the common subroutine is not already in use) 

SUBR: (If the common subroutine is already in use) 
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-1 
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0 

-1 

-1 
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o 

o 

3 or 4 

Table 2-1. User Blocks For RTX Functions (Continued) 

Function 

SUBX: (If no other tasks are waiting to use the common sub­
routine) 

SUBX: (If one or more tasks are waiting to use the common sub­
routine) 

PROT: (If the facility is not already protected) 

PROT: (If the facility is already protected) 

UNPR: (If no other tasks are waiting to protect the facility) 

UNPR: (If one or more tasks are waiting to protect the facility) 

LOCK: (If the facility is not already locked) 

LOCK: (If the facility is already locked) 

UNLK: (If no other tasks are waiting to LOCK: the facility) 

ABORT: (In addition, -1 for each resultant SUBX: call where no 
other tasks are waiting to use the common subroutine, and -1 for 
each resultant UNPR: and UNLK: call where no other tasks are 
waiting to PROT: or LOCK: the facility) 

GETPR: 

SETPR: 

INCPR: 

DECPR: 

IOREL: 

IOWAT: 

10: (as follows:) 
+1 For the immediate return +1 
+1 For scheduling +1 
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[NO'. I 
Priorities are integers from 0 (lowest) to 8191 (highest). Users 
should limit priority to less than 7000 because certain RTX functions 
use those of 7000 and higher. 

2.2.3 Terminate Current Task (END:) 

Calling Sequence: 

JST END: 

The current task may terminate itself with a call to END:. No arguments are required 
and control will not return. 

I NO'E I 
The Mainline sequence (as a result of the JST to RTX:) has a priority 
of 8172. This sequence should begin other necessary tasks and then 
terminate itself by a call to END:. If it does not terminate, no 
tasks of a lower priority can execute. 

2.2.4 Suspend Current Task (PAUSE:) 

Calling Sequence: 

JST PAUSE: 

Returns With: 

INTERRUPTS --- ENABLED 
STATUS --- UNCHANGED 
A REGISTER UNCHANGJ<:D 
X REcaf;TEH --- UNCHANGED 

'rhis subrout:i IW is called by a progt am which desires to allow other tasks at the same 
priority level to get servi.ce. This is useful if a program is unusually long or is a 
closed loop. PAUSE: is essentially similar to a BEGIN:, END: pair, but is less de­
manding on work area space in RTX. 

I NO'. I 
Programs which loop indefinitely are permissible, but should be used 
carefully since they will block execution of all activities of a 
lower priority. Tasks should begin in response to a stimulus, 
generate the appropriate reaction, and end. 
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2.2.5 Coordination Numbers 

Before discussing GET:, PUT:, and DELAY: the concept of coordination number must be 
understood. A qpordination number is a 16-bit value which is supplied as an argument 
to GET:, PUT:, DELAY:, PROT:, UNPR:, LOCK:, UNl..K:, IO: and IOREL:~ This number . 
serves to identify the activity ~o that it may be referenced by a later call. 

For GET:, PUT: AND DELAY:, the same coordination number used in the same type of call 
supersedes the previous call. The negative (2's complement) of a coordination 
number cancels the previous call. FORtRAN uses the following coordination numbers, 
and the designer should avoid their re-use: 

F:RBPG address (for LOCK:) 
:FFDC (for, LOCK:) 

In addition, all DELAYs performed in lOX and COMX use memory addresses as coordination 
numbers. These memory addresses fall within the lOX or COMX boundaries, or their 
associated tables (CIB's). Thus, it is strongly suggested that the system designer 
follow this practice, and use as coordination numbers, only memory addresses of 
locations within his program. Basically, it is the system designer's responsibility 
to allocate coordination numbers so that no conflicts arise. 

I NOTE I 
Zero has no separate identifiable two's complement, and therefore a 
coordination number of zero should not be used. 

2.2.6 Inter Task Coordination (PUT:/GET:) 

These two facilities are generally used together as a pair. In general, PUT: passes 
32 bits (the A and X registers) to a GET:. Coordination' numbers are"used to insure 
proper reference. There are no timing restrictions on associated PUT:/GET: pairs. 
(If a task calls GET: before another task has made the corresponding PUT: call, the 
GETting task will suspend until the PUT: is made.) 

PUT: 

Calling Sequence: 

JST 
DATA 

Returns With: 

PUT: 
COORDINATION NUMBER 

INTERRUPTS --- ENABLED 
STATUS --- UNCHANGED 
A REGISTER --- UNCHANGED 
X REGISTER --- UNCHANGED 

This subroutine is called to do one of three things: 

1. Pass 32 bits to another task; call PUT: with the same (positive) coordination 
numherwhich will be used in the call to GET; 
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2. Change the information in a previous PUT:; call PUT: with the same coordinat~on 
number used previously. 

3. Delete an outstanding PUT:; call PUT: with the 2' s complement of the coordination 
number of the PUT: to be deleted. 

GET: 

I NOTI I 
If a PUT: is issued before the associated GET: is called, one block 
is used from the work area in RTX. If the GET: is called first no 
additional demands are made on the work area. 

Calling Sequence: 

JST 
DATA 

Returns With: 

GET: 
COORDINATION NUMBER 

INTERRUPTS --- ENABLED 
STATUS --- UNCHANGED 
A REGISTER FROM ASSOCIATED PUT 
X REGISTER --- FROM ASSOCIATED PUT 

This subroutine is called for one of three reasons: 

1. To obtain 32 bits (A and X registers) from another task: call GET: with the 
positive coordination number to be used with PUT:. 

2. T~ delete a task currently in a GET: waiting for the associated PUT:; call GET: 
wi th the 2' s complement of the coordination number. 

3. To replace a task currently waiting for a PUT: with the current task; call GET: 
with the same coordination number as the task to be replaced. 

After GET: is called, control will not be returned until the associated PUT: is 
issued. 

2.2.7 Delay Current Task (DELAY:) (Requires Real-Time Clock Option) 

Calling Sequence: 

DELAY: JST 
DATA 
DATA 

# OF TICKS ON THE CLOCK FOR DELAY 
COORDINATION NUMBER 

Returns with: 

INTERRUPTS --- ENABLED 
STATUS --- UNCHANGED 
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If deleting or changing an outstanding delay: 

A REGISTER --- UNCHANGED 
X REGISTER --- UNCHANGED 

If actually executing a delay: 

A REGISTER --- COORDINATION NUMBER 
X REGISTER --- UNDEFINED 

This subroutine is called for one of three reasons: 

1. To delay the current task for a specified period of time. (The number of ticks 
referred to above is the number of time interrupts from the Real-Time Clock. 
These interrupts normally occur every 10 msec but may be changed by a jumper 
wire. (See the appropriate ALPHA-16 or ALPHA LSI Computer Reference Manual). 
For this call, supply a currently unused positive coordination number. 

2. To delete an outstanding delay. A call to DELAY: with the 2's complement of the 
coordination number of any current delay will delete the delay request (and the 
task that called it). This is useful for deleting a watchdog routine. 

3. To change an outstanding delay. A call to DELAY: with the coordination number of 
a currently active delay will change the outstanding delay. This is equivalent 
to deleting a task in a delay and immediately starting the same task with a new 
delay. 
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SECTION 3 

INTERRUPT PROCESSING 

Most interrupt service routines can be divided into two sections. First, the recog­
nition that the requesting device usually has an immediate need which will result in 
data being lost if it is not met. Second, a subsequent need to perform some pro­
cessing upon that data. In the case of output, the device may not continue to operate 
at full speed if its request is not answered within a certain interval. After meeting 
this very high-speed requirement, the need for continued rapid servicing diminishes 
considerably, until the next request is made. 

RTX provides two alternative methods for interrupt service. One is the INTQ: service, 
which combines the functions of saving status, queueing or scheduling of support 
tasks, and then dismissing the interrupt since it has been honored. The second is to 
use the INTSVi, INTAC:, and INTRS: services to provide each of those three functions 
separately. Use of these three functions is described below. 

Upon receiving control after an interrupt, the interrupt handler should immediately 
call INTSV:, to preserve the register status. When control returns, the handler may 
utilize the registers as required. Processing, at this point, should be restricted 
to the very high speed "lost data" requirements. The handler may then schedule other 
activities, by calling INTAC:, with the start address and priority as arguments. 
Processing is ended for this phase, by issuing a call to INTRS:, which resumes pro­
cessing. Normally, the newly scheduled activity will have a high priority. Note, 
however"that the programmer may assign this priority, as distinct from those systems 
where the hardware has the device priorities wired in. When the scheduled processing 
activity receives control, it will be considered a normal activity, and may make use 
of all RTX functions. InterrUpts will be enabled, so that other devices which require 
service may receive control during their "lost data" intervals, after which the 
system Scheduler will return control to the highest priority processing program. 

The A and X register are passed between the scheduling and the scheduled routines, so 
that word or byte transfer devices can pass the data itself to the processing pro­
grams. After the processing program has finished its task, it may terminate, or it 
~ay schedule other responding tasks. 

By using INTSV: and INTRS: to save and restore status, the user is relieved of one of 
the most important and error-prone types of coding. with INTAC:, he can schedule 
routines which are normal, interruptable programs, and which can utilize all of RTX's 
capabilities. 

Note that the INTSV:, INTRS:, INTAC:, and INTQ: routines are necessary only for the 
user who is using RTX in conjunction with his own special (non-standard) device and 
has written his own interrupt handler for it. The RTX I/O Executive (lOX), discussed 
in Chapter 2 of this manual, contains the necessary I/O handler routines for the 
standard CAl-supplied I/O devices (card reader, teletype, high speed paper tape punch 

_ and reader, magnetic tape, disk and floppy disk). These standard handlers within lOX 
make use of the INTQ: routine internally. 
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3 • 1 SAVE ENVIRONMENT (INTSV : ) 

Calling Sequence: 

JST 
DATA 

Returns With: 

INTSV: 
SUBENT 

INTERRUPTS MUST BE DISABLED 
LOCATION OF ENTRY POINT TO INTERRUPT ROUTINE 

INTERRUPTS---STILL DISABLED 
STATUS---OV RESET, WORD MODE 
A REGISTER---SAVED P REGISTER 
X REGISTER---UNCHANGED 

This subroutine must be called by an interrupt subroutine to save the current 
envirorunent. 

3 . 2 RESTORE ENVIRONMENT (INTRS:) 

Calling Sequence: 

JST INTRS: 
DOES NOT RETURN 

This subroutine is called by an interrupt subroutine to exit. If RTX was interrupted, 
control is returned to RTX. Otherwise, task control is moved to the block at the top 

() 
-

of the scheduler ready chain and the system Scheduler is entered. ./ 

3.3 INITIATE A NEW TASK FROM AN INTERRUPT SUBROUTINE (INTAC:) 

Calling Sequence: 

JST 
DATA 
DATA 

INTAC: (MUST BE IN WORD. MODE) 
(*) START ADDRESS 
PRIORITY 

Returns With: 

INTERRUPTS---UNCHANGED 
OV---INDETERMINATE 
A REGISTER---DFSTROYED 
X REGISTER---DESTROYED 
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o 3.4 INTERRUPT SERVICE AND QUEUE TASK (INTQ:) 

\....., This service may be used in place of the INTSV:, INTRS:, INTAC:, sequence. It is 
functionally identical to the combination of those three services when they are used 
as follows: 

SUBENT ENT 
JST 
DATA 
JST 

DATA 

JST 

INTSV: 
SUBENT 
INTAC: 

TASKC, 

INTRS: 

PRIOR 

SAVE ENVIRONMENT 

QUEUE "TASKC" AT "PRIOR" 

DISMISS INTERRUPT AND GO TO RTX 
SCHEDULER 

The advantage to using INTQ: is that it is faster; i.e., it shortens the period of 
time during which interrupts are disabled. 

Calling Sequence: 

Returns With: 

Sample Usage 

JST INTQ: 
DATA $,0,0,0 

DATA TASK-ADDRESS 
DATA PRIORITY 
DATA A-REGISTER 
DATA X-REGISTER 
DATA P-LOC 

CALLING LOCATION, 3 TEMPS REQUIRED 

FOR TASK WHICH IS QUEUED 
FOR QUEUED TASK 
VALUE PASSED TO QUEUED TASK IN A 
VALUE PASSED TO QUEUED TASK IN X 
LOCATION OF SAVED P-REGISTER AT 
TIME OF INTERRUPT 

DOES NOT RETURN. QUEUES TASK FOR SCHEDULER AND DISMISSES 
INTERRUPT. 

1. Interrupt for End-of-Block 

EOBENT EN'!' 
JST 
DATA 

INTQ: 
$,0,0,0 

VECTORED INTERRUPT 

DATA TASKB,PRIORB,O,O,EOBENT 
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2. Interrupt for Data (Input) 

DATENT ENT 
SIN 
STA 
INA 
EMA 

JST 
DATA 
DATA 

AREG DATA 
XREG DATA 

DATA 

Ready 

3 
AREG 
ADDR,FCN 
AREG 

INTQ: 
$,0,0,0 
TASKA,PRIORA 
a 
a 
DATENT 

VECTORED INTERRUPT 
BLOCK BYTE MODE 
SAVE A-REG 
INPUT THE DATA VALUE 
RESTORE PROPER A-REG AND PASS INPUT 
VALUE TO QUEUED TASK 

A-REG VALUE FOR TASK 
X-REG VALUE FOR TASK 
RETURN POINTER FROM INTERRUPT 

3.5 COMMON SUBROUTINES (REENTRANCE) 

Nom.ally, different activities a:t:,e .independent of. each other. However, it is not 
unusual to have two unrelated programs use the same utility subroutines, therefore 
defining a "connon" subroutine. One example would be mathematical functions library 
routines. Rather than duplicating copies in each using program, a single copy is 
loaded, and entered with Subroutine calls (JST instructions). If control is within 
the common subroutine when an interrupt occurs, and another program gains control and 
re-calls the subroutine, the second call will destroy the return location of the 
first. When control finally returns to the middle of the interrupted subroutine 
(clearing'the interrupt), it will complete its execution, and again return to the 
second caller. The original caller never sees control come back. The later caller 
gets two returns from one call. This dilemma is referred to as the common subroutine 
problem, and it occurs in any system which allows interrupt processing. It is solved 
in different ways. Most simply, common subroutines can be forbidden. Alternatively, 
push-down stacks are utilized, scratch storage is forbidden, (except in the stack), 
and the programming task is made significantly more imposing. 

RTX has implemented an alternative solution to this problem, that of a "shared" 
facility. In our context a shared facility is a body of code which may be called 
concurrently from more than one task. In this sense, a shared facility is then 
common to several tasks. 

This implementation consists of two services which are contained in RTX. These are: 

SUBR: To initiate the execution of a shared facility 
SUBX: To return from a shared facility 

To illustrate usage of the~e services, consider the following example. If the 
subroutine CUP is a common subroutine to two tasks (named COFFEE and TEA), then it is 
possible that an interrupt could occur which causes task COFFEE to execute before 
task TEA Finished. This means that subroutine CUP could be entered from COFFEE 
before it completed the processing due to its prior entry from TEA. In this case, 
subroutine CUP is in common usage. It is designated as a shared facility and must be 
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designed to accomodate that condition. The method here is to use the following 
sequence of code in both COFFEE and TEA whenever it is desired to call subroutine 
CUP: 

JST 
DATA 

SUBR: 
CUP 

ACTUALLY CALL SUBR: SERVICE 
NAME OF COMMON SUBROUTINE 

instead of the usual method 

JST CUP 

I NOTE I 
NEVER call a common subroutihe directly~ that is, with a JST name. 
ALWAYS call a conunon subroutine using 

JST 
DATA 

SUBR: 
NAME 

CALL THE SUBR: SERVICE 
NAME OF COMMON SUBROUTINE 

(or using the LOCK: or PROT: routines described below). 

3.6 WRITING COMMON SUBROUTINES 

The rules for writing a conunon subroutine are very simple. They apply to the sub­
routine exit instruction. There are two rules: 

1. Instead of the traditional RTN instruction, use a JMP to the location directly 
before the subroutine entry point. 

2. In the location directly before the subroutine entry point, place a JST SUBX:. 

Use of these two rules will allow an orderly exit from the common subroutine. In our 
previous example, subroutine CUP looks like this: 

CUP 

NAM 
EXTR 
JST 
ENT 
JMP 

CUP 
SUBX: 
SUBX: 

CUP-1 
ENTRY TO COMMON ROUTINE CUP 
EXIT COMMON ROUTINE 

When SUBR: and SUBX: are used, all subsequent calls to the common subroutine are 
"locked out" until the current call to the subroutine has completed and the jump to 
SUBX: has been made. Then, each subsequent call (made while the common subroutine was 

\ busy) is completed in priority order. 

If this procedure is not followed, the system behavior will appear to be very erratic. 
Although the system will probably correct itself, when the doubly-returned task 
finally terminates, one activity has been lost, and one has been duplicated, probably 
incorrectly. If the user understands this section thoroughly, he can have the con­
venience of library subroutines, without the difficulty of accidental re-entry. 
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3 • 7 CALL A COMMON SUBROUTINE (SUER: ) 

This subroutine is called by a user task to schedule a subroutine which may 
be used by more than one task. 

( NOIE I 
This subroutine does not return directly to the calling program. 
exits through the Scheduler (SCHED:). 

It 

Calling Sequence: 

JST 
DATA 

SUBR: 
(*) ADDRESS OF COMMON SUBROUTINE 

Enters Subroutine With: 

INTERRUPTS---ENABLED 
STATUS---UNCHANGED 
A REGISTER---UNCHANGED 
X REGISTER---UNCHANGED 

I NOIE I 
The return address put in the entry point of the common subroutine is 
the location following the data in the above call. That is, it 
appears to the subroutine as if it were called from the location of 
its address (Not the location of the "JST SUBR:"). 

3.8 EXIT FROM COMMON SUBROUTINE (SUBX:) 

This subroutine is called from within a conunon subroutine to return to the calling 
task. 

I NOIE I 
This subroutine does not return directly to the calling program. It 
exits through the Scheduler (SCHED:). 

Calling Sequence 

SUB 
JST 
ENT 

JMP 

SUBX: 

where: SUB is the entry point of the common 
subroutine. This call must inunediately 
precede the entry so that RTX can keep 
its chains straight. 

SUB-l RETURN 
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Returns to calling task with: 

INTERRUPTS--ENABLED 
STATUS---UNCHANGED 
A REGISTER---UNCHANGED 
X REGISTER---UNCHANGED 

ComputerAutomation ~ 

I ",OTE I 
Each SUBR: call made must have a cor~esponding call ma.de to SUBX: once 
the routine has completed. If, a call to END: (to terminate the callj ng 
task) is made from within a S~9~~~n~ called by SUBR:, all other tasks 
will be permanently denied tneuseror that routine. To terminate a task 
from within a SUBR'd subroutine, the ABORT: routine should be used. 

3.9 PROTECT A FACILITY (PROT:) 

PROT: is called by a user's subroutine to protect itself from usage by other tasks. 
It is in a way similar to SUBR: in that reentrance to a common subroutine is prevented 
during its usage; however, in SUBR:, the determination to protect the subroutine is 
made by the calling program, while in PROT:, the determination is made by the sub­
routine itself. 

Calling sequence: 

SUB 
DATA 
ENT 
JST 
DATA 

o 

PROT: 
$-3 

The call to PROT: must be the first instruction following the entry point. The temF 
cell SUB-I is used by PROT: to store the contents of SUB (the return address from the 
caller). Note that exiting from the routine SUB must be done via the return address 
in SUB-I, not the address in SUB. 

Returns with: 

iNTERRUPTS---ENABLED 
STATUS---UNCHANGED 
A-REGISTER---UNCHANGED 
X-REGISTER---UNCHANGED 

PROT: may be called more than once using the same coordination number by the same 
task. However, a different task is effectively locked out of the subroutine until it 
is released by executing a call to UNPR:. 

1/3-7 



ComputerAutomation CA - 1 

I NOT. I 
The INTRS: and INTQ: subroutines contain logic to preclude task­
switching caused by an interrupt oocuring immediately before a JST 
LOCK: or JST PROT: instruction. This involves checking the inter­
rupted instruction to see if it is a JST LOCK: or JST PROT:. This 
check is effective only if the instruction is a JST indirect through 
a base page pointer to LOCK: or PROT:; that is, an :F9xx instruction. 
To insure this protection feature, reference LOCK: or PROT: by means 
of an EXTR directive, rather than a REF directive. This also implies 
that if EXTR directives are used in conjunction with the LPOOL 
directive, then an EXTR LOCK: or EXTR PROT: must be accompanied by a 
SPAn LOCK: or SPAD PROT: directive to insure that the pointer remains 
in the base page. 

3.10 RELEASE A PROTECTED FACILITY (UNPR:) 

t.JNPR: .:ls called by a common subroutine to delete its protected condition caused by <'l 

previous call to PROT: 

calling Sequence: 

JST UNPR: 
DATA Coordination Number 

Returnl1l with: 

INTERRUPTS---ENABLED 
STATUS---UNCHANGED 
A·REGISTER---UNCHANGED 
X-REGISTER---UNCHANGED 

In etfect, RTX treats the address·of a COINnOn subroutine Cas used in SUBR: and SUBX:) 
as a coordination number. These are ~hared with the coordination numb~rs used by 
PROT I and UNfR:. 'l'hat is, tho list .in which tho common subroutinC" addresses a.re 
aaved for SUBR. is the same list that. saves the coordination numbers for PROT: i'\nd 
LOCK:. R@Rults wi.Ll be unpredictable (and probably disastrous) if the '-1oordination 
number \U!Og by PRO'}':, UNPR:, LOCK: Ot' UNLl<: is also the addreslS of a common subrouti.ne 
(called by SUBR:). 

BeQause RTX maintains a single list for PROT: and LOCK: coordination numbers and 
SUBR; eemmon subroutine addresses, an alternative method for writing ~OflU'\\on sub­
.routinefi e~i~ts. The rules for this type of common subroutin~ are: 

1. Instead of the stanrl<'lrd "R'l'N snail inntruction, use '"" "JMP StIB-2". 
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3. In the two locations immediately following the subroutine entry point, place: 

JST 
DATA 

PROT: 
SUB-l 

, . 

4. Because PROT: moves the return address from SUB to SUB-l, references to parameters 
must be made through SUB-i, rather than SUB. For example, a typical routine, 
that adds the arguments ~resented to it and returns the sum in the A register, 
would normally be coded as follows: 

Calling Sequence: 

JST ADDM 
DATA 3 
DATA 4 

ADDM ENT 
LDA *ADD~ 
IMS ADDM 
ADD *ADDM 
IMS ADDM 
RTN ADDM 

I NOTE I 
This may not be used as a common subroutine because it has no 
protection from re-entrance. 

Using the SUER: common subroutine feature, the routine would appear as follows: 

Calling Sequence: 

ADDM 

JST 
DATA 
DATA 
DATA 

JST 
ENT 
LDA 
IMS 
ADD 
IMS 
JMP 

SUBR: 
ADDM 
3 
4 

SUBX: 

*ADDM 
ADDM 
*ADDM 
ADDM 
ADDM-l 
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The alternative method, using the PROT: common subroutine feature, is asfor.lows: 

Calling Sequence: 

JST ADDM 
DATA 3 
DATA 4 

JST SUBX: 
RES 1 

ADDM ENT 
JST PROT: 
DATA ADDM-l 
LDA *ADDM-l 
IMS ADDM-I 
ADD *ADDM-I 
IMS ADDM-l 
JMP ADDM-2 

! l 
I : The advantages of the last example, using the PROT: /SUBX: sequence, are: 
I. 

I: 

, i 
I 

1. 

2 .• 

The calling sequence is shorter than that calling SUBR: (the standard JST BUB ±s 
used). 

The burden for insuring that the subroutine is common (re-entrance.'protected) 
lies solely with the subroutine writer, not the subroutine cal.ler. 

'3. If the subroutine is capable of stacking multiple return address:es (not 'shown in 0 
this example), the subroutine is then recursive,and may call itself. (Notethat 
if recursive, SUBX: should only be called on the last return (use RTN SIlB-:I "for 
all returns but the last». 

3.11 LOCK OUT A FACILITY (LOCK:) 

LOCK: was designed for use by Real Time FORTRAN, and is similar to ,PROT: • 'The only 
difference between them is that :the return address "from the subroutine is stored ~in 
the location following the coordination number, instead of the location in front o"f 
the entry point, e.g.: 

Calling Sequence: 

SUB 

Returns With: 

ENT 
JST 
DATA 
DATA 

INTERRUPTS---ENABLED 
STATUS---UNCHANGED 
A-REGISTER---UNCHANGED 
X-REGISTER---UNCHANGED 

LOCK: 
Coordination Number 
o (Return address stored here) 

::tI 
lD 
<: 
1-'. 
til 
III 
0. 

The JST to LOCK: must be the first instruction following the subroutine ·entry point. ..1 
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The user should reference the LOCK: or PROT: subroutine with an EXTR (Iirect ive, 
rather than a REF directive. See the note in the PROT: description n~qarding this. 

Note that the PROT:/SUBX: example shown above does not apply to roCK:. 

3.12 UNLOCK A LOCKED FACILITY (UNLK:) 

UNLK: is an alternate name for UNPR:, and is provided solely for symmetry in 
doc1lmentation. 

3.13 ABORT A TASK (ABORT:) 

ABORT: is called from within a common subroutine to terminate the task which called 
the subroutine. 

In addition to performing the END: function, ABORT: also deletes any PROT:, LOCK: or 
SUBR: conditions previously set by the aborted task. 

Calling Sequence: 

JST ABORT: 

ABORT: exits to the scheduler (SCHED:). 

I NOTE I 
The duration of an ABORT: call is significantly longer than an FND: 
call, and therefore it should be called only if in a common subroutine, 
or in a PROTected or LOCKed condition. 

3.14 OBTAIN CURRENT PRIORITY (GETPR:) 

calling Sequence: 

JST GETPR: 

Returns With: 

INTERRUPTS---ENABLED 
STATUS---UNCHANGED 
A REGIS'fER CONTAINS TASK PRIORITY 
X REGISTER---UNCHANGED 

The subroutine is called to get the current priority of a task. It is usually 
called so that a task's priority may be restored after it is temporarily altered. 
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3.15 SET TASK PRIORITY (SETPR:) 

Calling Sequence: 

Returns With: 

DESIRED PRIORITY 
SETPR: 

INTERRUPTS ---ENABI,ED 
STATUS---OV RESET, \AlORD MODE 
A REGISTER---UNCHANGED 
X REGISTER---UNCHANGED 

ComputerAutomation ~ ----l 

This subroutine is called whenever a task desires to alter its priority. 

3.16 INCREMENT TASK PRIOR.ITY (INCPR:) 

Calling Sequence: 

JST INCPR: 

Returns With: 

INTERRUP'l'S---ENABLED 
STATUS---UNCHANGED 
A REGISTER---UNCHANGED 
X REGISTER---UNCHANGED 

'!'his subroutine will increment the priority of the calling task by 1. No range 
checking is performed. 

:3 .17 DECREMENT TASK PRIORITY (DECPR:) 

Calling Sequence: 

JST DECPR: 

R~turn~ With: 

INTERRUPTd---ENARLED 
STATUS---UNCRANGED 
A REGISTER---UNCHANGED 
X REGISTBR---UNCHANGED 

'I'hh 9ubroutine will decrement the calling task's priority by 1. No range checking 
h p~rfonned. 
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SECTION 4 

ADDITIONAL RTX FEATURES 

4.1 RTX DEBUG FEATURE (ZBG) 

The standard CAl DEBUG program is included in the RTX library tape (Segment 1) under 
the name ZBG. (Detailed descriptions of DEBUG are included in LSI-2 AutoMagic, CA 
document 96045-00, or LSI-3/0S AutoMagic, CA document 93001-00). When this module is 
linked, Relocation Register RF points to the RTX Linked list pointers for use with Z 
function; the corresponding length required by the Z function is set to five words, 
which is the length of each block used in the RTX Linked lists. When displaying a 
particular list with the Z function, the first printed line is not an entry in the 
list, but simply the pointer to the top of the list, followed by the next four higher 
words in memorY1 this first line may therefore be ignored. 

There are eight lists maintained by RTX, and the pointers to the top of each of these 
lists reside within the RTX nucleus in eight consecutive memory locations, in the 
following order: 

ORF Pointer to the list of tasks awaiting execution (READY) 
lRF Pointer to the list of INTQ: and INTAC: tasks awaiting execution (FIFO) 
2RF ' Pointer to the,list of tasks currently awaiting completion of a DELAY 

(DLYCH) 
3RF Pointer to the list of common subroutines currently requested (COMN) 
4RF Pointer to the list of 'tasks currently awaiting I/O execution (lOCH) 
5RF Pointer to the list of tasks awaiting a PUT: response to a requested 

GET: (GETCH) 
6RF Pointer to the list of PUT: requests awaiting a GET: response (PUTCH) 
7RF Pointer to the list of currently unused blocks (FREE) 

The following is a description of the contents and manipulation of a user block 
within each of the lists: 

1. READY List (RF) Ready to Run (used by BEGIN:) 

RTX maintains a list of all tasks which are ready to execute in the READY list. 
This list is sorted into priority order, so that RTX simply executes the task 
at the top of the list. The format for a READY block is as follows: 

Wo:r.cl 

o 

. 

. t 

Contents 

Word address pointer to next block entry in the list. (The last 
element in the list contains a zero). 
Bits 15-3. Task priority ntimber • 
Bits 2-0. (1.81-2 only) 

Bit 2. EIN indicator, for reference only. (RTX always 
allows interrupts.) 
Bit 1. BYTE mode indicator upon next resumption of task. 
Bit O. OVerflow indicator upon next resumption of task. 
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Word 

2 
3 
4 

ComputerAutomation ~ --

Contents 

Bits 2-0. (LSI-3/0S only) 

P 
A 
X 

Bit 2. BYTE mode indicator upon next resumption of task. 
Bit 1. OVerflow indicat.or upon next resumption of task. 
Bit O. 

register 
register 
register 

Unused 
contents upon next resumption of t,ask. 
contents upon next resumption of task. 
contents upon next resumption of task. 

2. FIPO list (lRF) Ready to Run (used by INTAC: and INTQ:) 

In order to avoid the problems of interrupting a linked list processor, INTQ; 
and INTAC: put the entries for their tasks in the FIFO list. (BEGIN: operates 
directly on the READY list). The RTX scheduler (which is never run as an 
interrupt routine) empties the FIFO list into the READY list and sorts the 
READY list. The format of a FIFO block is the same as a READY block. 

3. DLYCH List (2RF') Delay (used by DELAY:) 

A call to DELAY: (with a unique positive coordination number) causes the block 
for the currently executing task to be delete<'l from the READY list and put on top 
of the DLYCH list. The format of a DLYCH block is as follows: 

Word 

a 
1 
2 
3 
4 

Contents 

Word address pointer to next block in the list. 
Status & Priority. Same as READY list: entry. 
The P register. Points to address of return from DEL~.'i: 

'I'he coordination number. 
Working number of ticks left in Delay. 

Upon return, the A n:gir:;ter will contain the coordination number. The X register 
will contain the number of Real Time Clock "ticks" remaining (normally zero). 

4. COHN I,ist (3RF) Cornrnul\ Subroutin(' (1lsed by SUBR:, SUBX:, LOCK:, tJNI,K:, PROT:, 
UNPR: ) 

A (Jall tIl SUBR:, LOCI<": or PRQ'r: CttllSes th(~ COMN list to bl' searched for a blook 
tor th~ common sutH\:'.!! i,I,Q. If none is found, a block is deleted from the FREE 
1- i!'-lt and put on I"OP (, f the ('(lIl1N list. The format for a COMN block iR as follows I 

we;cl 

0 
1 
2 

3 
4 

Pointer to the nex t block in the list 
1,uc:lY fla" (:c.cro "" no·t busy) 
Pointer t:o the bloc].o: nf the hight:'st priority task w2litinq to USE! 

the (~oUll'K'n f.;ubroutine (0 :: no task waiting) 
Address of the common subtoutine (or coordination number) 
Unused 

It SUBR: is calle(l c,.:d a block for the common subroutine is found with the Busy 
flJlg' ~et, the block fur the C\1l"r<'llt ly E'lwcutinq task is deleted from the READY 
liflt, and imH'I"tcd JUI'('I a r::econc'lary liBt pnint~d to by Word 2 above. At the sarne 
timo, the P rC9i:.:;ter iG Sf't so thllL the task will again cal] SUBR: when RTX next 
executes the task. 
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lOCH List (4RF) I/O Suspend (used by lOX:, Fortran Interface) 

A call to 10: or IOWAT: when the busy flag is set in the lOB, or a Fortran call 
for I/O when no parameter block is currently available, will cause the task block 
to be deleted from the READY list and put on the top of the lOCH list. The P 
register is set so the task will repeat the call when RTX next executes the task. 
The format of an lOCH block is the same as for a READY block. The lOCH list is 
emptied into the READY list each time any I/O completes. 

6. GETCH List (5RF) Get (used by GET:) 

7. 

A call to GET: with a unique positive coordination number (and no matching PUT: 
yet) causes the block for the currently executing task to be deleted from the 
READY list and put on top of the GETCH list. 

Word 

o 
I 
2 
3 
4 

Contents 

Pointer to next block in the list 
Status & Priority (same as Ready) 
P register. Points to return from GET: 
Coor.dina tion No. 
Unused 

When the associated PUT: is done, the block is deleted from the GETCH list, the 
A and X register contents are stored into words 3 and 4, and the block is inserted 
into the READY list in priority order. 

PUTCH List (6RF) Put (used by PUT:) 

A call to PUT with a unique positive coordination number (and no waiting GET:) 
causes a block to be deleted from the FREE list (see below) and added to the top 
of the PUTCH list. The format for a PUTCH block is as follows: 

Word 

o 
I 
2 
3 
4 

Contents 

Pointer to next block in the list 
Unused 
A register contents to be passed 
Coordination No. 
X register contents to be passed 

When the associated GET is processed, the block is deleted from the PUTCH list 
and put on top of the FREE list. 

8. FREE List (7RF) Available Storage 

This list is initialized to contain the entire work space during a call to RTX:. 
As blocks are required, they are taken from the top of the FREE list. As blocks 
are no longer required, they are deleted from the appropriate list and put onto 
the tail of the FREE list. A FREE block has no specific format. It will simply 
contain data from the function which last used the block. 
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4.2 PROGRAM LOADING WITH ZBG 

.ZBG resides in the RTX libraryJto make use of ZBG, it is necessary to include a 

ZBG 

instruction within the user's program. Thus ZBG is entered immediately upon execu­
tion, and may then be used to breakpoint through the mainline sequence and any parti­
cular task. 

4 ~ 3 POWER-FAIL, AUTO-RESTART (PWRFL:) 

If the computer being used has the Power Fail option, the user may utilize the RrX 
. program module which provides service for that device 0 The loader will cause the 
:! routine to be loaded if the user has a REF to PWRFL:. He must, however, not actually 

call that program at execution t~e. Instead, if a power failure begins, the inter­
rupt hardware will force control into that routine, saving the computer's register 
.tat~s, and halt, to prevent loss of information from core storage. When the power 
is restored, the program will schedule a user-supplied routine, which must be named 
PWRUP:, and must occur in a NAM directive. Re-initiation of the activity which was 
in process (at the time of the power failure) will also be scheduled and control 
will be passed to the system Scheduler. 

~X will schedule PWRUP: as a task at priority 8184 with the contents of the A 
register nonzero if the power failure was detected. If power failure was not detected 
(e.g., the computer was halted), RTX will transfer contrbl to PWRDP: with the 
contents of the A register equal to zero. Note that RTX cannot resume the activity 
in progress at the time of the power failure if the power failure was not detected. 

4.4 TELE~YPE INPUT/OUTPUT 

RTX provides decimal, octal, and hexadecimal I/O on the standard Teletype, by using a 
software interface to CAI's Teletype Utility Package (TOP). The calls and usage are 
identical to the standard version. 

TOP also provides the capability t.o read and print strings of text, (for headings, 
labels, etc.), and this capability is retained in the RTX version. 

Refer to the standard TOP documentation (#96014) for a complete description of each 
~outine. Additionally, a specific limitation exists with respect to TOP usage through 
RTXI. ~UP must not be called concurrently by more than one task, because TOP itself 
calla subroutines within it with JST instructions, and these subroutines are not 
protected from re-entrance. ' 

, 'l'UP reaides on the RTX Se91nent 2 library tape, and its routines should be referenced 
with the REF or EX~R directive. 

4.5 LSI-3/0S SOFTWARE CONSOLE ROtJ'!'INE: (CNSOL3) 

g 
--! 

-' 

The LSI-3/0S version of RTX includes CNSOL), the Software Console Routine, which aay 0-,-
be linked by a reference to CNSOL3 in the user program module. usage of the Software ~ 
Conlole Routine is described in the LSI-3/05 Software Manual (90-20010-00). 

r/4-4 Rev I sed 11/76. 
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SECTION 5 

RTX OPERATING PROCEDURES 

1. Assemble each of your application program modules. Be sure to reference each R'1'X 
function that a module uses in either an EXTR or a REF directive. 

2. When you have a useful object tape for each 
create the executable application program. 
LAMBDA, the relocating, linking loader. 

of your modules, you are ready to 
This requires that you first load 

3. Using LAMBDA, force load the initializer task module of your application. 

4. Then using LAMBDA, load the remainder of your group of application program 
modules. You can use the Selective Load feature of LAMBDA to include only the 
modules your program actually requires. 

5. Still using LAMBDA, selectively load the RTX Library object modules from the three 
RTX Library Tapes. The first tape applies only to COMX and is not needed unless 
COMX is to be used. The tapes are: 

6. 

Segrnen t 0 - COMX 
Segment 1 - RTX/IOX 

,Segment 2 - RTX/IOX 

LSI-2 
70-93300-32 
70-93300-30 
70-93300-31 

I NOTE I 

LSI-3/05 
70-93301-32 
70'-93301-30 
70-93301-31 

If the user program does not reference PROT: and LOCK:, LAMBDA and 
OS:LNK will declare these subroutines as undefined. This declaration 
can be ignored since INTRS: and INTQ: (loaded after PROT: and LOCK:) 
check to see if a call to either subroutine is the next instruction 
after an interrupt is serviced. 

I NOTE I 
When operating under the lOX File Manager, disk devices must be 
labeled prior to their use. Labeling is done with the stand­
alone proqram, RTX File Label Utility (tape Nos. 70-93324-40Al 
and -41Al). Subsection 11/5.3 gives a complete description of 
this utility. 

Start execution of your program so that the initializer module (Mainline Sequence) 
or ZBG, if used, is executed first. 
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Section 6 

A SAMPLE RTX PROGRAM - RTX DEMO 

6.1 PROGRAM DESCRIPTION 

The RTX Demo Program (00-93300-33) demonstrates the basic functions of RTX in a 
simple, straightforward manner. It consists of three main tasks (TASKI, TASK2, 
TASK3). The function of each of these tasks is to delay a specific amount of time, 
and then call a routine to output a message to the teletype. 'The message consists of 
the task name followed by the elapsed time in seconds since the start of the program. 

An actual user's application of RTX might very well use the interrupt from some 
external device to initiate a task. This example simulates the effect of three such 
devices which interrupt every 5, 7, and 11 seconds, respectively; that is, the delays 
themselves simulate external devices. 

Each task delays a different amount of time than the other tasks, before printing. 

TASKI delay: 5 seconds 
TASK2 delay~ 7 seconds 
TASK3 delay: 11 seconds 

Thus TASK1 will output 

"TASKI 0005" 
"TASKI 0010" 
"TASK1 0015" 
etc. 

TASK2 will output 

"TASK2 0007" 
"TASK2 0014" 
"TASK2 0021" 
etc. 

And TASK3 will output 

"TASK3 0011" 
"TASK3 0022" 
"TASK3 0033" 

etc. 

Because of teletype timing, each message takes more than one second to complete. 
Thu:; the three tasks will contend with each other for the use of the teletype. 
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In addition, a fourth task called "IOTASK" outputs the actual teletype messages~ This 
task is begun by each of the three main tasks whenever their delays expir"', at the 
following various priorities: 

TASKl begins IOTASK at priority 5 
TASK2 begins IOTASK at priority 7 
TASK3 begins IOTASK at priority 11 

This means that if TASKI and TASK3 both begin IOTASK at the same time (which they 
will, at 55 seconds), TASK3's message will be output first, since its priority to 
begin IOTASK is higher than TASK1's. 

To be more specific, and to demonstrate the priority sequence more fully, the actual 
te,letype output after 55 seconds app,ears as: 

TASK3 0055, TASK2 0056, TASKl 00S5, ••• because each message takes slightly more than 
one second to print, thus causing the following sequence: 

~ 
55 seconds after start 

56 seconds after start 

57+ seconds after start 

ACTION 

TASKl and TASK3 both begin IOTASK with a "55 seconds" 
message. Since TASK3 has the higher priority, its 
message is printed first. 

TASK2 begins IOTASK with a "56 seconds" message. 
TASK3's "55 seconds" message is still printing, and 
TASKl's "55 seconds message" is queued up. Since 
TASK2 has a higher priority than TASKl, the TASK2 "56 
seconds" message gets output when TASK3's message 
completes. 

TASKl's "55 seconds" message is output after TASK2's 
"56 seconds" message is completed. 

Atter 80 seconds, the teletype listing should appear as: 

TASKl 0005, TASK2 0007, TASKl 0010, TASK3 0011 
TASX2 0014, TASKl 0015, TASKl 0020, TASK2 0021, TASK3 0022 
TASKl 0025, TASK2 0028, TASKl 0030, TASK3'0033 
TASK2 0035, TASKl 0035, TASKl 0040, TASK2 0042, TASK3 0044 
TASKl 0045, TASK2 0049, TASKl 0050, TASK3 0055 
TASK2 0056, TASKl 0055, TASKl 0060, TASK2 0063, TASKl, 0065, TASK3 0066 
TASX2 0070, TASKl 0070, TASKl 0075, TASK3 0077 
TASK~ 0077 , TASKl 0080, 

(TASK3's message contains carriage return and line feed control characters). 

6. 2 PROGRAM MODUJ.E FUNCTIONS 

Let us now examine the RTX functions used in this program (refer to the flowchart in 
figun 6-1 and the program listing at the end of this section). There are six basic 
modules oomprising the program: 
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6.2.1 BEGIN (Initialize and Begin Tasks) 

The program start occurs at the BEGIN section of the flowchart. The first step is to 
initialize RTX. This is performed using the RTX: function to define the maximum 
number of RTX tasks which maybe in concurrent operation and the required table space 
for RTX management of those tasks. If insufficient table space is found or other 
peculiarities occur during initialization. the error return is taken. In our example, 
we halt the computer to remedy the problem. U~ing the BEGIN: function of RTX defines 
the task name (TASKl, TASK2 and TASK3 in our example) and its software priority 
number (100 for each in our example). 

No other tasks have begun their activity at this point. This is because the first 
task following the RTX: call (the initialization sequence itself) is automatically 
scheduled at the highest software priority. When the END: function is called, this 
task is deleted and the Scheduler can then schedule the other tasks in relation to 
their priority. 

Since the three tasks all have priority 100 and priority 100 is the highest active 
priority value, the Scheduler will arrange each task in sequence according to the 
order in which it was initiated by the BEGIN: call, and will then start execution of 
the first task in that sequence. The sequence is determined by a first-in, first-out 
rule. Therefore, TASK! executes until it requests an RTX service which causes it to 
be suspended. 

When the task is re-scheduled (on completion of one of the above function calls), it 
is put back in sequence at the end of all other equal priority tasks. 

This type of organization allows for true priority scheduling within an application, 
while also allowing the tasks themselves to be executed, interrupted, and resumed in 
an orderly fashion. 

6.2.2 TASKI (Delay 5 seconds, Then Output Name and Elapsed Time) 

When TASKI is begun, it first performs a five second delay. This is done by a call 
to DELAY: with parameters of 500 (number of 10 millisecond real time clock "ticks" to 
delay) and 1 (a specific coordination number for this particular task's delay calls). 
The coordination number is necessary mainly for identifying a delay to be changed or 
deleted; however, it is also required when beginning a new delay, as in this example. 
When the delay is completed, control is returned to TASKl, which then calls the 
subroutine ADDl, which increments the elapsed time in the TASKI message by five 
seconds. Note that ADDI is called via SUBR:, because it is a common subroutine used 
by all three tasks, and is not re-entrant; thus SUBR: prevents another task from 
entering ADDI until this call is completed. 

Upon return from ADDl, the message is ready for output to the teletype. This is done 
by a call to BEGIN: to initialize the common task called "IOTASK," which in turn 
makes the actual call to the I/O executive (lOX) to perform the output. Note that 
"rOTASK" is a task, not a subroutine; this means that TASKI may now continue with its 
next 5-second delay while the I/O is in progress rather than upon its completion, 
which would invalidate the elapsed time count. Also, the initiation of the common 
task is made with a priority of 5. IOTASK is also initiated by TASK2 and TASK3, with 
priorities of "1 and 11 respectively, so that a predictable ordering of outputs is 
Rchi.eved when two or three tasks are vying for the teletype at the same time. 
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6.2.3 TASK2(Delay7 Seeo.nds, Then Output Name. and Elapsed Time) 

TASK2 is identical to TASK! in its logical functioning. The only difference between 
them is in the parameters Passed in their calls to DELAY:, ADDl, and IOTASK. TASK2 
calls DSLAY: with a7 second count and a coordination number of 2 (to differentiate 
it from TASKl's delay call). The common subroutine ADDI is called to increment the 
elapsed time by seven instead of five, and the common task IOTASK is begun at a 
higher priority (7). 

