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FOREWORD

Dedicated %o Esther, who &nows 2ore about
ACP"s than any other 370 programmer in the
world. .

This document is written by an RSX-11M wuser for RSX-11M
UsSers. The 1initial seed for this document was planted when I
researched a project to implement DECHET DAP protocol at the FCS
level and discovered, contrary to popular belief, there is
nothing to prevent an user from writing an ACP. Quite the
contrary, 1 can now implement ACP”s as easily as device driverse.

The one thing lacking is documentation. This is my attempt
to fill the gap and save others the long nights spent poring
over listings and manualise This is not to say ACP°s are
trivial. It is important to remember that while the concept of
an ACP is simple, the implemantation will be as difficult as the
problem you are attempting to solve.

The manual is directed towards three types of readerse.
First 1is the developer faced with the task of writing an ACP.
The entire manual applies to such a reader. Before refering to
this material, the RSX~11M Guide to %riting an I/O0 Driver and
the chapters in the RSX-11M System ULogic Manual on the I/0
mechanism and data structures should be covered.

Next, the manual can be usad by someone who merely wants a
batter understanding of the ACP mechanism. The first three
chapters should be sufficient for an introduction. Finally, the
manual can be used for reference. In particular, the appendices
contains useful reference materiale.

34 sample ACP and supporting enabling and disabling tasks
have been developed to be used with the manual. The source code
saould also be studied, especially when reading chapter 3. The
sample code can also be used as a basis for a user-written ACP.

This document reflects ACP"s as of version RSX-11M V3.2.
It does not apply to IAS or VAX/VMS. The thrust of the document
i5 how to fit an ACP into RSX-11M4, not how to write any specific
ACP. .

Haturally, neither the author, Honsanto, nor DECUS claim
any responsibility of the accuracy <for the material in this
document. If nistakes are found or nmisinterpretations occur ,
please notify the author so that the material can be corrected.
ACP"s are moving targets and, at best, this document can only
move slightly behind thems



The reader should pe aware that some @aterial has only
racantly been added and has not been prooiread by anyone but the
author. This incluges all of chapters 4, 5, and 5. The manual
saould be considered Wwith 3 yrain of salt, especially, the new
cnapterse.

The manual would have been impossible without the aid of
many people. The management of the Monsanto Agricultural
Ressarch department, especially John Schaefer and Larry Jasper,
anust be thanked for oproviding an environment that allows
programmers to be imaginative. From the R3X SIG, Rick Aurbach,
Fred Veck, John #ood, and Jim McGlinchey have all contributed
ideas and time. Jim and Rick has been especially valuable in
editting the material and providing insight into how the
material should be presented. Finalliy, the manual would never
have been completed without the constant aid of by wife, Esthere.

Ralph Stamerjohn
¥onsanto, Zone T1lA
B00 N. Lindbergh

Ste. LQﬁis, MD, 63166
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CHAPTER 1

ACP PHILOSOPHY

Ancillary Control Processors (ACP“s) are an integral
component of the RSX-11M operating system. Yet they remain one
of the least understood portions of the system. This chapter
will develop a definition for  MACP" and explore the
functionality ACP®s provide in an RSX-11¥ system.

1.1 DEFINITION OF ¥ACP™

Ancillary control procassors are a part of the RSX-11M I/0
mechanism. They implemant device protocols for a variety of I/C
devices. Because the operation of ACP”s 1is hidden from the
programmer, they have been considered untouchable in the paste.
Conceptually, however, an ACP is nothing more than a task which
is tied to a device driver via the I/0 mechanism. As this
manual will show, the interface between an ACP and a driver is
very simple and allows ACP®s to be a powerful tool for system
davalopersa.

Every operating system®s I/0 mechanism can be broken into
various functional components. At the louest level are the
device service routinese. These routines perform the actual
devica 1I/0. The next level are the device protocol routines.
The protocols allow various devices to be classed together as a
single logical type and extend the device functionality beyond
the actual device capabilities. File systems and communications
protocols fall 1into this <classe. At the next lesvel is tha
mechanism for program I/0 requests. The same mechanism can be
used for each device or different devices may use different
methods. The final level of functionality are the logical I1/0
Sarvices. Record I/0 falls into this category. Logical I/C
sarvices allow data to be represented in 1logical, rather than
the actual machine format. In many systems, this level is also
used to implement device independence.

While different operating systems use different
implementations for their I/0 mechanism, similarities do existe.
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Devica sarvice routines are usuaily included in the monitor
bacause of their requirsments f0r respoasiveness and ciose
coupling with the hardware devices. 3n the other hand, while a
property of the operating system, device proftocsl code is
usually excluded from the Xernel monitocr bscause of its
complexity and size. Some mechanisa is used to allow the device
protocol code to comamunicate with the device service routine.

RSX-11M uses ACP"s to implement device protocolse. The
concept of an ACP w=as first used for RSX-11D. Each device was
serviced by a task which also contained the interrupt service
cade. These tasks w@ars called device handlers and allowed the
programmer to use the pouwer of both task and executive state.
For very complicated protocols such as the file system, other
tasks uwere used to perform the various file 1/0 functionse.

This approach suffered from sSeveral flausse. For simple
devices such as line printers, using a task for device service
was overkill. For complex devices, the structural 1limitations
complicated the implementatione. when RS5SX-11M was introduced,
device seryice and device protocol were separated into distinct
componantse. Simple device drivers were included in the kernel
executive. Special tasks (ACP”“s) were coupled to the executive
to perform the device protocols. The coupling mechanism has
changed with various releases, but the separation of the tso
components has remained.

In summary, an ACP is a task which 1is tied to the 1I/0
mechanisa and 1is wused to provide a protocol for a class of
devices. ACP®s enjoy both the features of a task and the pouer
of the executive. As will be shown later, the coupling of ACP”s
to tne executive and device drivers 1is very simple, making
user-written ACP"s a workable solution to a wide variety of
application problemse.

1.2 ACP CHARACTERISTICS

Several ACP”s have been uwritten by Digital. The common
Digital ACP"s are the the disk file system (¥F11ACP), ANSI
magtapes (HUTAACP), and the HdSP portion of DECNET (NETACP).
These ACP"s have the following attributes and characteristicse.

l« Each ACP 1is a privileged task: and has ail th=a
attributes of a3 task (stack, priority, task nape,
checkpointing, 2tCe).

2. Tach ACP c¢an be considered a portion the executive.
ACP”"s are mapped into