6.2.4 TASK3 (Delay 11 Seconds, Then Output Name and Elapsed Time) 

TASK3 is similar to TASK! and TASK2. TASK3 calls DELAY: with an 11 second count and 
a coonlination number of 3. It calls ADDI to increment the count by eleven, and 

, begins IOTASK at priority 11. 

6.2.5 IOTASK (Call lOX To Output A Message on The Teletype) 

IOTASK is a common task begun as a task by BEGIN: calls in TASKl, TASK2 and TASK3. 
Upon entry, the X register contains an address pointer to the I/O Information Block 
(lOB) of the calling task. A call is then made to the lOX package (at its entry 
point named 10:) passing the lOB address as a parameter. An error status from the 
I/O operation will cause the computer to halt. Otherwise, the task terminates itself 
with a call to END:. 

6.2.6 ADDI (Common Subroutine To Increment The Elapsed Time for Printing) 

ADDl is a common subroutine called by TASKl, TASK2 and TASK3 prior to printing their 
messages. Upon entry, the A register contains the amount by which to increment the 
elapsed time tally, which is pointed to by an address in the X register. The routine 

.performs the addition, and then returns to.the calling task through SUBX:. This is 
because the subroutine was called via SUBR: to avoid re-entrance. 

1/6-4 



BEGIN 

RTX: 

Initialize 

END: 
Terminate 

ComputerAutomation ~ 

YES HALT FOR 
CORRECTIVE 

ACTION 

Figun~ 6-1. RTX Demo Program - Flow Diagram (Sheet ]) 
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SECTION 1 

lOX GENERAL DESCRIPTION 

lOX is a subsystem of RTX which operates underRTX control, and provides the user with 
a complete, modular method of input/output device management and support. Application 
programming is faster since time-consuming input/output programming for standard 
peripherals and communications devices need no longer be done by the user. Since lOX 
is open-ended, the user can add capability for virtually any kind ,of device unique to 
his application and program it under lOX control. All I/O performed by lOX is 
interrupt-driven and allows other tasks in the system to execute even though I/O is in 
progress. 

Working in conjunction with lOX is the File Manager that enables the user to communi­
cate with data files by name, independent of the physical medium storing the file. 
Requests for file access are made through lOX using Logical units (LUNs). 

lOX can perform one operation at a time for each peripheral device. Operations 
requiring the use of the same device are done in I/O task priority order (Le., the 
highest priority request is honored whenever the device is available to be used). 
Operations performed on different devices are done concurrently. All calls to lOX 
specify a Logical Unit (LUN) on which to perform the I/O rather than physical units. 
This feature allows a program to be debugged using one set of I/O assignments and 
executed using another. 

lOX satisfies the following I/O requirements of the system: 

1. Selects the proper commands for communicating with external devices. 

2. Processes device interrupts in the following manner: 

a. Saves the status of the currently executing task. 

b. Determines the task priority of the interrupt. (Must it be serviced immedi­
ately or can it wait for the completion of a higher priority task and if so, 
is the higher priority task ready for execution?) 

c. Determines whether the task processing the interrupt is a re-entrant task, or 
that the interrupt may not be serviced until each prior interrupt has been 
fully processed. 

d. Determines which of the I/O tasks awaiting execution has the highest 
priority, then restores the cpu status to the environment of that highest 
priority and gives control to that task. 

e. Ensures that no task may'access a device while it is controlled (dedicated) 
by another task. 

f. Ensures that the interrupt system is not disabled for a period of time which 
would prevent a high speed device from performing I/O successfully. 
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1.1 GENERAL DESCRIPTION 

Because of the likelihood of having several similar devices attached to the computer 
(including identical units) ina real time environment, lOX has been designed to make 
it easy to support several similar devices (differing only by device adc;iress) using 
"shareable" code. lOX requires some space for flags, device addresses, etc. Since 
the types of flags depend on the device, as well as the interface to which the device 
is connected (there may be more than one device per controller), lOX maintains flags 
in two separate locations depending on whether the information is unique to the 
device or to the controller. In order to utilize the minimum space in memory for 

,these flags and temporary cells, and to facilitate the allocation of these cells, lOX 
does most of its interfacing by means of tables which define the type of device and 
interface to which it is conn~cted. 

lOX is primarily concerned with four tables: 

lOB 
UAT 
DIB 
CIB 

Input Output Block 
Unit Assignment Table 
Device Information Block 
Controller Information Block 

(These tables are more fully described in section 2 (lOB and UAT) and section 4 (DIB 
and CIB). The lOB is created by the user (task) ahd resides within the calling task. 
It contains the Logical Unit Name or Number (LUN) as well as specifications for the 
I/O operation to be performed. 

The UAT is also created by the user. It is a series of two-word entries, each of 
which equates the LUN (specified in the lOB) to a specific device. 

The ~ and CIB are tables which are used in communication between lOX and a parti­
cular handler. lOX contains within it DIB's and CIB's for each standard device. 
Additionally, the user may create his own tables if he desires; for example, he may 
reserve an extent on a disk by specifying its boundaries in his own disk DIB, or he 
may create a DIB and CIB (and a handler) for a non-standard device. 

In general, the usage of these tables by lOX is as follows: The user constructs the 
lOB within his program and calls lOX, giving as the sole argument the address of this 
lOB. lOX must then transfer control to the handler associated with this request. To 
do so, it first obtains the logical unit number (LUN) from within the lOB, and com-

.pares it to each entry in the UAT until a match is found. The UAT is simply a list 
of each possible Logical Unit Name/Number (LUN) , associated with the address of the 
DIB which defines the device assigned to that LUN. Thus for each LON the UAT contains 
a pointer to the appropriate DIB. In turn, each DIB contains a pointer to the CIB 

, which defines the interface to which the device is connected. Finally, the CIB 
contains a jump table which points to the particular handlers (procedures) for pro­
cessing the specific request. Therefore, given an lOB and a UAT, lOX can find the 
procedure to handle the request made in the lOB. 

, '. 

The following steps are performed during a normal call from the user to lOX: 

1. The user calls lOX carrying the word address (may be indirect) of his lOB. 

2. lOX examines the status within the lOB. If the lOB is busy (from a previous call 
to lOX), the calling task is suspended and control is passed to the RTX task 
scheduler. 
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c 3. If the lOB is not busy, it is then flagged as busy, and the UAT is searched to 
find a LUN which matches the LUN in the lOB. If not found, an abnormal return is 
made to the caller after setting the "Invalid LUN" status bit in the lOB. 

4. If a matching UAT entry is found, the correct DIB is located (the DIB is refer­
enced within the UAT entry) and the requested function code is compared to the 
permissible function code{s) within the DIB. If the requested function code is 
found to be illegal, an abnormal return is made to the caller after setting the 
"Error" status bit in the lOB. 

5. lOX next queues the I/O request with any previously pending I/O requests for the 
requested device according to the priority of the calling task and passes control 
to its internal I/O scheduling routine. 

6. The scheduling routine then monitors the request queue in each DIB; whenever it 
becomes physically possible to begin an I/O request (the I/O device is available 
and no higher priority request is pending), the scheduler calls the appropriate 
I/O handler routine (driver) according to the handler entry address within the 
CIB. 

7. In general, the I/O handler routine will set up the required interrupt locations, 
select the device, and initiate a watchdog timer, and then return control to the 
I/O scheduler. 

8. The I/O scheduler continues monitoring the I/O request queues and calling the 
applicable I/O handler routine(s) until each DIB has been examined once. Then 
the I/O scheduler terminates with a call to END:. 

~. 9. When an end-of-block I/O interrupt occurs, it causes a return to the I/O handler 
which initiated the I/O operation. The handler will normally at this time, call 
an end-of-block routine within rox, which stores the I/O status and record count 
into the lOB, releases the device from dedication (if desired), returns to the' 
calling task through either the normal or the abnormal return location, depending 
on the status, and begins the I/O scheduler. 

10. If an I/O error should cause the watchdog timer to expire prior to I/O completion, 
it causes a return to the applicable handler, which will then normally execute an 
initialize function to the device, store an "Unresponsive Device" status into the 
lOB and return to the caller's abnormal return location. 

1.2 CALLING SEQUENCES 

The three entry points to lOX are: 

10: 
IOREL: 
IOWAT: 

To perform an I/O operation or special function 
To release a dedicated device 
To wait for completion of an I/O operation 

II/I-3 
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------------------------ --------- ---------

Each of these entries requires a parameter list (lOB). lOB format is described in 
detail in section 2. The rOB specifies the. type and mode of operation, data area, 
data length, and the Logical Unit Name/Number. It also provides room for status 
information to be returned to the calling task. All calls to lOX return with the 
registers as follows: 

A Register 
X Register 
OV Register 
Word Mode 

Undefined 
Pointing to the lOB 
Undefined 

LSI Console Data Register Unchanged 

The format of a call to lOX to perform an I/O operation is: 

JS'1~ 

DATA 
10: 
(*)IOB 

Call the lOX perform I/O routine 
Address of the Input/Output Block 
Immediate Return 
Operation complete---abnormal return 
Operation complete---normal return 

Note that there are three exits from 10: -- two are always taken. As soon as the 
request is processed, lOX BEGIN:'s a new task whose starting address is the immediate 
return location. When the I/O operation is completed, lOX returns to either the 
abnormal or normal return depending on the success of the operation. Having an 
immediate exit as well as a complete exit from lOX provides the user with the option 
of concurrently executing his program while the I/O is in progress. If he does not 
wish to continue execution until the I/O has completed, he simply codes: 

JST END: 

in the location of the Immediate Return. 

Alternatively, if a certain amount of concurrent processing can take place during the 
I/O operation, the immediate return location should contain a jump to the processing 
routine. When the intermediate processing has finished, and it is necessary to await 
I/O completion before continuing, a call to the IOWAT: routine is made, as in the 
following example: 

TAG 

JST 
DATA 
~rMP 

JST 
JST 
EQU 

JST 
DATA 

10: 
(*)IOB 
TAG 
END: 
END: 
$ 

IOWAT: 
(*)IOB: 

Initiate the I/O operation 
lOB address 
Immediate return - continue processing 
Ignore complete return 
Ignore complete return 

Concurrent processing 
during I/O 

wait until I/O completion 
lOB address 
Operation complete - abnormal return 
Operation complete - normal return 

Note, that a call to END: must be made at the "complete" returns from the call to 10:, 
,in order to terminate the I/O task. One of these two returns will be made if I/O 
completes before the call to IOWAT: is executed. 
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o I NOIE I 
A call to Id: is equivalent to a call to BEGIN: (see chapter 1, 
RTX Functions) with a starting address of the immediate return and 
a priority of the task which calls 10: except that the new task is 
queued before all tasks of equal priority. 

An abnormal return may result due to the following: 

LUN not in UAT 
Illegal Operation Request 
Device Error 
File Mark Input 
End-of-Device 

A normal exit will result from all other conditions. 

1.3 DEVICE DEDICATION 

If desired, the user may dedicate a device to specific 10: calls only. Word 3 of the 
lOB provides the capability of establishing a specific (non-zero) coordination number 
for an I/O call. once such a call has established the dedication of a device, all 
future I/O requests for that device will be held off (queued) until the device is 
released, unless they contain the established coordination number. 

A device is released from dedication by a call to the IOREL: subroutine, as follows: 

JST 
DATA 

IOREL: ~ 

(*) lOB 
Return 

on return the A register will be zero if the device was released; otherwise, one or 
more of the following A register bits will be set: 

Bit 0 set: 
Bit 1 set: 
Bit 2 set: 

1.4 LOADING 

the LUN entry in the lOB could not be found in the UAT. 
the lOB contains a coordination number of zero. 
the coordination number in the DIB does not match the coordination 
nwnber in the lOB and no queued lOB has a matching coordination 
nwnber. 

The user is supplied with two standard relocatable object segments, each residing on 
two separate paper tapes: 

Segment 1 (paper tape 70-93300/1-01): 

This segment contains the following program modules, in the order shown: 

1-
2. 
3. 
4. 

Character I/O Drivers 
Card Reader Drivers 
Magnetic Tape Drivers 
Disk Drivers 
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5. I/O Scheduler 
6. RTX Nucleus 

Segment 2 (paper tape 70-93300/1-02): 

This segment contains, in the following order: 

1. ZBG 
2. lOX Control 
3. RTX Services 
4. CNSOL3 (If LSI-3 Version) 

In addition to these two modules, the user will require: 

1. An RTX Mainline sequence, which makes a call to RTX: to initialize the RTX envi­
ronment, and to BEGIN: for each task he wishes to initiate immediately. 

2. One or more "task" programs to be run simultaneously under RTX (See chapter 1, 
RTX Description) 

3. Special device handler program(s) and the associated DIB and CIB tables, for use 
in communicating with any device(s) for which a standard handler does not cur­
rently exist in lOX (see section 3, I/O Handler Organization below). These 
handler programs are not necessary if using only the standard devices (teletype, 
CRT, high speed paper tape reader and punch, line printer, card reader, magnetic 
tape, disk, floppy disk). 

I NOTE I 
The user's special DIB's will each contain a CHAN directive to permit 
chaining to the other DIB's referenced during linking. The user 
who does not have an OS system will need version DO or higher of 
the OMEGA assembler in order to correctly assemble the DIB tables, 
because lower versions do not recognize the CHAN directive. 

4. A unit Assignment Table module (UAT) containing entries for each I/O unit to be 
accessed (see section 2, UAT Description). 

The user may either load each module using LAMBDA, or pr.oduce a binary tape via the OS 
Link Editor. The order of input of the object mo<'iules i~; as follows: 

1. User's main line sequence. 
2. User's various tasks. 
3. Unit Assignment Table (UAT). 
4. Special user-coded DIBs and CIBs, if any. 
5. User-coded I/O handlers, if any. 
6. RTX/IOX tape, Segment 1. 
7. RTX/IOX tape, Segment 2. 

The RTX/IOX tapes, Segments 1 and 2, are organized in library format. Each routine on 
these tapes is loade,l conditionally unLil the last modulf' of the tape is read. The 
routines are orgill iZI.:d S(' that only OlW pass through the loader is necessary. 
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I NOT. I 

. 
Fortran tasks to be run under RTX control require additional library 
modules to be linked. Refer to the Fortran Operations Manual for a 
complete description. 

1.S RESTARTABILITY 

In general, if some I/O error occurs during execution for which the operator wishes to 
abort the program, it may not be restartable if the abort condition (e.g., the operator 
halts the processor through the console) occurs during the period of any I/O request 
(either pending or being serviced). This is because various "busy" flags within the 
I/O tables must be reset upon restarting the program. -To insure resetting of these 
flags, reference the "IONIT:" module from the Mainline sequence (see chapter 1, 
section 2: description of the RTX: initialization routine). 
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SECTION 2 

lOB AND UAT ORGANIZATION 

The lOB (Input/Output Block) is created by the user and resides within the calling 
task. It contains the Logical Unit Name or Number (LUN) as well as specifications for 
the I/O operation to be performed. 

The UAT is also created by the user. It is a series of two-word entries, each of 
which equate the LUN (specified in the lOB) to a specific device. 

The following lOB description applies to all standard lOX handlers. The description 
is annotated to include File Manager functions. lOB organization for non-standard 
handlers (for example, th.e,IEEE Intelligent Cable Hand:ter) is described' in Section 7. 

2.1 INPUT/OUTPUT BLOCK (lOB) - 10 WORDS' 

The lOB must be set up by the user within his own program. Word 0 is temporary 
storage and will be destroyed by lOX each time 10: is called. Words 1 and 2 are set 
to the device name by 10:. Words 3-7 are parameters passed by the user on calls to 
10:. Words 5 (bits 8-15) and 8 contain info~a~ion' returned to the user from lOX. 
Word 9 is used only on devices which support direct access I/O (i.e., disk, floppy 
disk). (Note that lOB tables are not required for Fortran tasks. Refer to the 
Fortran Operations Manual). Figure 2-1 illustrates the lOB configuration. 

Sample lOB's are included in TASKl, TASK2, .and TASK3 of the RTX Demo Progr.am. Refer 
to Chapter 1, Section 6. 

Word 0 

Word 1 

Word 2 

Temporary storage for Use by lOX. This word is used by rox as a 
pointer to queue requests for each device. It must NOT be altered by 
the user. ' 

Device Type (Two ASCII Characters). This word is set by 10:. It 
contains the two character mnemonic for the device type. 

Device Number. This word is set by 10:. By convention it contains two 
ASCII digits (0-9) and is used to distinguish between multiple devices 
of the same type. 

Words 1 and 2 are used for temporary storage during calls to 10: and 
are only valid after one of the complete exits has been taken. These 
locations must not be changed when the busy bit in word 5 is set. 
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Standard 
Name * 

IDT 

ICUN or 
ITCB 

CN 

ILUN 

ISTA,IOP 

.----.-~~-.--.--.-.----. ~ ... ---.---.----~ 

INPUT/OUTPUT BLOCK 

15 14 13 12 11 10 9 8 7 6 5 4 3 

CHAIN POINTER (RESERVED FOR USE BY lOX) 

DEVICE TYPE 

DEVICE NUMBER ' 

COORDINATION NUMBER 

LOGICAL UNIT NAME/NUMBER 

B E F 
U 'R NO BAD 0 DEV. DEVICE INT. RES. S 

R UN- O S 0 I/O LUN R POS. USE 
Y R M RESP 

2 1 o \01Ord 

0 

1 

'2 

3 

4 

OP OP 
CODE MOD. 5 

IRCNT 6 REQUESTED COUNT 

IBUFF 7 BUFFER ADDRESS 

F 
L ACTUAL COUNT/pROMPT CHARACTERS A IACNT 8 
G 

IDAA 9 DIRECT ACCESS ADDRESS 

Figure 2-1. lOB Configuration 

* refer to the I/O Handler listing at the end of Section 3. 
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Word 3 I/O Coordination Number. This word is supplied by the user to 
coordinate his I/O requests. If this word is non-zero, the device on 
which the call is being made will be dedicated to the coordination 
number supplied. When a device is dedicated to a specific coordination 
number, only those requests with matching numbers will be honored. All 
others will be queued until the device is released. If device dedi­
cation is not required, this word should be set to zero. 

Word 4 Logical unit Name/Number (LUN). This word is supplied by the user and 
it describes the Logical unit on which the I/O should take place. 
Although the LUN may be any 16-bit value, by convention all negative 
numbers are considered to be ASCII character pairs (e.g., SI, LO). All 
positive numbers are considered to be FORTRAN unit numbers (e.g., 
5,6,10). 

Word 5 Status, Function Code. This word uses the following format: 

I 
" 14 

13 12 " 10 • • 7 • I 4 3 2 , 0 

I 'I I I I I J I I I I I ] ... 
t -' 1 : , 

t t t 
~ ______ Operation modifier 

~ ____________ Operation code 
L-_________________ Special operation 

L-______________________ Reserved 

~--------------------------Internal use only 
L-_______________________________ Device position 

L-____________________________________ Device unresponsive 
L-______________________________________ Bottom of form 

~ __ ------------------------------------__ Invalid LUN L-_________________________________________ No I/O performed 
L-________________________________________________ Error 

..... ___________________ .. ________________________ Busy 

Bits 15-8 

Bit 15 

Bit 14 

Bit 13 

Bit 12 

Status returned to the user by lOX. The breakdown of bits is as 
fcllows: 

Busy (the operation has not been completed) 

Error (an unrecoverable error has occurred); or bit 11 or 12 is 
set for the File Manager. 

No I/O performed (e.g., LON is assigned to dummy device, device 
cannot perform the requested operation, LUN not in assignment 
table, Read or Write with zero (0) count). 

Invalid LUN (LUN cannot be found in unit Assignment Table); or 
File Manager access mode error. 
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Bit 11 

Bit 10 

Bits 9 
and 8 

Bit 7 

Bits 6 
and 5 

Bits 4-0 

Bit 4 

Bits 3 
and 2 

Bits 1 
and 0 

Bottan of form (listing device only) ~ or File Manager end of 
medium, directory full, directory error, device not labeled or 
partition busy. 

Device unresponsive (the device has not responded to the request 
in a reasonable length of time)~ not used by the File Manager. 

position of device: 
00 Indeterminate 
01 Beginning of device 
10 File mark found 
11 End of device (disk and Magnetic tape only). For tape, the 

EOT reflective marker was encountered. For disk, the last 
sector in the extent was accessed. This status does not 
necessarily mean that no data was transferred. 

This bit is for INTERNAL use only. Initialize to zero and 
do not ALTER. 

Reserved for future expansion 

Requested Function Code. This is supplied by the user and defines 
the operation to be performed on the device. The breakdown of 
bits is as follows: 

Special Operation - If this bit is set, bits 3-0 are ignored. 
This is to allow users to supply drivers for devices which perform 
special functions. 

Operation Code 
00 Read 
01 Write 
10 Position 
11 Function 

Operation Modifier - These bits define the specific type of 
operation to be performed. Their meaning depends on the operation 
code. (Some operation modifiers vary for certain Handlers. These 
differences are noted accordingly.) 

For 
00 
01 
10 
11 

For 
00 
01 
10 
11 

read: 
Direct Access (MTIC only, Read 
Unformatted, Sequential 
Formatted ASCII, Sequential 
Formatted Binary, Sequential 

write: 
Direct Access 
Unformatted, Sequential 
Formatted ASCII, Sequential 
Formatted Binary, Sequential 
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File Manager 
Reverse) Random Access 

Sequential 
Sequential 
Sequential 

E' He Manager 
Random Access 
Sequential 
Sequential 
Sequential 
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Word 6 

Word 7 

Word 8 

For position: 
00 Absolute, Re·cords 
01 Absolute, Files 
10 Relative, Records 
11 Relative, Files 

For function: 
00 Write File Mark 
01 Punch leader 
10 MTIC only, Control Edit; Line 

Printer only, Eject to Top-of-Form 
11 MTIC only, Control Erase 

File Manager 
No change 
No change 
No change 
No change 

File Manager 
No change 
Reserved 
Set file deleted 
bit in DIB 
Update directory 
(N.ew files only) 

Requested Count. This word is supplied by the user to specify the I/O 
length, which is defined as follows: 
For read or write functions, this word is the number of bytes to be 
transmitted (1 to 65,535>.. (If the operation is write Formatted ASCII, 
lOX will alter the requested count to remove trailing blanks before 
calling the handler. This is done with an intermediate counter. lOB 
Word 6 i9 .n(?:~. altered.).... . .. 

For relative record or relative file positioning, this word is the 
number of records or files to skip. (A positive count means skip 
forward, a negative count means skip backward) • 

For absolute record or absolute file positioning, this word is the 
actual r~cord or f He Il:l;UT.ll:)!ar to skip tq.. (For MTIC Handlers; the uni t 
is rewound and placed offline if this word is equal to minus one.) 
NOTE: Positioning a file to absolute -1 (file marks or records) is a 
close fi.le·operation .for· ·the .¥.'ile ~f;l.nager (refer to section 5.1. 3) • 

Buffer Address. This word is supplied by the user to specify the start 
address of the I/O buffer. Note that this address is always a word 
address and that indirect addressing is not allowed. 

Actual Count/Prompt CharclCters. This word is returned.to the user by 
the File Manager. It contains the number of records or files actually 
skipped (for relative position), the actual record or file skipped to 
(for absolute position), or the actual record length in bytes (for read 
or write). The File Manager will NOT read more bytes into the user's 
buffer than requested, but will continue to count characters to estab­
lish the physical record length. 

On devices which are capable of prompting, this word is used to hold up 
to two prompt characters. 

I NOTE I 
Word 8 contents will be assumed to be prompt characters if 
negative (bit 15 set). Bits 7-0 not equal to zero indicate 
two prompt characters; bits 7-0 equal to zero indicate only 
one prompt character (in bits 15-8). 
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Direct Access Address. This word is the direct access data address 
within the device (current record number), for devices capable of 
supporting direct access. For sequential access, this word will be 
incremented to the current logical record number after each access. 
For random access, the user stores the logical record number here. 

2.2 UNIT ASSIGNMENT TABLE (OAT) 

---------

The Unit Assignment Table is not part of the standard rox library; it must be "tailor­
made" by the user for the particular configuration of devices he requires. Figure 
2-2 illustrates the UAT configuration. 

UNIT ASSIGNMENT TABLE 

15 o word 

LOGICAL UNIT NAME/NUMBER o 

DIB ADDRESS 1 

LOGICAL UNIT NAME/NUMBER 2 

DIB ADDRESS 3 

LOGICAL .UNIT NAME/NUMBER N-2 

DIB ADDRESS N-l 

TABLE LENGTH = -(N + 2) N 

Figure 2-2. UAT Configuration 

The UAT is a table of two-word entries for each logical unit which can be referenced 
in calls to lOX, plus a terminating word containing the UAT word length. The first 
word of the entry is the Logical Unit NamejNumber (LON) which is referenced in the 
user's lOB. It may be any value from 0 to 65535. 

The second word of the entry is the address of the corresponding DIB table. 

The last word in the table is the count word. It is a negative quantity representing 
the number of words in the table, plus one; that is, two wOrds for .each entry, plus 
the count word itself, plus one. Thus, if there exist four two-word entries, the 
contents of the count would be minus 10, or -(4 x 2 + 1 + 1). The count word must be 
the last word in the table, and must be labeled I:UAT, because this is the name used 
by lOX when referencing the UAT. (Refer to the sample UAT at the end of this section 
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o 2. 3 STANDARD DIB NAMES 

The following table shows the DIB names for all devices for which standard and non­
standard handlers exist within lOX. The label is to be used as the second word of the 
UAT entry for each device the user wishes to include. 

Teletype Console 
Teletype Keyboard 
Teletype Tape Reader 
Teletype Punch 
CR'r Console 
CRT Keyboard 
High Speed Paper Tape Reader 
High Speed Paper Tape Punch 
centronics Line Printer 
Tally Line Printer 
Data Products Line Printer 
Card Reader 
Disk (43 series, fixed platter), unit 0 
Disk (43 series, fixed platter), unit 1 
Disk (43 series, fixed platter), unit 2 
Disk (43 series, fixed platter), unit 3 
Disk (43 series, removable platter), unit 0 
Disk (43 series, removable platter), unit 1 
Disk (43 series, removable platter), unit 2 
Disk (43 series, removable platter), unit 3 
Storage Module Disk, unit 0 (cylinders 0-201) 
Storage Module Disk, unit 0 (cylinders 202-403) 
Floppy Disk, unit 0 
Floppy Disk, unit 1 
Floppy Disk, unit 2 
Floppy Disk, unit 3 
Magnetic Tape, unit 0 
Magnetic Tape, unit 1 
Magnetic Tape, unit 2 
Magnetic Tape, unit 3 
IEEE Intelligent Cable 
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Non-DID 

D:TYOO 
D:TKOO 
D:TROO 
D:TPOO 
D:TYOO 
D:TKOO· 
D:PROO 
D:PPOO 
D:LPOO 
D:LP10 
D:LP20 
D:CROO 
D:DKOO 
D:DK02 
D:DK04 
D:DK06 
D:D1<Ol 
D:DK03 
D:DK05 
D:DK07 
D:SMOO 
D:SMOl 
D:FDOO 
D:FDOl 
D:FD02 
D:FD03 
D:MTOO 
D:MTOl 
D:MT02 
D:MT03 

Fortran 
Non-DID 

D:TYFO 
D:TKFO 
D:TROO 
D:TPOO 
D:TYFO 
D:TKFO 
D:PROO 
D:PPOO 
D:LPFO 
D:LPFl 
D:LPF2 
D:CROO 
D:DKFO 
D:DKF2 
D:DKF4 
D:DKF6 
D:DKFl 
D:DKF3 
D:DKF5 
D:DKF7 
D:SMFO 
D:SMFl 
D:FDFO 
D:FDFl 
D:FDF2 
D:FDF3 
D :MTOO 
D:MTOl 
D:MT02 
D:MT03 

DID 

D:TYOD 
D:TKOD 
D:TROD 
D:TPOD 
D:TVOD 
D:TVOD 
D:PROD 
D:PPOD 
D:LPOD 

D:CROD 

D:MCOO 
D:MCOl 
D:MC02 
D:MC03 
D:IEOD 

Fortran 
DID 

D:TYFD 
D:TKFD 
D:TROD 
D:TPOD 

D:PROD 
D:PPOD 
D:LPFD 

D:CROD 
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2.4 SAMPLE UAT 

When creating the UAT, the user must declare I:UAT in a NAM directive, and any of the 
Stand~rd 0113 n~es in an EXTR directive, e.g.: 

NAM I:UAT 
EXTR D:CROO, D:LPOO, D:TKOO, D:LPFO 

UATTOP DATA 'CRt Card Reader Entry 
DATA D:CROO 
DATA 'LP' centronics Line Printer Entry 
DATA D:LPOO 
DATA 'CIt Command Input Entry 
DATA O:TKOO 
DATA 'CO' Command Output Entry 
DATA D:TKOO 
DATA 5 FORTRAN Unit 5 
DATA D:CROO 
DATA 6 FORTRAN Unit 6 
DATA D:LPFO 

I:UAT DATA UATTOP-I:UAT-2 Table Length 
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SECTION 3 

I/O HANDLER ORGANIZATION 

The purpose of an I/O handler routine is to set up and execute the actual I/O instruc­
tions (normally interrupt-driven Auto-I/O instructions) necessary to perform an input 
or output operation to a specified device. The I/O operation and the Logical Unit 
Name/Number are specified in the user's lOB, and the I/O must be performed within the 
constraints of the device as specified in the CIB and DIB. (These tables are des­
cribed fully in section 4.) A listing of the Character-oriented I/O handler is 
included at the end of this section. 

3.1 THE STANDARD HANDLERS 

Each standard lOX handler is described below. Refe:r to Section 7 for descriptions of 
non-standard handlers and to Publication No. 93325-00 for the A/D, D/A Handler. 

1.1.1 Character-oriented Device Handler (non-Fortran) 

This handler performs I/O, according to specifications within the applicable CIB, 
. .........., for the teletype, high speed reader and punch, "ind Ii ne printer. (A complete 

listing of this handler is found at the end of this section.) 

, 
'---

3.1.2 Fortran List Device Handler 

This handler exists for I/O to the teletype console, teletype ke¥board and line 
printer when used as a list output device under Fortran. It differs from the 
previously described handler in that it recognizes and processes Fortran carriage 
control characters; i.e., a "1" character as t.he first print character signifies 
top-of-form, and a '0' signifies double spacing before printing. (A top-of-form 
function to the teletype consists of six consecutive line feeds). 

Note that the Fortran task does not use an lOB, but rather Fortran I/O state­
ments; these are passed through the Fortran/RTX I/O Interface routine which sets 
up an internal lOB for the user, according to the DIB's he has included in his 
Unit Assignment Table. The Fortran I/O handler is entered because the third 
character of the device name in DIB Words 5 and 6 is an "F"; thus "LPFO" will be 
processed by the Fortran handler, and "LPOO" will be processed by the standard 
character handler. 

3.1.3 Card Reader HRndlpl" 

'Ph,! c,lrd reader handler is simi] ar to the standard character handler except that 
i rq,ut ci1n·actc'.cs <Ire converted to ASCII before returning. 
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3.1.4 Magnetic Tape Handler 

The Magnetic tape handler processes I/O for magnetic tape devices, and will 
perform rea~, write, write end-of-file and reposition functions. 

3.1.5 Disk and Storage Module Disk Handler (Non-Fortran) 

The lOX disk handler allows the RTX user to communicate with the disk. The 
communication takes place through lOX and the standard calling sequence is used. 

The user calls the rox disk handler by making a standard call to lOX with an lOB 
which contains a LUN assigned to a disk DIB. The op-code must be either read­
direct access or write-direct access. 

Data Formats 

The lOX disk handler supplies no. formatting information of its own. It just 
reads (or writes) the number of bytes requested by the user. The length of each 
"record" is unknown (supplied by calling .program) and therefore the disk handler 
is unable to. read variable length records without some form of external format­
ting routines. 

The lOX disk handler can support multiple "extents" on each disk and can allow 
access to them as if each were a separate disk unit. Extents are simply regions 
on the disk which may be defined by the user to be handled separately. Without 
any outside action by the user, lOX will process contiguous records thrOughout 
the extent. Each record contains the number of bytes requested in the I/O call, 
and each record starts at the beginning of a sector. Therefore, for fixed length 
records, each extent may be considered as a sequential file. 

In order to allow "direct access", each sector has a "relative sector number". 
The user may direct the lOX disk handler to process a particular record by ini­
tializing lOB Word 9 (lOB Direct Access Address) in the lOB used for the I/O 
call. At the completion of each request, this address is appropriately incre­
mented by the lOX disk handler so that the next request will process the next 
record. If'the record contains 1-512 bytes, the address will be incremented by 
one; 513-1024 bytes, the address will be incremented by two; etc. Note that the 
relative sector number and relative record number may not agree (in fact they 
will not agree if the records are larger than 512 bytes). 

Extents are defined in the disk DIB's. The standard Disk DIB's (DKOO and DKOl) 
define an extent as an entire plat:ter (200 cylinders, 2 heads). The user who 
wishes to utilize several extents on a single platter may do so by creating his 
own disk DIB's, using the following variables within each DIB to define the 
parameters of the desired extent: 

a. The number of sectors per track (may be less than the physical number). 

b. 

c. 

The starting sector number (when added to the number of sectors per track 
must be less than or equal to the physical number per track). 

The nUrnbE'T of hCdds per cylinder (may be less than the physical number). 

d. The st~arting head number (when added to the number of heads per cylinder must 
be less than or equal to the physical). 
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e. 

f. 

g. 

The 
and 
DIB 

The number of cylinders the extent occupies. 

The starting cylinder (when added to the number of cylinders must be equal to, 
or less than the physical). 

The drive number. 

lOX disk handler does not check for validity of the resulting sector, head, 
cylinder numbers. It assumes that the dimensions and offsets supplied in the 
are valid. This allows the user to take advantage of the "flag" bits des­

cribed in the Disk Interface Manual. 

Contiguous sectors occur in the following sequence: 

a. Consecutive sectors on a single track (up to the number of sectors per track). 

b. The same sectors on the next head (up to the number of heads per cylinder) , 

c. The same sectors and heads on the next cylinder (up to the number of cylin­
ders) • 

The disk handler requires four additional words (five if under Fortran) in the DIB 
which are not required for the other handlers. These are DIB words 11-14, (11-15 
if under Fortran) and are described in section 4. 

3.1.6 Floppy Disk Handler (Non-Fortran) 

An "extent" on a floppy disk is constructed as described for the disk handler, 
taking into account the size limitations in the number of cylinders, heads, and 
sectors: 

Cylinders per Floppy Disk platter = 77 (00-76) 
Heads per platter = I (single surface) 
Sectors per track = 26 (00-25) 
Words per sector = 64 

There exists within RTX a standard Floppy Disk DIB (D:FDOO) whose extent is 
defined as an entire platter. The user may define his own DIB's as described in 
the disk handler description. 

3.1.7 Disk, storage Module Disk, and Floppy Disk Handler (Fortran) 

Fortran tasks require a certain minimum amount of file management to be performed 
by the disk handler. The Fortran disk handler differs from the standard disk 
handler as follows: 

a. The random access address within the lOB is maintained by the Fortran disk 
handler itself, rather than the user, since the Fortran task does not create 
its own lOB. 

b. The Fortrin disk handler can write and recognize an end-of-file mark. This 
is a 2-character ASCII record comprised of "/*" characters. 
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The determination as to whether a Fortran or a non-Fortran disk handler is to be 
used is made on the basis of the device n~e in Words 5 and 6 in theDIB. If the 
third character is an "F", it signifies Fortran, and the Fortran disk handler is 
used. 

In addition, a sixteenth word (Word 15) is required in a Fortran DIB. This word 
is used for storage of the current relative record number, which would normally be 
maintained in lOB Word 9. Since the Fortran user does not have access to the lOB, 
the Fortran/RTX I/O Interface routine keeps this information in the DIB. 

~.1.8 Magnetic Tape Intelligent Cable (MTIC) Handler 

The MTIC handler controls data transfers between Pertec or Pertec-compatible 
formatters and tape transports and the central processor. The handler performs 
read, write, write filemark, rewind and offline, control edit, control erase, and 
reposition functions. 

3.2 I/O HANDLER REQUIREMENTS 

The user may write his own handler routine for any type of I/O device he wishes. The 
requirements for any. I/O handler to be run under control of lOX are as follows: 

1. Since all I/O under RTX must be done under interrupts, the word and block inter­
rupt locations must be set up prior to I/O. 

2. A time-out sequence must be included to avoid the possibility of the device 
"hanging-up" indefinitely without completing its operations. The real time 
clock, via the RTX DELAY: call is normally used for this purpose. 

3. 

I NOTE I 
The user must not attempt to manipUlate the real time clock by 
any means other than through the DELAY: call, as this will 
adversely affect the operation of RTX. 

i 4. 

Once I/O is initiated, the handler should pass control back to the lOX scheduler. 
This permits other I/O operations to be executed simultaneously if requested. 

The I/O handler should resume control upon either an end-of-block interrupt or 
upon watchdog time-out, to check the status and return to the caller at either the 
normal or the abnormal return location. 

., 

Several IOX- internal subroutines (described below) currently exist to aid the standard 
handlers in accomplishing the above requirements. The user-written handler may use any 

l' of these routines he wishes. The names of any of these routines must be declared in 
, EX'rRor REF directives within the user's handler. 
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o 3.2.1 SINT: (Set up an Instruction at the Word Interrupt Location) 

~ Calling sequence: 

-1 

EXTR 

LDX 
JST 
DATA 

SINT: 

CIB Address' 
SINT: 
:XXXX 

Returns with: 

INTERRUPTS---UNCHANGED 
STATUS---UNCHANGED 
A-REGISTER---UNDEFINED 
X-REGISTER---UNCHANGED 

'"Where :XXXX represents a constant which is added to CIB Word 1 to form an interrupt 
inst,ruction: 

SINT: does the following:'" " ..... . 

1. It determines the word ·'interruptlocation of the device. This address must 
reside in CIB Word 21. 

2. It calculates and storeS an instruction into the wor~ interrupt location. The 
actual instruction stor~d is the ar"itlu"itetic sum C;f (co:ntents of CIB Word 1) + 
(:XXXX), where :XXXX may be any positive or negative value. 

I·NoTE I 
The standard CIB's contain a "SEL DA,7" instruction in word 1. 

3. Prepa~atibn is then made for a subsequent call by the handler to the SID: routine 
(the handler need not call SID:, however). This preparation consists of trans­
ferring the contents of DIB Word 8 into CIB Word 12. 

I (In the standard DIB's Word 8 will contain various function codes which are required. 
I for SELE<;'T .·ins.txuctions in· order to initiate an Auto I/O sequence during the SID: 

routine. If the specific handler does not call SID:, DIB Word 8 need not be preset.) 

3.2.2 SID: (Start I/O and Watchdog Timer) 

Calling sequence: 

EXTR 

LDA 
LDX 
JST 

SID: 

DPTR 
CIB address 
SID: 

II/3-S 
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Returns with: 

Does not return directly; if the INTP: sUbroutine is used, a return. will ulti­
mately beiimade in the following state: 

INTERRUPTS---ENABLED 
STATUS---WORD MODE OV RESET 
A-REGISTER---UNDEFINED 
X-REGISTER---CIB Address 

DPTR is an address pointer to a two-word information block: 

Word 1: 
Word 2: 

Positive number of bytes to be transferred. 
Word address of I/O buffer. 

(Note that the standard handlers use CIB Words 26 and 27 for this information). 

The SIO: routine does the following: 

1. Negates the byte count pointed to by the A register, and stores it into the Word 
interrupt location plus one. 

2. Shifts the Buffer address pointed to by the A register to the left by one bit 
(converts to a byte address), then decrements the byte address and stores it into 
the word interrupt location plus two. 

3. 

I NOTE I 
(steps 1 and 2 above complete the three-word Auto I/O sequence. 
The AIN/AOT instruction itself may be generated by a call to SINT:) 

Calculates the delay count required for the watchdog timer, as follows (assume a 
ten millisecond Real Time Clock rate): 

a. The negative byte count created in step 1 is loaded into the A register. 
b. The contents of CIB Word 20 are stored in-line and executed as an instruction. 
c. The contents of the A register are then negated (converted to positive) and 

incremented by 1000. 

steps a, band c above compute the number of RTC "ticks" (normally 10 milliseconds 
each) to delay during the I/O operation. Since the number is constructed begin­
ning with the byte count (step a) and incremented by 1000 (step c) the minimum 
delay possible is ten seconds, plus ten milliseconds for each data byte to be 
transferred. The purpose of step b is to permit a larger delay, if necessary. 
For example, CIB Word 20 can be set up by the user, when constructing the crB 
prior to execution, to be a shift instruction (e.g., "LLA 1") which would double 
the value in the A register, and thus cause a twenty millisecond delay for each 
data byte(plus the ten second constant). Note that the instruction in CIB Word 20 
is executed before the byte count in the A register has been converted from 
negative to positive, and before the constant 1000 is added. If the minimum delay 
(ten seconds, plus 10 milliseconds for each byte to be transferred) is adequate, 
then the instruction in crB Word 20 should be zero (a no-op instruction). It is 
the responsibility of the user when creating theCIB table for his handler to 
determine how large a delay is required to permit completion of an I/O operation, 
and thus what instruction (normally LLA K, where K must be determined) is to be 
stored into CIB Word 20. 
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o 4. Sets up and executes the following I/O instructions: 

i 
I 
I 

I 
I 

SEL 
SEL 
SEL 

DA,X 
DA,S 
DA,6 

Handler-determined function 
Set word transfer mask 

SEL DA,Y 
Set block transfer mask 
Handler-determined function 

X and Y represent the function codes in bits 15 through 13 and 12 through 10, 
respectively, of CIB Word 12. (These function codes were originally copied from 
DIB Word 8 in a prior call to SINT:.) Note that if Select; inst:r;-uctions of func­
tion X and/or Yare not required by the device" they can be organized in the DIB 
so that X=5 and Y=6, so that each is executed'twice, or they can be set to a 
function code which has no meaning to the device, if such a code exists. 

I NOtE I 
If these function codes are all zero, it indicates an operation 
under Distributed I/O. 

If the device uses function codes 5 and 6 for other purpos~s than 
to set the transfer masks, the user may wish to perform the 'Select 
functions within the handler hself, rather than calling SIO:, .. 

5. Once the Select instructions have been executed, a call to RTX DELAY: is made, 
carrying the calculated delay time described in step 3 above. 

6. If the Watchdog Timer expires before an end-of-Dlock interrupt occurs, the in­
'struction in CIB Word 1 (normally "SEL DA 7") is executed to disable interrupts 
for the device, and the "Error" and "Device Unresponsive" status bits are set in 
the DIB, and control is then passed to the EOR: routine at EORST:. 

I NOTE I 
SIO: does not set up the end-of-block interrupt location. This 
must be done in the handler., 

3.2.3 INTP: (End of Block Interrupt Return Poj nt) 

The INTP: routine cancels the watchdog timer upon end-of-block interrupt, and passes 
Control to the return address of SIO:. Thus INTP: is an extension of SIO:, and is 
intended to be used only in conjunction with SIO:. 

! 
f . 
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To call INTP: at end-of-block, the handler should, prior to calling SIO:, set up the 
following sequence at the end-of-blockinterrupt location: 

JST *$+1 
DATA TAG 

. Example: 

EXTR INTQ: , INTP: 
TAG ENT 

JST INTQ: 
DATA $,0,0,0 
DATA INTP:,8l80,O 
DATA CIS Address 
DATA TAG 

where TAG is a short calling sequence to the RTX INTQ: subroutine, which points to 
INTP: as the task to be queued. 

(The user should first familiarize himself with the RTX INTQ: description in chapter 1 
RTX Functions). 

The above description is the method used by the standard I/O handlers for end-of-block 
interrupts. For this purpose, the first 12 words of the applicable CIB may be used to 
contain the calling sequence to INTQ:. 

For example, the following is a representation of the first twelve locations within the 
CIB for the line printer: 

C : L P 0 --- LIN E P R I N T E R 

LOC INST ADDR 
.1600 

01600 
0000 0800 
01601 41627 
01602 F9f60 
1616'3 8803 
01684 0088 
8.05 00." 
16.06 816160 
8807 
16""8 lFF4 
"1609 "000 
"."A 0.16" 
fJ0"B .8 •• 

LABEL MNEM OPERAND COMMENT 
NAM C:LP0 

EXTR INTQ:,INTP:,I:READ,I:RITE,I:FUN 

* * * * * * * * * * * * * * * * * * * * * * * 
* 

DA EQU 4 
INTAD EQU :42 

* * * * * * * * * * * * * * * * * * * * * * * 

C:LP0 
CIB 

REL 16 
EQU $ 
ENT 
SEL DA,7 SELECT --- FC = 7 
JST INTQ: 
DATA $,0,0,0,INTP:,8180,fJ,CIB,CIB 
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Not.e that the end-of-block interrupt location contains a JST into the crB itself; Wen; 
1 of the CIB is the SEL DA,7 instruction used by the SID: routine. It is also executf'd 
at end of block, thus serving as a convenient method to turn off the interrupt masks 
following an I/O operation. 

Following this instruction is a JST to INTQ: followed by the required parameters, of 
which INTP: is the task to be executed. Note also that this sequence will automati­
cally cause the X register to be loaded with the CIB address upon entry to INTP:'. 

3.2.4 WAIT: (End of Record Delay Routine) 

Calling sequence: 

LDX 
JST 

Returns with: 

CIB Address 
WAIT: 

INTERRUPTS---ENABLED 
STATUS---UNCHANGED 
A-REGISTER---UNDEFlNED 
X-REGISTER---CIB Address 

The WAIT: routine utilizes the delay length specified in DIB Word 7 to delay a suffi­
cient length of time at end-of-record to ensure that the device is physically ready to 
perform the next I/O request. (Generally, one character time is sufficient for this 
delay. ) 

The routine loads the delay count fram DIB Word 7 depending on the I/O instruction at 
the Word interrupt location; Le., if bit 13 of the I/O instruction is on, it is as­
sumed to be an output instruction, and bits 0-7 of DIB Word 7 are used as the delay 
count. If bit 13 of the I/O instruction is off, it is assumed to be an input instruc­
tion, and bits 8-15 of DIB Word 7 are used as the delay count. Once the delay count is 
established, a call to RTX DELAY: is made; upon return from the delay, the routine 
exits to the caller. 

3.2.5 EOFQ: (End of File Check Routine) 

Once an end-of-block interrupt has occurred, EOFQ: may be called as follows: 

LDX 
JMP 

CIB Address 
EOFQ: 

This routine does the following: 

1. Examines the first two input characters in the buffer to determine whether they 
are '/*' 

I 2. 

;'--~ 3. 

If so, control is passed to the EOF: routine. 
If not, control is passed to the EOR: routine. 

I I 
,;1 
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3.2.6 EOF: (End of File Routine) 

Calling sequence: 

LOX 
JMP 

CIB Address 
EOF: 

~i The EOF: routine is entered when it has been determined that an end-of-file has been 
(~ encountered (the routine EOFQ: may be used to determine this). 

;I 

~ The routine stores a zero value into CIB Word 28, loads the A register with an end-of­
file status, and transfers control to the EOR: routine at EORST:. 

" , 

3 • 2 • 7 EOR: (End of Record Routine) 

Calling sequenCe: 

LOX 
JMP 

CIB Address 
EOR: 

This routine is entered when the handler has completed the requested I/O operation and 
wishes to return to the calling task. 

The routine loads the A register with the current status from CIB Word 32, and con­
tinues at EORST:. 

3.2.8 EORST: (Alternate Entry Point to EaR:) 

(EORST: and EaR: are alternate entry points to the same end-of~record routine. The 
difference between the two is that EaR: loads the I/O status word into the A register 
from the CIB. EORST: assumes that the status is already in the A register. 

Calling sequence: 

LOX 
LOA 

JMP 

CIB Address 
I/O status (from handler) 

EORST: 

The routine does the following: 

1. It copies the actual transfer count of the I/O operation from the CIB into Word 8 
of the lOB. 

2. It stores the status of the I/O operation (in the A register upon entry) into 
bits 15-8 of lOB Word 5. 

3. It performs an RTX BEGIN: call, passing as a parameter the normal or abnormal 
return address of the caller, depending on the status. The abnormal return 
address is taken if any of bits 9, 10, 11, or 14 are set in word 5 of the lOB. 

4. It calls WAIT: to perform an end-of-record delay. 
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It loads CIB Word I (assumed to be "SEL DA, 7), masks off the1W order two bits 
(to make it a SEL DA,4 or initialize instruction) and executes it in-line. 

It nmpties the lOCH (I/O suspend) list into the READY list. 

It then transfers to the lOX request scheduler routine to check to see if another 
request is pending for any device on the controller just used. 

3.2.9 FETCH: (Input one character from an I/O device) 

Calling sequence: 

EXTR 

LDA 
JST 

Returns with: 

FETCH: 

CIB Address 
FETCH: 

INTERRUPTS---ENABLED 
STATUS---UNCHANGED 
A-REGISTER---CONTAINS INPUT BYTE 
X-REG ISTER---UNCHANGED 

The FETCH: routine calls WAIT: to wait one character time, then calls SIO: to perform 
a one-character I/O operation. Upon input of the character, it is checksummed, and 
the subroutine exits back to the caller. 

The following assumptions are made by FETCH:. 

1. The handler has previously zeroed out the checksum word (CIB Word 13) at the 
start of the record. 

2. There exists in CIB words 34 through 37 the following sequence: 

DATA 
DATA 
DATA 
DATA 

$+1 
1 
$+1 
o 

Pointer to byte count 
Byte count (1 character) 
Buffer address 
One-character i~put buffer 

which are required for FETCH:'s call to SIO:. 

Upon return from FETCH:, the input character is in CIB word 37 as well as in the 
A register, and the cumulative checksum is in CIB word 13. 
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3.2.10 BUFFQ: (Store input character into buffer) 

Calling sequence: 

EXTR 

LDX 
JST 

Returns with: 

CIB Address 
BUFFQ: 

INTERRUPTS---ENABLED 
WORD MODE 
OVERFLOW---RESET (unless buffer filled) 
A-REGISTER---CONTAINS INPUT BYTE 
X-REGISTER---UNCHANGED 

ComputerAutomation CA 

The BUFFQ: routine is designed to be used following a call to FETCH:, in that it moves 
CIB word 37 (stored into by FETCH:) into the user's buffer. The step-by-step procedure 
is: 

1. The overflow register is reset. 

2. The actual transfer count (CIB Word 28) is incremented. 

3. The actual transfer count is compared to the requested count (CIB word 26). 

4. If the actual count is greater (indicating that the buffer is already full), the 
buffer address (CIB Word 27) is incremented and the subroutine exits. 

5. If the actual count is less, CIB Word 37 is copied into the user's buffer pointed 
to by CIB Word 27. Then Word 27 is incremented and the subroutine exits. 

6. If the actual count is equal (indicating that this character will cause the 
buffer to be full), overflow is set and CIB Word 37 is copied into the user's 
buffer pointed to by CIB Word 27. Then Word 27 is incremented and the subroutine 
exits. 

3.2.11 UNRES: (Unresponsive Device Routine) 

Calling sequence: 

EXTR 

LDX 
JMP 

UNRES: 

CIB Address 
UNRES: 

'rhe UNHES: routine may bp Galled when a "Device Unresponsive" status is returned. 
This routine masks off the lower two bits of CIB Word 1, which converts it to a SEL 
4, or initialize instruction, and executes it to prevent any further interrupts, 
stores a zero count into CIB Word 28, (the actual transfer count), loads the A 
register with an Error/Unresponsive status, and exits to the EORST: routine. 
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C 3.2.12 IORTN: (Return to I/O Scheduler) 

'-- Calling sequence: 

j 

I 
I 
, I 

i 

EXTR 

LDX 
JMP 

IORTN: 

CIB Address 
IORTN: 

In practice, an I/O handler is a subroutine with an abnormal calling sequence (a JMP 
instruction is used, rather than a JST). This is because I/O handlers are only 
"called" from one location, and thus the return is known. This return address is 
IORTN:. Therefore, once an I/O operation has been initiated, a jump to IORTN: must 
be made. Note that if the SID: routine is called, it will exit to IORTN:. 

3.3 CHARACTER-ORIENTED DEVICE HANDLER LISTING 

The following listing illustrates the standard Character-oriented Device Handler 
(non-Fortran) written for an LSI-2 processor. The code also includes a table of 
equates used by RTX, its subexecutives, and its library modules, as well as a listing 
of the TTY console DIB (D:TYOO) and TTY CIB (C:TYO). CONCORDANCE listings provide 
an alphabetized map of all symbols. 
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PAGE 0001 11/03177 to:04:?7 
~4CR02' ('2) SJ~ ~ACPOS ~O= 

CHJ5f1U-10 RTY, lOX, COP-'X fQU.ATfS 
RTXFOU --- fntJATfS lJSfP 1M RTX 

0003 
000'1 
{'I00S 
0006 
0007 
OOO~ 
OOoq 
OOtO 
no t1 
0012 
0013 
0014 
n015 
OOI~ 
('017 

H oot8 
~ 001Q 
! 0020 
,. 0021 

OO?? 
0023 
0024 
OOP5 
0026 
00?7 
OOi?~ 

.002Q 
0030 
0031 
OO~2 

0033 
OO~4 

0035 
0016 
0037 
0038 

(0 

0000 
0001 
0003 
0002 

OOOJ 
0002 
0003 
0004 

* * * * • * * * * * * • * * • , , * * • * * * * ~ • * * * * * * * * * * * THF FQUATFS cnNTAINF~ TN THIS ASSfMRlY 
* A~f IJSFI) Ay iJTX AND TTS SUBE)(ECIHJVF:S AN{) 
* ITS LI~R4RY MOOOlES 
* 
* IT ~1.I~T RF ASSfM8LfO AND THf: ~y~unL TAHU' 
* GfNfRATF'O HF PA.SSED TO THF RT){ "-ODUlf: 
* 9FT~G ASSEM~L~O .. 
* * * * * * * * * * * * * * * * * • "' * • * * * * * * * * * * * , * * * 
* * EQU4TfS CO~MON Tn SfVfRAL BLOCK TYPES 
* 
* * * * * * * * * * * * * * • •. * .. .. * * * * ~ * * ~ * ~ * * * J • ~ * 
* CHAIN EQU I') POINTfP Tn NEXT SLorK 
PRJ EQU t PRIORITY (8ITS 1~-3) 
eN EQU 3 COORDINATION NUM8fR 
QUEUF EQU 2 TflP OF nt.JFllf 

* 
* * * * * .. .. * * * * * * * * * * * * * • * * * * * • * ~ • • * * * * • 
* 
* 
* 

T C B f f~ II ATE S 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * *­
* 
STAPRJ' fOU PRI STATUS (BTIS 0-2) & PRIORITY (BITS lS-3) 
PRfG EQU ? PROGR~M REGISTfR 
'REG EQU 3 ACnJ~lIl ATOR REGtST~R 
XREG EQU LJ }r-.. mrx RF~ISTER 

* 
* * * * * * * * * * * * * * * * * 
* 

• * * * * * * * * • * * * * * * * * • 
* lOR f QUA T E s 
* 
* * * * * * • * * * * * * * * * * * * * 

l 

* * * • * * * * * * * * * * * 
~: 
'i~ 
~ 

_( O. 
~':.:,:-::,,, ... _~~~~. ~.".-.. , 24Wi!!BMi>~Si.X'-" _,!~".~..,- .. ~.:.;~';O". ____ ~, ... _","," ____ ........ ";"_ .... .~.:~~:~;:/::;:; '::. ;i:F~-,~._.---.i~...:.:._ .. 
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H 
"­\..oJ 
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\J1 

( 

PAGE 0002 11/0'/77 JO:Oa:27 
MACRO? (A2) S1= ~ACROS HO= 

003Q * 
001.10 0001 IDT EQU 
ooat 0002 ICUN EgU 
00"2 0002 ITCB HlU 
OOL13 0001.1 rUIN fQU 
0044 ooor; ISTA EQU 
0045 o 00e;' lOP fQlJ 
004" '" '0.00" JRCNT F.:QU 
0047 0007 IBUFf FOIJ 
004t:\ ooo~ tACNT EQU 
OOJ,Q OOOq IDAA EQU 

(' 

'1£1500-10 PTx-, lOX, CfiMX [(JUATFS 
RTXfr.U F.QIIAl\=S lI~f{'l IN rnx 

t DfVICE TYPE 
? UNJT NUt-IBfR 
? ADORESS OF I'SfR' S reB 
a LOGICAL liNt T NAtwiE/NU~AER 
5 STATU5 
5 OP-CODE 
h REQUESTED COUNT 
7 HIIFFf.R ADORESS 
t:\ AC TIIAI cnUNT TRANSMITTED 
q ..... ~ DJRFCT ACCf~S ADORFSS 

" .. 
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PAGf 0003 11/03/77 lO:OQ:27 
MACRn2 (A2) SI= MACROS Rn= 

0000 
1)00\ 
0004 
0005 
OOOh 
0007 
OOOq 
O()I)A 
ooor. 
ooon 
OOOE 
OOOF 
0013 
01)111 
OOl~ 
0016 
0017 
00?2 
0023 

* * A 

* 
* .-
* • * 
* 
CROR 
r. S t: l. ., 
CT"PI 
CT,..P2 
CTMP3 
CfrtT!-lK 
(NflolA 
r."JF~X 

CFUN 
CeSUM 
REQCNT 
CJTBl 
CSPlOP 
COFL 
CTNTR 
EXCESS 
CEOF 
CHr)ST 
C"JRS 

* 

* * 
c 

* • 
E(.;IJ 

fOil 
F'~U 
EOU 

- ffJlJ 
FQU 
EJJU 
F(jl} 

ffJU 
FOU 
EQU 
EGU 
EfJU 
EOU 
HW 
E:QIJ 
f.rJU 
EQII 

Fnu 

Q1I5t1()-1 n PTX, I n)(, COt-lX H.)lJ6 Tf S 
RllCtf;JlJ --- f(lUATFS '-'~FP IN J.<lx 

- • • * * * * ~ * * * * , * * • * * * * • * * * • • , • ~ * ~ 
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~nu 
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i.l 
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P4GE uO?O 11/03/77 to:Oij:?7 
WACH02 (6?l 5J= ~4tWOS Rn= 

0577 OOOA ~()N ff.,llJ 
OC;7~ O(\l)q L(lf f~U 
057Q OOOA RVC F:' () II 
05~O OOOR HRI( F (J 1I 

05~1 onoe !lJSV f. rJIl 

05R2 0001) R"Y E:QU 
0583 ()OI)F SOw EQU 

( 

y 4 S \1 \\ - 1 (i I~' 1 ", f n I, CO l .. 'I f f:I' h. T f S 
(lJk'X 1J!-<f)Tfl[I.Il. ~Fh'VTCf ~Arj:.;rj~) 

P. RAJ Sf +/(lk ... AIT f !) R f) A T A ~ f: r ~ 1 r ~ .. A L S ( i ;. 
q IOWf.~ ./flP wATT r:t .. I)AIA SFT gJr.l'IjAl.~ n~F 

t n QF II f~!;F r l-!A ~il\lF L 

1 1 T SSW HI-f.";.. 
12 !SSIIf- NFl'! '\Yr"C 
1 ~ I.: f' - t 5 T /J.~. L , S t-I S H: r. H k n N I , A T t [\ ~ 
14 ~HT !)FvICF n f IJ f \i I) F t.,; T ~ l,lfd:' 1 Hll(~) 

.05BQ OOOF ROW fQlI 1') RfSFT O'fVJCf f)E~fI\iDF.·Nl iAf Ilt.' I) t tj III ~ ) 

"', 

058h MACHO CPf.JfAI) 
05~7 OP: SfT fJPREAO SF T RFAf": fiPrUnt-
l) «;13 A . K: SfT 1 
05R9 JFT II?>I 
0590 r~E P T tn-1 flO At I I,;I-'T rnN~\ 
0,)91 OPSET ~2,#~,#q,#S,~o,n7,DR,#9,~10 

059? £"-IO( 
0593 GF.NXJn ttt SET PARA~ AND CAI_' )ern 
05Q4 Ir:T OP:I<.I)PTr:XT 
0'>95 DATA np: Ace U''''!l A H 0 Opu:rH· 
0')96 "~TA n,fl,O IjSE '-ir nllf-~ Tntl~ \~lJF Flo"" IF H).T 
0597 fNDC 
05Q8 IFF 1)P:&()PTt:XT . 
0599 DATA t1P: ; lOPS TR ArClIMIiL b I f 0 openl)f. • SKIP HTT 
0600 nATA 0,-1,2 U$F NO ... UFfI-R 'ITH~4"'TS" 
Ob01 E~OC 
Oh02 END"'l 

ObO£l M A O?11 CPWh'lT 
060'5 OP: Sf T npwRTT St T lNf<JH OPCO/lf-
ObOE> K: SfT t 
OE>07 1FT #?>1 
ObOA RfPT tt'?-l ('Ii) Atl npTl!l""~ 
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t-~Ac~nr (A?1 

()60Q 
f)6t{l 
061 1 
0612 
Ob13 
06'1 Ll 
061C; 
061b 
06\' 
Ob18 
Ob\q 

{l·b? t 
0622 

H 0623 
H 0624 
"-w 06?'5 I 
w 06?fI ,j:>. 

()627 
06?~ 
06?0 

0631 
(lb3? 
0633 
06~4 

\0 
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'--1= MACROS ~n= 

Q I) ') n I) - 1 [l I- r II, I f di , 
CO'ij( H<pl(I("fll 

fiifX f(1UftH:~: 

.... f I) V 1 t f- ~. f, r Fr' S 

fI P S f- T t1 ~ , :. ~ , .7 I) • ~~, , ti i-}, Tt 1 , 11 P , 11 <I , f1 t r! 

t I.jf) C 
GEN.iln 
I)~T.4 

1FT 
OATt 
fr-.!Or: 

Ii. 1 Sf T II P P;, ;i ,~... t. ~. r. r i· 1 1 
n p : lI. , n p!,! ( S 1\ C r II ""l tI A T F I) (! P (' (J f\ t-

rY:!o;.fit>:,·CC: 
1 t\;:t F If- wr~ 

rtf.>: >((if.>~·iC ~ 

~ I l', 

IFF 
rHO 
PJOC 
E IIjD~~ 

p,i/,n I , :, t ;':'", t· Ii'· ~ ~ ,,' 1 F ,..~ 111 !'i r ., 

~ A C .., r r P F II ,,! r. 
bEN~In 

IFF 
OATh 
ENnf: 
1FT 
(lATA 
nmr 
'::.Nf') .... 

-1 r hi I 
tJ ':=2 
(l P f I I ~., I:: , 0 , '1:. , t; 1 

tr?=? 
n '" I- I Hi C , I' , U ;.> , '" 1 

""j\c~n fli->~r'l 

'. J f' - "-: (l P 10 ~~ II IV, 

!'n I-C1FD FI'~·,Cl [fiN 
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MACR02 (A2) 5J= MACROS ~O= 

qn~OO-ln PlY, Tnx. rOMx EQUATES 
~A~OfF MA[~U 

K: 
MACRO 
SFT 
~r:PT 

ND 
SfT 
SET 
SET 
SET 
SET 
SET 

NAMI)F'F 
1 
It? 
#t,#2,~3,#4,#5,*b,#7,#8,#q,#lO 

o PROTOCOL OHJVER SPECIfICATION 
o TTY ErHO OPTIO~ 
o TTY EVEN PARITY OPTION 
o TTY ODD PARTTY OPT JON 
o DISCONNECT ON FILE MAwK OPT)ON 
o MSC-ASCII CHARACTER SfT 
o HSC-fRCDTC CHARACTfR SEl 
o ASr.-Ef<Cr'lIC-ASCJT TRANSlATTOi'l.! OI-lTInl\; 
o bSC-FUll TRANSPARENT OPTION 

0636 
0637 
0"38 
063Q 
0640 
0l,a1 
0642 
061.13 
06Q4 
064C; 
06a6 
0647 
0648 
064<1 
06';0 
0651 
0652 
0653 
06')4 
065S 
0656 
0657 
06C;f.\ 
065<1 
0660 
0661 
066? 
0663 

PROT 
fCH(} 
EVFN 
ODD 
OISCON 
ASCII 
ERCDle 
XL. TE 
)(PRNT 
IIXPIHH 

ULC 
SLA.VE 
WAllCO 
CONSIC 
SMCI 
SMC2 
DMOOEM 
OTIY 
non 
TTY 
Bse 
DMAO 
H()R:CT 

SF T 
SET 
SET 
SET 
SfT 
SFT 
SfT 
SfT 
EQU 
EQU 
fQU 
EQU 
EQU 
EQU 
EQU 
EQU 
SET 
ENDM 

o RSC-UNFOR"'ATTEO WR I TE=TRA"ISPARHH OP TT ('N 

·0661.1 
0665 

; 0666 
Ob67 

.066A 
OM)Q 

. 0670 

n RSC-USER LINE CONTROL OPTION 
o RSC-SlAVE STATION OPTION 
I) loiAIT FOP CARRIEP Off nPTJr!N 
o CONSTANT CARRJfR OPTION 
1 SY~CHRONOUS MODFM CONTROLLER - 51' 
2 SYNCHRONOUS ~nOEM CONTROLLER - 617 
3 010 MODEM CABLE 
Q DIU TTY CAHLE 
5 uIn C~T CA8LF 
1 TTY PROTOCOL ORIV~R 
2 ASC PROTOCOL DRTVER 
:40 DMA 100 FLAf, 
I) 

* * NAM DECLARE ~ACRn - NO 

* MACRO NO 
NAM O:ltK: 

~: SFT K:+l 
ENOM 

- . 

( O· I 

i 

I • 

I 
• 

~ 
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P A (; t- () n ,J ~ 1 1 I f) {, I j' 7 1 (: : ()!J : ? 7 q IJ ') (11\ - Ii' ,,1 Y, /( i'" t I ) tv· ~ ~ 'i II j\ II ~ 
~~(R02 (A?) ~I= .... A(I-tOS HI,= rl r~;~ -.4AC"" 

r"7~ 
flI-,7~~ 

£} b 7 I! 
0675 
r,67b 
Oh 17 
01-,71-<. 
067 Q 

~l1-,R c' 
01,~1 

06~? 

01,83 
f"lf,~1J 

l)o~C; 

r'6~f-, 

ObP.7 
068k 
f)6P.Q 

('If,QO 

Ch91 
060? 
Oh9~ 

Ob94 
06Q'; 

06 0 " 
0607 
I'lb9A 
06QQ 
0700 
07!lt 
070? 
('7(l~ 

(71)4 
0705 
0706 
0707 

,,0 

~i"Ci;I' f. I 1 t! ~ 

* 
tl '? < I, 

(, f- r P A I-' ~ "'~ S 

IFf 
f\.{iTF ~ , • r: I. It: Ft.' A C .. I! 'f.( 1- j.; t j I " f- ,~ t. r I ~,.. S T ~ p r, I~ r. ", I- 1 t 

flU it) : 

* r;~ I 

~~;IH: 

SF T q l 
~J ;.;. (jiJ r t~ i; r '1 1 I' f 
l~T tJi,+,: 

1\ F V ,.. I): Sf T b IJ 

f: ',.PC 
HT lt~)t(J 

Ii F V T tI- L! it·,) 
t. i ., :.; f ;.~., 1 t T n I){\ i) f S ~-; 11';j .. I I ~ .. ~ SPf- I !' 

iI', f S L' p r'l J r I I f' V I C ~ 1', I,! H-d .<.;:; 

TADD: ~FT t:~ u ~ f :-: IJ P I'll T f f' T <., T F C!-' I! P 1 " 1 ,f,·n c;,~ 

f "JDe 
TFT ;:t I, + il 

LI~H-: SFI 11(­

f "'1 1)( 

IF T 
!iPFHH SF T 

fl'mr. 

#7+0 

fi7 IlSf ~"jp,JIIE!l t-'AlIO i-tA IF 

* Sf-T UP LINE Ttlt.t-.;fIFTI-;:,> PAf,I'ivfTLPS 
P l I 1'). i-' K (I C f :::. ~ I Pd· TrH- ">IT I F Tf ., 

* C~1FCI< ~nR LFrAL[lY 

* r, f'i,. 

iJ:HI)X 

IFf !)EV,An: 
"if, T F f , t f)~' V T C F 6 rJ!'''' F S ~ P 1 L L F {~ II l • 
F: ~,d)r. 

I Aiil,! : T F F 
r"nTF 
E "IOC 
T ~ F 
MITf 
t-r-wc 

f-, • T ',iT! R,J\IPl i\fjVP~ ~s (t JI l~ CAl' 

SPFf.'~: 

F,'lJNF s p ~ f- !.) (. r I I ~ G A I t 

SF T IjP I I t''-\II'' r"Af-t <.; 11\1 I':: 
SfT fJ:FDx-tli.l 
PffSHIT P:U:S,t SFCOO, II: SF T L I t-J F (fW t 
P n S I-q T \Ii A 1 T r 0 , t S F' ~·I en, 1 ? : Vol A J T F 0 ~ (h iJ k I E ki I.' F H elf I '\'. 
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MACR02 ('~) SI= MACROS AO= 

q4~OO-10 RTX, In~, rOMX EQUATES 
CLI!I4f MACkO 

SOFS: 
• 

POSSIT 
POSBIT 
POSAIT 
POSAIT 
POSJ\IT 
SET 

CC:,LSFCTY,T3: 
S~tTCH,LSFAN~,T4: 
SYNC:,LSFMTy,T~: 
HOX:, LSFLDX, T'6: 
P:HOX,LSFPOX,T7: 

CONTROLLED CARRIER 
SwtTC"'fO LINE 
SYNC MODEM TYPE 
HAloF OUPLEX LtNF. 
HALF DUPfX PROTncnL 

Tl:;T2:;T3:;T4:;T5::T6::T1: 

• 
it 

NOW GENERATE PROTOCOL TABLES 

it 

it 

PIelB 

CIe 

SET $ 
DATA 0 CHOR 
RES 9,0 JOB 
RES 10,0 ENTRY ADDRESSES, ETC. 
DATA P:FLGS FLAGS WORD 
DATA 0 MASTER TABLE ADDRESS 
RES P:lCIB-CPTBl-l,O 

• 
• • 

END OF CIB 

PROTOCOL OIB 
• 
prOIA 
0:#1 

SET 
EQU 
CHAN 

$ 
$ 

XI: 018 CHAIN 
PICI8,Q,0 OCIB, QUEUE, eN 
p:osw OSW 
P :flV TP OT 
'00' OCUN 
() f)Ofl 

t 
i 
• • (. 

I 
1 • 

i ., 
~ 

~ 

L • 
f 

0708 
0709 
0710 
0711 
0712 
1)713 
0714 
0715 
071b 
07t7 
0718 
071CJ 
0720 
0721 
0722 
0723 
0724 
0725 
072b 
0727 
0728 
072CJ 
0730 
0731 
0732 
0733 
0734 
073S 
0736 
0737 
0738 
073CJ 

·OATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
cum 
CHAN 
RES 

0,0 DFUN, OULS 
P:OFLG,P:BLKS,P:lPRM 

~ 

DPFLGS,O~LKS1,DLP~*~ 
! 071.10 

0741 
0742 
071.13 

0,0 DIXLTR,OOXLTR 
OLUN: DUJN 
Q:,t OOTB 
3,0 OSR1N, OT~Pl, DTMP2 

· 

. I 
l 
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PbGf flO?'; 
~ A r: ~ r)(' ( A :.» 

071JL4 
n 7 II 'i 
() 7 tHo 

07a7 
('I7/J~ 

(;74<1 
07')!! 

07t;1 
07 c:2 
07e:;, 
07~~ 

07';" 
07'5h 
07'S7 
071:.iR 

rl 07'59 H 
"- 0760 w 
I 07". w 

co ()7f-,2 
(l76~ 

07hLJ 
r,7f.;';. 

071o,f) 
(',7h7 
(17M" 
fl7f:,Q 

07"10 
0771 
077? 
0173 
o77Q 
077~ 

0771:-
0777 
077~ 
011 n 

~o 
4,(, -.5"--

t , / II ~ I I I 1 " ~ ..... : ; 7 q 115 (I () - 1 () P T ~, J f ; X, {t "':' t fJ I ;" If S 
~J= Mj\(LlnS ~'r-= 

" .. 
,.. 

• 

f '. -

( A T.<l. 
rrr 
, t. r !t 
E"+Or 
rFF 
C)~Th 

E ,'; [j C 
r I a r ~ 
T~T 

F' f_'~M 
~y TF S 
r s; r 
t.'(TFS 
: ~ T 

"'" 'f' Tf S 
IF T 
8'fTf5 
1FT 
~vrFS 

t"'DC 
f' elc 
~"!)r. 
;: ''1 Dr 
~. \' rOIl"' 

f'1 T ,'.J '- '.' ,.. C 1,(' 

i..':Ckt:;;,1 I.\r ~ f':~ 

~-, : (' " F r ~ 
LI : r j( f- r: , P : L!' ;~ P , (! 

~1: C'" r G 
(I,n,n 

I' i) I.' : f.' I 
•• n,..,:f·l>fi 
nYTF<;,)l,M 
Ifni·nC1,Hi)P:f? 
HOP:CT>2 
H iW : C ~, '1') ~ : C 4 
H') ,.., : C T :> I) 

H n ~ : r C, , rtf);';' : C f· 
Hf)kI:r.T>,., 
I-'U .... :C7,HLf.I:C,' 
t-lOh':(T:>k 
H!H~:r9,c" 
fl>l) 
f'T>2 
CT>I.I 
(~T >h 

fT>H 
'" p C,;i (1 II, ( , " 1 .iI!' t f ~ 

': f- If I r f f to. ~ I l' <:.-

.. L T'I~ ~UFFFf< 

" 
T~! II=' '; f T 't-

f.'" .Jf. SET ., 
11: ~;. T ~1Jf- tl": < 1 f<OI) 

T?: S~T PRtlT::TTY 
T 3: SF T J.I:nCM·,R.1 

T~T Tl:~T2:RT~: 

( 

1'1:" <)F, Dfl< <~iJ, r (i< "t< 

<~-

r 
I • 
I • 

~ 
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~ACRO? (A?) 51= MACRQS ~O= 

Ql1~OO-ln RTx, IPx, l"~)( H)lt/1HS 
CLINE "'A(RO 

0780 
0781 
0782 
0783 
07~4 
0785 
078b 
0787 
07BA 
078q 
07QO 
07Ql 
07Q? 
07Q3 
07Qu 
07QS 
07Qb 
07Q7 
0798 
0799 
6aoo 
0801 
0802 
0803 
080l.! 
0805 
080b 
0807 
080~ 
080Q 
0810 
OF\11 
0812 
0813 
(l814 
0815 

RES 
ENDC 
IFF 
RFS 
FNDC 

2,0 ? ,Hwn FttJFFF"R If- SLOW TTY 

Tt:X,T2:&T3: 
P:MAXT/2,O FULL ~lJFFF.:R 

F.BUFF SE.T 
DATA 
1FT 

OBUF SET 
RES 
ENDC 

$ 

o RUFfER OVF~FLOW wnRD 
P:FO)(&FDX:~P:OC'" 
$ 

P:MA),T/2,O OU1PUl 81lFFFP FOP FULL Oll)( 

.. 

." 

.. OUTPUT CIA .. 
OBIRA SfT i 

XD 5CH: CHOR 
EXTR INTQ~: 
SPAO TNTQS: 
JST INTflS: 
OAT A $. 0" 0 , 0 
DATA 0 
DATA CINPqJ 
DATA o,o~rRA,oRIRA 
LOX 'Ji-? 
JMP *ORIRA+CJNRTN JUMP TO 1NTERRUPT ROtH tNF: 
OAT. -1 CTIMEP 
DATA l:#3 CLIP 
HfS ~,n DRIVE~ FNTHtfS 
DATA 0 CINR1~ 

DOCIS SfT $ OUTPUT CJ~ AOnF< = INPUT CTR 
1FT P:FD~&FOX: 

DOCIA SET ORTR. REAL OUTPUT CIR 
P£S l:nOCA-COSRTN,O 
EN DC 

* ENO OF OUPUT eIR 
-.'_ ...... - .. ..,. ...... "- .. ,._ .......... - .. -.- .. -~ ... ,"" ........ - ... ~ ........ - I.· ... ~ 
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F~Gf 'IOC:> 1 11/0~/17 Ifl:fJl4:?7 9 tJ ., (111- t il 1.11 x, I (I,r:, r t; f.' )( F IJ it t. TI 0 
~Acpn2 (4;;» ~J= MACROS ~O= f. I. T t,1 I ~ 1\ r. J.. (l 

l'\~lh 

(1$317 
/)~1J1 

OH19 
n8~O 

f)~?1 

(llj?? 
OR??> 
OA2ti 
Q132r, 
082h 
OR27 
(lk?A 
(,.A?Q 

,) R 3 () 
(lk31 
0832 
o~n, 

0,.. ~4 
(lB3&; 
/)~'b 
OP37 
oA3~ 

n.~qq 

MHlO 
O~'.l 
(\f'I,? 

OFi43 
o RtHI 

08LJ'i 
Ofl,IJh. 
ORo7 
OR(Jf' 
ORLJQ 

OR50 
OA51 

* * t NPIIT elf­
Ir 

DIet" SfT 
~o 

f)( r ~ 
SPA!) 
J$ T 
DATA 
DATA 
f.>A1A 
f)AT~ 

I, rn: 

'F 
~rH~ 

f 1'; T ,:)s: 
T '" T (j S : 
P·TOS: 
t,(l,O,f1 
,) 

Ctt-.JPk( 

r i'l II" 

O,'HCPI,liTCIH 
3--;> 

J~P 
[lATA 
DATA 

*DfClfHCf,·,.·qr-.: • .iI;"IP TO Il\jl"~kW'l ;">(ltllT't 
- \ C r I ~1. 1"1 
L: tiS Cl I P 

RES 5,1'1 f)~IVt:~' f..t-11~'FS 
DATA 0,0 CINRTh, rn~plN 
HfS rCHAIN-cnS~l~-I,n 
r: ~ AN r ~ C J I-l C T PCI-' A J N - C r: H " ,.,; 
nATA lHU~ rrCAD~ 
RFS L:I'JCR-CCr.HAr.>-l,(~ 

* [Nf) lIF INPtlT eIP 
1-

1FT i):f-i;'1I<"FDx! 
* flUrPIjT r}Ir~ 

* DOOIS SET $ 

CHAN x·· . . I) T 13 c: H' T r·~ 
I) A T 6 l)UfJ;..: DC T ~~ 
flATA 0,0 Ui.lFI!F, rr, 
llA T" n: f'i)SW nsw 
DATA n:pvT~ f'; 1 
OA T .4 • 00' OC lJ~! 
DATA (l , IJ , () DI)f l , I)~UN, DlIlS 

* F.'NO OF nUPUT np~ 

(0 l 

f 
g 

(,0, 
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P AGE 0 0 2 ~ 1 1 1 0 31 7 1 1 0 : 0 4 : 2 7 Q LJ C, (.' 0 - t (l fH){ , HI )(', ( lli"')( t (.I 111\ If S 
"'ACRO? (A?) ~ I = MACROS 80= ClINE MACtiO 

0852 
0853 
0854 
0855 
0856 
08157 
0858 

,08SQ 
0860 

'It 

fNDC 
* INPIIT (MAYN) I)IR 

* DIDIH SfT 
1):ln SF' 

CHAN 
DATA 
DATA 
IFF 

1I 

$ 

X:: Ole CHAIN 
DIctR f)eJR 
0,0 QUEUE, eN 
P:FOX&FDX: ·0861 

08b2 
0863 
08b4 

D:IOSW SET 
ENDC 
D6TA 
DATA 
OA TA 
DATA 

D:IOSWiD:ODS,. Ok INPIH 8, OfiTPlIT PSW HIR Hnx 

·0865 
~ OR#)b 

H 0867 
~ 08b~ 
~ 08bQ e 0870 

'0871 
:087? 
.0813 
0874 
0875 

·087b 
i 0877 
·0878 

087Q 
0880 
08Al 
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043R It .. .. .. .. .. * * .. * .. Ie * * * .. '" * * * 1< .. * '* .. * * .. 
Oll39 I< 

OllOO * EXTERNAL NAME.S 
0041 * 
Ol.l02 " " .. Ie * .. 1< 1< 1< .. .. .. * .. .. .. * .. .. 1< .. ." .. 1< 1< Ie .. * 0403 .. 
04£14 EXIR HEGI~~: HEGIN raSK SEqVICL 
004S t ~ TR tNU: f. Nt) TASK Stl<vlCE 
OIHlb EXlH SUI~R : HEG r N r.(IMMON SUtWOU TINt. 
0441 EXTk SllRX: ENt.> Cl1,.lMfjN SlJtHWUTI ~d: 
0448 Exr~ utLAV: DELAY S E K V let. H rJlj T p~ E 
0444 EXTH f:.llF: ENIJ OF- f-IL!: f"SI< 
OliSO tXTk f.:l.I~: END () F R E C 0 H I) T ASK 
0451 EXTi< Hlf-(S r: Sf:. r STArus ANI) tNIJ OF RECORD 
0452 E.n H S 11-.1 r : SEl (NTERUP1S TASK 
Otl53 ExTR S10: S T AP r 1/0 
0454 EXTR CKSIIM: C(JMPU rE CH!:r.KSU'-1 fASK 
0455 F..XTR Ff:TCH: GET CHARACTF.f-( 
04~b EXTt-? I:OFCK: CHECK f- U~ UHJ-UF-F I Lf 
0457 EXTR HUf- FI): pur Ii y r t: fNIU HUFf-f:1-( 
0458 E}(TH hAlT: WAIT r(lfJ IJI:V!CE 
045Q ExTk t. (If- (~ : CH~lt\ FO~ ASCII [Of ( , 1* ' ) 

~O ( 

--" ..... -

• * 

.. .. 

." I< 

Ie .. 

, o 
1 ~-,","~ ... 

i 
I 

~ 

--.--~".", 



( ( ( o I' 
; 

PAGt. 00(12 UQ/011/h 09:47:37 R rx 1 1 fl X l H A RAe T H· T / f I I> R 1 v tfi S q n () ? - t x F () 

MACR02 (Al') 51= CH"WS ".u= I:READ U·Af.;A(lER f-'FAI) fJ~'i)UIJUI-(f: 

04h1 " It * * II * * • ., 
* *: '* * I< * * * * 1< 10 * *: * * *: I< * II 

()462 * 
0463 • f HIS R tJ U 1 I N E \,1 ILL PHI C E:. S SAN Y R F. {J It t S , S 

0464 ,. Tu lNPUT FROM A C~AkACrFk UF~JC~. 

0465 *: 

()4bh .. ALL REflIlE.STFD wILL f:if_ I SSIjE:.f) FUf< I)NE: ( 1 ) 

0467 * CHARACfEq Al !>. TIME. 
0468 * IF THE TRANSf ERRED (fllHJT C/I"'T A INt: i ) 1 N THt 
0469 ., CIt:! IS NEGArlvE Tt-IE. D!:VTCf wILL HF 
0470 * PROMPfEU ~l1H THE CHAPACIH< Uk [tiARflCl t:.I<S 
0471 II CONTAINEU IN THE CTOll. 
0472 II 

0473 II * II * II * * " " *: * II * * II * II * II * • * II II * II * II 

0474 II 

0475 onoo RE:.L I) 

H 0476 noon I : REA D f:.(JU $ 
H 0477 * ...... 
w 047~ () 0 0 0 f1/~ 1 H 0 0 1 R LOA o,CtjufF 
I 

co 0479 0001 1350 LLA 1 to-' 

04AO 0002 <,ICOt aooE:. S 1 A t]IHUJC N 1 SAVF FOR f,. RESIARi 

0481 *: 

04~2 (JIJ03 RFA2 f QU :;, R F.. S T A R T 

04113 * 
OLJ84 01) 0 3 9L 1 f~ OOlB STA 'lICuuFF SE T HLJFF£:f.I AOf)kFSS TO ~Ylf 

048') OO()4 (60t LAP 1 

OIJ56 (JOOS 4C(>3 0023 Sf A oiCUCHN 1 Sf T f:l '( 11: CUlH.T fa 1l~E. 

0487 00(1) 0110 7AI-i. 

0488 0007 gell) nOlO STII eJiAHROW CU:AR RACK AK~(I~ fLAG 

048Q (lO()R <,ICle I)OIC S1/I .,' C 1 C'J T CLEAH TRANSFER COUNI 

04Q0 I) (j \) q H 4 1 bOO 1 b LI)I\ 'lit XCf..SS Pf<(J"1Pl lHMHC TI: f-?S 

0491 f)OOA ~OAE U019 JAP R~ AX IF NUNE 

04C!? ()f)OH 1357 LLA H CHECK FOR II-

04C!:S vooe 2101 UOOE JAl .'!,... C 1 F ONl Y ONE. 

~ Q49LJ OOOIJ CbOl LAP 1 TWO PRUt-lPl CHARACIEf->$ 

04C!S uOOE 0150 IAH AOJUSl CUUNT 

04Qb OOOF 4C04 0001.1 SlA "Ie IMP 1 PUT I~ MINI-l!IH 

I 
I 

--.J 



PAGE 0003 09/01/76 OQ:~7:37 ~IK/I0~ CHARACTEQ 1/(1 Ol-<lVfRS 9330?-lXEO 

MACH(J2 (A2J 51= OU~05 HU= l:ktAD c'HAf.'AtfF-_k REAO Pf<UC~[)UHI: 

0497 OOIl) C608 LAP IAC"JT 

0498 0\) 1 1 RCIH 0Ol~ ALJO IJICIOH AI)DkES~ Of PHOMPT CHA~A(IF.RS 

0499 0012 ge05 0005 SlA 'llCTMP1+l pur IN 1"11'-11-101-\ 

0500 0013 FHIJC OOFO SINl STANOAHD,OIJTPU1,0 

0500+ n01LJ ?3FI./ 
0501 0015 0030 r x A Cll1 ADDRESS 

0502 0000 lFF LSl305 
0503 0010 nADA (lOfl ADO =CTMPl ADDRF.:SS OF I"INI-IUA 

0504 ENI)L 

050B 0017 FHOA OOF2 JST SIU: DO OUTPUT 

05U9 o ole F B() A 0 0 F 3 JST WAIT: FOR I)ELAY 

0510 00)9 RFAX E IJ 1I :Ii 

0511 0019 f-Hl>b oOFn SINl SlANDA!-(D,lNPIJT,O 
0511+ OOlA 1 ~F9 

>-' 0512 (101 H (607 LAP 7 OP coUE MAS~ 

,..; 0513 OOlC $3419 001Q AND ale (lP MASK OFF OP COOF 
....... 
w 0514 001f) 0203 0021 eMS T~ll COMPARE TO TwO 
I 

CD 0515 OOIE F203 0022 J"'P UNFMTI UNFORMA1TE.D 
N 

0516 ouH Fc34 0054 JMP dININ IHNAR'1' 

0517 0020 F20C o02D JMP H f- A -~ FllkMATHO ASCIl 

051B 0021 0002 T~O LJA1A 2 CONSTANT hHI ( 2 ) 

051Q * i 
0520 * 
0521 * -rIll IJNfl'4Tl --- UNFOkHATTfU INPUT I 0522 * 
0523 0022 UNftH 1 E(W .:II 

0524 * 
0521:) 0022 FAD! OOF~ JST FE.rCH: GE.T NE.XT lHARACTtH 

052b 0023 FBl)l OOF5 JST filiF F l,j: GO PUT INTO BUFFER 

0527 0024 3242 OO?? JuR lJNFtoIT 1 GU GF.. T "JEXT CHAfHCTER 

0528 1)025 F~DO OOF6 JMP tUR: E.NO lIF t-lECOHl> 

~ 

(0 ( o 
t_-, .... 

- -.;:- -I -
~~~-... 



(-

PAGE (looa Oq/Ol/7h 

MAC~lJ2 (A2) SI= CHRDS 

O~3() 

0531 OOch 
0532 
0533 0026 FMCC OOF.3 
0534 (}027 HaOE nOOE 
0535 0028 F62~ 0003 
053b 
0531 O(J2Q 
053A 
0539 0029 qCll) 00\0 
0540 002A CODF 
0541 u02B F2?O 004C 
0542 002C Ft3C8 OOF5 
0543 

H 05'.44 0020 
H 0545 ...... 
(..oJ 

054b 002D FBCb OOFLJ I 
(X) 

0541 002E. FHCti OOF7 (..oJ 

0548 002F A2Cf; OflF8 
0549 OO~O 9C?5 0025 
0550 0031 C OF F 
0551 0032 FbO~ 0020 
0552 0033 02C5 OOF9 
0553 0034 Fb07 0020 
0551.1 003S F60C OOc9 
1)555 
0556 
0557 

( 

OQ:lJl:37 HT~/IOX CHAHACI~H 110 nRIVF.kS 9330?-1XEO 
HU= RF A --- READ HJRMA 1 JED Ase II 

., 
RFAto EIJU 'b ., 

Jsr WAIT: 
L DA i,lRE(H;N 1 
JMiJ RF~2 GO HE:SIARl ., 

RFA£4 £(,lU $ MAY~E GOOD 
#( 

STA tlIARROw SET FLAb 
CAl :DF IS 1 T ~ACI< ARRU\O;? 
JMP RFA9 YES, BACK UP 
JST HUfFIJ: PUT INT(J SUFFER 

* RFA3 ElJU 'b l 0 lJ P 

* JST FErCH: GEl CHARACTER 
JST EUFCK: IF FILE. MARK, GUfiOHYE 
!uR =:~O 
STA iilCUCHN3 HIGH-OR()Ek Hil ON 

CAl : FF IS 1 T RlltiLlUl'! 
JMiJ RFA3 YES, Ir;NURE. 11 

CMS =:HU HOW AHUUT A CA~RIAGE: RETURN? 

JMP RF~~ 100 SMAll 
JMP RFA4 (;01 A lJV~ ONE. 

* 
* FOUl'll) CARRIAGE kE.llJRN 

* 

( 
0 

I 
I 

~ 
I 



- ---------- ------------------------------, 

PAljE 000c.:; 09/01116 O<l:llT:37 krX/IOx CHARACTER III) !)I-(IVEkS 43_~0?-1Y~() 

MA('~02 ( Ai:') Sl= CH~i)S ~HJ= f(FA --- RE/liJ f()RMATHD ASLII 

0559 * 
0560 " FOUNt) CAh'RIAGf- RfTUI-?N 
OSI)1 " n56? nv~h (004 l.AP p~nl"lpr PfHlMP 1 AHLE. t311 
05h3 0037 8'HF I)(JIF AND ,lie f liN 1 IS IT? 
0564 0038 clOC 0045 J4l HI- A 1 If- f,:rJ1 , GF T 0111 

0505 '1034 r,h03 LAP ~OkMSK MASt< FUR E:.f)~ T y j->~_ 
056b i)()3A ~t.llr UOIF ANU q)( F UN 1 (i E. r f: n R T Y P t 
0507 003~ (;002 CAl i-! IS Ir CR/LF ? 
OSbM u03C F201 003E JMP f,+2 YES, ECHO LINF H_!:!> 
050 4 003D F207 0045 JMP I<'F A 1 NO, FOR (~E T LIN ErE E. D 
0570 U03f. FHB4 OOF3 JST .,. A IT: Du A HICCUP 
0511 003F Ft3AO OOFO STNf STANDARl>,OUTPUT,O 
0571+ 0040 23F4 

H OS.,? U041 t~~50 0092 LDA CHLF+l LINE FEfD 
H 0573 00112 9C?5 0025 SlA f1ICDCHN3 DATA CHARACTER 
" '--.j 0574 0043 H422 0022 LDA ttlCOCHN POINER TO MINI-lOR I 
(l) 

05"15 001.44 FI3AO OOF2 Js-r 5_1 U: OUTPUT ~ 

0576 * 
0577 0045 ~FAl F..!.~U :t- CHECK FO~ VALID RtC~RU 
0578 * 
0579 (J045 ACID OOl!) EMA i) II HRUw CfJRHEC1IUN FLAG I 05AO OO~b CODF CAl :Df LAST CHARACTtR HACK AWROW 
OSRI 0047 Fb2l OUch JMP WFAIO YES,. DU IT OVEP I 05~2 0048 A40E (loOE LOA nil-H: fJCN r RES1M.(f A()()RESS 
o5~3 004Q 13f)O LRA 1 MAKE IT WlJkO 
0581.4 Ooq,A QC1H OOlH SlA qlCHUF F 

OSH5 u04A F3At OOrll JMP t () f (J : CHECK FOR UJ!) UF ~ IL t 
05BI, ~ 

0581 OOlle HFA9 t.nu :b HACK ~RROv. rUUND 
OSAA * 
05811 O()4r, H41C OOle LOA oiC I CN I CURRENT C(1IJNT 

~ osQO (041) 21hO oo~n JAZ RF II '5 IF A T B f(; 1 N N PH~ 

0591 004E. (lODO DAR DOWN ONE 
OSQ? UQtlF IICtC 00lC SlA 'lIe I CN r tlESTORE 11 
OSQ3 00')0 B41B OOlH LIJA olC BUF F * * 

1 ------

~ 0 
--~ ----- -

-------=-------------- --------_.-



H 
H 

....... 
w 
I 

CD 
Gi 

1 (. 
P AGE () 0 0 h t) q I 0 1 I 7 h 0 9 : i! 7 : Yl 
MACRU2 (A2) S!= CH~DS fiO= 

0594 
0';9" 
059" 

0051 (JI}IJO 

(j052 9CIH ()Ol~ 
0053 Fh?O 002D 

DAR 
STA 
JMI-' 

( 

.. _--_. 

t-<rXlIlJX (HARACTEJ..! I/f! IJf<IVff<S Q3302-lXFO 
f(FA --- kt:.AD FClR""AJH:.D ASCII 

,JlCAUFF 
RFA3 

* DECRE~ENT HUFFEu AODRfSS 

* * 
GO GET flEXT 

(0 

i 
I 

~ 
J 



---- .~-------------------------, 

PAGE On07 09/01116 09:LJ7:37 I-ITt/lO)( CHAHACTER JIll DRIVERS Q3302-IXEO 
M4CIW2 (A?) 51= [HMOS hO= HININ --- INPUT H I N A R Y R U U r PJ t 

059R * NEAt) A H[NAHY RECORD 
0599 * FIND THE RECORD HEADER 
ObOO 0054 BININ ((11) $ 
ObOl 0054 F89F OOF4 Jsr ~E1CH: GE-l A CHARACTtH 
ObO? 00"5 CoFF CAl : f ~ IS IT A RUdUUT 
Ob03 1)050 F202 0059 JMP $+3 YES GP GEl fiYlE CUUNt 
0604 1)057 Ft19F OOF7 JSl F..I)FCK: CHEe" FOR I.· 
0605 O(}5~ FbOtl 0054 JI"P HINI~ 
060b * Ob07 * Gf: r THE IHTt: COUNT 
Ob08 * Ob09 O(\S9 011u ZA~ 

0&10 aOSA 9[00 oo~/) STA alCC-SUM CLEAR Pit:. CHECKSUM 
Ob 11 (I 0 5 r:; F r) 9 A 0 0 F 4 JST FETCH: GET FIRST CHARACTER 
Onl? oOC,C 1 .~5 7 LLA 8 SHIFl ro HIGH URUEH HYTF 

H Ob13 005l> <fCI0 (011) SrA 'llCDAA SAY/: IN TEMP CELL H Ob14 0051: Ft:j95 UOFi.l JST FE.TCH: GET SfCUND CHARAClER ...... 
w 

Ob15 \) 0 ~ F A 4 11) 00 1 f) lOR tJlClJAA MERGE THE T",u BYf!:5 f 
en Ob16 0060 .3101 (JOb? JAN $+2 NOT AN E.ND OF flU. 0'\ 

Ob17 0061 FYN OOFA JMP EUF: AN END-OF-FILE 
0618 * i 061Q I< READ fHE IIlJ~UT OA1A 
Ob20 A 

I 0621 (lOb? 0310 NAR 
0622 00b3 9COE OOOE STA 01 fJ F. f~ l N T S II V E:. R E.l~ U IRE:. 0 C U U ~Jf 
Oh23 * 0624 OOn'-' IIJEXTl ELJU $ GET NEXl ONF 
06Ze; * 062b OOb~ FH8F OOF4 JST fETCH: GO GEf N[XT IHTE 
0627 00b5 FB8F OOF"~ JSl JjUFFQ: (; (J r"UF Uf INTU HUfFEI.( 
Oo2H 0066 OCOE OOOE 1MS (J'REi~CN T INCf.'I:MttvT NUMBER Ufo fH rES 
oo2Q 00b7 FbO.5 OO~4 JMP NEXfl 

~ 06~O * 
I 0631 I< PE.~FOR~ CHECKSUM 

0632 * I 

Ob33 OOoR CbFF LAP :FF 

I 

10 0 
;~.~ - :''''---:~>~~~" 



(0 

PAGE nOOh U<t/Ol/7h Oq:~7::n 
MACR1I2 (A2) S!= UiiWS 110= 

0594 
0';9" 
OS9h 

00510t)()(j 

0052 9CIH 001H 
0053 Fb?b ()02D 

DA~ 

STA 
JMto> 

( ( 

. -"--" ----- ~ 

~rX/IllX CHARACTER I/CI IJRIVfRS (n302-lXFO 
~FA --- kt:AI) F(JR""ATT!:D ASCII 

,lICAUFF 
RFA3 

* DEcw~~ENT HUFFEw AODRfSS 
It * 
GO GET ~lEXT 

t. 



H 
H 
....... 
w 
I 

OJ 
m 

---_._-----------------------------..., 

PAGE on07 09/01116 09:~7:37 
M4tH02 (A?) 51= (HHOS hU= 

~TtIIOX CHAHACfER 1/(1 ORIVERS Q3302-IXEO 
HININ --- INPUl HINARY RUUIINE 

059A 
0599 
0600 
ObOl 
ObO? 
0603 
0604 
0605 
06Qb 
0607 
Ob08 
0609 
0610 
Ob11 
001? 
Ob13 
061~ 

0615 
Obl0 
0617 
0618 
Ob19 
0620 
0621 
Ob22 
Oh23 
0624 
0625 
0626 
0627 
Ob2H 
o02Q 
Ob30 
0631 
0632 
0633 

to 
,--,~",-~~,-

Otl5~ 

0054 FH9F OOF4 
00')5 COFF 
1)050 F202 0059 
U057 Fti9F OOF7 
n05,q FoO~ 005~ 

fl(lS9 0110 
005A qCOl) 0()~11 

(I 0 5 rj F r; 9 Ii 0 0 F 4 

(J 0 'J C l~ 5 7 
0050 (fCll) 001U 
005t. Ft:195 UOFit 
I) 0 '; F A 4 11) 00 1 f) 

U060 3101 oOb2 
OObl F39q OOFA 

(lObi> o31v 
0063 9COE ouoE 

OObl.l 

006~ FhBF OOF4 
00b5 FBhF OOF'; 
0066 DeOE OOOE 
0067 Fb05 0064 

006R C6fF 

* 
* BININ 

*: 

* 
* 

* • 
* 

* 
NEXTl 

* 

* • 
* 

HEAO A HINAHY RECORD 
FINO THE RECORD HEADER 
(l,JU $ 

Jsr FElCH: Gtl A CHARAcrt.H 
CAl :fF IS IT A RUdUUT 
JMP $+3 YES GQ GEl AY1E CUUNI 
JSI F..f)FCK: CHEel\ FOR 1* 
JI~P HININ 

G~r THE HYT~ CUUNT 

ZAI-( 

STA 
JST 
LLA 
SIA 
J S1 
IOH 
JAN 
JMP 

alCC.SUM 
FETCH: 
8 
'llCDAA 

FETCH: 
<1IClJAI\ 
$+ 2 
tUF: 

CU:.AR (HI:. LH~CKSUM 
GEl FIRST CHARACTER 
SHIFl TO HIGH OROEH HyTF 
SAVt IN TEMP CELL 
GET SfCUND CHARACTER 
MERGE THE r~u SyTtS 
NOT AN END OF FILE 
AN END-Of-FILE 

READ THE II\I~UT GAIA 

NAR 
S T A tll fJ f_ I~ t N r S A V t R El.J U IRE. 0 C (J U ~ J r 

E~U $ GET NEXT ONF 

JST FETCH: GO GEl NEXT ~YrE 
J S T Ij U F F Q : (; I) fJ U F U fIN I lJ H U f F F. I.( 

1 /"1 S 0' R E i,j C N TIN C ""I: MUd N U M B E R () F H Y TE S 
JMP NEXfl 

PERF OR,.. CHECKSUM 

LAP :FF 

.-.;;--_. 

o 
.. -~ ..... y '~.~"' 

i 
I 

~ 
I 



H 
H 

......... 
w 
I 

00 
..J 

c 
PAGI: 
MACH02 

0&34 
0635 
0&36 
Ob37 
Db _~8 
Ob3Q 
ObUO 
Ob41 
0042 
Ob43 
0&44 

noaA OQIf)lllb 
(A2) 51= CHRDS 

I) () 0 "I A 4 0 t) 0 0 0 t> 
OOllA qCll) nOll) 
() 0 6 H F d 8 fj u 0 F I~ 
OObC 1'3':57 
(JOb!) QCOf. t,)OOE: 
nObE FHti'j ()UF4 
o () () f- A 4 01: 00 ')!: 
0070 (HHI> (JOt!) 
00/1 210 t OfJ13 
U072 H28~ lIoFC 
0073 F38q UOF'I) 

( 
-------_ .•. _- ._._--- ---- .--

OQ:U7:37 ~TX/lI)X CHARt>CTH" I/U DRIV~HS ~3302-1XEO 
BO= IHNIN --- INPUT hINAf.lY ~OlllINf 

ANO "ICCSUM MAS~ OFF LUW OHVEk ~llS 
SlA tVCDAA SAVE RECORi) CHt:CKSUM 
.lST FErCH: Flf.lSl HYlE: 
LLA ~ SHIFT 1tl I-Il(,H UR()rf.i !;'rlF 
STA @HEQCNl SAVE 
,J S T FtTCH: Steor-If) CHARACTI:.R 
lOR iM-lE IJC N r ME.~GE lwU BYTES 
SUB II/CDAA SUHfRACT cu~purFD CHECKSU~ 
.J Al $+2 IF EVERYTHING OK 
lI)A =E.RRUR EHRUH corn 
JMP EOHsr: ERHOR EXIT 

(~ 

i 
I 

~ 



PAGE 0009 09/01116 09:tH:37 ~rX/I0X CHARAClER 1/0 DHIVERS 93302-1XEO 
MACR02 (A2) SI= CHRDS BO= 1:Io<ITE CHARACTfR "RIIE. PRUCEDURE 

01,49 .. * * It It * * * .. It .. .. * * .. * .. It * * * * * * * * * .. It * 
j " 

0650 .. 
i 06 1;l .. THIS RUUTINE ~[LL PROCESS ANY RE.QUESTS 

0652 It TU OUTPUr TO A CH~R~CTER DEVICE. 
0653 .. 
0654 .. AfTER rHE RF:lJUESl HAS BEEN STARTEU, CONTROL 
065') .. WILL HE RETU~NEO TO THE. 10 SCHtDULER 
0656 It 

0657 * * * #< 
#< #< .. * * * .. '" * .. .. .. ., * * ., .. ., .. * * * * .... -~* 

06SH .. 
0659 OO'1Q l:HIH:. tLJU $ 
0660 * 0661 0074 FH/B OOFO SINT STANDARD,OUrpUT,O 
01,61+ 0075 23F9 
0662 0076 t4qlA OOlA LDA rtlCRCNT REi-WEST I:: D C(lUN r 

-; 0663 0077 9CIC OOlC STA rtlCTCNf SET TRANSF~REO COUNT -; 
0664 "- .. .... 
0665 WHAl WAS RF.QUEST I It 

? 0666 * Ob67 007A Cb03 LAP 3 
061,8 0079 A419 0019 AND QlCOP MASK OFF OP-CODE. 
Obb9 o 0 ., A q C 1 9 0 () 1 9 STA oICOP REPLACE NEw ONE i 0670 0078 COU3 CAl 3 IF "iINARY 
0671 nO/C F21E 009H JMP RITEIO FORMATTE:U H!NARY I 0672 00'11) 0030 IXA 
0673 0000 IFF LSI30'> 
Ob74 ()07E 6A7F OOFE AUt) =CRCi"T Al)[)RESS OF DArA CHAIN 
0675 ENf)C 
0679 It 

0680 007F ~ IrE 1 Et)U $ UUIT lUlr 
06til * 
ObR2 007F FfH2 0()F2 JST SIO: SfARJ 1/0 

~ 0663 oo~o Kti19 0019 L DA ".coP 
068Q 0081 COOl CAl 1 IF UNF UPMA TT ED 
O(81) ()082 F373 O(JFI> JMP fOW: GO fO ENU UF ~t:.CURO 
Ob86 * 

(0 \ to 



ro c (0 ' 

PAGE 0010 UqlOlllh OQ:u7:3-' RrX/IU~ CHARAC1ER }/O DRjVERS Q3302-1XEU 
I'1ACIoCU2 (A2) 51= CHkDS tiO= I:RlrE LHAWACIE:R WRIJE PWUC.EDURE 

Ob87 * OUTPUT lHArLE~ RECORD 
Ob88 * 
Ob89 ()OR3 j.(TTf~ tOIJ $ 

06QO OOH3 FtlbF OOF3 JSr jljAIT: WAIT AWHILE 
ObQl 008t1 CbO.s LAP f:ORMSK E:.NU Of RECORD MASK 
Obq? nOnS 8qlF OOlf AtW I1I CFUN 1 MASK OFF THf EUR FLAG 
06<13 0086 qCIB OOld SlA qlCbUFF 
0694 0087 8A08 0090 A (1) EURHA!) ADO SlAMT UF BUFFER ADOHESS 
Ob95 OOSH AClti OOlH EMA a.lCBUFF PUT IT ANI) ~ICK UP fOR FLAG 
Ob9b 00H9 IjDO LRA 1 
0697 006A 0150 IAR CORRECT # UF CHARAC1ERS 
Ob9f\ OO~B 9C1A 001A STA lllCHCN T PUT INTO DA1A CHAIN 
0699 OORC 0030 TXA 
0700 0000 lFF LS1305 

H 0701 U08D 8A70 OOFE. ADD =C-RCN r l>ATA (.HAHI ADDRESS H 
........ 0702 ENIJC \;oJ , 

070b * 00 
1.0 0707 OOAE LEAVE:. El~U $ CALL SIU: AND GU TO EOR: 

0706 * 0709 008E FI:J63 OOF2 JS 1 SIn: START 110 
0710 (lOOF F3bb OOFb JMP f:UR: ALL DUNE r 0711 009() 0091 EllR\3A1) DATA CRLF 
0712 0091 80AA C~LF DATA :RD8A,:8A8U,:8D8~,:A060 

I ()092 HASD 
0093 RU8A 
OO<HJ AOSD 

0713 0095 OO{)O NULLS OATA 0,0,0 
0096 0000 
0097 0000 

0714 ooql'\ FFOO EUFI DATA :FFOO,O 
009q 0000 l g I 

0715 099A AFAA I:::OF2 TEXT I 1*' ! 0116 * , 
0717 0091:1 IH 1 E 10 f(JU $ FO~MATTEU HINAHY r 
071R .. I 
0719 009A 0110 ZAR f 

I 
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PAG~ 00 t 1 09/01/70 () 9: It 7 : 37 R1X/Iox_ CHARAClf:.R 1/0 OH]Vt::HS 93302-1XEO 
MACRU2 (A2) SI= CHRDS uu= l:RlJE -0 .. CHARAC1tR ~H!1~ PHUlEVu~E 

0720 009C qc.;OO (lOOD S1A rtlCCSUM CLEAH lHf CHECKSU~ HYTE 
0721 t)OQO Hl.l l' 001\2 LOA kHfOAD HE(.lll-W Hf.At)ER T ASI< 
0722 (lOqE FH5_~ OOF2 .J S 1 SJU: SlA!-lT l/U 
0723 009F FB53 ooF3 JST WAIT: WAI r AWHIU::. 
0724 It 

0725 OOAO !-lITE11 HJll :II OIJlPUT BYH: COUNT 
0726 I< 

0727 t')OAO H41A 001A LOA nlCHCNT KtCWtSTFU COUNT 
072H OOAI 9C2 l , 002',; 5Th <tlCl)CH~J PUT I tHO C 1 R 
072~ 00A2 Ch02 LAP 2 THANBFER CUUNT 
0730 00A3 qC2~ 002~ STA "lCOCHN 1 PUT INTO DATA CHAIN 
07.31 oOA4 Bl,22 0022 LUA nJCUCHN DATA CHAIN Al)()kfSS 
0732 UOAS FA2E 001>4 JSl 1:0CS GO COMPUT CHECKSUM 
0733 OOAb Fd4H OOF2 JSl 81U: SIAkil 1/0 

H 07)4 vOA7 Ft\£,tj OOF3 JST wAIT: wAIl AwHILE 
H 0735 "" "-v..: 0730 00A8 HIlE.12 EQU 31 OUTPUT BINARY RECORD I 
\0 0737 .. 0 

0738 00A8 0030 IXA 
0739 00011 IFF LSl305 
0740 OOA9 HA54 OOFE AOD =C~CNr UATA (HAlf\. AUORESS 

i 0741 ENIJC 
07"5 GOAA FII.29 (lOtHI JST J : OCS CUM~UTE CHELKSUM 
074b OOA~ FI34b OOF2 JSr SIO: SlARl 1/0 I 0747 o 0 A C F Ii II 6 0 0 F 3 JST i/4AIT: WAIl A ~If 
0748 * 
0749 OOA!.) iH 1 E 1 3 F. rJ U 1; OUTPUT CHfCI<SU,., 
0750 Ie 

0751 nOAI) ChFF LAP : f F 
0752 OOAE R401) nool) AND rilc.;CSUM MASI< OFf CHf_CKSUM 
07~3 UOAF QC25 0025 STA I1I(;UCHN3 PUT INTO Clti 
07~4 001:10 1-\422 0022 LOA ",CDCHN DATA CHAI~ ADDRESS g 0755 (JORI Fb?3 O()8E J'''P LEAVE LEAVE AFCAUSE rOV'NE DONE 
075& 00t32 OOH3 ~HEDAO I)ATA HHEAD 
0157 00t13 noos RHEAD DATA 5,NULLS+l 

00\:i4 009& 

~ 
~ .. O \ \ 0 
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PAGE. 0012 o9/Ulilb 09: II{ : 37 RfX/IOX CHARAtfEu 1/0 DRIVERS q3502-1X~U 
MACH(J2 (A2) 51= CHRDS I:W= I . FUN FllNCJlUN~ . 
0759 It tr " ... * * .. • It * * * * * .. * It It 

It II * * " * * * * It • 
0760 It 

0761 * JHIS ROUTjNE WILL PRUCESS THE SPECIAL 
0762 * FUNCTIUNS R~QUES1ED ~OH THE 1/U DE.VICES 
076~ * 
07h4 It It * * It * .. It tr * * * * It .. * * .. It * * It It * * * * It 

.. 
0765 II 

0766 OOB5 l:FlJN E(~U $ 
0761 It 

07,,1"1 00115 FH3A OOFO SINT STANfJAH[),OlJfPlIT,Q 
07&~+ OOHb 23F9 
Otb9 OOtil CbOF LAP : F 
0770 OOijH 841~ 0019 A. ~~u tlIC(JP MASK OFF OP CUtH: 
0771 OOH9 9C1<1 0019 STA olCOP 
0772 OOHA COOC CAl :c IF A C 

H 0773 (lOgB F203 OOt3F JMP F~ARK JMP TU ~Rl1~ ~ILE MAH~ H 

" 0774 (lOBC COOO CAl :0 IF A D 
\.oJ 
I 0775 OOBI> F20B OOCh JMP PLE.AD JMP TO PUNCH LE.AUE.R 1.0 
f-' 0776 OOgE F337 OOF6 JMP EOR: GO TO END OF RECORD 

0777 It 

0778 OOBF FMARK E(JU :b Wfoil TE FlU:. MARK 

i 077<1 * 0780 o 0 B F H II 1 F () 0 1 F LOA 'liCf liN \ SPE.CIAL FLAGS 
0781 OOCO 1302 LRA .~ MOVE Ef~F HIT TO lJV I 0782 OOCl H20F (01)1 LOA SEOF ' 1* ' FILE MARK 
0783 00C2 3(:'01 00C4 Jilt< $+2 
078il OOC3 F644 OO/F JMP HIT E 1 IF THAT'S IT, ()Ul T TUI r 
078'; 00C4 ~b12 OO~2 LDA FEUF RUI:WUT -NULL-NULL 
0786 OOC5 F~2C (lOFt? JST SIn: wlHfE IT 
0787 • 
0768 00C6 f.JLEAl) EQU $ PUNCH LE.AIJER 
076Q " ~ 07QO OOC6 C7}Q LAM 20 
07Q1 OOC'7 9Clb 0016 STA ttlE.XCE.SS SEf COUNT FOR 2U TIMES 
07'l2 00C8 FHlA OOF3 JST WAIT: WAIT A BIT 
07Q3 OOC9 H204 OOCE LOA LEAOER ADUHESS O~ LEADER CHAIN 
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0794 
0195 
0796 
07Q7 
07Q8 

o 7Q') 

0800 

(0 

0013 09/01/71-, 09:47LH 
( A2) 51= CHR[)S HO= 

OOCA Fti2! OOF;? JST 
OOCtj OC16 O()lb IMS 
ooce FoOl.! 00C8 JMP 
OOCO F.32H OOFb JMP 
ClOeF (lUCF LI:AOER DATA 
OOCI- 0006 
00[,0 (lugs 

OOH2 FfOF ErJlj 

o Of) 1 OOh:: SEOF IJATA 

0002 0002 
OOlJ3 OllQA 

J-<lx/IOX CHARAcrER I/O (")IHIJEkS q3~02-!,(EO 

I . FU~ --- FUNC1IUNS . 
SIU: OUTPUT 6 NULLS 
alE XCESS AkE ~E DONE 
$-4 NO 
E(JR: JMP ENO UF RE.CUf.(f) 
$+l,b,NULLS 

RHFI)Al) 
$+1,2,EOF2 

( o 

i 

~ 
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P A \ ; E () il 1 Lj l) Y I 0 1 I I f::. I q : " i : 3 1 r-' I X / I n x C H A I-( A elf::. R I I t J L\'~ r v E ~ S 9 3~ () 2 - 1 x 1: () 
'"1 A C ..( l' ? (1\ ,;) S I = (f i ,~ I) ::i 'J \~ = 

()h()~ * ~ . 
OHU~ I< 

r) (J 1,1 Y * n !~ ,; .~ 

0i'.1)'":. I< 

Oi:\li7 * 
()t<Ok 

O~O9 * 
OR 1 0 " 
i) Mil *' 
0"12 .. 
() H 1 3 " 
rj n 1 4 .. 
OH1') I< 

o Ii 1 h * 
081 7 * 
{)1318 " 
0819 .. 
OR20 ~ 

01:\21 .. 
,)b22 .. 
0'\23 " 
1)i')2i.l • 
OM2S • 
0826- + 

()P,27 .. 
(jfl,21i " .. " 
()K2q * 
(J H ~ (] !lOU4 OHOO I :iJCS 
,) H 31 nous qA Pl !) 0 E.F~ 
ORI,C' I) 0 I) /-> f: h 1 h iJ 0 E f) 
O1l3~ nOD7 u I~ () D il () vl> 
01-\34 (lI)UR CiA \) A 001:5 
,PHS (0 1)9 '1) I 4 U0U_ 
ud3b nUDA () ~ 1 (I 
i) 8.3 7 nOUH q A 1 5 nOEF 

J : u C S (l U T PI J I Utt: C K S lJ M 

.. .. * * ~ .. .. * * * .. * * * * .. * * * * * * * * * * 
TrlfS ROllTfNf: wILL SEARCH lHhlLJ THE I)I!TPUI 
IlUA CHAIN ANU CREATf THt CHECKSUM FfJh 
I rl F E'~ I I k F C H A I I'-i 

CALLI/I.4!; SFIJUENCf: 

Jsr 1:0CS 

A Rtl;lSIER HllSl LUNYt.lN THE Af)IJHESS OF 
THE F-[I.(ST f.lU~lJ(JN Of- TH!:. CHAUI 
T tiE CHtCKSUM 1ST [, f" t cn/1PU f ED 

x ~EG13T~R MUSl CONIAIN tHE C[~ AUDRESS 

~ETURN STATuS: 

A f.lF::GISllH CONTAINS A H BTl CHECKSll~ 
x h'E{; 1 S fFR UNCHANr;EIJ 
STATUS: 

UVERFLOw --- RESET 
REt'H I r~{)t.R IS UNCHf.NbEfl 

THE CUMPUTED CHFCKSIIM IS ~LAUI) HAC,", IN 
[HE elM 

~ k ~ * * * k * * * * * * * * * .. * * * * ~ * * * * * 
t ~,~ 1 
S1 A I Mf-' 3 SAVF PATA CHArN A[)[H<tSS 
STX [1v!1-'2 $AVf: erh ~UI>RlSS 
L l) A 11' C C S LJ 1>1 CHECK SUI" hYlE 
STA I:()CS5 IN[TIALTlr CHtC~SIJI'1 
L()A *l,W3 N U ~W E R (J F K Y T r. S 11. R r. c U f.i D 
~,A H 

SI::' C()li~JI SF 1 H Y T ~ [fJ II NT 1:. ri 

i 
I 
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PAGE 0015 0~/01/'b 09:47:37 
MAC~U2 (A2) 51= CH~OS uo= 

()~31:4 

ORJ'l 
084" 
OH~l 

0842 
08LJ3 
OH44 
OR45 
0846 
OH47 
081.18 
0849 
0850 
0851 
0852 
0853 
085LJ 
OR55 
OH5b 
ORS" 
085R 
0859 
0860 
0861 
0862 
0863 
0864 

'0 

OIlI)C DAll OI)EE. 
uOI)O E.310 OOEE. 
,-,ODE 1321::1 

OuDF 

o I)I)F 01: 0 u 
OOEO HLJOf) 0000 
OOEI OFOO 
OOE2 FdiC OOFF 
OOE~ 0000 
00£4 0128 
c) 0 E ') lJ A U 9 0 0 E F 
o 0 E 6 F b 0 7 I) 0 I) F 

OOE:.7 

uOf.7 H604 OOE3 
OOt8 E:204 OOEf) 
OOt'! 9C(}1) 0001) 
OOEA Hc03 OOtE 
OOttl oono 
OOfC ~71~ (01)4 

OOED Ouoo 
OOf:.t 01101} 
OOf-,F (juoo 

UOlu 
OOF() 01,)00 
OOf 1 0004 
OOF2 0000 
OOF3 000(1 
OOFLJ 0000 
OOF5 01)00 
OOfh OOOU 
OOF7 0000 
UOF-8 0080 

* 

JMS 
LOX 
LLX 

I : tlCSl) t:::IW 

* 
SBM 
lOAH 
SWM 
Jsr 

[:oCS5 DATA 
DR 
IMS 
JMP 

*-
[ : OCS9 Er~u 

* 

TMI->2 
tMP3 
COIJNT 

LOA 
LIJX 
STA 
LOA 
DA~ 

~IN 

Rt:.S 
RES 
RES 
LPUIJL 

~TXIIOX CHARACTER I/O DRIVENS 93302-txEO 
r : 0 C S OU1PUT CHf:.CKSU~ 

TMP~ 

.", Tl1P 3 
1 

11 

1110 

CK:=iUM: 
$-~ 

CUUNT 
I : OCS/~ 

1 

[:II[S5 
TMP2 
nlCCSUM 
lMP.5 

I : O(S 
1 , (j 

1 , () 
1,0 

( 

BUMP CHAIN PUINTER 
e U F F t:. R A I) D IH:. S 5 
SET To KYlE ADDRESS 

r. 0 M PUT ( H f. C K S IJ", F () R N E X I 

Sf THY Tf. r-~ I) D E 
LUAD OU1P\Jl BY1E 
SI:T W(JRD MUDE:. 
GO CUMPUT E CHtCKSur., 
CHECKSUM OATA CELL 
I~CREMENT eUFFER AOURESS 
INCPEMENT CUUNl DONE 
NOT DONE. 

ALL DONE SO CLEAN HOUSE 

CU~PUTEO CHECKSUM 
RESTORE X ~tGISTER 
PUl CHECKSUM IN Clb 

RFSTORt A kEGISlf:.R 
R t: T lJ k N i 

J 
i • 
I I-. 

S1 

\ o· 
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PAGE 0001 09/01/711 01.J:54:ll0 RTx/iuX CHARACTE:'~ I/(J /If.JlvFI!S r/3~or'-11. 

U 0000 AI-<ROW O~H8* O~~I.J* 0579* 
X 0000 HE.GIN: 1)I.J44 

ObOI) i:iJNIN 051b oh05 
)( 0000 dUFFr~ : 0451 0526* 0542* Oh27* 
U (1001) CBIJFF Oll78 04/jlt* O,,)R4* O~9 3 05q~* 0693* 0695* 
U 0000 CCSUM \)h 1 0* 06311 07?1.J* 071)2 0833 lI8S7* 
U OuOO C[)AA Obl~* Ob15 0635* Ohll1 
U Dno£) CDCHf\l 0574 0731 0754 
lJ 0000 C[)CHNI 04116* 0-'30* 
U O()OO CL)CHN.s 05llQ* U573* 072H* 07r;,S* 
U 0000 CFUN1 05h3 0566 Ob9(> 07~O 
u 0000 CIOH 04q~ 

X 000 () CKSUM: 04':>4 01-341* 
U 0000 CUP 0'513 Oh6R 0669* ObH3 077: 0771* 

O~b.3 CUUNT I1H37* Of\50* 
H U 0000 CRCrH 06b? ()f) 74 (J b 7 7 0698* 07Ul 0704 0727 o74n H 

"- 0743 VJ 
I 0712 CRLF 057,? 0711 \.0 

0" U 01)00 CTCNT 0489* 05~9 05<12* 0663* 
U I}OOO CTMP1 o Ll9blll 04<1(h\- 0,03 0506 
U 01)00 0 050\1 05] t 0571 0661 0768 
X 0000 DELAY: 0441-3 

~ X 01) 0 0 END: 0445 
0114 E:OFI 
n 115 I:UF2 0800 I X 000t) EOF: Oll49 Oh17 

X 0000 EOFCK: 0456 O':lLl7* 0604* 
X onon E:.flFIJ: O(~~9 O~1j5 

X OOOu EOI-<: 0450 052H 0"~5 0710 0776 079 I 

0/11 EOI-<HAD OhI.J4 
IJ 0000 E.U~"'SK 0':>b5 Oh91 
X 0000 EOI-<ST: O~51 0644 
U 0000 EI-<ROR Ob43 

~ U ooon EXCESS 0490 0791* 0795* 
07<19 FEOF 07R5 

X 0000 FETCH: 0455 0525* 0-:'46* Ob01* 0611* 061/1~ . , ., r' ., ~ I' ') 4,:" •• 

Ob39* I 
J 

\0 l 0 
_1 
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X 0000 SIN 1 : OLJ52 
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SECTION 4 

DIB AND CIB DESCRIPTIONS 

The DIB and CIB are tables which are used in communication between lOX and a partic­
ular I/O handler or the File M~nager. 

The following DIB and CIB descriptions apply to all standard lOX handlers. DIB and 
CIB descriptions for non-standard handlers (for example, the IEEE Intelligent Cabl!.' 
handler) are included in Section 7 and for the File Manager, in Section 5. 

4.1 DEVICE INFORMATION BLOCK (DIB) - 11 TO 18 WORDS 

Words 0 to 10 are used by all lOX device handlers. Words 11 to 17 are used by 
specific handlers and the File Manag~r. 

Figure 4-1 illustrates the DIB configuration. 

II/4-1 Rev i sed 1/77 
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I 

STANDARD 
NAME * 
CHAIN 

DCIB 

QUEUE 

CN 

DSW 

DT 

DCUN 

DDEL 

DFUN 

DULS 

DERRC 

ComputerAutomation ~ 

DEVICE INFORMATION BLOCK 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o word 

DIB CHAIN ADDRESS 

CIB ADDRESS 

USED BY lOX TO QUEUE REQUESTS 

COORDINATION NUMBER 

DEVICE SPECIFICATION WORD 

DEVICE NAME 

CONTROLLER NUMBER UNIT NUMBER 

INPUT RTC TICKS OUTPUT RTC TICKS 

FUNCTION FUNCTION FUNCTION FUNCTION FILE END OF 
PF CODE CODE CODE CODE MARK RECORD 

MAX BYTES-ASCII MAX BYTES-BINARY 

HARDWARE ERROR COUNT (except MTIC) 

ADDITIONAL WORDS USED 

BY SPECIFIC HANDLERS 

* refer to the I/O Handler listing at the end of Section 3. 

Figure 4-1. DIB Configuration 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

1 

1 

I lOB 
Words 1 
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4.2 REGULAR DIB CONFIGURATION (ALL HANDLERS) - WORDS tl '1'0 ]0 

Word 0 

Word 1 

Word 2 

Word 3 

Word 4 

Word 5 
and 6 

Chain pointer to next DIB (CHAN directive). Last DIB contains o. 
The DIB CHAN operand is X::. 

Associated CIB address. 
of Section 4.) 

(See list of standard CIB names at the end 

Used by lOX as a pointer to queue requests for this DIB. Initialize 
to zero. 

Device coordination number. Initialize to zero. 

Device Specification Word (DSW). Each of the 16 bits corresponds to 
the equivalent binary value described for bits 0-3 of lOB Word 5 
(opcode)i e.g., if the device is capable of reading Formatted ASCII 
(which function, if requested by the lOB, would appear as 0010 in 
bits 0-3 in lOB Word 5) then bit 2 should be set on in the DSW. "If 
the device can punch leader (1101 in bits 0-3 in lOB Word 5), then 
bit ]3 (:D) should be set on in the DSW. 

Device Name. These words are copied into lOB words 1 and 2, respective­
ly, upon finishing a call to 10:. These words contain four ASCII 
characters. Word 5 contains the first two characters which specify 
the device ("CR" for card reader, for example). Word 6 uses the 
following format for the third and fourth characters: 

15 14 13 12 11 10 • 8 1 • 5 .. 3 2 0 

... 

1 L~Unit number (beginninc: 
with ASCII 0) 

'---------------------Controllpr number 
(bl'q i IlII i nq w.i tli 
l\:~CT T n) 

For }<'ortran tasks using the teletype or linepr.i ntf'r dS a list: devicE' 
with carriage control character recognition, or for a disk with end-of­
file capability, the third character of the device name must be an '"F", 
to serve as a flag that the Fortran handler is to be used. 

I 

L-______________________________ l _l,_/_"l_-_~ _______________________________________ ~ 



Word 7 

Word 8 

ComputerAutomation ~ 

This word uses the following format: 

15 ,. 13 12 

I " 10 • • 7 • I • 3 2 1 0 

I I I ..... 

RTC ticks after EOB 
(output) 

~------------------------------------RTCticks after EOB 
(inl>ut) 

t I 
Bits 8-15. A binary value representing the number of Real-Time Clock 
ticks to delay after an end-of-block interrupt for an input operation, 
before the device is considered available for the next I/O operation. 

Bits 0-7. A binary value representing the number of Real-Time Clock 
ticks .to delay after an end-of-block interrupt for an output operation, 
before the device is considered available for the next I/O operation. 

This word contains function codes which are executed in Select instruc­
tions to initiate an I/O operatidn if SIO: is called. 

The order of execution of the Select instruction within SIO: is: 

SEL 
SEL 
SEL 
SEL 

This word uses 

15 ,. 13 '2 11 

-. 

DA,X 
DA,S 
DA,6 
DA,Y 

the following format: 

10 9 8 7 6 5 4 

I I I 

. -

II/4-4 

3 

I 

--. 

2 0 

J 

~ End of record action 
Prompt flag 
File mark indicator 
Function code Y 

(output) 
Function code X 

(output) 
Function code Y 

(input) 
l"unct inn code X 

(i "Pllt ) 

o 

i·f 

o 
......,I' 

I 



c 

'--

I 
I 
I 

CJI 

viord 9 

ComputerAutomation ~ 

Bits 13-15. ~ Contains function code X in the above sequence, for III 

input operation. 
Bits 10-12. Contains function code Y in the above sequence, for ,m 
input operation. 

Bits 7-9. Contains function code X in the above sequence, for an 
output operation. 
Bits 4-6. Contains function code Y in the above sequence, for an 
output operation. 

Bit 3. A flag signifying the type of file mark to he LIsen for thl.~ 

device. 

1 slash/asterisk 
a rubout/nll/null 

Bit 2. A flag signifying whether the device is to be prompteu before 
an input operation. 

1 Prompt the device 
a Do not prompt the device 

Bits 0-1. These bits represent the end of record action to be taken 
for Formatted ASCII output: 

00 Output carriage return only 
01 Output line feed only 
10 = Output carriage return and line feed 
11 Output space and carriage return 

I NOTE I 
Word 8 is set to zero for Distributed I/O and Disk DIB's. 

This word uses the following format: 

15 14 13 12 11 10 9 • 7, • 5 4 3 2 0 

r L 

------------~-----------------------~------------

r L 
I 

L __ .. , _______ ....... _. __ . _____ .. _ .. 

,--l\\dximllJU rt"corci s i,zP 

(ASCII I/O) 
, .. -------Maximum record ,size 

(Binary I/O) 

Bits 8-15. Maximum record size (in byt.cs) [or format.t,~'d ASCII I/O 
operations. {Zero siqnifies unlimited H'L'ord ~'ize.l 

Hits 0-7. Maximum record size (in bytes) tot' i'ind},Y 1\) opc,ration!;. 
(Zero siqnifil.'!' unl imited record size.) 

[1/4-'.) 



------------------------------

Word 10 

ComputerAutomation CA 
Cumulative hardware error count (must be incremented by the individual 
handler). !nitialize to zero. 

I NOTE I 
Word 10 is used differently by the Magnetic ~ape Intelligent Cable 
DIB. See the additional DIB configurations section. 

4.3 ADDITIONAL DIB CONFIGURATIONS - UP TO 18 WORDS 

The following DIB configurations require additional words which are not required in 
the regular DIB configuration. 

4.3.1 Distributed I/O DIB 

15 14 13 12 11 10 9 8 7 6 5 

,----------- ---------- - ---- ---- --- ------ -- -

REGULAR DIB 

CONFIGURATION 

4 3 2 1 o word 
-------------------- --- ---l 0 

! 
i 
I 
I 

I 
, 10 

·::~~:BAANC'J_-_-__ ~_--u_~~_-.,P_~~_T_-_-M_O_-D_-E_-_-_---..J---LB_i~_-ip_--~_J~_-H_-_~_-D_-~_-RE_-_s_s_-_---.L..--_:_I-r_;~_-~_~_---_;_iO_D_E_-_--'_1" 

_I 0" 

o 
--J 

i -I 



c 

--

c ----. 

i 
I 
I 
t 

ComputerAutomation ~ 

010 command fields. This word uses the following form~t: 

15 14 13 12 

It.. 
i 

Bits 15-12. 
Bits 11-8. 
Bits 7-4. 
Bits 3-0. 

1 
" 10 9 8 7 

J 
.. 

I L ______ _ 

1543210 

.. 
I 
I , 

I 

L _______ _ 

t 
I 
L __ _ - Input mode fiel(: 

---------Input branch ad(:res~' 

-----. ---Output mode fie! d 
- -------------Output branch Cld(lr('~~!: 

Branch Address Field of DIO Command Word for output. 
Mode Field of 010 Command Word for output. 

Branch Address field of 010 Command Word for input. 
Mode Field of 010 Command Word for j_nput. 

4.3.2 Magnetic Tape Intelligent Cable DIB 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o word 

REGULAR DIB 

C0NFIGUR1WION 

~----- ------IM;~J;-l-:RR()R- -- I 
; NO']' LSl.D Hl\RD f:I~lZOJ~S ~ ___ Rl\TE ERROl'-S 

E· _~~_~::SUR~~ __ __ 0 _ _ _______ ~::s 
~~n;IMlI~1 HECORD LENGI'H 

----------- -- --- -- -------

10 

Jl 

1 
I 

L IT/4-7 
-----------1 



Word 10 

Word 11 

Word 12 

Three MTIC error counters. This word uses the following format: 

1& 14 13 12 11 10 9 8 7 • 5 4 3 2 0 

I 

1 LRate errors 
Hard errors 

--...... --

Hard error erasures 

The number of erasures due to hard errors. Bits ll-S. 
Bits 7-4. The number of hard errors. This counter is reset whenever 
an erasure occurs. 
Bits 3-0. The number of rate errors. This counter is reset whenever a 
hard error occurs. 

Basic mode select word. This word uses the following format: 

t --.... Binary transport 
L..address 

~----------------Mode Select 

Examples - :FBOO indicates transport 0 
:FB03 indicates transport 3 

This word contains the minimum record length (in bytes). Records 
smaller than this byte count are considered noise records. CIB word 35 
must specify the word address of a buffer with a size greater than or 
equal to the mlnlmum record length. The standard minimum record length 
for the MTIC handler is 12 bytes. 

Write requests with a byte count less than the minimum record length 
will have additional characters appended to the record until the byte 
count equals the contents of word 12. Blanks are appended to ASCII 
records and zeros are appended to Binary records. 

Read request will return only the number of characters requested. 

1~ ________________________________________________ I_I_/_4-_S ___________________________________________________ ~ 
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-.....I 



o 1.3.3 

Word 11 

c 

ComputerAutomation ~ 

Disk DIB 

/ 

15 r-­
i 

) 

14 13 12 11 10 9 8 7 -_ .... _._---_._- -----

REGULAR DIB 

6 5 4 3 2 1 

.L .. ~ 

CONFIGURATION 

, 

I 

10 

VCR-I 
IFY 

NOT USED !DRIVE #1 STARTING SECTOR 11 

NUHBER OF SECTORS PER TRACK STARTING HEAD 12 
f--. 

gl NUr-lBER OF SECTORS STARTING CYLINDER I 
I 

PER CYLINDER 

I NUMBER OF SECTORS IN THE EXTENT 

13 

14 
'-. ; 

This word uses the following format: 

15 14 13 12 11 10 9 8 1 " 5 .. 3 2 1 0 

t t i 
I I' I Starting sector I LI______ -··--Drive nwnber 
L-- .. ___ - -----.. - .. --- .. -- .. '."-._' .. -.- --··----···-··-·--Verify flag 

nit 15. Verify flag 
Tf thi:; bit is set, a verify operat:ion will be !'l'r1('rml'd after each 
writl'. Two ad(bt.iollal clttempLs w.ill b(' lll.ldt' \ ... , l"l'-Wl·i.tc thL' r(>cc~n1 

beforc tlH' crn)r b.it ill t'lle sLltw; i~; :;ct. 

BiU; 1,1-7. Not. used. 

T1/4-<) 



Word 12 

Word 13 

I 

ComputerAutomation CA 
Bits 6-5. Drive Number 
This is the number of the drive attached to the controller. Its range 
is from 0 through 3 inclusive. 

Bits 4-0. Starting Sector 
This is the sector number where the extent is to start. Its ranqe is 
from 0 through the number of physical sectors -1 per track. 

This word uses the following format: 

15 14 13 12 11 10 9 8 7 8 5 4 3 2 1 0 

~ t 1. • 
.J 

L_ 
¥ 

t 
I ~-------------Starting head 

Number of sectors per 
track 

Bits 15-8. Number of Sectors per Track 
This number defines the number of sectors on each track that this 
extent is to occupy. The sum of the number and the starting sector may 
not exceed the physical number of sectors per track. 

Bits 7-0. Starting Head 
This number defines the starting head number of the extent. Its range 
is from 0 through the number of heads -1 on the disk drive. 

This word uses the following format: 

15 14 13 12 11 10.. 8 

I I 
71543210 

L-.-----Starting cylinder 
number 

------··------sectors per cylinder 
--._-- -------.---.. ------ .---.. ----.--- Increments starting 

cylinder number 

Bit 15. If this bit is set, the contents of bits 7-0 are incremented 
. by 256. 

Bits 14-8. Number of sectors per Cylinder 
This number equals the number of sectors per cylinder times the number 
of read/write heads. This is the maximum value of any extent. 

Bits 7-0. Starting cylinder 
This number is the first cylinder that the extent is to occupy. 

II/4-10 
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ComputerAutomation ~I 
o ~'1ord 14 Number of sectors in the Extent 

This number is used to detect the end of the extent_ and t.o allow t 1e 

'- lOX disk handler to set the end-of-device status if access to the Last 
sector of the extent or beyond is requested. This number is equal t.o 
the number of cylinders times the number of heads per cyLi nder tim'~s 

the number of sectors per track. 

4.3.4 Fortran Disk DIB 

Word 15 

I 
/ ,2l 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o word 

--.-.-.- --_ .. _-_.- .---- --------, 
o 

REGULAR DIB 

CONFIGURATION 

lO 

11 

[)TSK nIH CONl"T<:llHl\'l'l(lN 

I \ 

l_---_____ --. ---._. III 

15 RANDOM ACCESS ADDRESS 

Random Access Address 
This word provides a location other than the user's lOB to store the 
record number. 

II/4-11 
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4.3.5 Storage Module Disk DIB (Fortran and Non-Fortran) 

, Word 11 

15 14 13 12 11 10 9 8 7 6 5 4 

VER-l 
IFY I 

DRIVE 
NUMBER I START ING HEAD 

STARTING SECTOR NU MBER 

STARTING CYLIND E~ 

Nm'lBER OF SECTO RS 

RECORD NUMBER (FORTRA N ONLY) 

NUMBER OF SECTORS PE R TRACK 
--------------------------------------

NUMBER OF SECTORS PER CYLINDER 
--.-----------------------------------

This word uses the following format: 

15 14 13 12 11 10 9 8 7 I 5 4 3 2 1 

'Y 

3 2 1 o word 

"/ I_ 

I 
10 

11 

12 

13 

14 

15 

16 

17 

o 

l· t . i'-----__ Starting Head 

~ Drive Number .- -----~:~~-~=--===-~~-.--------- -==~.-- Verify Flag 

1T /4-12 
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Word 12 

Word 13 

Word 14 

Word 15 

Word 16 

Word 17 

I 

o 
'-

ComputerAutomation ~ 

Bit 15. Verify Flag 
If this bit is set, a verify operation will be performed after each 
write. Two additional attempts will be made to re-write the record 
before the error bit in the status is set. 

Bits 14-11. Drive Number 
This is the number of the drive attached to the controller. Its range 
is from 0 to 15 inclusive. 

Bits 10-0. Starting Head 
This number defines the starting head number of the extent. Its range 
is from a through the number of heads -Ion the disk drive. 

Bits 15-0. Starting Sector 
This is the sector number where the extent is to start. Its range is 
from a through the number of physical sectors -1 per track. 

Bits 15-0. Starting Cylinder 
This number defines the starting cylinder number of the extent. Its 
range is from a through the number of physical cylinders -Ion the disk 
drive. 

Bits 15-0. Number of Sectors 
This number is used to detect the end of the extent to allow the rox 
Storage Module handler to set the end-of-device status if access to the 
last sector of the extent or beyond is requested. This number is equal 
to the number of heads per cylinder times the number of sectors per 
track. 

Bits 15-0. Fortran Record Number 
This word is only required for Fortran to provide a location other than 
the user's lOB to store the record number. 

Bits 15-0. Number of Sectors per Track 
This number defines the number of sectors on each track that this 
extent is to occupy. The sum of this number and the starting sector 
number may not exceed the physical number of sectors per track. 

Bj I!: ] 5-0. Number of S("~ctors per t'ylin<ipr 
Thi:: number define'!; t.ll!' number uf ~;ect.on; on c;wh cylinder thilt th.i!> 
extent is to occupy. It:. is numerically l'qual to tJl(, number of sectors 
per track times the nwnber of heads per cylinder. Note t.lldt the number 
of heads per cylindE-~r plus the starting head number must not exceed the 
physical number of heads on the drive. 

n/4-13 
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4.4 SAMPLE DISK DIB 

This DIB defines an extent on disk unit 0 of cylinders 0 through 10, heads 2 and 3, 
sectors 0-111 that is, all sectors of the first eleven cylinders of the removable 
platter: 

* 
D:DKXX 

* 

NAM 
EXTR 

EQU 
CHAN 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

DATA 

DATA 

D:DKXX 
C:DKO 

$ 
X· . 
C:DKO 
o 
o 
:0011 
'DK, 'XX' 
o 
o 
o 
o 
o 
:C02 

:1800 

:108 

DIB NAM 
CrB Reference 

Chain link to other DIB's 
CIB Address 
lOX temp cell 
Coordination number 
DSW: Direct access Read/Write 
Device name 
EOB delay (none required) 
FC's, flags (none required) 
r.1ax record size 
Error count 
Drive 0, starting sector 0 
Sectors per track = 12 
Starting head number = 2 

sectors per cylinder = 24 
starting cylinder number = 0 
Sectors per extent = 264 
(24 sectors x 11 cylinders) 

4.5 CONTROLLER 'INFORl1ATION BLOCK (CIB) - 38 t-l0RDS (47 ~'V'ORDS FOR STORAGE MODULE DISK) 

The CIB is used for storing and/or transferring information between lOX and the I/O 
handler. Words 15-19 must contain the described information upon initial entry to 
lOX. Words 22-31 have data stored in them while in lOX. All other words are used by 
the standard I/O handlers and lOX routines, but may not be required by the user's 
specially written handler. Figure 4-2 illustrates the CIB configuration. 

Each CIB location and its usage is described below: 

Word 0 

Word 1 

Words 2-11 

Word 12 

Temp cell. set to zero by the scheduler to be used for beginning of 
record flag. Set to -1 by IORTN: or SIO:. set to a number greater 
than zero by an interrupt. 

Temp cell. If the subroutine SIO: or EORST: is called, this word 
should contain a SEL DA, 7 instruction where DA=the device address of 
the device being accessed. 

Temp cells. CIB's for standard I/O handlers contain a calling sequence 
to the RTX INTQ: routine, which is executed upon an end-of-block inter­
rupt. (See INTQ: description.) 

Temp Cell. The special function codes from DIB Word 8 are stored here 
by SINT:, and used by SIO: in setting up the I/O select instruction 
sequence. 

II/4-14 Revised 11/76 
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S t a ndard 
Nome* 

CBOR 

CSEl7 

CTMP1 

CTMP2 

CTMPJ 

CEBTSK 

CNEWA 

CNEWX 

CFUN 

CCSUM 

REOCNT 

CJTBl 

CSPlOP 

COEl 

CINTR 

EXCESS 

CEOF 

Clog 

COP 

CRCNT 

CBUFF 

CTCNT 

COAA 

COIB 

CFUN1 

STATUS 

CRTN 

COCHN 
COCHN1 

COCHN 2 

COCHN3 

ComputerAutomation ~ 

CONTI(OLLER INFORMATION m.()CK 

15 14 13 12 11 I (} 9 8 7 f> r, 4 o wOI'd l ---=~ ~l~i;~;~~~~'N'~~=~_ ' 
I . DATA $ CALI.ING LOC I .-.------.. --- --------.------.--"------

t ___ -::~~-~: -=~_=_I: F-·--·--·--------·-·- -~' 
DATA TASK ADDRESS 7 

----- ----
DATA PRIORITY FOR QUEUED TASK 8 

I--- --. ---- ... ----.---- 9 
I DATA AREG E·· DATA - XREG -------------. 10 

i ---~"'::==. :~='~~~J:: 
TC FOR CHECKSUM I 13 

------ .. ------------------.----
TC 14 

ENTRY POINT TO READ 15 

ENTRY ·POINT TO WRITE 16 

ENTRY POINT TO POSITION 17 NOTE, 

ENTRY POINT TO FUNCTION 18 

ENTRY POINT TO SPECIAL OPERATION 19 

TC FOR SIO,--WATCHDOG TIMER INSTR. 20 

TC FOR SlNT, AND SIO:--DEVICE WORD INTERRUPT ADDR. 21 

L r ------TC FOR IOX--IOB ADDR_ ___ ___ __ . __ J 24 

TC FOR IOX--PR<»!PT CHARS (lOB wd B) I 22 

'It: FOR IOX--EOF. AND FOR MAG TAPE--RETRY-·~:;:;;-----! 23 

, 
I 
t--

_____ ~.·FO~~OX.~~~~-OP C~E_~ND S~A:JS _(~~ ~ 5) ___ J 25 

TC FOR lOX SnIED--REQUESTED COUNT (lOU wd h) 26 
- - -_. --' - _. _. 

'\'(. FOil lOX SCIn:D--Btlt'f'Elt ADDR (IOn wd 7) n 

1'C FOil IOX--ACTUAL BYTY. COIlN"1" 2/:1 

TC FOR lOX SCHED--DlRECT ACCF.sS ADDR (lOB wd III 

--.--.----- -.--- -.-.. - .--.------ ... - .-. -····-T------ .-- - .. 
TC FOR lOX SCHED--DIB ADDR AND BUSY FLAG 30 

-------.---------------.-- . __ .- .. _.-
TC FOR lOX SCHED--FUNCT. CODES (DIB wd 8) 31 

-------.----.--- .. --------
TC FOR EOR.--STATUS 32 

}----- -. -- ---.----_._._----------------
TC FOR SIO, AND WAIT,--RETURN ADDRESSES 33 

I-- -- .. -._ .. -. .... ... . .. - ----.. - .. ---.---..... ---... ----. -----.. ---
DATA $+1 POINTER TO BYTE COUNT 34 

DATA BYTE coum· 35 

DATA $+1 BUFFER ADDRESS 36 
.. _--_ ... _ .. _.-

UATA o 1 CHAR INPlJIr BUFF 37 
'---- _. --_._.- .. ---_ ... - - _. 

__ .. _____ . ....L--___ _ 

TC = T .... p Cell 

*refer to the I/O Handlpr listinq at the end of Section 3. 

Figure 4-2. CIB ~onfiguration 
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~i 

Word 13 

Word 14 

Words 15-18 

Word 19 

Word 20 

Word 21 

Word 22 

Word 23 

NoY-"d 24 

Kord 25 

Word 26 

Word 27 

Word 28 

Word 29 

Word 30 

Word 31 

Temp Cell. Used by the standard I/O handlers for a checksum storage 
cell. 

Temp Cell. 

lOX requires these words to be set up as a jump table to various entry 
points in the I/O handler, as follows: 

Word 15 Entry point to READ. 
Word 16 Ent'ry point to WRITE. 
Word 17 Entry point to POSITION. 
Word 18 Entry point to FUNCTION. 

I~ any of the above functions have no meaning to the handler, the cor­
responding cell (Words 15-18) should be zero. 

Entry point to SPECIAL OPERATION. If the handler does not perform a 
special operation, this word should be zero. 

Temp Cell. This cell is assumed by SIO: to be an instruction (e.g., 
LLA or NOP) to be used in calculating the watchdog timer. (See SIO: 
routine description.) 

Temp Cell. SINT: and SIO: routines expect this word to contain the 
device's word interrupt address. 

Temp Cell. Used by lOX to store prompt characters from lOB Word 8, if 
any. 

Temp Cell. Used by lox character handler in checking for end of file, 
and by the magnetic tape handler as a retry counter. 

Temp Cell. lOX scheduler routine stores lOB address here. 

Temp Cell. lOX scheduler routine stores lOB Word 5 (op code and sta­
tus) here. 

Temp Cell. lOX scheduler routine stores lOB Word 6 (requested count) 
here. 

Temp Cell. rox scheduler routine stores rOB Word 7 (buffer address) 
here. 

Temp Cell. Used by lOX routines to count actual byte transfers. 

Temp Cell. IOX scheduler routine stores rOB Word 9 (direct access ad­
dress) here, if any. 

Temp Cell. lOX scheduler routine stores DIB address here, and later 
uses it for a busy flag. (If non-zero, lOX assumes the device to be 
busy. ) 

Temp Cell. lOX scheduler routine stores DIB Word 8 (function codes) 
here. 
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+1 

Word 32 

Word 33 

Words 34-37 

Word 34 

Word 35 

Temp Cell. 

Temp Cell. 
addresses. 

ComputerAutomation ~ ---., 

Used by EOR: routine for storage of status. 

Used by the SIO: and WAIT: routines to store their return 

Temp Cells. Used by the standard I/O handlers as a byte count/buff'~r 
address/I-character buffer sequence for I-character I/O calls to 
SIO:. (See FETCH: description.) 

I NOTE I 
MTIC Handlers use CIB words 34 and 35 in the following manner: 

Temp Cell. Used to store the MTIC Hardware Status. This word uses 
the following format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

.... 

I" '-------- Status byte two 
L. __________________________________ ~ Status byte one 

Minimum Record Length Buffer Address. This word contains a word 
address of a buffer with a size greater than or equal to DIB word 12. 

4.6 STANDARD CIB NAMES 

The following table shows the CIB names for all devices for which standard and 
non-standard handlers exist within lOX. The label is to be used as the second word of 
the associated DIB(s). (A table of DIB names is shown in section 2 - Unit Assignment 
Table description.) 

'reletype 
CRT 
High Speed Paper Tape Reader 
High Speed Paper Tape Punch 
Line Printer 
Card Reader 
Disk 
Storage Module Di~:k 
FloFPY Disk 
!·l"lgnetic Tape 
IEEE Intelligent Cable 

Non-DIO -------

C: 'l'YO 
C:TYO 
C:PRO 
C:PPO 
C:LPO 
C:CRO 
C:DKO 
C:SHO 
C:FDO 
C:MTO 

.11/4-17 

Fortran 
Non-DIO ----_.- ~-

C:TYF 
C:TYF 
C:PRO 
C:PPO 
C:LPF 
C:CRO 
C:DKF 
C:SHFO 
(': FD 0 

l' : 1\1 TO 

010 

C:TYD 
C:TVD 
C:PRD 
C:PPD 
C:LPD 

(' :r-1CO 
C:IEOD 

Revised 11/76 

Fortran 
'110 

C:'J'YFD 

C:PRD 
C:PPD 
C:LPFD 
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SECTION 5 

FILE MANAGER 

The File Manager provides directory and data management for file-oriented devices. 
The devices supported by the File Manager are the moving head disk and the floppy 
disk. It operates as a driver working in conjunction with RTX/IOX. By using the Fill! 
Manager, an application program may communicate directly with the data files by n~e, 
independent of the physical medium storing the file. 

All requests for file access are made through lOX (10:) using Logical units (LUNs). 
The File Manager calls standard lOX device drivers using Logical Units for the 
required physical I/O. LUN assignments for files as well as LUNs for use by the File 
Manager for physical I/O are made in the Unit Assignment Table (UAT). (See SectLm 2, 
lOB and UAT Organization.) File information (name, file attributes, etc.) is con'" 
tained in a Device Information Block (DIB) for that file., The file DIB is not to be 
confused with the device DIB described in Section 4 although the first ten words are 
the same. The file DIB is described in this section. 

The File Manager requires that all File-oriented devices be labeled prior to use. 
This involves the creation of a Volume Table of Contents (VTOC) and directories on 
each individual unit to allow later file processing by name. Do not confuse 
"labeling" with the "formatting" of disk packs; the lat.ter must be done with stand­
alone programs before labeling. The RTX File Label Utility (93324-40Al and -41Al) 
is a stand-alone program for labeling file-oriented devices. The device labeled using 
this utility is compatible with the Computer Automation OS file format. This utility 
is described in Section 5.3. 

5.1 FILE ORGANIZATION 

File organization in the File Manager is compatible with the Computer Automation OS 
file format. Any file-oriented device accessed through the File Manager must cont~ain 
a directory. The directory describes by name all data files which reside on the 
device. The physical medium containing a directory and files is called a Volume. The 
first entry in the directory is the Volume Table of Contents (VTOC). This entry 
contains information for the File Manager as well as volume name and creation date. 
The remainder of the directory is segmented into file description entries, one for 
each file on that volume. An entry contains the file name, creation date and time, 
and File Manager information such as record size, block size and file length. See 
Figure 5-1 for directory structure. Figure 5-2, the Disk Descriptor Table, defines 
the disk partition limits. 

For disk vo]ume~, multiple Hew fill! writes are supported through disk partitioning. 
The di~;k i.s divided i nt() ,E> many ,IS eiqht partitions, each of which may have a new 
rile opell. 11'" fi.L(· '.'Xb'llCb pi1~;t Ihe Pild of a partil:i"m, the fil.:' is linked to the 
twx.1 dvailabl{' 1·;1I11Ii('II. I'·.ih~ Lil\kaqe if; !;Ilpportcd for forward sequential reading or 
ror \,P~;iti(lllillq (lilLy (ill ('llfH'! dil,(·(·ti,on). AllY llumbf'r of old file~~ may be open. 
(!;l'(~ Jo'iqlU(' ',·-3 for fill' link.I,,!.'.) 
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RELATIVE 
SECTOR 

VTOCRD: SEQUENTIAL FILE 
(blocked 32 bytes per record, 510 bytes per block) 

0 

1 

2 

3 

4 

5 

6 

18 

19 

2 0 

> 

DDT ~\ 
\ 
\ 

\ 
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5.1.1 Sequential File Access 

Sequential file processing is available to the user on the moving head disk and the 
floppy disk. Sequential files are uniquely ordered by the File ~1anager: Given 
logical record N, the next REAO request will always return logical .record N+l. A REi\D 
or WRITE operation automatically advances the file to the next logical record. 
However, records may be accessed out of order by using the POSITION operation. 

The File Manager provides automatic blocking and deblocking of logical records,mder 
sequential access. All I/O requests access a single logical recoro whose posit Lon in 
the physical record is controlled by the File Manager and need not be known by the 
user. 

If the data security bit is set in the OIB, every sequential WRITE operation on that 
file will cause a directory update on the disk. 

For blocked files, the user must provide a record buffer and a blocking buffer. The 
size and address of each is in the appropriate OIB and lOB. The record buffer may be 
smaller than the file record size; however, the blocking buffer must be the block size 
plus two bytes. 

Only a record buffer is required for unblocked files. The record buffer may be 
smaller than the file record size. The user MUST reserve a word (two bytes) at 
address BUFFER -1 that is required for use by the File Manager. 

Random Access 

With the File Manager, random access file processing is available only for disk 
devices. Random files are accessed by physical records; automatic blocking/debJockiIlg 
is not provided. A random file must reside within a single partition. The numher of 
data bytes contained in each record is fixed at 512. The medium-capacity disk sector 
size is 512 bytes. When using a floppy disk, four sectors are used for each random 
file record; each sector has 128 bytes. 

Although the record size of a random file is fixed, any number of bytes may be ~:ead or 
written. The specified record number is relative to the beginninq of the file. 

[ NOTE] 

'11110 .o ... ·, .. d JIIUIII,t:'=.1 it1 U=1''''' 1 f', I,-rd t,ll ("-:nd .d I i I,", II IU· ... '· flt:tll '.1: 

I,Y"t::s att.:: W[lltt.~II, the Ht,,·t,'I(H) lWY"lId I Ill: "11.1 .d·'/Il..., Will I,., d.:"lr",/.,d, 

To access a file in the random mode, the file must have been created as a random file. 
When a new file is opened with the random file type bit set in the OIB, a random file 
is created. When closed, the file size is equal to the largest relative record number 
accessed +1. 

5.1. 2 File Opening and Closing 

The File Manager provides automatic file opening. all the first access (read, write, 
position, function) of the file, the File Manager will attempt to open the file. If 
the file name is found in the directory, the open and first access is completed. If 
the file name is not found, a new file is created. When creating a new file, the 

II/5-5 



partition number for placement of the file may be specified in the DIB. If 
supplied (zero), the File Manager will use the partition having the largest 
space. Position to absolute file -1 to close the file. 

not 
unused 

5.1.3 File Positioning 

File positioning is provided for use with sequential files. It allows the user to 
access logical records out of sequence. There are four basic types of positioning. 
With each type of positioning a. count is specified by the user in the Input/Output 
Bloc:k (lOB word 6). (The lOB is defined in section 2.) 

Note that counting of records or file marks begins at zero. See Figure 5-4 for 
examples of sequential file positioning. 

1. Absolute by file mark. The count is the number of file marks to skip from the 
beginning of the file. The next READ or WRITE will access the logical record 
following the file mark. Note that a position to absolute zero is equivalent to 
a rewind. Positioning a file to absolute -1 will close the file. If the count 
exceeds the number of file marks in the file, an "end-of-media" status is 
returned with the file positioned after the last logical record. 

2. Absolute by logical record. The count is the number of logical records to skip 
from the beginning of the file (the count must be positive). If a file mark is 
encountered before the count is exhausted, a "file-n\ark-found" status is returned 
and the file is left positioned at the file mark. If the end-of-file is encoun­
tered before the count is exhausted, an "end-of-file" statu's is returned and the 
file is left positioned after the last logical record. 

3. Relative by file marks. The count is the number of file marks to skip from the 
current file position. A positive count means skip forward; a negative count 
means skip backwards. While skipping forward, if the end-of-file is encountered, 
and "end-of-file" status is returned and the file is left positioned after the 
last logical record. In like manner, when skipping backward, a "beginning-of­
file" status is returned and the file is positioned at the first logical record. 

4. Relative by logical record. The count is the number of logical records to skip 
from the current file position. While skipping forward, if a file mark is 
encountered, a "file-mark-found" status is returned and the file is positioned at 
the file mark. 

For backwards skips, if a file mark is found, a "file-mark-found" status is 
returned and the file is positioned after the file mark. As with relative 
positioning by file marks, the File Manager will not allow the position to go 
beyond the beginning and end of file limits. 

With a normal completion, the actual number of records/file marks skipped is returned 
to the user in lOB word 8. For an error completion, the count returned is the number 
successfully skipped when the error occurred. For a retry, the requested count should 
be set to the REQUESTED count in the lOB minus the ACTUAL count. 
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o 5.1.4 File Functions 

ComputerAutomation erA -­
I 
I 

\....-. The File Manager provides the functions described below. They are set by the U3er i:) 
the rOB (see Section 2). 

I 
! 

I 

c 

Write File Mark 

Delete File 

Update Directory 

This function writes a. sequential record (bl.)cked 
or unblocked) that contains a : 80 in the fir;:~t 

byte. When read, this record will cause a file­
mark-found status to be returned. Note that this 
is a data separator, not an end-of-file. 

This function sets the file-deleted bit in the file 
DIB and in the directory when the file is cl:)sed. 
Note that this does not fr'ce the space on th~ filL: 
device; it only enables a new file to be cre :ltea 
with the same name. 

This function causes the directory to be upd'lted 
with the current end of file. This function is 
valid only for new files. This enables the '.lser t:o 
secure the data without performing a close Oll the 
file. 
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NOTE: The number indicates the count supplied by the user. 

ABSOLUTE POSITIONING 

FILE MARK OR RECORD -1__...... CLOSE FILE 

FiLE MARK OR RECORD 0 ... 
RECORD 

RECORD 1 0 

RECORD 

1 

RECORD 

RECORD 3 2 

RECORD 

RECORD 1 00 3 

FILE 

FILE MARK 1 MARK 

RECORD 

0 

RECORD 

1 

RECORD 
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FILE 

FILE MARK 2 Mn.lH{ . 
RECORD 

0 

RECORD 
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FILE 

FILE MARK 3 MARK 

RECORD 
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FILE MARK 1 00 2 

RELATIVE POSITIONING 

.. BEGINNING OF DEVICE 

ILE MARK -100 "--F 

F lLE MARK -1 

RECORD -100 
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S TART HERE 

RECORD +1 

RECORD +2 

RECORD +100 

F lLE MARK +1 

F lLE MARK +2 

;-FILE MARK +100 

END OF FILE 

Figure 5-4. Sequential File Positioning Examples 
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C 
5.2 TABLE ORGANIZATION 

\.......- The File Manager may be considered as a "dummy" lOX driver in that it is a "da':a" 
driver as opposed to a device driver. The File Manager is only concerned with the 
data contained on the device and not the device itself. Since the Fil~ Manage" is 
independent of the file device, it calls a standard rox device driver to acces:; data 
on the device. These calls are made to 10: using the logical units associated with 
the device. 

Since the File Manager operates under lOX as a driver, it requires the same ty:)e 
driver tables (Le. DIBs and CIBs). If the File Manager was equated to a devi-:e 
driVer, then a VTOC (directory) would be equivalent to a device controller, and a file 
would be equivalent to a device unit. The File Manager requires that one CIBi:or (-,elch 
VTOC, and one DIB for each file be concurrently active (open). 

A device containing a VTOC to be accessed by the File Manager must have a unique 
logical unit associated with it. This logical unit is contained in the File Manager 
CIB for that VTOC and is used to access the device. 

Each File Manager DIB must have a logical unit associated with it. This logic""l unit 
is used by the user to access the file described by the DIB. 

Logical unit associations are made in the unit Assignment Table (UAT). A descliption 
of the UAT, as well as of the Input/Output Block (lOB) that contains the LUN, :is given 
in Section 2. 

Figure 5-5 gives an example of a table configuration. In this example, the fiJ.e 
device is a moving head disk with two platters (unit 0 and unit 1). Each unit 
contains an independent Volume Table of Contents (VTOC) and file directory for that 
unit. 

The standard lOX moving head disk driver requires one controller information block 
(CIB) C:DKO and two device information blocks (DIBs) D:DKOO and D:DKOl for disk unit.s 
o and 1 respectively. 

The File Manager requires two CIBs, C:FMO and C:FMl, for VTOC land VTOC 2, respec­
tively. Since three files are to be active (open) concurrently, three DIBs are 

,fequired: D:FMOO for FILE I, D:FMOl for FILE 2 and D:FM02 for FILE 3. 

Each file device (VTOC) has a logical unit associated with it which is used by the 
File Manager to access the device (LUN X for VTOC 1 and LUN Y for VTOC 2). 

The user accesses the files through a standard lOX call to 10: using the logical unit 
associated with the file DIB. (LUN A for FILE 1, LUN B for FILE 2 and LUN C for FIlE 3. 

5.2.1 File Device Information Block (DIB) 

The first ten words of the Device Information Block (DIB) have essentially the same 
functions for the File Manager itS they have for lOX. These stapdard functions are 
described in Section 4, DIB and CIB Descriptions. The functions for words 10 through 
26 are qiven below. (Refer to Fiqure ')-6.) 

Words 0-6 Standard [Ol" lOX. 

Words 7-9 standard for rox, but must be set to zero for File Manager. 
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STANDARD 

FOR 

lOX 

9 

10 PHYSICAL I/O ERROR STATUS DHST 

11 FILE STATUS WORD DFST 

12 DFNAM 
I 

13 FILE NAME . 
14 

15 RELATIVE RECORD NUMBER DRRN 

16 ABSOLUTE RECORD NUMBER DARN 

17 RECORD SIZE DRS 

18 BLOCK SIZE DBKS 

19 PHYSICAL RECORDS PER BLOCK DPRB 

20 PHYSICAL RECORD NUMBER DPRN 

21 TOTAL RECORDS DTREC 

22 DIRECTORY ENTRY NUMBER DDEN 

23 CURRENT BLOCK ADDRESS DCBA 

24 BLOCKING BUFFER ADDRESS DBBA 

25 LAST PHYS ICAL RECORD DLPR 

26 COMPLETION STATUS DCST 

Figure 5-6. DIB Definition when Used with the File Manager 
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Word 10 

Word 11 

Words 12-14* 

Word 15 

Word 16 

Word 17* 

ComputerAutomation <rA 
Physical I/O error status. The status (word 5) of the physical 
I/O lOB is stored here after each operation. 

File status word. For old files, all bits are supplied by the 
File Manager from the directory; therefore, all bits of word 11 
are initialized to zero. When creating a new file, those bits 
flagged with an asterisk (*) must be supplied by the user before 
the first access. The data security bit may be modified at any 
time to enable or disable this function. After the first access 
of a file (new or old), if the file delete bit (15) is set, the 
file will be deleted when the file is closed. Bits 15-13 corres­
pond to the file attribute bits in the directory entry and are 
transferred to the entry when a new file is closed. 

Bit 15. 0 == keep file, 1 = delete file 

Bit 14*. 0 = sequential file, 1= random file 

Bit 13* . 0 unblocked records, 1 = blocked records 

Bit 12. 0 file closed, 1 = file open 

Bit II. 0 = file open for sequential access 
1 file open for random access 

Bit 10. a = old file, 1 = new file 

Bit 9. o = current block not modified 
1 = current block modified (blocked files only) 

Bit 8. Data security bit. When set the directory is updated 
after each sequential write (unblocked files) or after a block is 
written (blocked files). 

Bit 7. o = file not linked, 1 = file linked 

Bits 6-4. Reserved for future expansion. 

Bits 3-0*. Partition number. For old files, contains the number. 
For new files, specifies where the new file is to be created. If 
zero, the available partition with the greatest unused space is 
used and its number is stored here. 

ASCII file name. Supplied by the user. 

Relative record number. Relative to the beginning of the current 
file segment for linked files. With unlinked files, this word is 
the same as the absolute record number. 

Absolute record number. 
beginning of the file. 

The current file position relative to the 
Note that the first record is record zero. 

Record size in bytes. Set to 512 for random files. Supplied by 
user for new files. 

* Information supplied by user. 
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Word 18* 

Word 19 

Word 20 

Word 21 

Word 22 

Word 23 

Word 24* 

Word 25 

Word 26 

Block size in bytes. Used for blocked files only. Supplic!d by 
user for new files • 

Number of physical records/block. Contains the number of ~,12 byte 
physical records required for a file block (blocked files) or 
record (unblocked files). Supplied by the file manager. Referred 
to as "tach ratio" under CAl as. 

Physical record number of first record in file. Supplied by the 
File Manager. 

Tot.al records in the· file. For linked files, contains total 
records in current segment. Supplied by the file manager. 

Directory entry number for this file. Supplied by the file 
manager. 

Current block address. Contains the physical record number of the 
last block read. Supplied by the File Manager. 

Blocking buffer address, (Word address, no indirect). Supplied by 
user when accessing blocked files. Buffer size must be bloc:k size 
plus 2 bytes. Not required for unblocked or random files. 

Last physical record in partition. For new files, contains the 
last available record number. Not used for old files. Supplied 
by the File Manager. 

Completion status. Cleared upon entry into file manager and set 
when operation is complete. A bit is active when it is set to 1. 

Bit 15. Physical I/O error. An abnormal status was returned 
from physical I/O. The detail physical I/O status (DHST) word in 
the DIB contains word 5 of the CIB lOB used for the physical I/O. 

Bit 14. Device not labeled. A valid VTOC identifier was not 
found. This error can only occur during a file open. 

Bit 13. Directory full. No unused entries are available in the 
directory for the creation of a new file. 

Bit 12. Directory error. An error was returned from physical I/O 
during a direction read or write. Detail physical I/O status 
(DHST) word in DIB is set. This error can occur during a file 
open, close, or directory update. 

Bit 11. End of Media. 
write on a new file. 
access modes. 

The end of a partition was reached during 
It is valid for both sequential and random 

Bit 10. Partition(s) busy. The required partition for a new file 
creation already has a new file currently open, (partition is 
busy), or required partition is full. If no partition was 
specified, then all partitions are busy. 

* Information supplied by user. 
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Bit 9-8. Reserved for future expansion. 

Bit 7. Access mode error. A sequentail access was made on a 
ramdom file or a random access was made on a sequential file. The 
access type did not match file type in a new file open. 

Bits 6-2. Reserved for future expansion. 

Bit 1. Unable to close. Indicates a ciose was in process when an 
error occurred (file remains open) . 

Bit O. Unable to open. Indicated an open was in progress when an 
error occurred, (file remains closed). 
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5.2.2 Manager Controller Information Block (CIB) 

The Controller Information Block (CIB) is used for storing and/or transferring infor­
mation between the File Manager and the lOX I/O handler. Words 15-19 must contain the 
described information upon initial entry to the File Manager (actually to lOX). 
Figure 5-7 illustrates the CIB configuration. The functions of each CIB word are 
described below. Word 0, words 15-19 and words 24-33 are defined the same for the File 
Handler as they are for lOX. 

Word 0 

Words 1-10 

Word 11 

Word 12 

Word 13 

Word 14 

Words 15-18 

Word 19 

Word 20 

Word 21 

Word 22 

SIO: beginning of record flag. 

lOB used by the File Manager for physical I/O; includes user­
supplied LUN for the file device (lOB word 4 = CIB word 5). All 
other data in lOB is supplied by the File Manager. The lOB status 
word is transferred to the DIB physical I/O error status word after 
each 10: call. 

Number of physical sectors per physical record (supplied by the 
File Manager) • 

Physical sector address of Volume Table of Contents (VTOC). 
Initialize to zero. The File Manager determines the VTOC address 
(0 or :29) on first open. 

Address of Disk Descriptor Table (DDT) {supplied by the File 
Manager after first open). This is a physical record address. 

Open/close buffer address. This word contains the word address (no' 
indirection) of a 256-word buffer supplied by the user. This 
buffer is used by the File Manager for directory searching juring 
open or close processing. 

Entry point jump table. 

Word 15 Read FM:REA 
Word 16 Write FM:WRT 
Word 17 position FM:POS 
Word 18 Function FM:FUN 

Special operation entry point. Not used; set to zero. 

currerit direction record number during open, or operation code 
during position/function processing (supplied by the File Manager) • 

Number of directory entries used during open, or absolute file 
position count during position processing (supplied by the File 
Manager) • 

Number of directory entries available during open or current file 
position during position processing. Supplied by the File Manager. 
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1 

10 

11 

12 

13 

14 

*15 

*17 

*18 

*19 

20 

21 

22 

23 

*24 

*25 

*26 

*27 

*28 

*29 

*30 

*31 

*32 

*33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

I 

I 

SIO: BEGINNING OF RECORD FLAG 

PHYSICAL I/O 

~~. lOB 

NUMBER OF SECTORS/RECORD 

VTOC ADDRESS 

DDT ADDRESS 

OPEN/CLOSE BUFFER 

STANDARD 

FOR 

CIB 

CURRENT DIRECTORY RECORD 

DIRECTORY ENTRIES USED 

DIRECTORY ENTRIES AVAILABLE 

PARTITION BUSY FLAGS 

STANDARD 

FOR 

CIB 

SUBROUTINE LEVEL 5 

RETURN LEVEL 4 

ADDRESS LEVEL 3 

SAVE LEVEL 2 

AREA LEVEL 1 

FILE Lr~KAGE 

BUFFER 

A~ 

DBOR 

CSPR 

CVTOC 

CDDT 

COCB 

CJTB 

CCDR/CPFC 

CVND/CAPC 

CVDA/CCPC 

CPBS 

CR: xxx WHERE 

x:.ltX =SUBROU'l'INE~AME; 

CLKBF 

Figure 5-7. CIB Definition When Used With the File Manager 
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Word 23 

*Words 24-33 

Words 34-38 

Words 39-42 

ComputerAutomation <FA 
Partition busy flags. Each partition on disk is represented by a 
single bit. The bit position is equal to the partition numh'~r. 
With a maximum of 8 partitions numbered 1-8, only bits 1-8 are 
used. Bits 0 and 9-15 are unused. A partition busy flag is set 
when a new file is open in that partition and cleared when i!: is 
closed. Only one new file may be open in anyone time. Supplied 
by the File Manager. 

Standard CIB definition. 

Subroutine return address save area. 

Word 34 Level 5 subroutines: 

Word 35 Level 4 subroutines: 

Word 36 Level 3 subroutines: 

Word 37 Level 2 subroutines: 

Word 38 Level I subroutines: 

FM:PS 
FM:FN 
FM:RE 
FM:WR 
FM:OP 
FM:CL 
FM:DM 
FM:EOF 
FM:WBK 
FM:RBK 
FM:RLK 
FM:RLR 
FM:PIO 

Buffer for processing partition file linkage. 
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5.3 RTX FILE LABEL UTILITY 

The RTX File Label utility is a stand-alone program for labeling file-type devices. 
The RTX/IOX File Manager requires that all file-type devices be labeled prior to use. 
This involves the creation of a Volume Table of Contents (VTOC) and directories on 
each individual unit to allow later file processing by name. Do not confuse 
"labeling" with "formatting" of disk packs~ the latter must be done with stand-alone 
programs before labeling. The labeled device is compatable with Computer Automation 
OS File Format. 

5.3.1 Environment 

The Label Utility requires an LSI-2 or LSI-3/0S cpu with a m1n1mum of 4K words of 
memory. The tape numbers (binary paper tape) are 93324-40Al and -41Al for LSI-2 and 
LSI-3/05, respectively. 

5.3.2 Program Operation 

After loading and executing, the Label Utility halts with P=:OlOO and waits for the 
user to specify TTY I/O type: 

1. Standard option board TTY, set sense switch OFF. 

. 2 010 TTY, set Sense switch ON. 

I To con~inue execution. depress RUN after setting the desired I/O Option. The Label 
program will then query the user for its variable information. When responding, 
certain keys on the keyboard have special functions. 

1. 

2. 

3. 

Return. The Return key indicates the end of a line of input and causes 
a carriage return and line feed to be generated. 

Back arrow (--). The back arrow causes the previous character input to 
be replaced by the next character typed. Multiple characters may be 
replaced by typing the appropriate number of back arrows followed by the 
correction characters. 

Back arrow (--)/Return. A back arrow followed immediately by Return 
causes the entire current line to be ignored and replaced by the next 
line input. The Return causes a carriage return and line feed to be 
generated. 
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I NOT. I 
An invalid response to a query will result in the query being 
repeated. 

The Label Utility begins with the first query: 

DATE? (MMDDYY) 

The user should respond with a Volume Identification. It must consist of one to six 
characters, normally alphanumeric, although any characters are allowed. 

Example: Feb. 4, 1977 would be input as 020477. 

TIME? (HHMMSS) 

Enter the current time of day (hours, minutes, seconds). 
VTOC. This time is NOT incremented by a real-time clock., 

Example: 1:23 PM would be input at 132300. 

VOLUME NAME? 

This time is saved in the 
This is a 24 hour clock. 

The user should respond with a Volume Identification. It must consist of 1-6 
characters, normally alphanumeric, although any characters are allowed. 

TYPE AND UNIT NUMBER? 

The response is a two-character specifier of the physical device which is to be 
labeled. The specifiers are: 

DEVICE SPECIFIER 

Moving Head Disk, Unit 0 DO 
Moving Head Disk, Unit 1 D1 
Moving Head Disk, Unit 2 D2 
Moving Head Disk, Unit 3 D3 

Floppy Disk, Unit 0 FO 
Floppy Disk, Unit I F1 
Floppy Disk, Unit 2 F2 
Floppy Disk, Unit 3 F3 

DOES xx CONTAIN OS? 

If the device to be labeled (xx) contains a copy of the Computer Automation Operation 
System (OS) the user responds with "YES". Otherwise, the user's response is "NO", 
causing the next query to be suppressed. OS ~ust be on the device before labeling. 



SAVE OS? 

If an operating system exists on the Unitafid is to be saved, the user responds with 
"YES", otherwise "NO". 

If the device to be labeled is a disk, the next query is: 

NUMBER OF PARTITIONS? (1-8) 

The user now selects the number of partitions (1-8) into which the disk is to be 
divided and enters that value. Only the first digit entered is used. The number of 
partitions selected is the limit to the number of new files which may be open 
simultaneously (new file creation) . 

The labeling process then begins. When successfully completed, the following message 
is output: 

LABEL COMPLETE 

If the selected device is off .... line., not ready, write protected, or othewise mal 
functions during the labeling process, the following message is output: 

HARDWARE ERROR 
RETRY? 

If the user responds with "YES", the program will retry the label process. If the 
device still fails, the error message is repeated. If the user responds with "NO", 
the labeling process is aborted and the Program continues with the next query. 

LABEL MORE? 

The user is offered the option of labeling another device or terminating the process. 
A "YES" response will cause a restart with the query "VOLUME NAME?". If the user 
wishes to change the date and time and continue, the response is "NO". A "NO" 
response will halt the CPU. Depressing RUN will restart the program at the beginning. 
At this point, a new I/O option may be selected. 

I NOTE I 
The restart entry point is :0101. The LSI 3/05 version contains 
a software console routine for restarting (CNSOL3). 
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SECTION 6 

DEVICE-DEPENDENT CONSIDERATIONS 

The device-dependent functions of lOX are the responsibility of the individual device 
handlers. Initially lOX performs all parameter validation and error checking before 
control is transferred to the appropriate device handler. The device handler will 
execute the data transfer and perform the device testing. Note that the bit con- . 
figuration for each function (bits 3-0 of lOB word 5) is listed below each operation 
in parentheses. 

6.1 STANDARD CHARACTER DEVICE HANDLERS 

6.1.1 Line Printer (LP) 

Write (formatted ASCII) 
(0110) 

Write file mark 
(1100) 

All other function codes 

6.1.2 Teletype Keyboard (TK) 

Write (formatted ASCII) 
(0110) 

Write (unformatted) 
(0101) 

Read (formatted ASCII 
(0010) 

Read (unformatted) 
(0001) 

Write File Mark 
(1100) 

7\11 ot-her function codes 

outputs up to 132 (or less if the printer is not 
that wide) characters. 

Outputs /* in columns 1 and 2. 

No I/O 

outputs up to 72 characters. Carriage return, line 
feed are appended to the end of each record. 

outputs up to 65,535 characters exactly as in the 
user's buffer. 

Inputs from the keyboard until a carriage return is 
read. Standard character editing is active. 

Inputs from the keyboard until the number of char­
acters requested is input. 

/* is output followed by carriage return, line 
feed. 

No I/O 
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6.1.3 Teletype Console (TY) 
ready) 

Write (formatted ASCII) 
(OllO) 

Write (unformatted) 
(0101) 

Read (formatted ASCII) 
(0010) 

Read (unformatted) 
(0001) 

Write File mark 
(1100) 

All other function codes 

6.1.4 Teletype Reader (TR) 

Read (formatted ASCII) 
(0010) 

Read (unformatted) 
(0001) 

Read (formatted binary) 
(0011) 

All other function codes 

6.1.5 'l'eletype Punch (TP) 

Write (formatted ASCII) 
(OllO) 

Write (formatted binary) 
(0111) 

Write (tlnform.lt,tet1) 
(0101) 

WI ii,' I"j I,' Mdl k 

(1.1 0(1) 

Punch Leader 
(1101) 

All other function codes 

(implies tape reader or keyboard for input, whichever i::-.; 

Outputs up to 72 characters. Carriage return and 
line feed are appended to the end of each record. 

Outputs up to 65,535 characters exactly as in the 
user's buffer. 

Inputs (from the tape reader, if ready, otherwise 
from the keyboard) until a carriage return is read. 
Standard character editing is active. 

Inputs (from the tape reader, if ready; otherwise 
from the keyboard) until the requested number of 
characters is input. 

1* is output, followed by carriage return, line 
feed. 

No I/O 

Inputs up to 256 ASCII characters from the reader 
(does NOT echo on printer) until a carriage' return 
is read. Standard character editing is active. 

Inputs from the reader (does NOT echo on printer) 
until the number of characters requested is input. 

Reads one binary record and checks the checksum. If 
a checksum error is detected, the error status will I 

be set. 

No I/O 

Outputs up to 256 ASCII characters. Carriage return 
line feeds are supplied at the end of each record. 

outputs up to 65,535 bytes in lOX binary format., 

Outputs up to 65,535 bytes ('xactly as in the uSer's 
huffer. 

\)IIII'III~; Hlli>t)ul-NII,II Nil I I (III U\(~ I'olth'" 1:.lpc. 

Outputs 12 inches of leader. 

No I/O 
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6.1.6 Card Reader (CR) 

Read (formatted ASCII) 
(0010) 

Read (formatted binary) 
(0011) 

All other function codes 

6.1.7 High Speed Reader (PR) 

Read (formatted ASCII) 
(0010) 

Read (unformatted) 
(0001) 

Read (formatted binary) 
(0011) 

All other function codes 

6.1.8 High Speed Punch (PP) 

Write (formatted ASCII) 
(0110) 

write (formatted binary) 
(0111) 

Write (unformatted) 
(0101) 

Write File Mark 
(1100) 

Punch Leader 
(1101) 

All other function codes 

6.2 FORTRAN LIST DEVICE HANDLER 

(;.2.1 I.ine Printer (LPF) 

Write (formatted ASCII) 
(0110) 

One card will be read. The maximum number of bytes 
transferred is 80. If the first two columns contain 
/* an end-of-file is assumed. 

To be specified • . • if the first two columns 
contain /* an end-of-file is assumed. 

No I/O 

Inputs from the reader until a carriage return is 
read. Standard character editing is active. 

Inputs from the reader until the number of characters 
requested is input. 

Reads one binary record and checks the checksum. If 
the checksum is in error the error status is set. 

No I/O 

Outputs up to 256 ASCII characters. Carriage return 
line feeds are supplied at the end of each record. 

Outputs up to 65,535 bytes in the lOX binary format. 

Outputs up to 65,535 bytes exactly as in the user's 
buffer. 

Outputs Rubout, Null, Null on the paper tape. 

Outputs 12 inches of leader. 

No I/O 

OUtputs up to 132 characters, preceded by a carriage 
control character ("l" = top of form, "0" = double 
upspace, any other = single upspace). 
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Write file mark 
(1100) 

All other function codes 

6.2.2 Teletype Keyboard (TKF) 

write (formatted ASCII) 
(0110) 

Write (unformatted) 
(0101) 

Read (formatted ASCII) 
(0010) 

Read (unformatted) 
(0101) 

Write File Mark 
(1100) 

All other function codes 

ComputerAutomation ~ 

Outputs "/*" in columns 1 and 2. 

No I/O 

Outputs up to 72 characters, preceded by carriage 
control character ("1" = top of form = 6 upspaces, 
"0" = double upspace, any other = single upspace). 

Outputs up to 65,535 characters exactly as in the 
user's buffer. 

Inputs from the keyboard until a carriage return is 
read. Standard character editing is active. 

Inputs from the keyboard until the number of char­
acters requested is input. 

/* is output followed by carriage return, line feed. 

No I/O 

6.2.3 Teletype Console (TYF) (implies tape reader or keyboard for input, whichever is 

o 

ready) '-' 
write (formatted ASCII) Outputs up to 72 characters, preceded by carriage 
(0110) control character ("l" == top of form = 6 upspaces~ 

"0" = double upspace, any other = single upspace). 

write (unformatted) 
(0101) 

Read (formatted ASCII) 
(0010) 

Read (unformatted) 
(0001) , 

Write File mark 
(1100) 

All other function codes 

Outputs up to 65,535 characters exactly as in the 
user's buffer. 

Inputs (from the tape reader, if ready, otherwise 
from the keyboard) until a carriage return is read. 
Standard character editing is active. 

Inputs (from the tape reader, if ready~ otherwise 
from the keyboard) until the requested number of 
characters is input. 

/* is output, followed by carriage return, line feed. 

No r/o' 
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6.3 MAGNETIC TAPE HANDLER 

6.3.1 Magnetic Tape (MT) 

write (formatted ASCII, 
formatted binary, or 
unformatted) 
(0110, 0111, or 0101) 

Read (formatted ASCII, 
formatted binary, or 
unformatted) 
(0010, 0011, or 0001) 

Position Relative Records 
(1010) 

position Relative Files 
(lOll) 

Position Absolute Records 
(l000) 

Position Absolute Files 
(1001) 

Write File Mark 
(1100) 

All other operations 

Outputs 1 to 65535 bytes as a single record. 

Inputs one record up to 65,535 bytes. If the 
actual record is longer than the requested number 
of bytes, only the requested number will be input. 
If the actual record is shorter than the requested 
input, only the actual number of bytes are input. 
Up to ten retries will be made in the event of a 
parity error before an error status is returned to 
the caller. 

Skips the number of records in the requested count. 
A positive count indicates forward skips. A 
negative count indicates backward skips. If a file 
mark is encountered during the positioning, the 
operation is terminated, and the number of records 
actually skipped (not including the file mark) is 
returned along with an end-of-file status. The 
tape is left positioned prior to the file mark (the 
file mark is never actually crossed and movement is 
effectively bounded within a pair of file marks). 
If an end of tape or beginning of tape marker is 
found during positioning, the operation is te 
terminated with the actual count returned and an 
end-of-device status. 

Skips the number of file marks in the requested 
count. A positive count indicates forward skips. 
A negative count indicates backward skips. Upon 
return, the tape is positioned past the last file 
mark skipped. If an end-of-tape-Qr beginning-of­
tape mark is encountered, the operation is termi­
nated with the actual skip count returned, along 
with the appropriate end-of-device status. 

The tape is first rewound to load point, then 
skipped forward the number of records requested. 
The requested count must be positive. If the count 
is zero, the tape is left at load point. 

The tape is first rewound, then skipped forward the 
number of files requested. The requested count 
must be positive. If the count is zero, the tape 
is left at load point. 

A write file mark function is issued to the tape 
unit. 

No I/O 
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6.4 DISK, STORAGE l40DULE DISK, AND FLOPPY DISK HANDLER 

6.4.1 Disk (DK), Storage Module Disk (SM), and Floppy Disk (FD) 

Write Direct Access 
(0100) 

Read Direct Access 
(0000) 

All other function codes 

Writes to the disk the number of bytes specified by 
the user in lOB Word 6, to the relative record 
number specified in lOB Word 9. Upon completion of 
the operation, this record number is incremented. 

Reads from the disk the number of bytes specified 
by the user in lOB Word 6, from the relative record 
number specified in lOB Word 9. Upon completion of 
the operation, this record number is incremented. 

No I/O 

I NOTE I 
The Floppy Disk Handler supports only one floppy disk controller. The 
handler must not be used concurrently with a storage module disk controller. 

The Storage Module Disk Handler supports only one storage module disk 
controller. The handler must not be used concurrently with a floppy disk 
controller. 

6.4.2 Fortran Disk (DKF), storage Module Disk (SMF), and Floppy Disk (FDF) 

Write (formatted ASCII, 
formatted binary) 
(0110 or 0111) 

Read (formatted ASCII, 
formatted binary) 
(0010 or 0011) 

Position Relative Records 
(1010) 

Outputs to the disk the number of bytes specified 
by the user, to the relative record number main­
tained in DIB Word 15. Upon completion of the 
operation, this record number is incremented and 
stored into lOB Word 9. 

Inputs from the disk the number of bytes specified 
by the user, from the relative record number main­
tained in DIB Word 15. Upon completion of the 
operation, this record number is incremented and 
stored into lOB Word 9. 

The requested count (positive or negative) is added 
to the current relative record number maintained in 
DIB Word 15. (No actual I/O occurs). The new 
record number is also copied into lOB Word 9. If 
the resultant relative record number is greater 
than the highest sector number in the extent, the 
highest sector number is stored, and the end-of­
deviCe status is returned.. If the resultant rela­
tive record number is negative, a zero (represent­
ing the first record of the extent) is stored, and 
a beginning-of-device status is returned. .4[) 

-' 
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position Abs'olute Records 
(1000) 

Write File Mark 
( llOO) 

All other function codes 

The requested count (which represents the actual 
record number to be positioned to), is l':toreil into 
DIB Word 15 and lOB Word 9. No actual I/O occun;. 
If the record number is greater than the highest 
sector number in the extent, the highest sector 
number is stored, and the end-of-device status is 
returned. If the record number is negative, a zero 
(representing the first record of the extent) is 
stored, and a beginning-of-device status is re­
turned. 

A two character record containing "/*" is written 
into the record pointed to by the Relative Record 
Count, then this count is incremented and copied 
into lOB Word 9. 

No I/O. 

I' NOTE I 
The Floppy Disk Handler supports only one floppy disk controller. The 
handler must not be used concurrently with a storage module disk controller. 

The Storage Module Disk Handler supports only one storage module disk 
controller. The handler must not be used concurrently with a floppy 
disk controller. 

6.S MAGNETIC TAPE INTELLIGNET CABLE (MTIC) HANDLER 

Write forward 
(ASCII or Binary) 
(0110 or 0111) 

Outputs 1 to 65,535 bytes as a single record. 
Records containing a byte count less than the 
m1nkmum record length (DIB word 12) will have 
additional characters appended to the record until 
the byte count is equal to the minimum record 
length. Blanks are appended to ASCII records and 
zeros are appended to Binary records. 

During write operation error recovery, the tape is 
backspaced one record and another write is attemp­
ted. Up to ten retries are made in the event of a 
rate error (processor workload error). Up to three 
retries are made in the event of a hard error (tape 
error): subsequently, a fixed length erase function 
is used to erase the hard error region and three 
more retries are executed. This erase procedure is 
executed up to ten times, at which point an error 
status is returned. (Note: Hard error recovery is 
modified if the Control Edit function is on. Refer 
to the Control Edit description.) 

Error counts for each type of recovery are returned 
to DIB word 10. 
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Read (forward, reverse) 
(ASCII, Binary), 
Read Reverse 
(0010, 0011, 0000) 

Position Relative Records 
(1010) 

Position Relative Files 
(lOll) 

Position Absolute Records 
(1000) 

Position Absolute Files 
(1001) 

Write File Mark 
(1100) 

Control Edit 
(1110) 

Inputs one record up to 65,535 bytes. If the 
actual record is longer than the requested number 
of bytes, only the requested number is input. If 
the actual record is shorter than the requested 
input, only the actual number of bytes are input. 
Up to ten retries are made before an error status 
is returned. 

Skips the number of records in the requested 
count. A positive count indicates forward skips. 
A negative count indicates backward skips. If a 
file mark is encountered during the positioning, 
the operation is terminated, and the number of 
records actually skipped (not including the file 
mark) is returned along with an end-of-file status. 
The tape is left positioned prior to the file mark 
(the file mark is never actually crossed and 

movement is effectively bounded within a pair of 
file marks). If an end of tape or beginning of 
tape marker is found during positioning, the 
operation is terminated with the actual count 
returned with an end-of-device status. 

Skips the number of file marks in the requested 
count. A positive count indicates forward skips. 
A negative count indicates backward skips. upon 
return, the tape ispo~itioned past the last file 
mark skipped. If an end-of-tape or beginning-of­
tape mark is encountered, the operation is termina­
ted with the actual skip count returned with the 
appropriate end-of-device status. 

The tape is first rewound to load point, then 
skipped forward the number of records requested. 
The requested count must be positive. If the count 
is zero, the tape is left at load point. If the 
count is minus one, the unit is placed offline. 

The tape is first rewound, then skipped forward the 
number of files requested. The requested count 
must be positive. If the count is zero, the tape 
is left at load point. If the count is minus one, 
the unit is placed offline. 

A write file mark function is issued to the tape 
unit. 

This function causes the formatter to implement 
special head positioning to allow record updatin~. 
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Control Erase· 
(1111) 

A 11 other function codes 

I NOTI'I 

Control Edit needs to be used with 
caution because of possible "tape 
creep". Refer to the Distributed 
I/O System User's Manual, Publication 
No. 91-53629-00B2, for a more 
detailed explanation. 

Control Edit requires five calls to 10:. C,-:tll one 

positions the tape at the end of the record to be 
updated. (An inter-record gap containing an era­
sure or noise record might be found between the end 
of this record and the beginning of the next rec­
ord.) Call two sets the edit function on. Call 
three performs a skip or read reverse function for 
the current record. Call four performs a write 
forward function for the new record. The byte 
counts for the new and old records must be equal. 
Call five set the edit function off. 

Hard error recovery for write operations is mod­
ified when Control Edit is on. Up to three retries 
are made in the event of a hard error; subsp­
quently, an error status is returned. 

This function performs a fixed length (filemark) or 
variable length erase. The erase mode bit is set 
to override a write operation. This function can 
be used with Control Edit to erase a record in 
place. 

Control Erase requires three calls to 10:. Call 
one sets Control Erase on. Call two performs a 
write or write file mark function. Call three sets 
Control Erase off. 

No I/O. 

6.6 STANDARD CHARACTER EDITING 

In order to facilitate input from an operator, lOX supports character editing on input 
from all keyboard and paper tape devices. Three editing functions are supported by 
rox. 

1. Backsapce. Character backspace is implemented us ing the back arrow (--) char­
acter. One character is erased for each back arrow character input. Since it is 
impossible to physically backsapce on a teletype, the back arrows are echoed on 
the printer. Note that thE> character editing will take place over the length of 
the entire physical record, not just until the number of currently valid char­
acters equdls the requested count .. 
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Ignore entire input. Occasionally the operator decides it would be easier to 
start over rather than backspace and correct all of the errors on the current 
input. lOX supports this by deleting the entire input and restarting whenever 
the back arrow is typed followed immediately by a carriage return. 

3. Ignore this character. This is useful when the input is from a paper tape which 
was prepared off-line on a teletype. The punch on a teletype has a local back­
space feature, and the most common means of correcting a tape such that it prints 
proprely when read off line is to backspace the punch over the offending char­
acter(s) and punch rubout(s) on top of them. lOX will read such tapes properly 
by ignoring all rubouts. In additiort, lOX will read such tapes properly by 
ignoring all rubouts. In addition, lOX ignores all line feeds and all other 
characters whose ASCII code is less than :OD (e.g., bell, leader). 

Since an end-of-file is defined as a Rubout, Null, Null on paper tape, and since it is 
difficult to enter Rubout, Null, Null on a keyboard, lOX recognizes two different end­
of-file marks in the standard character editing mode for formatted ASCII input. These 
file marks are Rubout, Null, Null or /*. Either of these character sequences input at 
the beginning of a record will cause an end-of-file to be recognized. 

II/6-10 Revi sed 1/77 
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SECTION 7 

NON-~TANDARD HANDLER DESCRIPTIONS 

Some lOX handlers do not conform to the standard lOB, DIB, and CIB configurations 
described in sections 2 and 4. This section describes the software tables and device­
dependent functions of these lOX handlers. (The A/D, D/A handler is described in 
Publication No. 93325-00.) 

7.1 IEEE INTELLIGENT CABLE (IEC) HANDLER 

The IEC Handler controls the operation of the IEEE Intelligent Cable. The IEC Handler 
and the IEEE Intelligent Cable together conform to the requirements for an IEEE (STD 
488-1975) interface system controller. The IEEE Intelligent Cable provides the hard­
ware to drive the IEEE interface bus and the firmware to conduct both the Source 
Handshake and the Acceptor Handshake. It also senses the state of the IEEE Interface 
Bus. The IEC Handler imp~eme,nts the remaining IEC functions. The interfaced devices 
must have no controller capabilities. 

Refer to the Distributed I/O System User's Manual (revision B2 or higher) and IEEE 
document 488-1975, "IEEE Standard Digital Interface for Programmable Instrumentation" 
for detailed IEEE function descriptions. 

Note that an arbitrary distinction is made between the terms "control" and "data" with 
respect to IEC handler message transfers. "Control" refers to bytes which are sent 
over the interface bus while ATN is true. "Data" refers to bytes which are sent or 
received over the interface bus while ATN is false. 
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7.1.1 IEC lOB Configuration -- 9 to 12 words~ 

Figure 7-1 illustrates the lOB configuration for the IEC Handler. 

standard 
Name 

lOT 

ICUN or 
ITCB 

CN 

ILUN 

ISTA,IOP 

IRCNT 

IBUFF 

IACNT 

I RCNTU 

INPUT/OUTPUT BLOCK 
FOR THE IEEE INTELLIGENT CABLE HANDLER 

15 14 13 12 11 10 9 8 7 6 5 4 3 

STANDARD lOB 

CONFIGURATION 

~ ~ NO BAD DE,.. OP OR IN-
S ~ I/O LUN a VICE TERM TERN 
Y R CONDo 

RES. 10:J OP 
I~~ CODE 

I~ 

USED FOR.ALL REQUESTED FUNCTION CODES 

USED FOR ALL REQUESTED FUNCTION CODES 

USED FOR ALL REQUESTED FUNCTION CODES 

USED IF OP CODE IS 00 OR 01 

2 1 

OP 
MOD. 

a 

--- - -- - - ---- - - -- -~--- --.--- -----

word 

a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

IBUFFU USED IF OP CODE IS 00 OR 01 10 

ITIME USED IF OP CODE IS 00 OR 01 11 

--------.-----~-.------------

Figure 7-1. lOB Configuration 
lEC Handler 

II/7-2 



Words 0 through 4 are the same as the standard lOB configuration. Refer to section 2 
for detailed descriptions of these words. 

Word 5 Status, Function Code. 

11 ,. 11 12 11 10 • • 7 • I • 3 

I [ , I I I 0 ] I I J I I ~ 

. 

This word u 

2 1 0 

I I I I 
~ 

ses the following format: 

----- Operation Modifier 
............... ---- Operation Code 
----.......... --Reserved 
----- Internal Use Only 
------..... - Unresponsive operation/ 

Termination condition 
----------Device Unresponsive 
----- Invalid LUN 
----- No I/O performed 
--------- Error 

~-----------------------------------------------------------Busy 

All bit positions, with the exception of bits 9 and 8, are described in Section 2. 

Bits 9 and 8. These bits can have two meanings, as follows: 

1) Unresponsive operation. If an error has occurred (bit 14 set), 
bits 9 and 8 indicate what operation was being performed when the 
error occurred, as follows: 

2) 

01 while taking control of the IEEE interface 
10 while writing control 
11 while reading or writing data 

Termination condition. 
14 are zero, bits 9 and 
read data operation: 

For a read data operation, if bits 10 and. 
8 indicate the reason for terminating the 

00 END message detected 
10 Byte count reached zero (abnormal return) 

Bits 9 and 8 are zero when all other operations are terminated. 

II/7-3 
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The format of the lOB after the first six words is determined by bits 3-0 of word 5. 

Op Code 
(bits 3 and 

00 

00 
00 
00 
01 
01 
01 
01 

Format 1 

Op Modifier 
2) (bits 1 and 0) Function 

00 write control and read to END or stop character. 
(CrE location CSTPCH is the stop character) 

10 Same as 0000 with parity standardization. 
01 Write control and read data to END. 
11 Same as 0001 with parity standardization 
00 Write control and, write data. 
01 Write control and write data with F:ND. 
10 write control only. 
11 Write control and ignore .data. 

Operations 0000 and 0010 require a DMA IOD or a. sta.ndard' 
rOD with a programmable stop character. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o 

Word 6 

Worf\1 7 

Word 8 

~~ -.~-.. 
DATA REQUEST COUNT 

DATA BUFFER ADDRESS 

ACTUAL DATA TRANSFER COUNT 

CONTROL REQUEST COUNT 

CONTROL BUFFER ADDRESS 

TIME LIMIT 

Data Request Count. This word is supplied by the user to specify the 
number of data bytes to be transferred. This word must not be zero. 

Data Buffer Address. This word is supplied by the user to specify the 
starting address of the data buffer. Note that this address is always 
a word address and that indirect addressing is not allowed. 

Actual Data Transfer Count. This word contains the number of data 
bytes transferred when the operation is completed. This word is 
returned by lOX at the completion of I/O. 
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Word 9 

. Word 10 

Word 11 

Control Request Count. This word is supplied by the user to specify 
the number of control bytes to be transferred. No control bytes arc 
transferred if this word is zero. 

Control Buffer Address. This word is supplied by the user to specify 
the starting address of the control buffer. Note that this address is 
always a word address and that indirect addressing is not allowed. 

Time Limit. This word is supplied by the user to specify the operation 
time limit. If negative, there is no time limit. If positive, a 
"device unresponsive ll error will occur if the read or write operation 
has not completed within the number of clock ticks specified. If zero, 
the operation time limit will equal the number of data bytes (lOB Word 
6) modified by the delay modification instruction stored into ClB word 
20. (Refer to the SIO: description in section 3). 

Note that the specified number of clock ticks (word 11 positive) applies to data 
transfers only. The time limit for control transfers is always determined by the byte 
count and CIB word 20. 

Format 2 

Op Code 
(Bits 3 and 2) 

Op Modifier 
(bits 1 and 0) 

10 

15 14 13 

Word 6 

00 Wait for SRQ 

12 11 10 9 8 7 6 5 4 3 2 0 word 

CLOCK TICKS 6 

NOT USED 7 

NOT USED 8 

Clock Ticks. This word is supplied by the user to specify the number 
of clock ticks before SRQ is found. No time limit is applied if this 
word is negative. If PQsitive, a "device unresponsive" error will 
occur if SRQ is not found within the number of clock ticks specified. 
This word may not be zero. 

Words 7 and 8 are not used but must be provided. 



Format 3 

Op Code 
(bits 3 and 2) 

Op Modifier. 
(bits 1 and 0) 

15 

Words 6 

Word 8 

11 
11 

14 

and 

" 14 

I 0 I 
(I 

13 12 11 

00 
10 

10 9 

Get IEC status 
Get parallel poll response 

8 7 6 5 4 3 2 1 0 word 

NOT USED 6 

NOT USED 7 

BYTE REQUEST 8 

7 are not used but must be provided. 

Byte Request. This word is returned to the user by lOX. It contains 
the requested byte (either status or parallel poll response). Figure 
7-2 illustrates the IEC status byte configuration. The parallel poll 
response will be returned in the low order byte. 

13 12 11 10 • 8 7 I I 4 3 2 , 0 

0 0 0 

I 
0 0 0 , 

I 
~ 

I J 
• 

'----- Not Data Accepted (SNDAC) 1------ IEC Busy (SBSY) 
L----------Not Ready for Data (SNRF) 

L----------Service Request (SSRQ) 
1--------- End (SEOI) 

L---------------------Remote Enable (SREN) 
~----------------------- Interface Clear (SIFC) 

'---------------------------Attention (SATN) 

Figure 7-2. lEC Status Byte Configuration 
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Op Code 
(bits 3 and 2) 

11 

Op Modifier 
(bits 1 and 0) 

01 

Format 4 

Set lEC control lines 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o word 

Word 6 

Words 7 and 8 are 

15 14 13 12 11 10 

10 I 
0 0 0 0 1 

I 

NEW CONTROL LINE VALUES 6 

NOT USED 7 

NOT USED 8 

New Control Line Values. This word is supplied by the user to 
specify the new value of the IEEE control lines. Only lines ATN, 
REN, lFC, EOl, and SRQ can be changed. A "Get lEC status" 
operation should be perfonned prior to a "Set lEC control lines" 
operation to ensure that the values of other lines are not changed 
inadvertently. Figure 7-3 illustrates the lEC Set Mode Command 
Word Fonnat. 

not used but must be provided. 

• • 1 I IS 4 3 2 1 0 

0 0 0 0 01 , I l I 

t ~--------------------.Service Request (MSPQ) 
~ _______________________ End or Identify (MEOI) 

~--------------------------Remote Enable (MREN) 
~ _____________________________ Interface Clear (MlFC) 

~--------------------------------Attention (MATN) 

Figure 7-3. IEC Set Mode Command Word Format 

The following function codes are undefined: 

Op Code 

00 
00 
10 
10 
11 

Op Modifier 

00 
10 
10 
11 
10 

, 
Tl/7-7 
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7.1. 2 lEC DIB Configuration -- 11 words 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o word 

o 

I 

i 
REGULAR DIB 

CONFIGURATION 

6 

o 7 

o 8 

o 9 

o 10 

~--------.------------------------------------------------------~ 

Words 0-6 correspond to the regular DIB configuration described in Section 4. Words 
7-10 are zeros. 

7.1.3 IEC CIB Configuration -- 34 words 

Figure 7-4 illustrates the IEC Controller Information Block. 
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IEC CONTROLLER INFORMATION BLOCK 

Nllllla 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Word 

CaoR TC FOR IE:SIO--BEGINNING OF RECORD FLAG I 0 

CSEL7 TC FOR IE:SIO--SEL DA,7 I 1 

---1 JST I~: 2 
, 

I 
DATA $ CALLING LOC 3 

CTMPI I DATA 0 TEMP 1 4 ! 
,.--- -------

CTMP2 DATA 0 TF.MP 2 5 

-
CTMP3 DATA 0 TEMP 3 6 

CEBTSK DATA INTP: TASK ADDRESS 7 

DATA 8180 PRIORITY 8 

CNEWA DATA 0 9 

! -------------
CNEIIX DATA $-10 10 

---
DATA $-11 11 

--------------------
CAIDL CURRENT PICO IDLE STATE--INITIALIZE TO 0 12 

---- - "--._----
CDOG WATCHDOG FLAG FOR IE:SIO 13 

--
~NT TC 14 

CJ'l'BL DATA IECR: 15 NOTE: 

DATA IECW: 16 TC = Temp Cell 

DATA 0 17 

DATA IECF: 18 
-- ,------

CSPLOP DATA 0 19 
f---------

CDEL TC FOR IE:SIQ--WATCHDOG TIMER INSTR. (OOP) 20 
f----

CINTR TC FOR IE:SIQ-" .IEC WORD INTERRUPT ADDR. 21 

CADDLY TC FOR IOX--TIME DELAY FROM lOB 22 
f-----.---.-----

CSTPCH TC FOR IOX--STOP CHARACTER 23 
1------------------

CIOB TC FOR IOX--IOB ADDR. 24 
1-------------------- --

COP TC FOR lOX SCHED--OP CODE AND STATUS (lOB wd S) 2S 

CRCNT 

I 
TC FOR lOX SCHED--REQUESTED DATA COUNT (lOB wd 6) 25 

--
CBUFF 

~---
TC FOR lOX SCHED--DATA _BUFFE,( ADDR (lOB wd 7) 27 ._---------

CTCNT TC FOR IOX--ACTUAL DATA BYTE COUNT (lOB wd 8) 28 

CRCNTU TC FOR lOX SCHED--REQUESTED CONTROL COUNT (lOB wd 9) 29 
----

CDIB 'l'C FOR lOX SCHED--DJB ADDR AND BUSY FLAG 30 
----

CllU~'f'1J TC FOR lOX SCHED--CONTROL llUFFF.R ADDR (IOll wd 10) 31 
1------ ------- .. - .- ---.•. - ---- ---------------

S1'A'!'US 'l'C FOR nil': --STATUS 12 
---- - --- - ._-- .--.. -- .. -- ------.-_._-_._- - . ----- _ .. _. - --

o ~. 

CRTN L TC 1'01{ JE:SIQ--RETURN ADDRESS 33 
_____ • __ • ____________ • ___ "0 _ --

Figure 7-4. lEC CIB Configuration 
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7.1.4 lEC Device-Dependent Considerations 

write Control and Read 
Data to END 
(0001) 

Write Control and Read 
Data to END with Parity 
standardization 
(0011) 

write Control and 
Write Data 
(0100) 

Write Control and Write 
Data with END 
(0101) 

Write Control Only 
(0110) 

The contents of the control buffer (lOB word 10) 
are sent with the source handshake while ATN is 
true. The control buffer will usually contain 
interface commands which address a peripheral as 
the talker. The lEC then initiates the acceptor 
handshake. The peripheral will transmit data when 
ATN is false. The IEC receives data until an END 
message was received with a byte or the Auto I/O 
byte count reached zero. 

The handler will set bits 9 and 8 of lOB word 5 to 
the appropriate termination condition. The number 
of bytes transferred is returned to lOB word 6. 

A read data to END only operation is performed by 
issuing requested function code 0001 with the 
control request count (lOB word 9) equal to zero. 

This function is the same as function code 0001; 
during input, however, the I/O Distributor performs 
parity standardization on all data bytes. 

The control buffer is transmitted using the source 
handshake while ATN is true. The control bytes 
will generally address a peripheral to accept 
device programming. ATN is driven false following 
termination of the control sequence, and the data 
buffer is transmitted using the source handshake. 

A write data only operation is performed by issuing 
requested function code 0100 with the control 
request count (lOB word 9) equal to zero. 

This operation is the same as function code 0100 
except that the last byte of data is sent with the 
EOI control line true, indicating an END message. 

A write data with END only operation is performed 
by issuing function code 0101 with the control 
request count (lOB word 9) equal to zero. 

The control buffer is transmitted using the source 
handshake while ATN is true. The data request 
count (lOB word 6) must not he set to zero. The 
IEC will maintain control of the IEEE interface 
after the transfer by setting NRFD true. 
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Write Control and 
Ignore Data 
(0111) 

Wait for SRQ 
(1000) 

Get IEC Status 
(llOO) 

Set IEC Control Lines 
(1101) 

Get Parallel Poll Response 
(1110) 

All Other Function Codes 

ComputerAutomation ~ 

The control buffer is transmitted using the source 
handshake while ATN is true. ATN is driven false 
and remains false following termination of the 
control sequence. Peripheral to peripheral data 
transfers may occur with the IEC in this state. 
Any read or write request following this function 
will be prefaced with a Take Control Synchronously 
operation so the IEC will regain control of the 
IEEE interface. 

The IEC is instructed to wait until the IEEE 
control line SRQ is found true. The handler will 
return immediately if SRQ is true When the request 
is made. 

The IEC status is returned to lOB word 8. 

IEEE control lines ATN, REN, IFC, EOI, and SRQ 
af;sume the values contained in lOB word 6. This 
function allows the transmission of interface 
messages which involve these control lines, such as 
"interface clear" and "remote enable". Note that 
the handler changes the values of all these lines 
when performing other operations. 

An IDY remote message is sent for parallel polling. 
When the IEC is ready, the hahdler returns the 
result of the parallel poll to lOB word 8. 

No I/O 

7.2 A/D, D/A HANDLER PACKAGE (ADAHP) 

The Analog-Digital-Analog Handler Package (ADAHP) consists of six functional sub­
routines which perform typical analog-digital (A/D) and digital-analog (D/A) conver­
sions. The input subroutines allow the following capabilities: single input utiliz-

I 

ing'internal and external trigger modes; repetitive inputs from the same channel with 
external and internal clock triggers; and multiple inputs from sequential channels 
with external and internal clock triggers. The output subroutines include single 
channel output, and dual channel outputs with Z-pulse (intensification) on odd num­
bered channels. 

The ADAHP is atypical in that each subroutine is called directly by a task rather than 
called by IO:. Each subroutine locks the other out until it has finished. The 
general policy of adding 'pauses' between subroutine calls is needed to relinquish 
control to other tasks by the scheduler. 

The supplied tape contains two separate files. 
A/D/A subroutines plus several service routines. 

The first file contains the six main 
The second file contains dummy RTX 

routines (SUBX:,SUBR:,DELAY:). This second file must not be linked When creating an 
RTX system. The externally referenced RTX subroutines will be loaded from the RTX 
library. 

Refel: to the Analoq-Diqital-l\naloy Handler Package User's Manual, 93325-00AO, for a 
detail"d dpRt:ription. 

L __ . Revised 7/77 
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SECTION 1 

INTRODUCTION TO COMX 

COMX is a communications executive that is a subsystem of lOX that operates under 
R'rX/IOX control. The purpose of Cm-IX is to facilitate the input and output of 
communications information be providing the user with device and protocol independence 
when he writes his programs. (A thorough understanding of RTX and lOX is assumed.) 

Data communications requires far more flexibility than ordinary input/output. No 
universal driver is possible because of the variety of available terminals, protocols 
and interface devices and their possible combinations. CO~~'s two-level driver 
structure provides the needed flexibility. The Protocol Driver maintains the pre­
scribed line protocol and links the computer or terminal with the Device Driver. In 
turn, the Device Driver controls the hardware interface with the communications 
channel. COMX can maintain multiple protocol and device drivers and can link them as 
required, several protocol drivers to a device driver or vice versa, not necessarily 
one to one. 

COMX provides a standard Protocol Driver that implements the IBM Binary Synchronous 
Communications protocol (BiSync) with a standard Device Driver that drives the 
Synchronous Modem Controller (SMC). However, COMX also allows the user to write his 
own drivers for non-standard protocols and devices. The BiSync protocol interfaces 
with the user's program in a manner compqtible with the lOX device-independent 
specifications. 

Although numerous character code sets are used in various protocols, COMX provides 
translation to allow the application program to deal solely with ASCII. The user may 
even provide his own character code set and a table to be used in translation. The 
optional transparent mode permits transmission of data in any bit configuration. 

1.1 HARDWARE 

The hardware required for CO~~ implementation includes: 

LSI-2 or LSI-3/05 Series computer with a minimum of 8K words of memory to run 
COMX, 16K for development 

The standard interface devices that are supported are: 

Bell 20lC-compatible modem 
Synchronous Modem Controller ')35]] or 53617 

Other intnrface d('vice~~ on' ~;upporb'd on an llptiolldl ba:.,is, providing that the user 
wl·it.(~s his own drivt'rs t.o opt'r,lI:l' under COMX contnll. 
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1 • 2 SOFTWARE 

The required development software includes: 

LSI-2 or LSI-3/0S OS, DOS, FDOS 
MACR02 or MACR03 assembler 
RTX/IOX/COMX object library 

Tape No. 93300-30 and -31 for LSI-2 
Tape No. 93301-30 and -31 for LSI-3/0S 

COMX table(s) (provided by user) 

1.3 PROTOCOL DRIVERS 

When a programmer needs to write his own Protocol Driver for a non-standard protocol, 
COMX provides the facilities for 

• Causing a line connection to be made - or waiting for an incoming call • 
• Ignoring/reading input data until a prescribed character, or one of a group 

of characters, is received • 
• Transmitting or receiving data and control information until a special 

character, or one of a group of characters, is recognized • 
• Requesting translation of all transmitted or received data from EBCDIC to 

ASCII or the reverse, according to a COMX-supplied table, or to another 
character code set, according to a user-supplied table • 

• Analyzing, reporting and handling a line error status. (When an error 
occurs, the Protocol Driver is notified which, in turn, notifies the 
user's program.) 

• Disconnecting the communications line . 
• Block check calculation and verification with any given polynomial. 

1.4 CIRCUIT CONFIGURATIONS 

COMX allows for control ?f virtually any line configuration that conforms to a current­
loop or an RS232-standard convention. Device drivers are capable of driving half- . 
duplex, full-duplex or simplex modems. Full-duplex operation on the Distributed 
I/O System is supported by connecting two Intelligent Cables in simplex mode, one 
for input and one for output. 

1.S SYSTEM CONFIGURATIONS 

Protocol Drivers and Device Drivers are designed to accommodate more than one line of 
the same type. Hence, the BiSync standard Protocol Driver can be used to drive as 
many BiSync lines as a given user needs. At System Generation time, the user must 
specify the connections of drivers to lines and devices. Appropriate tables are 
constructed during System Generation to produce these connections. Figure 1-1 
gives the general flow of put:ting together a program using COMX. 
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DEFINE 
PROBLEM 

t 

PREPARE 
LOGIC FLOW 

X 
CODE 

PROGRAM 
IN MACRO 2/3 

t 

ASSEMBLE 

t 

LINK EDIT 
WITH RTXlCOMX 

t 

SYSTEM 
GENERATION 

I 

LOAD 
(LINKING 
LOADER) 

t 

DEBUG 

t 

INITIALIZE 
AND OPERATE 

Fiqure 1-1. Flow of Preparing a Program Using COMX 

III/1-3 



I 

~ 
I,r 
:1 

I 

ti 
"I 
I 
I 

--~----------------- --._--_._._---

1.6 RELATED DOCUMENTS 

The following documents provide related information: 

LSI-2 Series Minicomputer Handbook 
LSI-3/05 Software Manual 
Synchronous Modem Controller Interface 

Description 
General Information - Binary Synchronous 

Communications 
OS User's Manual 
OS Assembler Language (MACR02/3) 

Reference Manual 
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Pub. No. 

IBM Pub. 
Pub. No. 

Pub. No. 

91-20400-00 
90-20010-00 

91-20363-00 

No. GA27-3004 
96530-00 

96552-00 
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SECTION 2 

CONCEPTS OF DATA COMMUNICATIONS 

The purpose of any data communications system is to transfer information from point 
to point. Data communications permits data processing functions to be extended to 
remote locations so that data processillg facilities can be used with greater efficiency. 
Also, data communications can sometimes substitute for remote data processing equipment. 

A data communications system ordinarily consists of at least a sender, a receiver, 
a transmission medium and optional interface equipment (see figure 2-l). The data is 
sometimes processed, refined, reca<, c1l1ated or recorded, either in transit or entering 
the network. 

INPUT 

.... __ ..... INTERFACE 

EQUIPMENT 

TRANSMISSION 

CHANNEL OF 

MEDlUM 

~ __ ~INTERFACE~ ____ ~ 

EQUIPMENT 

Figure 2-1. Diagram of Data Communications 

9~IPI)T 

COMMUNICATION 
DEV1C.E. __ 

Input/output devices typica"ly are teletype keyboard, CRT, paper tape, magnetic 
tape, card, etc. COM::< as a sub~::ystem of RTX/IOX, support-s all of these. 

Interface equipment is most commonly a modem. The term "modem'" is a contraction of 
"modulator-demodulator." 'l'he modem controls the interface between a telephone line, 
or any other form of communications line (analog), and a terminal or computer (digital) 
and does the necessary analog/digital conversion. 

Messages are transmitted via a communications channel which most frequently is th.e 
public message network (telephone). The channel can also be a private line, a cable, 
radio, microwave, or evpn j m::: a pair of wires. 

2.1 DATA TRANSMISSION 

The transmission of data can be synchronous or asynchronous. In the former, resynchro­
nization of data on the line is done in intervals of blocks or frames. No start or 
stop bits are transmitted to sychronize individual characters. Incoming data bits are 
counted to form characters; and chqracters must be consecutive or an idle pattern 
must be transmitted to fill the gaps. 

\..../ In asynchconous transmisn ion, res"y'llchronization is accomplished for each character by 
using the character start and stop bits. 'rhere may be blank periods between the 
transmission of individual characters in a message. 
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'ommunications devices and interfaces are either asynchronous or synchronous. Usually, 
devices that operate at slower speeds are asynchronous. Typical applications are 
message switching and interactive time sharing systems. High speed tiansmission~' 
(1200 baud or higher) usually is synchronous. High performance communications use 
synchronous transmission to help cut overhead td a minimum. 

2.2 ERROR CHECKING 

Most protocols perform periodic error checking of the data received to ensure communi­
cations integrity. When the ASCII code set is used, an odd-parity check is performed 
on each character. Another form of checking is by a block check character (BCC), a 
form of longitudinal or "column" parity checking. The total bit count is accumulated 
at both the sending and receiving stations during transmission of a block. The 
transmitted BCC is compared with the accumulated BCC at the receiving station for an 
equal condition. In another form of block checking, the BCC is derived from the 
numeric binary value of the message divided by a constant. The quotient is discarded; 
and the remainder is used as the BCC. The receiving station checks its calculated 
remainder with the transmitted remainder for an equal condition. A common BCC is the 
16-bit polynomial Cyclic Redundancy Check (CRC). 

2.3 CIRCUIT CONFIGURATIONS 

The three basic circuit configurations are simplex, half duplex and full duplex. 
Simplex is the simplest. The circuit is arranged to transmit in one direction only. 
In a half~duplex configuration, circuits are arranged to transmit in either direction, 
one way at a time. A full-duplex circuit transmits in both directions simultaneously. 
Both duplex configurations are conversational. 

A channel links two or more communications stations and may encompass multiple circuits. 
However, in writing the application program, the user deals with the channel rather 
than the individual circuits. 

2.4 SYSTEM CONFIGURATIONS 

A variety of system configurations are possible. The two key factors in defining a 
system are: 

If the system is mUltipoint or point-to-point 
If the system is switched or nonswitched. 

A multipoint system has a central station and multiple tributary stations. Normally, 
this type of system has nonswitched, permanent data links. (A data link is everything 
required to connect two facilities, including interface equipment and trans.mission 
channel.) The central station selects and polls the tributaries. 

A point-to-point system consists of a communications facility between only two stations 
at a time. with a switched system, there may be multiple stations; but only two can 
be linked at anyone time. With a nonswitched system, only two stations~re involved. 

'1 a switched system, the data link may be freshly established for e,achtransmis$ion 
and may be brokel1 between transmissions. Normally, the data link ina $wi't,clle(:l, 
system is established by' manual or computer-controlled diat~ng pr<:tCedures USP't.9';;th~,{ 
telephone ,as ,the communicatiofisdevice. ' i ""i' 
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Nonswitched systems ahve leased or permanently connected communications lines that 0 
provide a permanent connection between stations. 

2 . 5 PROTOCOLS 

Communications protocols are analogous to the protocol used in telephoning. On a 
phone, the idea you wish to communicate ususally is preceded by a "start-of-message" 
phrase such as, "Hello, is Jane there? This is Ed calling." The person you are 
talking with may respond, "Hi. No, Jane is not in. Do you want to leave a message?" 
or, Hi. This is Jane." A phone conversation is ended with, "Goodbye, Jane," and, 
"Goodbye, Ed." 

In a similar manner, a communications protocol may preface data being transmitted 
with a start-of-text (STX) character and terminate the data with an end-of-text (ETX) 
character. The protocol may acknowledge the receipt of data with an acknowledge 
(ACK) character. Also, a protocol can provide header information for addressee/sender 
indentification, message numbering and additional control characters. 

2.6 TRANSMISSION CODES 

A transmission code set consists of graphic characters (numeric, alphabetic and 
special), functional characters and data link control characters. Graphic characters 
are those that can be printed or displayed. Each code provides different capacities 
for total graphics and functional assignments. The two most commonly used codes are: 1 

EBCDEC 

ASCII 

(Extended Binary Coded Decimal Interchange Code) - 256 assignment 
positions 
(American Standard Code for Information Interchange) - 128 assignment 
positions 

When either of these code sets is used with the transparent transmission mode, the 
flexibility of the communications system is further increased because all possible 
bit configurations are treated as "data only" within transparent text. Character 
parity checking also is available when transmitting ASCII-coded data. 
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SECTION 3 

CONCEPTS OF COMX 

The basics of COMX are simple. The user writes his program to input and output data 
using calls to the protocol driver via the standard RTX input/output block. COMX 
manages the communication with the Protocol Driver, which formats the data for trans­
mission and provides acknowledgement of received data. The Protocol Driver then 
calls the Device Driver, via RTX/IOX, to transmit the data to the line device (the 
modem controller) in a form acceptable to the transmission channel, translating the 
transmission code first, if necessary. Figure 3-1 diagrams the interrelationships 
between RTX/IOX, COMX and the Protocol and Device Drivers. 

It is quite common for an installation to use a single protocol and Protocol Driver 
for all devices. However, COMX is set up with the flexibility to link Protocol 
Drivers and Device Drivers in any configuration required - one to one or several to 
one. 

3 • 1 PROTOCOLS 

'-I A commonly used protocol is IBM's Binary Synchronous Communications protocol. This 
is the standard protocol supported by COMX and is referred to as "BiSync" in this 
document. Other protocols may be used with COMX: however, the user will have to 
provide the Protocol Drivers for them. 

3.2 TRANSMISSION CODES 

tvith COMX, the programmer usually handles data in ASCII format. When necessary, the 
Device Driver then translates the data to EBCDIC for transmission. EBCDIC is the 
code most commonly used with IBM and IBM-compatible communications devices. 
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Figure 3-1. Diagram of COMX 
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SECTION 4 

PROTOCOL DRIVERS 

A COMX Protocol Driver is a special kind of lOX driver that is designed to contrc;l 
the transmission of data along conununications lines. It uses lOX for its control 
so that it may be entered by a standard user call to 10:. It uses some of the normal 
lOX mechanisms and services, but also relies on many of its own. The Protocol Driver 
controls the line by issuing requests to the associated Device Driver. The Device 
Driver performs most of the work, as directed by the Protocol Driver's requests. 

The associations between application program, Protocol Driver, Device Driver and 
device address are made through the use of Logical units (LUNs) and Device Information 
Blocks (DIBs). The Unit Assignment Table (UAT) makes the associations. Each Protocol 
Driver is capable of supporting many lines by the use of Controller Information 
Blocks (CIBs) and (DIBs). An application program can be written to work on any 
Protocol Driver; and a Protocol Driver can work on any. Device Driver. 

4.1 CLASSES 

\....; I/O function requests modify the control performed by the Protocol Driver. Options 
can be turned on or off and line control can be modified. The exact method in which 
a Protocol Driver handles requests depends on the line control class: demand or 
continuous. A Demand Control Class driver acts only on demand and needs no attenl:ion 
between requests. However, a Continuous Control Class driver is in operation con­
tinuously once it has been started, even when it has no specific request to be 
handled. 

Demand Control Class 
In the Demand Control class, reading and writing are done only when the application 
program directs. Only simple line protocols can be implemented within this class 
without placing part of the burden on ~he application program. A Protocol Driver in 
this class words like a standard lOX driver except for the method of issuing requests 
for I/O operations. The CIB-DIB (Controller Information Block - Device Information 
Block) interlock works like that of the standard lOX. When a request is issued and 
the CIB is available, the driver is entered with th~ address of the CIB. The Protocol 
Driver then issues its I/O requests by calling a Protocol Driver Service Subroutine 
that issues I/O requests to the Device Drivers. The Protocol Driver receives control 
back from the subroutine when the I/O operation is complete. After completing all of 
its fJrocessing, the Protocol Driver can reissue the I/O request to process the next 
hlock of data by callillg the .lppropriate service routine, or it can exit to EOR: (lOX 
End-of-Rcq:uest, routll1(') to ('ompll'f:t~ the user's n·qucst, and release the CIB':'DIB inter­
lock. 'l'he sarvie(' r()lItiIH'~; <In' d(!~;crib(·d lat()l' in tlds section. 

JII/4-1 



ComputerAutomation <rA 
Qtinuous., Control Class 

In the Cont.imuous Control class, transmissions over the line take place independent 
of application program requests. Once communication has begun, the Protocol Driver 
is continuously performing I/O in order to retain control of the line. This class i~; 
used whenever the line protocol requires that each station stay synchronized with the 
control and/or data flow across the line. 

A Protocol Driver can be written to use multiple DIBs per CIB (e.g., an IBM 2780 
terminal with two stations-a CRT and a printer) or only one DIB per CIB (e.g., point­
to-point circuit). Figure 4-1 diagrams the former case. 

., IBM 2780 , 
TERMINAL 

(CIB) 

CRT 
(OIB) 

LINE 
PRINTER 

(OIB) 

Figure 4-1. Example of l"ultiple DIB's per CIB 

In the case of multiple DIBs per CIB, the Protocol Driver can poll by following the 
chain of DIBs, polling all that have a READ request pending at the top of the queue. 
Then the Protocol Driver can issue a selection sequence rather than a poll. Sub­
routine CPLCRQ (Protocol Driver Services 1 ) can be used to test the queue for these 
requests. If an acknowledgement to selection or positive response to poll is received, 
then the Protocol Driver may allow lOX to schedule the pending READ or WRITE request 
via the normal lOX mechanisms to initiate this action. This subroutine (CPLCRQ) is the 
main interface with the lOX request scheduling mechanism. The CIB-DIB interlock must 
be kept busy during normal control operations, such as polling, so that the Protocol 
Driver, rather than lOX, can select. the DIB/request to process next. 

After determining that a particular pending request is to be processed, the Protocol 
Driver can use the service subroutine CP:EXR to set up the interlocks in the proper 
order to ensure operation. When an operation is complete, the CP:EOR routine can be 
called to complete the request. 

In the case of a single DIB per CIB, the complexity is reduced, but the rules stay 
the same. In other words, the Protocol Driver maintains control of the line until 
time to transmit or receive data. The queue then is checked for the appropriate 
request at top of queue. If found, lOX is allowed to schedule the request as above. 
The request termination procedure also is the same. 

Some protocols (e.g., BiSync) require constant attention on the line looking for 
input, but are not really polling. If a WRITE request is issued by an application 
during this period of time, the Protocol Driver can begin immediately to perform the 
request, assuming that data is not currently being received. To allow the immediate 
processing of the WRITE l"Nlupst from lOX, the CIB-DIB interlock should be left 
,j,) Jo~ked f'ither unU 1 i-hI.' 1 i.no be-gin:; t,) ri'ceiv<' data or until a user request is 

"'fPCt· Ivcd. 
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11.,~ BTSYNC PROTOCOL Dl:{IVER 

'Cill.' BiSync protocol I was designed by IBM to 
tion:; with hiqh-speed, synchronous modems. 
folluwing features of the protocol: 

provide reliable half-duplex cornrnuni(a.­
The BiSync Protocol Driver implemenb· th., 

• Insertion and deletion of start-of-text (STX), end-of-text(ETX), end-of-bloc< 
(ETB) and/or end-of-intermediate-block (ITB) characters around t.he message. 

• Line sequencing through enquiry (ENQ), acknowledgf' (ACK) and end-of-transmis!': ion 
(EDT) characters. 

• Acknowledgement of receipt of messages. 
• Cyclic redundancy error checking on text data. 
• Timeouts on line failures . 
• Error recovery via retransmission (retries). 
• A choice of character sets (ASCII or EBCDIC) . 
• An optional transparent mode of operation in which every possible bit config .lra­

tion is valid data. 
• User line control. 

With the BiSync driver, the station may lock the communications line while transmittin'J. 
In Normal Line Control mode (default), the Protocol Driver will lock the line int:) 
WRITE mode before transmitting user data during a WRITE request. The line is the.'l 
unlocked to other requests after transmission. (This should not be confused with the 
CIB-DIB interlock.) In User Line Control mode, the line is not unlocked after a 
WRITE operation. A sequence of WRITE requests can be issued, the first one locking 
the line into WRITE mode and the last one (identified by the user) unlocking th€ 
line. A WRITE request issued when the line 1.S already locked by the other station is 

'-"i an error and is flagged accordingly. 

, I 

No general restrictions are imposed by the BiSync protocol on the length of data 
transmissions. However, a maximum length of 400 bytes is frequently specified by 
many commercially available terminals. As the byte count increases beyond this 
value, block checking is increasingly likely to miss errors, particularly when th(~ 

EBCDIC code set is used. 

Requests issued to the BiSync Protocol Driver are initiated one at a time in priority 
order (by task priority). No simultaneous processing of requests is performed. 

The BiSync protocol is called and its options are selected by the BSC macro which is 
defined in a later section. 2 

11"or uetailf'<1 infonniltj on un thi:; protocol, refer to General Information - Binary 
2SYllchrolloll~; ('umnnlllic<.ltioll~', Inl'>1 Pub. No. GJ\27-3004. 
Sec t i nIl (). 2 . 
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4. 3 PROTOCOL DRIVER SERVICES 

Several service routines exist to aid in the writing of Protocol Drivers. These are 
available for all Protocol Drivers. 

The service routines have a great deal in common; concepts, calling and return 
sequences are quite similar. The following conventions are common to all services: 

1. All services are called with the appropriate CIB address in the X register, 
unless otherwise noted. At return, the X register contains the CIB address. 

2. All I/O-oriented requests have an error return and a normal return. The error 
return is in the next location beyond the call. The error status (Protocol Driver 
lOB word 5) is returned in the A register. The normal return is in the next 
location past the error return. 

3. For the several requests that allow for the checking of special characters by 
table comparisons: 

a. A sequence is defined as a single character or two characters (ordered) 
denoting a special meaning in the protocol. 

b. Sequence tables are used for checking data. A sequence table consists of 
contiguous one-word entries. Each word contains a one- or two-character 
sequence (left-justified if one character). 

c. If the table address is zero, no checking is performed. 

Requests are in the form of subroutine calls or macros.' Usually, the macros merely 
create the specific subroutine calls. 

CP:SIO (Start I/O) 

The CP:SIO subroutine performs an operation using the lOB in words 1-10 of the CIB.' 
The logical unit for the I/O operation is obtained from DIB word DLUN, using the DIB 
whose address is in ClB word CPDIB. CP:SIO will return to the lOX scheduler SCH:, if 
necessary (CBOR = 0) . 

Calling sequence: 

EXTR 

LOX 
JST 

CP:SIO 

CIB Address 
CP:SIO 

ERROR RRTURN 
NORMAL RE'I'URN 

PJ~ turn:; with: 

INTERRUPTS - ENJ\IU,lm 
STA'l'US - UNCIIANGED 
A REGISTER - STI\'l'US, IF gRl{Of{ 
X REGISTER - UNCHANGED 

1Subsection 4.5 III/4-4 
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Thc' CP: X ro subroutine performs an I/O operation using the lOB in words 1-10 of t !le 
ClB. The rOB is set up as requested in the calling sequence. 

In C'alU ng Se:quence 1, a control sequence is written from a protocol table. The 
OPC< JDE must specify a WRITE operation. The TABLE NUMBER parameter specifies 1.\7hich 
tdh.!.e in the Protocol Master Table list is used; and OFFSET specifies the word in 
tthlt° tdble that contains the sequence to be transmi ttr~d. 

In cuu'iny Sequence 2, any I/O operation can be performed. The OFFSET parameter 
sp':c ifies the table to be used for stop-character checking; a zero requests no 
ch"cking. OFFSET is the table position in the Protocol Master Table list. BUFF ~R 
ADDHESS and BYTE COUNT can be specified or may be zero, in which case. this infor'latioll 
is toaken from the caller's lOB (found in CBUFF and CRCNT). The BUFFER ADDRESS L; a 
byte address. Symbolic opcode definitions can be found in the RTX/IOX/COMX MACROS 
file. 1 

Calling sequence 1: 

EXTR 

LDX 
LAP 
JST 
DATA 
DATA 

followed by: 

Returns with: 

CP:XIO 

CIB Address 
OFFSET 
CP:XIO 
IOCODE 
TABLE NUMBER 

ERROR RETURN 
NORMAL RETURN 

INTERRUPTS - ENABLED 

or Calling Sequence 2: 

EXTR CP:XlO 

LDX CIB Address 
LAP OFFSET 
JST CP:XIO 
DATA OPCODE 
DATA 0 
BAC BUFFER ADDRESS 
DATA BYTE COUNT 

A REGISTER - TABLE POSITION, IF NORMAL; STATUS, IF ERROR 
X REGISTER - UNCHANGED 

CPREAD (Protocol Driver READ) 

This macro produces a call to CP:XIO to perform a READ operation. The OFFSET para­
meter specifies a stop-sequence table by position within the Protocol Master Table 
list; a zero denotes no stop-character checking; a -1 denotes that thE' program already 
has set up the A register to call CP:XIO. 

The various options specify the opcodc, buffer address and byte count symbolically. 
'rhe option,; muy be !;peciri,>d in any meaningful combinati on. Input too the caller's 
bUrrpl: is ~111ow('d; hnt nt) other buffer can be provided via this macro in which to 
~;toon' illcomillq ddt.]. 1"iql1n~ 4-2 show~; ('xilmple!;. 
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Q n though XLAT, ACHK or CCHK may be specified in the macro call, the protocol lint~ 
B may not contain specifications for their processing. If the DrB contains a null 

value (zero) for one of these, no processing will be done, despite any request in the 
calling macro. No error will be indicated in such cases. 

If the Protocol Driver specifies a character timer in the lOB (in clock ticks), data 
must be received within that time interval. An error will be indicated if data does 
not appear or continue to appear within that time. 

Calling sequence: 

CPREAD OFFSET[,options[, •• ]] 

where options are: 

DELT 

TEXT 

ACHK 

XLAT 

CCHK 

INIT 

CHK 

Delete all incoming data until first unspecified character. 

Data is text; caller's buffer (from CBUFF and CRCNT) will be used 
to store data. 

Accumulate checksum (BCC) on incoming data. 

Translate incoming data prior to storing in buffer. 

Treat incoming data as checksum (BCC) and check it for validity. 

READ initialization (i.e., start of new transmission). 

The next data character or sequence received must be a stop 
character. Otherwise, error status is indicated and the received 
character(s) is returned in lOB word CBUFF. 

This macro returns in the same way as CP:XIO. 

CPREAD STXTBL,INIT 

will check all received characters until a character or 
sequence specified in the STXTBL table is found. Return 
will occur when a proper character or sequence is found 
or when an error occurs. At normal completion, the table 
position of the received character is returned in the A 
register. 

CPREAD ETXTBL,TEXT,ACHK,XLAT 

will ~AD, translate and accumulate checksum on each char­
acter received and store each in the caller's buffer 
(CIB word CBUFF). The request will terminate normally upon 
receipt of a character or sequence contained in ETXTBL. 
Abnormal termination occurs upon expiration of the caller's 
byte count ('TH word CRCNT) or an error. 

Fiqurc 4-2. Examples of CPREAD 
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(:?~!~~T (Protocol Driver WRITE) o 
'rhis macro produces a call to CP: XIO to perform a WRITE operation. Data to be w} i tten 
can originate from the caller's buffer (CIB words CBUFF and CRCNT) or from a prot.ocol 
sequence table. 

'J'he OFFSET parameter serves two functions in this macro call. It specifies the table 
numb0r in the Protocol Master Table list to be used for stop-sequence checking while 
writing from the caller's buffer. Also, it can specify the sequence to be transndtted 
when the data comes from a protocol sequence table. When in the latter mode, protocol 
sequence table 1 is used arbitrarily (i.e., the table addressed at one word into tho 
Protocol Master Table list is the sequence table from which control sequences may be 
transmi tted) • 

When the OFFSET parameter is used to specify a stop-sequence-checking table, the 
parameter may be: 

o = nO stop checking 
-1 the A register already has been set up by the program to call CP:XIO 
+n a positive value giving the stop-sequence-checking table to be used 

The various options specify opcode, buffer address and byte count for the CP:XIO 
call. If an option is specified in the macro call that is not requested in a protocol 
line DIB, processing will not occur and no error will be flagged. Examples of 
CPWRIT are shown in Figure 4-3. 

Calling sequence: 

CPWRIT OFFSET [ , option [, • . .]] 

where options are: 

TEXT 

XLAT 

ACHK 

WCS 

INTS 

Data is text; caller's buffer (from CBUFF and CRCNT) contains the 
data to be transmitted. 

Translate data prior to transmitting. 

Accumulate checksum (BCC) on outgoing data. When used in a 
request with ENDS or INTS, this option transmits the accumulated 
checksum after the requested data. 

Write control sequence or control character specified as OFFSET 
into table 1 of the Protocol Master Table list. 

Intermediate stop specifies that a stop sequence is in process 
without a line turnaround. If ACHK is specified, the accumulated 
checksum is transmitted after completion of the requested WRITE 
operation. 

HDR Write the header, if one is contained in the DIB, ahead of the 
given data. 

ENDS Perform an ending stop sequence with a line turnaround. After 
completion of the WRITE operation, the appropriate pad characters 
are transmitted. A line turnaround occurs if required by the 
line being used. If ACHK is specified, the accumulated checksum 
i:, tr-dnsmitted prior to pad character transmission. 

This macro rct·lIrn~{ in t.hl' !;,une WiJ.y as CP: XTO. 

llI/4-7 
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CPWRIT STXSEQ, WCS, HDR 

causes the control sequence addressed at STXSEQ in the 
first table in the Protocol Master Table list to be written 
out with a header preceding it. 

CPWRIT SPEC,TEXT,ACHK,XLAT 

causes the caller's buffer (CIB word CBUFF) to be trans­
lated and written to the line. Checksum is accumulated dy­
namically. If any characters or sequences in the data cor­
respond to values in the table of special characters SPEC, 
the request is completed. This usually means that an error 
in the user's data has occurred. 

CPWRIT ETX,WCS,ACHK,ENDS 

causes the control sequence addressed as ETX to be written 
over the line, accumulated into the checksum and followed by 
the proper checksum and pad character sequence. If the pro­
tocol or line is half-duplex, a line turnaround takes place 
after transmission is complete. 

Figure 4-3. Examples of CPWRIT 

CPFUNC (Protocol Driver FUNCTION) 

This macro produces a call to CP:XIO to perform a FUNCTION request. The parameters 
available for each function are described later in this section.' 

Calling sequence: 

CPFUNC FUNCTION[,parameter[, ••• ]] 

where the functions are: 

LNP Set Line Parameters 
SPC Set Special Character 
SYN Set Sync Character 
INT Initialize Line 
ENL Enable Line 
DSL Disable Line 
RST Read Status 
RON Raise and/or Wait for Data Set Lines on 
LOF Lower and lor Wait for Data Set Lines Off 
RVC Reverse Channel 
BRK Issue Break 
NSY Issue New Sync 
RSY Reestablish Synchronization 
SDW Set Device-Dependent Word I 
ROW Reset Device-Dependent Word I 

macro returns in the same way as CP:XIO. 

'Subsection 4.5, FUNCTION Requests 
III/4-8 
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~P:INT (Protocol Request Initialization) 

\,....,- This subroutine initializes variables upon entry into the driver as necessary to 
perfonn a Protocol Driver I/O request. It also raises the task priority to CPDPIU 
(:8178), the standard Protocol Driver priority. 

v 

Calling sequence: 

EXTR CP:INT 

label JST CP:INT 

Returns with: 

INTERRUPTS - ENABLED 
A REGISTER - UNDEFINED 
X REGISTER - CIB ADDRESS 

CP:EXR (Execute Request) 

entry from I/O Scheduler with I/O request 
to process 

This subroutine causes the appropriate lOX scheduler mechanisms to initiate the I/O 
request at the top of the queue linked from the specified DIB. Return is not immediate. 
Upon return, the lOB is in process and the CIB-DIB interlock is set as requested. 

Calling sequence: 

EXTR 

LOX 
LDA 
JST 

Returns with: 

CP:EXR 

CIB Address 
DIB Address 
CP:EXR 

INTERRUPTS - ENABLED 
STATUS - UNCHANGED 
A REGISTER - UNDEFINED 
X REGISTER - UNCHANGED 

X REGISTER CONTAINS POINTER TO CIB 
A REGISTER CONTAINS POINTER TO DIB 

CIB-DIB INTERLOCK SET AS REQUESTED 

CP:CRQ (Check Request Queue) 

, 

This subroutine checks the lOB queue of pending requests in the DIB. If the top 
entry has the opcode specified, the FOUND return is taken; otherwise, the NOT-FOUND 
return is taken. Upon return, the opcode and modifier fields from the lOB are left 
in the A register in the same format as in the lOB. 

III/4-9 



o· Calling sequence: 

EXTR 

LDX 
LAP 
JST 

Returns with: 

CP:CRQ 

DIB Address 
OPCODE 
CP:CRQ 

INTERRUPTS - ENABLED 
STATUS - UNCHANGED 

X REGISTER CONTAINS POINTER TO DIB 

NOT-FOUND RETURN 
FOUND RETURN 

A REGISTER - lOB OPCODE, MODIFIER FIELDS 
X REGISTER - UNCHANGED 

CP :EOR (End of Request) 

This subroutine terminates a user's I/O request by BEGINning the lOX EOR: routine. 
Control then is returned with the CIB-DIB interlock left as it was upon entry. 

Calling sequence: 

EXTR 

LDX 
JST 

Returns with: 

CP:EOR 

CIB Address 
CP:EOR 

INTERRUPTS - ENABLED 
STATUS - UNCHANGED 
A REGISTER - UNDEFINED 
X REGISTER - UNCHANGED 

X REGISTER CONTAINS POINTER TO CIB 

CP:ERI (End of Request, Return to Scheduler) 

This subroutine terminates a user's request by BEGINning the lOX EOR: routine, then 
returns to the I/O Scheduler through IORTN:. 

Calling sequence: 

EXTR 

LDX 
,IS'l' 

CP:ERI 

CIB l\ddl'f'SS 

CP:l':R'1 

X REGISTER CONTAINS POINTER TO CIB 

111/4-1.0 
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4.4 INPUT/OUTPUT REQUESTS 

~' The user's requests for I/O operations are processed by the Protocol Driver. The 
Protocol Driver in turn uses 10: and its own lOB to issue requests, to the Device 
Driver. The three types of I/O requests are READ, WRITE and FUNCTION. The macros in 
the previous subsection (CPREAD, CPWRIT and CPFUNC) can b(~ llsed to initialize some of 
the words described below. 

operation Code and Status Word 

Word 5 of the lOB defines the operation requested and, upon return, the status of 
that request. The format of the word is: 

Operation Word 

Bits 
0-1 

Definition 
Operation code modifier 

READ mod 00 read characters 
READ mod 01 = delete characters 
READ mod 10 = checksum verify 
WRITE mod 01 = write characters 

2-3 Operation code 

5 

6 

00 = READ 
01 = WRITE 
10 = FUNCTION 

Character control 
a = store characters 
1 = discard characters 

Message type 
a = control message 
1 = text message 

8-9 Operation code transfer modifier 
00 = no modification 
READ mod 01 = initial transfer 
WRITE mod 01 intermediate transfer 
WRITE mod 11 = ending transfer 

10 Translate 
11 Accumulate checksum 
12 Header requested 
13 Next character must be a stop character 

Status Word 

Bits 
14 
10-13 

Definition 
1 = error 
Error code if bit 14 is set 

o 1ine C'rror (see word CLSTAT in CIB for detailed status) 
,I('vie(' lInn'sponsjv(' 

:~ i IIVi.I.I i d <:!u'ck:;um 

I 1I"l! I/O OCVllfT(!r! 

tl i IlVd l.i,d I,UN 

" r('qllt'st~ requested 
input bllffer full 
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'I 

:0 CLSTAT - Line Status Word 

,. 14 '3 '2 " '0' • 7 • • 4 3 2 

" II I 
V 

\. 
INPUT ERRORS (7-15) V 

Bits 
a 
3 
5 
6 
7 
8 
9 
10 
12 
14 
15 

READ Requests 

OUTPUT ERRORS 
\.. 1 

'Y 

TERMINATION ERRORS (3-11) 

Definition 
Transmit data overrun 
Transmit framing error 
Transmit timeout 
Loss of CTS 
Loss of DSR 
Loss of CD 
Special timeout 
Receive timeout 
Receive framing error 
Parity error 
Receive data overrun 

(0-9) 

A READ request is made with an rOB designating: 

Requested Function Code - READ (0) 

o 

I 

Requested Count - Maximum Byte Count for this READ 
Buffer Address - Caller's Buffer Address 
Word 9 - Termination Table Address 

Operation Code Modifier = 00 
The Device Driver processes the READ request by inputting and optionally storing 
characters in the user's buffer, until the requested byte count is satisfied or a 
character or sequence in the termination table is detected. In the latter case, 
the termination character may be stored in the user's buffer; its displacement in 
the termination table is returned in the A register. The actual transfer count 
contains the number of characters stored in the user's buffer. Characters input 
but not stored are not counted. 

Operation Code Modifier = 01 
The Device Driver processes the READ request by deleting characters from the Device 
Driver input buffer until a character or sequence in the termination table is not 
detected. This could be used to strip leading blanks or trailing pad characters. 
The actual transfer count contains the number of characters deleted. 

()IH'ldtj"II(·()d(·M(jd.ili(~1 ,. 1() 
'1'11/' Il,:vi('" III jv," l'I'(,(,c':;:;"': lilt' I~I':I\I) 1'(''IIl<'~:1 hy IC'ddill'l Illc' ldlH'k Clll'('k (~hilrach'r(s) 

0111<1 VC" i 1'/ ill,! III" "''''''1\::11111. 
('~ , 

./ 
1\11 ('XdIllP'(' "I till' If II'. I", .11<1-:1\11 I" ::IICIWII ill "'j,!lIl(, 11-11. 
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JOB when READ request is made 

WORD DEFINITION r--.---.. -.-~ 
r----. ------.-------1 

4 400E 

5 OC40 

6 0100 

7 2000 

--_._-
8 0800 

9 0000 

10 ~i _____ 0_l_2_C ____ ~ 

Logical Unit Number of device (:4000 + 14) 

READ characters and store into given buffpr, 
text message, translate to ASCII, accumulate 
checksum 

Store up to 256 characters 

Byte address of user's buffer; buffer starts 
at :1000 

Byte address of protocol stop-sequence table 

No protocol modification routine 

Protocol input character timer of 3 sees 
(300 ticks) 

lOB upon completion of READ request 

WORDr-____________ , DEFINITION 

l 1 
4 400E Unchanged 

5 0040 No errors (bits 10-14) 

6 0003 Last character read was'S' 
~-

2000 7 Unchanged 

002A 8 Actual count read was 42 characters (bytes) 
--. I 

0000 9 Unchanged 
1----. 

012C 10 Unchanged 

Figure 4-4. Example of I/O READ Request from Protocol Driver to 
Device Driver 
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'A WRITE request is made with an lOB designating: 

Requested Function Code - WRITE' (0) 

Requested Count - Maximum Number of Bytes of Data in Buffer 
Buffer Address - Caller's Buffer Address 
Word 9 - Termination Table Address 

The Device Driver processes the WRITE request by transmitting characters from the 
caller's buffer or control character table until the byte count is satisfied or a 
character or sequence in the termination table is detected. In the latter case, the 
termination character(s) is transmitted or not, depending on the state of a flag bit 
in the lOB; and the displacement of the termination character in the termination 
table is returned in the A register. 

FUNCTION Requests 

A FUNCTION request is made with an lOB designating: 

Requested function code - FUNCTION (10) 
Operation modifier - 10 (COMX function) 
Requested count - COMX function code (Table 4-1) 

Information required by the various COMX function codes is stored in the lOB (word 7) 
as required for each function. The two types of function codes are queued and 
immediate. An immediate function code is processed when it is detected, despite any 
other concurrent operation. For example, the function code Halt I/O will be' processed -' 
while a WRITE operation is in progress. Queued functions are processed as they come 
to the top of the queue. The function codes are given in Table 4-1. 

Parameter Word Definitions 

The following functions have parameter words associated with them: 

Code 1 - set Line Parameters 

Bits Definition 
a Parity enable 1 = enabled 
1 Parity select 1 = even 
2-3 Word length select 

(modulo 5) 00 = 5 bits, 11 = 8 bits, 

Code 2 - Set Special Character 
lb 14 IJ 12 11 10 9 8 7 I 5 4 3 2 1 0 

[_,J.._-L __ J. _~ _J..., : I CHARACTER ; I I I 

Cur! ( ~ .~ - !i(!t Sync ('lla rae h 'I' 

Or r t_~ .. I~ ___ '.3" ·~O-~-~··~o '._._8..,r--' __ ·-c-~-n-A~-C'l'-3_E-R-2 __ 1_0_ 

. L ... l ---- L_.l,_ I I ..L_...L -+l......lL..-..L--L--+,-..I..-..L-.... ....., 
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CODE 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

v 
10 

11 

12 

l3 

14 

15 

~L 

Table 4-1. Function Codes 

FUNCTION 

Invalid 

Set line parameters 

Set special character 

Set synch character 

Initialize line 

Enable line 

Disable line 

Read status 

Raise and/or wait for data set lines on 

Lower and/or wait for data set lines off 

Issue reverse channel 

Issue break 

Issue new sync 

Reestablish line synchronization 

Set device-dependent word 1 

Reset device-dependent word 1 

III/4-15 
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.Codes 8 and 9 - Raise/On or Lower/Off Data Set Lines 

Code 

4.5 

lS 1. 13 12 11 10 , 8 7 I I 4 3 2 1 o [1-1-'~--~----'T"-?--:------""'" 
\. .... -----....... 'V~---Jl , Y J 

Bits 
o 
1 
2 
3 
4 
5 

14 -

Bits 
15 
14 
l3 
12-0 

WAIT FOR ON OR OFF RAISE OR toWER 

Set 

Definition 
Transmi t mode 
Receive mode 
Echo mode 
Loop-back mode 
Data terminal ready 
Request to send 

Device-Dependent Word 1 

Definition 
Transmit modification 
Transmit transparent mode 
Receive transparent mode 
Device dependent 

Bits 
8 
9 

10 
11 
12 
13 

PROTOCOL DRIVER TABLES 

Definition 
Data set ready 
Clear to send 
Carrier detect 
Rirtg indicator 
Signal quality 
Secondary channel 

receive 

The Protocol Driver requires tables that relate to the protocol driving function and 
tables that relate to the RTX/IOX environment in which it runs. Each line must 
have a Protocol Driver CIB and a Protocol Driver DIB compatible with the equivalent 
lOX tables. Each Protocol Driver must have a set of protocol tables. In the master 
station of a multi-drop line, each terminal should have its own DIB. Details of the 
tableS are given in an appendix. 1 

Controller Information Block (CIB) 

The Controller Information Block for the Protocol Driver contains 37 words, most of 
which are standard for lOX. The words that have been changed or added for the COMX 
Protocol Driver are: 

WORD 

20 
21 
31 
1') 

~r, 

n 

1 l\PPl!IHiix C 

CONTENTS 

Protocol Driver Flags 
Protocol Master Table Address 
DIB Word 8- Protocol F1aqs 
Telllpora cy Storaq(~ 

'l'(!mpot"ary SLori1<J(' 

l.c:l1q t:h of I' r()l:oco I (' r II - CI'~;'J'/. I I 

llI/4-16 

-,,' 

.~ ~, 

" 

I 
:1 

! 
'~ 1, 
,'I 

I'~ 
.~ " 



'''"--'' 

\....,.J 

'J'h('~ flags in • Word 20 are definod as: 0 
Bits Definition 
13-15 NAK Counter 
10-12 Invalid ACK Counter 
8-9 Timeout Counter 

7 Inter-Block Flag 
6 Transparent Mode Flag 
5 Acknowledgement Flag 
4 WRITE Request Outstanding 
3 READ Request Outstanding 

0-2 Current Protocol State 

Device Information Block (DIB) 

The Device Information Block for the Protocol Driver contains 29 words, many of which 
are standard for lOX. The words that have been changed or added for the COMX Protocol 
Driver are: 

WORD CONTENTS 

7 Input Char Timer Value 
8 Protocol Flags 

10 Device/Protocol-Dependent Flags 
11 Maximum Block Size 
12 Line Parameters 
13 Input Translate Routine Address 
14 OUtput Translate Routine Address 
15 Device LON 
16 Line DIB Thread 
17 Subroutine Return Address 
18 Temp Cell 1 
19 Temp Cell 2 
20 Checksum Routine Address 
21 Checksum Flags 
22 Checksum Polynomial 
23 Checksum Accumulation 
24 Header Byte Count 

25-29 Header Bytes 1-10 

The device-dependent and protocol-dependent flags in Word 10 are defined as: 
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(~ Protocol Master Table 

The protocol Master Table contains an entry for every protocol table, except DIBs 
and CIBs, that are required for a given Protocol Driver. 

Control Message Table 

The Control Message Table is segmented. Each segment consists of a word giving the 
message length (in words), followed by the message itself. There can be as many 
segments as the Protocol Driver requires. 

Sequence Table 

Sequence Tables hold sequences of control characters that are used by some of the 
Protocol Driver service routines (e.g., CPREAD, CPWRIT). Word 0 of the Sequence Table 
contains flags and the number of contiguous one-word entries following it in the table. 
Each entry word contains a left-justified, one-character sequence or a two-character 
sequence. In the example shown in Figure 4-5, the first two entries have only one 
character; the remaining one has two. 

The 

() 

WORD 

0 

1 

2 

3 

flags 

Bits 
15 
14 

13 
12 
11 
10 
9,8 

are 

BITS 15-8 BITS 7-0 CONTENTS 

FLAGS 3 Flags and Number of Entries 

EICI 0 Entry 1, Character 1 

E2Cl 0 Entry 2, Character 1 

E3Cl E3C2 Entry 3, Characters 1 & 2 

Figure 4-5. Example of a Sequence Table 

defined as: 

Definition 
Reserved for use by the Device Driver. 
Error - the first character of a two-character sequence is found, 
but the second does not immediately follow. 
Error - the next character is not a character sequence in the table. 
Error - a character sequence in the table is found. 
Transfer (store) character sequence found. 
Accumulate checksum on character sequence found. 
Undefined. 
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SOC'rION 5 

DEVICE DRIVERS 

A COMX Device Driver is a set of routines running as a driver under lOX, designed to 
transmit and receive data over a communications line. A COMX Device Driver has more 
capability than an lOX driver. As directed ~ the Protocol Driver, the Device Driver 
actually controls most activity on the line. 

Certain limitations (device-dependent c8nsiderations) exist due to the characteristics 
of the lines, protocols, controllers, etc. for example, the BiSync protocol cannot 
be run on an asynchronous device; and an asynchronous modem cannot be run on an SMC 
(Computer Automation's Synchronous Modem Controller). 

5.1 SYNCHRONOUS MODEM CONTROLLER DEVICE DRIVER AND ROUTINES 

Computer Automation's Synchronous Modem Controller (SMC) interfaces only with synchro­
nous modems. The SMC device handler, which is the standard device handler in COMX, 
controls most of the activity on the communications channel, as directed by the 
Protocol Driver. Like any user-written Device handler, the SMC device handler 
consists of several device-dependent routin~s called by the COMX Device Driver. The 
functions of these routines are described below. 

Set Line Parameter 

When applicable to the device, this routine presents the device with the given line 
parameter word. 

Called by: 

CD:LNP COMX Device Driver Line Parameter Subroutine 

Calling sequence: 

LDA line-parameter-word (defined under CD:FLP function!) 
JST DEVDEP CALL DEV-DEPENDENT ROUTINE 

ERROR RETURN 
NORMAL RE'lURN 

! Subsection r).:3 
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Set Sync Character 

When applicable to the device, this routine presents the device with the synchroniza­
tion character from the Line Information Block (LIB). 

Called by: 

CD:SYN COMX Device Driver Sync Character Subroutine 

Calling sequence: 

JST DEVDEP 

Set Special Character 

CALL DEV-DEPENDENT ROUTINE 
ERROR RETURN 
NORMAL RETURN 

When applicable to the device, this routine presents the device with the special 
character from the LIB. 

Called by: 

CD:SPC COMX Device Driver Special Character Subroutine 

Calling sequence: 

JST 

Initialize Line 

DEVDEP CALL DEV-DEPENDENT ROUTINE 
ERROR RETURN 
NORMAL RETURN 

This routine initializes and/or resets the device and line, as necessary. 

Called by: 

CD:INT COMX Device Driver Initialization Subroutine 

Calling sequence: 

JST DEVDEP CALL DEV-DEPENDENT ROUTINE 
ERROR RETURN 
NORMAL RETURN 
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Enable Line 

This routine does whatever is necessary to enable the communications line through the 
device (e.g., raise DTR). 

Called by: 

CD:ENL COMX Device Driver Enable Line Subroutine 

Calling sequence: 

JST DEVDEP 

Disable Line 

CALL DEV-DEPENDENT ROUTINE 
ERROR RETURN 
NORMAL RETURN 

This routine does whatever is necessary to disable/disconnect the communications line 
(e.g., drop DTR). 

Cal,led by: 

CD:DSL COMX Device Driver Disable Line Subroutine 

Calling sequence: 

DEVDEP 

Start Input 

CALL DEV-DEPENDENT ROUTINE 
ERROR RETURN 
NORMAL RETURN 

This routine does whatever is necessary for the device to begin inputting data 
(e.g., raise Receive Mode). 

Called by: 

CD:STI COMX Device Driver Start Input Subroutine 

Calling sequence: 

JST 
DATA 
DATA 

(Error Ex;it) 
JST 
DATA 
DATA 

BEGIN: 
DEVDEP 
STIPRI 

BEGIN: 
CD:IER 

START A TASK 
START INPUT ROUTINE ADDRESS 
START INPUT PRIORITY 

START A TASK 
INPUT ERRPR ROUTINE 

CRPPRI+I ERROR PRIORITY (from PRIORITY 

(Normal Exit after EOB Occurs) 
JST CD:SRP SCHEDULE RECEIVE PROCEDURE 
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Stop Input 

This routine does whatever is necessary for the device to stop inputting data. 

Called by: 

CD:SPI COMX Device Driver stop Input Subroutine 

Calling sequence: 

JST 

Start Output 

DEVDEP CALL DEV-DEPENDENT ROUTINE 
ERROR RETURN 
NORMAL RETURN 

This routine does whatever is necessary for the device to start outputting data 
(e.g., raise Transmit Mode and RTS). 

Called by: 

CD:STO COMX Device Driver start Output Subroutine 

Calling sequence: 

JST 
DATA 
DATA 

(Error Exit) 
JST 
DATA 
DATA 

(Normal Exit 
JST 
DATA 
DATA 

Stop Output 

BEGIN: 
DEVDEP 
STOPRI 

BEGIN: 
CD:OER 
CTLPRI 

after EOB 
BEGIN: 
CD:DEX 
CINPRI 

START A TASK 
START OUTPUT ROUTINE ADDRESS 
START OUTPUT PRIORITY 

START A TASK 
OUTPUT ERROR ROUTINE 
ERROR PRIORITY 

Occurs) 
START A TASK (usually done by INTQ:) 
OUTPUT EOB EXIT ROUTINE 
INTERRUPT HANDLER PRIORITY 

This routine does whatever is necessary for the device to stop outputting data. 

Cd lIed hy: 

(,IJ :: ;1'0 
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Calling sequence: 

JST DEVDEP 

Input Character Processor 1 

CALL DEV-DEPENDENT ROUTINE 
ERROR RETURN 
NORMAL RETURN 

'rhis routine is called for each character input (READ, Modifier = 00) after the 
protocol modification routine has been executed and before the stop-character 
check, checksumming or translation is done. 

Called by: 

CD:RVP COMX Device Driver Receive Processor 

Calling sequence: 

LDA 
JST 

CHAR 
DEVDEP 

Input Character Processor 2 

(loads into the low-order bits 7-0) 
CALL DEV-DEPENDENT ROUTINE 
ERROR RETURN 
IGNORE RETURN, GET NEXT RETURN 
NORMAL RETURN (current character is updated 
with character returned in A register) 

This routine is called for each character that is input (READ, Modifier = 01) aft:er 
the protocol modification routine has been executed and before the stop-character~ 
chpck or checksumming has been done. 

Called by: 

CD:RVP COMX Device Driver Receive Processor 

Calling sequence: 

LDA 
JST 

CHAR 
DEVDEP 

Output Charac~p.r Processor 1 

CALL DEV-DEPENDENT ROUTINE 
ERROR RETURN 
IGNORE RETURN, GET NEXT CHAR 
NORMAL RETURN (current character is updated 
with character returned in the A register) 

Tid:; r.outine is called for each character output (WRITE) after the translation and 
thf' proto<.;ol mouific'-1tion routines have been done, and before stop-character check 
.. lilt! (:11('( :k~Htnuninq • 

C'-11]cd by: 

CU:DTP COMX Device Driver Data Transmit Procedure 
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<:) Calling sequence: 

LDA 
JST 

CHAR 
DEVDEP CALL DEV-DEPENDENT ROUTINE 

ERROR RETURN 
IGNORE RETURN, GET NEXT CHAR 
NORMAL RETURN (current character updated 
with character returned to A register) 

Raises and/or wait for Data Set Signals On 

This routine does whatever is necessary for the device to raise the given signal(s) 
and/or wait for data set signal(s) to come on, then return. 

Called by: 

CD:RON COMX Device Driver Raise and/or Wait for Data Set Signal on 
Subroutine 

Calling sequence: 

LDA parameter-word (described under the CD:FRN function!) 
JST DEVDEP CALL DEV-DEPENDENT ROUTINE 

ERROR RETURN 
NORMAL RETURN 

Lower and/or Wait for Data set Signals Off 

This routine does whatever is necessary for the device to lower the given signal(s) 
and/or wait for the data set signal(s) to go off, then return. 

Called by: 

CD:LOF COMX Device Driver Lower and/or Wait for Data Set Signals Off 
Subroutine 

Calling sequence: 

LDA parameter-word (described under CD:LOF function!) 
JST DEVDEP CALL DEV-DEPENDENT ROUTINE 

ERROR RETURN 
NORMAL RETURN 

Resynchronize Line 

When applicable, this routine does whatever is necessary for the device to reestablish 
synchronization. 

o Culled by: 

CD:RSY 

. . -- -._ . _____ ---l'lr-: -

1 ." t . !>l!u!;ec lOll 5.3 

COMX Device Driver Resync Line Subroutine 
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calling sequence: 

JST DEVDEP 

Issue New Synchronization 

ComputerAutomalion CA 

CALL DEV-DEPENDENT ROUTINE 
ERROR RETURN 
NORMAL RETURN 

When applicable to the device, this routine does whatever is necessary for the device 
to send a new sync pulse (also called quick sync) over the line. 

Called by: 

CD:NSY COMX Device Driver New Sync Subroutine 

Calling sequence: 

JST DEVDEP 

Issue Break 

CALL DEV-DEPENDENT ROUTINE 
ERROR RETURN 
NORMAL RETURN 

When applicable to the dev~ce, this routine does whatever is necessary for the device 
to send a break over the line. 

Called by: 

Calling routine non-existent; ASYNCH only 

Calling sequence: 

JST DEVDEP 

Reverse Channel 

CALL DEV-DEPENDENT ROUTINE 
ERROR RETURN 
NORMAL RETURN 

When applicable to the device, this routine does whatever is necessary for the device 
to be in a reverse-channel mode. 

Called by: 

Calling routine non-existent; ASYNCH only 

Calling sequence: 

.TST DEVOEI' CALL Dl:..V-DEPENDEN'l' H.oU'l'TNE 
ERROR RE'fURN 
NORMAL RETURN 
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~ine Transmit Procedure 
'I"'" 

This routine does whatever is necessary (e.g., start output, turn line around) to 
transmit the data prepared by the COMX Data Transmit Procedure over the line. 

Called by: 

CD:DTP COMX Device Driver Data Transmit Procedure 

Calling sequence: 

JST 
DATA 
DATA 

BEGIN: 
DEVDEP 
CLTPRI 

START A TASK 
CALL DEV-DEPENDENT ROUTINE 
LINE TRANSMIT PRIORITY 

On error or normal return, return to CD:WRX (COMX Device Driver WRITE Request Exit) 
with the request status (STATUS in CIB) set accordingly. 

5.2 DEVICE DRIVER SERVICES 

Several service routines are provided to aid in the writing of device-dependent 
routines. The services are described below. 

CD:IER (Input Error) 

This common input error service combines the giv~n status with the existing line 
status (CLSTST) and checks for termination errors. If termination errors have not 
occurred, CD:IER will end and allow the receive procedure to continue. If termination 
errors have occurred, CD:IER stops input on the line, then checks for loss of DSR 
(data set ready). If DSR is lost, CD:IER also disables the line. The receive 
procedure is scheduled to end the request. 

Calling sequence: 

LDX input-CIB-address 
LDA error-status 

followed by: 
JST 
DATA 

Returns with: 

BEGIN: 
CD:IER,CRPPRI+l 

Does not return 

or, if operating at CRPPRI+l 
JMP CD:IER 

llI/5-H 

i ~ 
I 

f 
1 
I 

\ 1-
, I 

I 



ComputerAutomation ~ 

('.1>:( )j;i~( ()11_tJ~U_t- .. ~~!ror) 

'I'll i:; (;()lrHnUII output error service combines the given status with the existing line 
.:I..ttu~: (r:r.:)'r'~·;'l') ;H1<l checks for termination errors. If no termination errors have 
occu rrc:d, CD: OER r:nds and allows the transmission to complete. If transmiss ion 
(~rTOrS have occurred, CD :OER stops output on the line, then checks for loss of DSF 
(data ser. ready). If DSR is lost, CD:OER also disables the line. The A register is 
loaded with the l.i.ne status, and control is returned to the output initiator (the 
CD :STO caller). 

Calling sequence: 

LDX output-CIB-address 
LDA error-status 

fol] owed by: 
JST 
DATA 

Returns with: 

BEGIN: 
CD:OER,CLTPRI 

Does not return 

CD:OEX (Output EOB Interrupt Exit) 

or, if operating at CLTPRI: 
JMP CD:OER 

This common output end-of-block service cancels the deadman timer, clears output 
,1ctive in the line software status, and returns to the output initiator (the CD:STO 
,:aller) . 

Calling sequence: 

LDX output-EOB-interrupt-routine-address 

followed by: 
JST 
DATA 

Returns with: 

BEGIN: 
CD:OEX,CLTPRI 

A REGISTER - ZERO 

or, if operating at CLTPRI: 
JMP CD:OEX 

X REGISTER OUTPUT CIB ADDRESS 

CD:IFN (Issue Function) 

This service gets the device address from the Line Information Block (LIB), combines 
it with the given instruction, then executes it with the given A register. An example 
is given in Figure 5-1. 
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Calling sequence: 

LOX LIB address 
LOA desired A register when function is issued 

SIN 3 
JST CD :IFN 

O,FC INSTRUCTION AND FUNCTION CODE 
RETURN, SIN IN EFFECT FOR 1 INSTRUCTION 

Returns with: 

A REGISTER - NEW A REGISTE~, IF THE A REGISTER HAS CHANGED. 

CD:NOP (NOP) 

LDX 
SIN 

LIBtaddress 
3 

JST CO: IFN 
INA 0,1 FUNCTION TO INPUT STATUS TO A REG 

RETURN, A REG = STATUS 

Figure 5-1. Example of CD:IFN 

This service simply returns. It can be used in the Device-Dependent-Routine Table 
when no function needs to be performed. 

CD:NCP (NOP Character Processor) 

This service simply takes the normal return. It can be used in the Device"'De~ndeIlt­
Routine Table when no function needs to be performed in a character pr<)cessp;'~ . 

• • • • • • • •• • 
Unless otherwise stated, the following services have the following calling;:SE!quences: 

:.~ ',.', '. . . \ 

LDX 
JST 

LIB-address 
CD:xxx 

RETURN 

All of these services call the appropriate device-dependent service to perform the 
particular function for the device. Additional operations are noted. 

CD:LNP (Set Line Parameters) 

Line parameters are defined in the DIB. They include word length parity selection 
and enable. 

CD: SYN (Se t Sync Charact~~EL 

(]" CD.-:INT (}nitia!J7.!c l.ill(~) 

This service S(~ts tho liliP iJlitializ('d in the ·!:lTIP software status. 
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CD:ENL (Enable Line) 

~! This service sets line enabled in the line software status. 

CD:DSL (Disable Line) 

This service resets line enabled in the line software status. 

CD:STI (Start Input) 

This service sets input active in the line software status, sets Auto-I/O byte count 
to -1, primes the current character address for the Receive Procedure (CD:RVP), 
and stores the input buffer address in the Auto-I/O instruction. It returns 
immediately to the caller. The error return is to CD:IER (Interrupt Error Routine); 
the completion return is to CD:SRP (Schedule Receive Procedure). 

CD:SPI (Stop Input) 

This service cancels the input timer, clears the Auto-I/O byte count and buffer 
address, and resets input active in the software line status. 

CD :STO (Start Output) 

~ This service saves the return address in the CIB, sets output active in the software 
line status, sets byte count and buffer address from the LIB into the AutO-I/O 
instruction, and starts a deadman timer. If completion is normal, the A register 
contains a zero; if an error, the A register contains the line error status. 

CD:SPO (Stop Output) 

This service cancels the output timer and resets output active in the software line 
status. 

CD:NSY (Issue New Sync) 

CD:RSY (Resynchronize Line) 

5.3 I/O REQUEST HANDLING 

Three types of requests control the functions of the Device Driver: READ, WRITE and 
FUNCTION requests. These requests are made by the Protocol Driver to the Device 
Driver, as detailed in Section 4.4. The Device Driver processing is detailed below. 
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<:) READ Request Processing 

o 

The function of a READ request is to input data to the protocol for passage to the 
user. This is independent of the actual reading of data from the communications 
line. The line will be actively reading data either all the time or only when trans­
mission is active. Data will be buffered by the Device Driver, if necessary. The 
driver, of course, will wait for data as necessary When processing a READ request. 

The READ request received by the Device Driver from the Protocol Driver commands the 
usage of received data. Based on previously set parameters 1, the Device Driver will 
locate control information, transmit data to the destination buffer, translate the 
data, establish timeouts and detect errors. The parameters controlling these opera­
tions are provided in the protocol tables 2 , in previously issued functions and in the 
READ lOB. 

WRITE Request Processing 

The function of the WRITE request is to transmit data supplied by the Protocol Driver 
over the communications line. Each WRITE request contains part or all of a message. 
In accordance with previously set parameters 1 , the Device Driver will locate control 
information, transmit data characters over the communications line, translate the 
data, recognize the end of a message and turn the line around. The parameters control­
ling these operations are provided in the protocol tables, in the previously issued 
functions and in the WRITE lOB. 

Due to line timing constraints, it is sometimes necessary for the device handler to 
assemble an entire message prior to transmission of any part of it. The Device 
Driver will complete each WRITE request by performing any specified processing (e.g., 
translation) and moving the data to the device buffer. When the final WRITE request 
(end of message) is issued, the device handler will transmit over the communications 
line. 

FUNCTION Reque~t Processing 

FUNCTION requests control the state of various parameters of the communications line. 
They are used to affect hardware control of the line and to command the device handler 
(or the hardware) to perform certain protocol-related functions. The two kinds of 
functions are queued and immediate. Queued functions are performed as they rise to 
the top of the queue. Immediate functions are performed as soon as they are issued. 

5.4 DEVICE DRIVER TABLES 

The Device Driver requires a table that lists the addresses of all of the device­
dependent routines, an input CIB for each device, an output CIB for devices attached 
to full-duplex lines, an output EOB routine for devices attached to half-duplex 
li.IIE~S, and a Lin(' Illformation lllock (LIB) for c>ach lint'. fletJli]::> of t.hcsc tables are 
(JiV<.:Il jn an ill'J>\!rj(lix.~ 

1 Subsection 6.] 
2Subsection 4.6 
3Appendix C 
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Device-Dependent-Routine Table 

~. Each device handler must have a Device-Dependent-Routine Table. This table contains 
the addresses of the routines that handle device-unique procedures. ' The user must 
prepare these routines himself when writing a device handler. The table is formatted 
as follows: 

WORD 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

ROUTINE ADDRESS 

Reserved 
Set Line Parameter 
Set Sync Character 
Set Special Character 
Ini tialize Line 
Enable Line 
Disable Line 
Start Input 
stop Input 
Start Output 
stop Output 
Input Character Processor 1 
Input Character Processor 2 
Output Character Processor 1 
Output Character Processor 2 
Raise and/or Wait for Data Set Signals On 
Lower and/or Wait for Data Set Signals Off 
Resync Line 
Issue New Sync 
issue Break 
Reverse Channel 
Line Transmit Procedure 

These routines are described in an earlier part of this section. 1 

Controller Information Block (CrB) 

For a half-duplex line, the Device Driver needs only one CIB. The same crB is used 
for both input and output processing because input and output are not concurrent. 
However, a separate output end-of-block interrupt routine is needed. This consists 
of words 1-14 of an output CIB. 

For a full-duplex line, both an input and an output crB are.required. 

"-'" 1 Subsection 5.2 
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any of the CIB entries are standard for lOX. The entries added for COMX are: 

WORD 

o 

1-12 
13 
14 
20 
21 
23 
33 
34 
35 
36 

37-38 
39 

CONTENTS 

Beginning of Request Flag/Input or Output End-of-Block Interrupt 
Address 
Input or Output End-of-Block Interrupt Routine 
Timer/Interrupt State Flag 
Line Information Block Address 
Input Interrupt Routine Address 
Device Driver Subroutine Return Address 
Line Error Status 
Return Address for Device Driver Start Output Routine 
Device CIB Chain' 
Current Character Address 
Current Character(s) 
Temporary Cells 
Stop Table Flags 

40 Translate Routine Address from Caller's DIB 
41 A Register Returned to Caller at EOR 
42 Current Interrupt Buffer Address 
43 Additional Interrupt Byte Count 
44 Character Bit Mask 
45 Length of Input/Output CIB 

The Line Error Status in word 23 is defined as follows: 

l13its 
o 
3 
S 
6 
7 
8 
9 

10 
12 
14 
is 

Definition 
Transmit data overrun 
Transmit framing error/break detect 
Transmit timeout 
Loss of clear to send 
Loss of data set ready 
Loss of carrier detect 
Special timeout 
Receive timeout 
Receive framing error/invalid stop character 
Parity error 
Receive data overrun 

The Stop Sequence Table flags in word 39 are defined as follows: 

Bits 
0-7 

10 
11 
l/. 

Definition 
Table count 
Accumulate checksum on stop character(s) 
Transfer stop char(s) (READ-store, WRITE-transmit) 
Por.ro! if :;t<)\, charact('r Tlot found 

I,'~ ":1 lUI' i r (~IIIT('111 chiJY i:,; 1I0t :;Lop <~har 
1,1 ";11(11 if I il::1 IOlllld .Il1d pdi,r' i:; !Iol: ,1 :;'op ('olldit.jOll 

1/; ,.'j 1.':1 ::(01' ('''''1'.1(.'1 "Y' f(llllid 
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Line Information Block (LIB) 

The Device Driver requires a Line Information Block to define each communications 
line attached to the device. The LIB is not standard for IOXi it serves only COMX. 
The contents of the LIB are: 

WORD 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

CONTENTS 

Standard Line Status Word 
Software Line Status 
Device Address 
Device Driver Flags 
Device Transfer Vector 
Input CIB Address 
OUtput CIB Address 
Output EOB Interrupt Rtne Address 
Input Word Interrupt Location 
output Word Interrupt Location 
Start Input Instruction 
Input Interrupt Buffer Start Addr. 
Input Interrupt Buffer End Addr. 
Output Device Buffer Address 
Output Interrupt Buffer Addr. 
Output Interrupt Byte Count 
Function Proc. Current CIB 
Function Proc. Next CIB 
Last Function Issued 
Last Hardware Status Word 
Current Line Parameter Word 
Line (Modem) Signal Delay 
Device-Dependent Word I 
Device-Dependent Word 2 
Device-Dependent Word 3 
Pad Character Information 
SMC Sync/Special Character 
Exception Interrupt Point of Interrupt 

The Standard Line Status in word 0 is defined as follows: 

Bits 
o 
1 
2 
3 
4 
5 
6 
7 

.) 

)0 

I I 

Definition 
Data set ready 
Clear to send 
Carrier detect 
Ring indicator 
Signal quality 
Secondary channel receive 
Transmit framing error 
Receive framing error 
l.~ilr i.ty error 
'l'r;'lIwm.i. t d.l t.:! overrun 
Recpivl' d.li".d overnm 
Sc(;ond;uy channc] receive 
DuLa ready 
T,r:tll1smittpr empty 
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The Software Line Status in word 1 is defined as follows: 

Bits 
o 
1 
2 
3 
4 
5 
6 
7 
8 

Bits 
9 

12-13 
14 
15 

Definition 
Transmit mode/output active 
Receive mode/input active 
Echo mode 
Loop back mode 
Protocol duplex 
Line duplex 
Modem/controller type 
Answer mode 
Carrier type 

Definition 
Carrier detect must be lowered before request to send is raised 
Line code set 
Line enabled 
Line initialized 

The Pad Character Information in word 25 is defined as follows: 

Bits 
0-7 
8-15 

Definition 
Number of pad chars to be sent 
The character to be sent 

III/5-16 

"-' 
I , 

,-' 



v 

SECTION 6 

SYSTEM GENERATION 

In coIllmUilications systems, there are an infinite variety of possible combinations elf 
protocols, code sets, devices and lines. Even when the standard protocol and device 
are used, the options are numerous. Therefore, the tables must be supplied by the 
user. COMX tables also reference the object modules required to support the desired 
configuration. During loading (or Link Edit) these references call the modules to be 
included in the load. 

The tables that must be supplied by the user include those for the protocol and any 
non-standard translation as well as the device, controller and line information 
blocks (DIBs, CIBs and LIBs). In addition, the user has the normal lOX control over 
the Unit Assignment Table (UAT). 

COMX System Generation is in two phases: I} the assembly of the tables, and 2) the 
load phase which is identical to that performed under RTX/IOX. The tables can be 
generated from the macros described in this section and assembled with the MACR02 or 
MACR03 assembler. Alternately, the user can build his own tables according to the 
required format and content presented in another section. 1 

6.1 TABLE REQUIREMENTS 

The tables required for COMX System Generation are dependent on the number of communi­
cation lines and the protocol and line configurations. The table requirements are: 

Protocol Driver Tables 
I set of protocol tables per driver 
translation tables for nonstandard code sets (other than ASCII or EBCDIC) 

for half-duplex protocol 
1 CIB per line 
1 DIB per line 

for full-duplex protocol 
2 CIBs per line 
2 DIBs per line 

Device Driver Tables 
for half-duplex line 

1 full input CIB per line 
1 partial output CIB per line 
I DIB per line 
1 LIB per line 

for full-duplex line 
I full input CIB per line 
1 full output CIB per line 
I input DIB per line 
1 output DIB per line 
I LIB per line 

1 ub . 4 6 d 5 4 S sect10n • an • I 



6.2 TABLE-GENERATING MACROS 

The macros described below work in combination to generate all of the tables required 
for a communications line. Figure 6-1 shows an example of the use of the table­
generating macros. The macro source file on paper tape is supplied with RTX. The 
file listing is shown in Part II, Subsection 3.3, of this manual. 

To process a line, the user first must specify the protocol, device and line configura­
tions and then generate the tables. The DEVICE macro is used to set up all device­
related and line-related parameters. A protocbl driver designating macro (BSC for 
the standard BiSync) is used to set up all protocol-related parameters. Once speci­
fied, device, header, line and protocol parameters can be left unchanged for the 
generation of several sets of line tables. A CLINE macro is used to generate the set 
of tables based on these parameters. The CLINE macro has the ability to override 
certain device and line parmeters that were previously supplied. The NAMOEF macro 
performs initialization and must precede any other macro in the assembly.' 

The NAMDEF Macro 

This macro generates NAM directives at the beginning of the module and initially 
defines all necessary symbols for use of subsequent macro processing. The form is: 

NAMDEF 

where: 

[dib-namel [, dib-name2 [, ••• ] ]] 

dib-namel 

NAMDEF 
BSC 
HEADER 
DEVICE 
CLINE 

A four-character DIB name that the user will use in a 
subsequent CLINE macro. 

PDOO,DDOO 
400 ,EBCDIC , XLATE,DISCON 
6, : 32, : 32, : 32, : 32 , : 32, : 32 
513 
PDOO,12,DDOO,:D,:AO,8,2400 

This set of macro calls will generate the Protocol DIB 
(D:PDOO) and CIB and the Device Driver DIB (D:DDOO), 
crB and LIB. The BiSync Protocol Handler will be loaded. 
The maximum transmission size is 400 characters. The 
line code is EBCDIC; and translation will be done so 
that the user will deal with ASCII. Whenever a Write 
File Mark is issued, the Protocol Handler will disconnect 
the line. The header consists of six sync characters 
(:32 in EBCDIC). The device being used is the Synchron­
ous ~·lodem Controller 53513. The device address is :0; 
and the interrupt address starts at :AO. The line is a 
synchronous, half-duplex, switched line (line type 8) 
with a speed of 2400 BPS. 

Figure f)-I. Example of Using Tabh~-Gnneratinq Macros 
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Every Device Information Block (DIB) name used in the module being assembled must be 
specified in a NAMDF...F macro. As many names as can be typed prior t,o column 72 cal', 
be placed on each NAMDEF; and as many NAMDEFs can be used as are required; but all 
must appear prior to the first statement that generates code. The macro will con-­
catenate a prefix of "0:" to each DIB name specified. The user can write NAM staLe­
mEmts for the DIB names and prefix each with a "0:", or he can use NAM statements to 
declare other entry names; but at least one NAMDEF macro must be present to define 
the symbols necessary for macro processing even if the NAMDEF has no operands. 

The DEVICE Macro 

This macro describes the kind of device being used, its address and any options on 
it. The form is: 

DEVICE device-type[,line-id[,speed[,device-address,interrupt-address[, 
options [ ,. . .]]]]] 

where: device-type The last three digits of the CA controller part nwm1er; 
for SMC, use 513 or 617. 

line-identifier 

speed 

device-address 

interrupt-address 

options are: 
CONSTC 

WAITCO 

The id of the communications line and modem configur'a­
tion; Table 6-1 lists all possible line identifiers; it 
will be 4 or 8 for the standard COMX. 

The line speed expressed in Baud rate. 

The device's (SMC's) address. 

The device's (SMC's) first or main interrupt addres!' 
(same as the address used to strap the controller). 

CONSTant Carrier. On a line so specified, the carrier 
will be held on during I/O. On a synchronous full­
duplex line (line-id 3 or 7) that is being used in .. 1 

half-duplex manner, setting CONSTC will cause COMX to 
output continuous sync characters during input operd­
tions. This also assumes that the terminal 'does thl' 
same (i.e., the line is always in sync in both 
directions) • 

WAIT for Carrier Off. This causes COMX to complete 
each input message by waiting for carrier detect to go 
off prior to transmitting the message. This is useful 
on half-duplex modems that present clear-to-send too 
early (e.q., ITT Synchronous Modems). 

l\. Llf,';VTCE macro IllW;t hI' i~;:;IJI'd I'Y'jOY Lo dny Cl.TNE mdCr():~ dt!UII'illqlilll':; C 1>l1TH'cted to ,1 

parUcular d(!vic(~. I':ildl ('I.INI': j:;:;(H~d tlft<:r. a qiV(,11 T>1':VrCl': IOdcro will qe'Hcrate Devic(~ 

(~In and DJB t-dLl(~:; rot Llldt,' dr~vil!<". 'I'hi~; slJeciricoltioll r:an bp ov(!r.riddrm by a 

!;ubsequent DIN ICE macro. 

o 
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... Half 
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- Half 
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Table 6-1. Line Identification 

Modem Line RS-232 
Type Type Compatible 

None-Current Loop Dedicated No 

Async Dedicated Yes 

Async Dedicated Yes 

Synchronous Dedicated Yes 

Synchronous Dedicated Yes 

Async Switched Yes 

Async Switched Yes 

Synchronous SWitched Yes 

Synchronous switched Yes 
- --------- ----

( 

o 

Compatible BELL System 
Modem (examples only) 

None 

103/113 Series 

202D/202T 

20IB/208A/20lC 

201B/208A/20lC 

102/113 Series 

202C/202S 

CODEX LSI 48D 

20lA/208B/20lC 

\ 
-~-'-

i 
I 

g 
~ 

-- - - ---'--------:..~~_.:...::_____"ds_____=_~ 



The line-identifier, device-address, and interrupt-address parameters are optional 
since they can also be specified on a CLINE macro. The line-identifier parameter 
must be specified on one of the two macros. The device-address and interrupt-address 
parameters will default, if not specified, to the COMX standard addresses for that 
device-type. Any parameters specified must be in the proper operand position on the 
line; i.e., the proper number of commas, if any, must precede a specified parameter 
if some parameters are omitted. 

Appropriate EXTR statements are produced to cause loading of the Device Driver 
denoted by the type parameter. 

The CLUN Macro 

This macro generates a l6-bit Logical unit Name/Number according to the standard 
naming convention used in COMX for the interface between the Protocol Driver and the 
Device Driver. The CLUN macro adds 16384 (:4000) to the lun parameter, creating a 
COMX standard LUN. This sum is used as the operand of a DATA statement. This macro 
is used by the CLINE macro. 

The macro format is: 

CLUN lun 

where: lun The LUN number «16384). 

Tl).e BSC Macro· 

This macro designates the line as being attached to a Binary Synchronous Communica­
tions Protocol Driver. It is issued prior to the CLINE macros defining BSC lines. 
Each CLINE after a BSC macro generates a BSC Protodol Driver CIB and DIB. A sub­
sequent Protocol-Dr,iver-designating macro will override this. 

Issuance of this macro causes the BSC Protocol Driver modules, the BSC Protocol 
Tables and a translate table (if requested) to be declared in EXTR statements and, 
thus, be included in the final load. 

The macro format is: 

BSC max-msg-size,char-set[,options[, ••. ]] 

where: max-msq-size 

char-set 

The size of the largest message transmitted or received 
over the line (in bytes). 

Either ASCII or EBCDIC; also selects the blOck check 
character (BCC) sequence for error checking. 
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o Options: 
XLATE 

XPRNT 

UXPRNT 

ULC 

DISCON 

SLAVE 

The HEADER Macro 

Selects auto-translation when character set is EBCDIC, 
allowing all user data to be in ASCII. 

Selects Transparent Mode for all WRITEs; a FUNCTION 
request can change this. 

Selects Transparent Mode only for Unformatted WRITE 
requests; a FUNCTION request can change this option. 

User line control to transmit a sequence of WRITEs at 
one time. 

Disconnect on File Mark. 

Slave Mode; default is Master Mode. 

This macro defines a one-to-ten character header to be used on transmitted messages. 
When using the SMC (either 513 or 617) and transmitting in ASCII, the bit positions 
8-0 in the character ~ be reversed (0-8). For example, :16 should appear as :68, 
and :C4 should be :23. 

The macro format is: 

HEADER count, char-l[ ,char-2 . . • [, char-IOn 

where: count 
char-1 (-10) 

The number of characters (1-10) in the header. 
The nth character in the heading. 

The HEADER macro must be used in conjunction with the BSC macro to define the leading 
synchronization characters on a message. The suggested form is: 

HEADER 
HEADER 

The CLINE Macro 

4, : 32, : 32, : 32, : 32, : 32, : 32 
4, :68, :68, :68, : 68, :68, :68 

for EBCDIC 
for ASCII 

This macro provides the basic definition of a communications line. It generates 
the Line Information Block (LIB) and the basic CIBs and DIBs for a line. 

On a half-duplex line, the tables generated are: 

o 

1 Device Driver input CIB 
I partial Device Driver output CIB 
1 Device Driver DTB 
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ComputerAutomation CA· 
On a full-duplex line, the tables generated are: 

1 Device Driver input CIB 
I Device Driver output CIB 
I Device Driver input DIB 
1 Device Driver output DIB 

For a half-duplex protocol, the tables generated are: 

1 Protocol Driver CIB 
I Protocol Driver DIB 

For a full-duplex protocol, the tables generated are: 

2 Protocol Driver CIBs 
2 Protocol Driver DIBs 

The Device Driver tables are chosen according to the specification in the preceding 
DEVICE macro. The Protocol Driver tables are generated according to the specifica­
tion in the preceding BSC macro. If the device address and interrupt address para­
meters are not supplied in the CLINE macro, they are obtained from the preceding 
DEVICE macro or are defaulted. 

The macro format is: 

CLINE dib-namel,device-LUN,dib-name2[,dev-address,int-address[,line-id 
[, speed [, options [, • • • J J J J ] 

where: dib-namel 

dev-LUN 

dib-name2 

dev-address 

int-address 

line-id 

speed 

The name given to the Protocol Driver DIB for the line, 
specified as four characters. 

The Logical Unit Name/Number (LUN) to which the Protocol 
Driver CIB will be connected. In the UAT, the user must 
assign this LUN to dib-name2 (see below). 

The name given to the Device Driver DIB for the line, 
specified as four characters. 

The device's (controller's) address. This parameter can be 
supplied on the CLINE or DEVICE macro or can be defaulted. 

The device's (controller's) first or main interrupt address. 
This parameter can be supplied on the CLINE or DEVICE macro 
or can be defaulted. 

The identifier describing the communications line and 
modem configuration. Table 6-1 gives the values for this 
parameter. This parameter must be supplied on the CLINE 
or DEVICE macro. 

The line speed 0.xpressod in Baud rate!. This parameter must 
b(' supplic'd 011 the CLINE or DEVICE macro. 
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DIB names are chosen by the user. These names must be assigned to Logical units 
(LUNs) by the user in the Unit Assignment Table (UAT). The application program will 
perform I/O to a given LUN, which should be assigned as the DIB name (dib-namel) for 
the appropriate Protocol Driver line. The Protocol Driver will perform I/O to the 
LUN specified by the user in the CLINE macro (device-lun). This user-supplied LUN 
should be assigned in the UAT to the appropriate Device Driver DIB for that line 
(dib-name2). 

Standard DIB names recommended are: 

D:CSnn 
D:BSnn 

for synchronous Device Driver Lines 
for BiSync Protocol Driver lines 

where nn are two digits unique to each line. The CLINE macro will prefix all user 
names with "D:". 

The standard convention for naming the LUN connecting the Protocol Driver to Device 
Driver DIB is to use an unsigned integer «16384) plus 16384 (:4000). A macro (CLUN) 
parameter is available to generate such a LUN. The CLINE macro uses the CLUNmacro. 
The device-LUN parameter on the CLINE macro, therefore, should be an integer <16384. 
The user may use the CLUN macro in his UAT definition to generate the LON values. 
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asynchronous 
transmission 

channel 

circuit 

data link 

full-duplex 
circuit 

half-duplex 
circuit 

modem 

mUltipoint 
system 

network 

nonswitched 
system 

point-to-point 
system 

APPENDIX A 

GLOSSARY 

Transmission of data in which each character consists of data bits and 
start and stop bits; may be blank periods between characters. 

User view of the circuit configuration. 

The medium carrying the message; may be a line, cable, radio, micro­
wave, or even just a pair of wires. 

A group of lines between two facilities; everything required to link 
two facilities including interface equipment and the transmission 
channe I ( line) • 

A circuit permitting simultaneous two-way communication. 

A circuit permitting two-way communication, one way at a time. 

A device that provides the interface between a telephone or any other 
form of communications line (analog) and a terminal or computer 
(digital) and does the necessary analog/digital conversion. 

A communications system having a central station with multiple tribu­
tary stations, normally with nonswitched permanent data links; the 
central station selects and polls the tributaries. 

The aggregate of all data links used by an organization. 

A communications system in which dedicated, lines provide permanent 
connections between stations. 

A communications system in which only two stations are linked at a 
time; with a switched system, there may be multiple stations although 
only two can be linked at anyone time. 
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o polling 

protocols 

selection 

simplex 
circuit 

switched 
system 

synchronous 
transmission 

transparent 
mode 

A centrally controlled method of calling a number of transmitting 
stations (terminals) to permit them to transmit information~ an 
invitation to send. 

Rules of procedure; the formats for packaging data for transmission. 

A request made by the central controller to receive a message from a 
transmitting station. 

A circuit permitting the transmission of data in only one direction. 

A communications system in which the data link is disconnected between 
transmissions and reestablished for each new transmission by standard 
dialing procedures (telephone link). 

Transmission of data bits only; no start or stop bits arc present to 
synchronize each character; an entire block is synchronized and the 
incoming bits are counted to form a character; blank periods between 
characters in a block are limited. 

A convention in which all possible bit combinations can be used as 
data; none are regarded as control characters (unless distinguished by 
a leading escape character, such as DLE in BiSync). 

II 
1'1 
I I., 
1· 
) 

I~ 
'_ H 



Al?PENDIX B.l 

ASCII CHARACTER CODES 

CHARACTER ASCII CODE CHARACTER ASCII CODE 

Null 00 > greater 3E 
Bell 07 ? 3F 
CR OD @ 40 
LF OA A 41 
blank 20 B 42 

exclamation 21 C 43 
" quote 22 D 44 
# 23 E 45 
$ 24 F 46 
% 25 G 47 

& 26 H 48 
I apostrophe 27 I 49 
( open paren. 28 J 4A 
) close'paren. 29 K 4B 

V * asterisk 2A L 4C 

+ 2B M 4D 
, comma 2C N 4E 
- minus 2D 0 4F 
. period 2E P 50 

/ slash 2F Q 51 

0 zero 30 R 52 
1 31 S 53 
2 32 T 54 
3 33 U 55 
4 34 V 56 

5 35 W 57 
6 36 X 58 
7 37 y 59 
8 38 Z 5A 
9 39 [ open bracket 5B 

colon 3A " back slash 5C 
:;emicolnn 3B ] close bracket 5D 

,,' l.-':.;s 3l' t up arrow 5F. 
" t!l{Ud 1 om -back arrow ')P 

1<lIb( ,Ill 'W 

C· ~ ........... 
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APPENDIX B.2 

EBCDEC CHARACTER CODES 

CHARACTER EBCDIC CODE CHARACTER EBCDEC CODE EBCDIC 
lower case 

Null . 00 >greater 6E i,. 

Bell 2F ? 6F I. 
CR aD @ 7C 
LF 25 A a Cl 61 
blank 40 B b C2 62 

exclamation SA C c C3 63 
" quote 7F D d 

, 
C4 64 

# 7B E e C5 65 
$ 5B F f C6 66 
% 6C G g C7 67 

& 50 H h C8 68 , 
apostrophe 7D I i C9 69 

(open paren. 4D J j Dl 6A 
) close paren. 5D K k D2 6B 
* asterisk 5C L 1 D3 6C 

.-..' 

+ 4E M m D4 6D 
, comma 6B N n D5 6E 
- minus 6D 0 0 D6 6F 
. period 4B P P D7 70 
/ slash 61 Q q D8 71 

0 zero Fa R r D9 72 
1 Fl S s E2 73 
2 F2 T t E3 74 
3 F3 U u E4 75 
4 F4 V v E5 76 

5 F5 W w E6 77 
6 F6 X x E7 78 
7 F7 Y Y E8 79 
8 F8 Z z E9 7A 
9 F9 [ open bracket CO 

colon "fA '\ buck slash EO 
s(~'nicolon 41" I clofH! hnlCb,L no 

< If.::ss 4C t up ilrT()W IlJ" 

equal 7f': .. - b1lr.:k ilrrow 'jl" 

Hubout (DJ':L) 
{J "' 
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APPENDIX C.l PROTOCOL DRIVER DEVICE INFORMATION BLOCK (DIB) 

WORD 

0 CHAIN 

1 DCIB 

2 QUEQE 

3 CN 

4 DSW 

5 DT 

6 DCUN 

7 DCTMR 

8 DFLGS 

9 DULS 

10 DPFLGS 

11 DBLKSZ 

12 DLPARM 

13 DIXLTR 

14 DOXLTR 

15 DLUN 

16 DDIB 

17 DSRTN 

18 DTMPI 

19 DTMP2 

20 DCKSR 

21 DCKSF 

22 DCKSP 

23 DCKSA 

24 DHDRCT 

25-29 

Words 1-6 - Standard for lOX 

CONTENTS 

*DIB Chain Pointer 

*CIB Address 

*IOB Request Queue 

*Coordination Number 

*Device Specification Word 

*Device Type 

*Controller No./Unit No. 

Input Char. Timer Value 

*Function Codes 

*Max. Bytes - ASCII/Binary 

Protocol- and Device-Dependent Flags 

Block Size 

Line Parameters 

Input Translate Routine 

Output Translate Routine 

Device LUN 

Line DIB Chain 

Subroutine Return Address 

Temp. Cell 1 

Temp. Cell 2 

Checksum Routine Address 

Checksum Flags 

Checksum Polynomial 

Checksum Accumulation 

Header Byte Count 

Header Bytes 1-10 

Word 7 - Input Character Timer Value 

Word 8 - S-tanda t'll for TOX 

-------------._---.-
*Standard for lOX 

J II/C-l 
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-0\ 
ord 10- Device-Dependent Flags 

The device-dependent flags are defined as follows: 

Bits ESI,uate Definition 
0-7 DDFLGS Device-dependent flags 

0 DDFMAS Master station 
3 DDFACU Auto-call this line 

8-15 DPFLGS Protocol-dependent flags 
8 DPFUWX Unformatted WRITEs transparent 
9 DPFAWX All WRITEs transparent 

10 DPFUSR User line control 
11 DPFDIS Disconnect on Write File 

Word 11- Maximum Block Size 

Word 12- Line Parameters 
The line parameters are: 

Definition 
Parity enable 
Parity select, 1=even 

Mark 

Bits 
o 
1 

2-3 

ESI,uate 
DLPPEN 
DLPPSL 
DLPWSL Word length select, 00=5 bits per character, 

11=8 bits per character 

Word 13- Input Translate Routine Address 

Word 14- Output Translate Routine Address 

Word 15- Device Logical Unit Name/Number 

Word 16- Line DIB Chain 

Word 17- Device Driver Subroutine Return Address 

Word 18- Device Driver Temporary Cell 1 

Word 19- Device Driver Temporary Cell 2 

Word 20- CheckSum Routine Address 

o 
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Word 21- Checksum Flags 
The checksum flags are defined as follows: 

Definition Bits 
0-7 

15 

Equate 
DCKSM 
DCKSL 

Checksum character mask 
Checksum length, 1=2 characters 

Word 22- Checksum Polynomial 

Word 23- Checksum Accumulation 

Word 24- Header Byte Count 

Words 25-29- Header Bytes 1-10 

III/C-3 
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l\PPENDIX C.2 PRO'l'OCOL DRIVER eON'I'ROLLER INFORMA'l'ION BLOCK (CIB) 

WORD 

o 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

CBOR 

CHAIN 0 

IDrr, PRI 1 

lCUN,ITCB 2 

CN 3 --
ILUN 4 

lSTA, lOP 5 

I RCNT 6 

I BUFF 7 

IACNT,lSTPTB 8 

IPCMR 9 

ICTMR 10 

CJTBL 

1--- --
CPFLGS 

CPTBL 

EXCESS 

I CLSTAT 
I 

I 
CrOB 

COP 

~ 
CRCN'f 

CBUFF 

CTCNT 

CDAA ------------------
CDrR 

CFLC~; --------
(Cont'd) 

---------------- -

*Standard for lOX 

I 

o 

B 

} 
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CONTENTS 

*Beginning of Request Flag 

Temp. Cell 

Device Type 

Device No. 

Coordination No. 

Device LUN 

Status Opcode 

Requested Count 

Buffer Address 

Actual Count /stop Seq. Table Address 

Protocol Char Mod Routine Address 

Character Timer 

Unused by Protocol Driver 

*READ Entry 

*WRITE Entry 

*POSITION Entry 

*FUNCTION Entry 

*Special Operation Entry 

Protocol Driver Flags 

Protocol Driver Haster Table 

*Caller lOB Word 8 - Prompt Chars 

Line Status 

*Caller lOB Address 

*Caller lOB Word 5 - Opcode, status 

*Cal1er TOB Word 6 - Req. Count 

*Caller lOB Word 7 - Buffer Address 

*Actual count 

*Caller lOB Word 9 

*Busy Flag (Current DIB Address) 

*OIB Word R 

.........". 
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WORD CONTENTS 

32 STATUS 

33 CRTN 

34 CPD1B 

35 CURCNT,CPSTI 

36 CUBUFF,CPST2 

37 LPC1B 

*Status for EOR 

*S10 (CP:XIO) Return Address 

Current DIB Address for COMX 

Temp Cell 1 

Temp Cell 2 

Length of Protocol CIB - CPST2-1 

Word 0 - Standard for lOX 

Words 1-11 - Carried as the Input/Output Block (lOB) for the Protocol Driver. 

Words 12-19 - Standard for lOX 

Word 20- Protocol Driver Flags 

The Protocol Driver flags are defined as follows: 

Bits -- Equate Definition 
0-2 CSTATE Current protocol state 

3 CRDRQ READ request outstanding 
4 CWRRQ WRITE request outstanding 
5 CACKFG Acknowledgement (ACK) flag 
6 CXPRNT Transparent mode 
7 CITBFG Inter-block flag 

8-9 CTOCNT Timeout counter 
10-12 CAKCNT Invalid ACK counter 
13-15 CNKCNT Negative acknowledgment (NAK) 

Word 21- Protocol Master Table Address 

Word 22- Standard for lOX 

Word 23-Line Status 
The line status is defined as follows: 

Bits 
o 

" 
I, 

'/ 

Ii 

Equat~_ 

CLSTDO 

( 'I.: ;( ''I': : 

( 'I.: :J ): : Ii 

CI,!,( 'J, 

CJ,S~;'I'U 

Definition 
Transmit data overrun 
'I'roln:;mi t frilminq ('rror 
'I'r oJ II: an i I ! i 111(" JI/'. 

I.":;',." "1",1/ ." :;"lIrJ ((''1':,) 

I.' .:::: ," d,d oj ';,,! I (, .. ,Iy (1,::1') 

I,.,:;:; ,>I ,',a, I ,.'r dr't ""! (('I)) 

:;fJ('(' id I t: impol.1 
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o 

!. 
I 
I 

I 
I 
I 

c 

Ll i t:s 
10 
12 
14 
15 

C('SHFF 
CLSPE 
CLSHDO 

jJc:fUli r i 

pi'c:ci !J!( Oe) t-

h',ec P ! ' c' ct:'Ot 

P ,J.r i ty r. r- i'() C 

[:::ccej'1(' rlat;' OVCX'1:un 

Wo,rds 23-33 - Standard Cor lU.X 

Word 34- Current DTB ,c\d(jrn':~'H'('flX 

Word 3:)- 'I'emporaJ:Y 

ComputerAutomation ~ 

n'!quec,;tcd CO,Ult ;md subroutine:;. 

Word 36- Temporary 
l'sed ·'1,,; :3tor:3q.:, [(c) :."('1 

Word 37- Length of Pp-rt:(>c'ol 

lII/C-G 
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APPENDIX C.3 DEVICE DRIVER INPUT CI. 

WORD 

0 CBOR 

1 

2 

3 

4 

5 

6 CINTSK 

7 COTTSK 

8 

9 

10 

11 

12 

13 CTHmR 

,-. 14 CLIB 

15 CJTBL 

16 

17 

18 

19 

20 CINRTN 

21 CDSRTN 

22 CSTPTB 

23 CLSTAT 

24 CIOB 

25 COP .. _-------
26 CRCNT 

27 CBUFF ,CFUMP 

28 CTCNT 

2C) CCMR 

('0111 'd) 

*~~t<lUdurd fot fOX 

CONTENTS 

Beg. of Request Flag/Input EOB 
Interrupt Address 

JST INTQS: 

DATA $ 

DATA 0 

DATA 0 

DATA 0 

DATA Input EOB Exit 

DATA PRIORITY 

DATA A REG 

DATA X REG (CIB Address) 

DATA P-LOC (CIB Address) 

LDX $+2 

JMP Input EOB Interrupt 

Timer/Interrupt State Flag 

LIB Address 

*READ Entry 

o 

Routine 

*WRITE Entry (if Full Duplex, Unused - 0) 

*Unused - 0 

*FUNCTION Entry 

*Unused - 0 

Input Interrupt Routine Address 

Subroutine Return Address 

*IOB Word 8 - Stop Seq. Table Address 

Line Error Status 

*Caller lOB Address 

*Caller lOB Word 5 - Opcode, Status 

*Caller lOB Word 6 Req. Count 

*Buffer Address/Function Parameter 

*Actual Count 

*10B Word 9 - Char. Proc. Routine 

'·c -,:~, ': 
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WORD 

30 

31 

32 

33. 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

CDIB 

CFLGS 

STATUS 

CRTN 

CCHAIN 

CCCADR 

CCCHAR 

CTMP2l 

CTMP22 

CSTPFG 

CXLTR 

CAE OR 

CINTBF 

CINTCT 

CCHMSK 

LDICIB,LDOCIB 

ComputerAutomation <rA 
CONTENTS 

*Busy Flag (Current DIB Address) 

*D1B Word 8 

*Status for EOR 

Return Address for CD:STO 

Device CIB Chain (DC::) 

Current Character Address 

Current Character(s) 

Temp Cell I 

Temp Cell 2 

Stop Sequence Table Flags 

Translate Routine Address 

A Reg Returned to Caller at EOR 

Current Interrupt Buffer Address 

Additional Interrupt Byte Count 

Character Bit Mask 

Length of Input/Output CIB - CCHMSK+l 

Word 0 - Input End-of-Block Interrupt Address 

Words 1-12 - End-of-Block Interrupt Routine 

Word 13- Timer/Interrupt State Flag 

Word 14- Line Information Block Address 

Words 15-19 - Standard for lOX 

Word 20- Input Interrupt Routine ~ddress 

Word 21- Device Driver Subroutine Return Address 

Word 22- St.mdard for TUX 

*St.andani for rox 
TT1/C-8 
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Word 23- Line Error Status 
The line error status is defined as follows: 

Bits Eg:uate Definition 
0 CLSTDO Transmit data overrun 
3 CLSTFE Transmit framing error/bteak detect 
5 CLSTTO Transmit timeout 
6 CLSCTS Loss of clear to send (CTS) 
7 CLSDSR Loss of data set ready (DSR) 
8 CLSCD Loss of carrier detect (CD) 
9 CLSSTO Special timeout 

10 CLSRTO Receive timeout 
12 CLSRFE Receive framing error/invalid stop character 
14 CLSPE Parity error 
15 CLSRDO Receive data overrun 

Words 24-32- Standard for lOX 

Word 33- Return Address for Device Driver Start Output Routine 

Word 34- Device CIB Chain 

Word 35- Current Character Address 

Word 36- Current Character(s) 

Words 37-38 - Temporary Cells 

Word 39- Stop Sequence Table Flags 
The stop table flags are defined as follows: 

Bits Eguate Definition 
0-7 STPCNT Table count 

10 STPCKS Accumulate che~ksum on stop character(s) 
11 STPTSC Transfer stop char(s) (READ-store, WRITE-transmit) 
12 STPESF Error if stop character not found 
13 STPECN Error if current char is not stop char 
14 STPEPN Error if first found and pair is not a stop condition 
15 STPlS'r First stop character found 

Word 40- Translate Routine Address from Caller's DIB 

Word 41- A Register Returned to Caller at EOR 

Word 42- Current Interrupt Buffer Address 

Word 43- Additional Interrupt Byte Count 

Header and device-dependent characters added to messate by Device Driver 

Word 44- Character Bit Mask 

Masks out invalid bits as determined by the line parameter word in the 
DIB. 

Word 45- Lcnqt.h of [npllt/Output eln 
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APPENDIX C.4 DEVICE DRIVER OUTPUT CIB 

WORD 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

45 

CBOR 

1I l.I 

1 1 

ComputerAutomation ~ 

CONTENTS 

Beg. of Request Flag/output EOB 
Interrupt Address 

JST INTQS: 

DATA $ 

DATA 0 

DA'l'A 0 

DATA 0 

DATA Output EOB Exit 

DATA PRIORITY 

DATA A REG 

DATA X REG (CIB Address) 

DATA P-LOC (CIB Address) 

LDX $+2 

JMP Output EOB Interrupt Routine 

Same as Input CIB 

Word 0 - Output End-of-Block Interrupt Address 

Words 1-12 - Output End-of-Block Interrupt Routine 

Words 13-45 - Same as for Device Driver Input CIB 

III/C-IO 
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APPENDIX C.5 LINE INFORMATION BLOCK (LIB) 

WORD CONTENTS 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

LSTNS 

LSOFS 

LDADR 

LDFLG 

LDRTBL 

LICIB 

LOCrB 

LOBIR 

LIINT 

LOINT 

LISIN 

LIBFS 

LIBFE 

LOBFS 

LOBUF 

LOBCT 

LFCIB 

LFWCB 

LLFUN 

LHDWS 

LLPARM 

LLSDLY 

LDDWD1 

LDDWD2 

LDDWD3 

LPAD 

LSPCH 

Standard Line Status Word 

Software Line Status 

Device Address 

~- Device-Dependent Flags 

Device Transfer Vector 

Input CIB Address 

Output CIB Address 

Output EOB Interrupt Rtne Address 

Input Word Interrupt Location 

Output Word Interrupt Location 

Start Input Instruction 

Input Interrupt Buffer Start Addr. 

Input Interrupt Buffer End Addr. 

Output Device Buffer Address 

Output Interrupt Buffer Addr. 

Output Interrupt Byte Count 

Function Proc. Current CIB 

Function Proc. Next CIB 

Last Function Issued 

Last Hardware Status Word 

Current Line Parameter Word 

Line (Modem) Signal Delay 

Device-Dependent Word 1 

Device-Dependent Word 2 

Device-Dependent Word 3 

Pad Character Information 

SMC Sync/Special Character 

27 LEXCPT Exception Interrupt Point of Interrupt 

o 
(rU/C-II 
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o Word 0 - Standard Line Status Word 

Bits 
0-5 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Line status is defined as follows: 

Equate 
LSTLSG 
LSTDSR 
LSTCTS 

Definition 
Line signals 
Data set ready 
Clear to send 

LSTCD Carrier detect 
LSTRI Ring ~ndicator 
LST~ Signal quality 
LSTSCR Secondary channel receive 
LSTTFE Transmit framing error 
LSTRFE Receive framing error 
LSTPE Parity error 
LSTTDO Transmit data overrun 
LSTRDO 
LSTSCD 
LSTDRD 
LSTTMT 

Receive data overrun 
Secondary channel receive 
Data ready 
Transmitter empty 

Word 1 - Software Line Status 
Software line status is defined as follows: 

Bits Equate 
0 LSFTM 
1 LSFRM 
2 LSFEM 
3 LSFLB 
4 LSFPDX 
5 LSFLDX 
6 LSFMTY 
7 LSFANM 

'8 LSFCTY 
9 LSFNCD 

'12-13 LSFCOD 

14 LSFENL 
15 LSFINT 

Word 2 - Device Address 

Definition 
Transmit mode/output active 
Receive roode/input active 
Echo mode 
Loop back mode 
Protocol duplex (0 = full, 1 = half) 
Line duplex (0 = full, 1 = half) 
Modem/controller type (0 = async, 1 = sync) 
Answer mode (0 = dedicated, 1 = switched) 
Carrier type (0 = constant, 1 = controlled) 
Carrier detect must be lowered before request to send 

is raised 
Line code set (00 = internal ASCII, 01 = USASCII, 

10 = EBCDIC) 
Line enabled (1 = enabled) 
Line initialized (1 = initialized) 

Word 3 - Device-Dependent Flags 

Word 4- Device Transfer Vector 
Address of Device-Dependent-Routines Table. 

Word 5 - Input CIB Address 

Word 6 - Output CIB Address 
If half-duplex line, same as word 5 (i.e., only one CIB for both input 
and output) . 

Word '7 - Output End-of-Block Interrupt Routine Address 
If fUl.!-display line, same as word 6 (output CIB address). 

III/C-12 
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ComputerAutomation ~ 

Word 8 - Input Word Interrupt Location 

Word 9 - Output Word Interrupt Location 

Word 10- Start Input Instruction 
Complete with device address (e.g., AIN DA,I) 

Word 11- Input Interrupt Buffer start Byte Address 

Word 12- Input Interrupt Buffer Cnd Byte Address 

Word 13- Output Device Buffer Byte Address 

Word 14- Output Interrupt Buffer Byte Address 

Word 15- Output Interrupt Byte Count 

Word 16- FUNCTION Request Processing in Current CIB 

Word 17- FUNCTION Request Waiting for Processing in Next CIB 

Word 18- Last Function/Command Word to the Device 

Word 19- Last Hardware Status Word Input 
Status returned by device. 

Word 20- Current Line Parameter Word 
Same format as Line Parameter Word in Protocol Driver DIB. 

Word 21- Line (Modem) Signal Delay (in ticks) 

Word 22- Device-Dependent Word 1 
Device-Dependent factors are defined as follows: 

Bits Equate Definition -
0 LDWDLE DLE seen 

13 LDWRXP Receive in transparent mode 
14 LDWTXP Transmit in transparent mode 
15 LDWTMD Transmit modification 

Word 23- Device-Dependent Word 2 

Word 24- Device-Dependent Word 3 

Word 25- Pad Character Information 

Bits 
0-7 
8-15 

Pad character information is defined as follows: 

Equate 
LPDCNT 
LPDCHR 

Definition 
No. pad chars. to be sent 
The char. to be sent 

Word 26- SMC Sync/Special Uhlracl er 

Won! 2-/- Exceptim! Tlit(~rTUpL Poi lit uf Interrupt 
Word 27 p] us all ilddi tiollaJ 24 words are used only if the device has 
exception int.f'rlIIPU, (l'.'J., the SMC). 
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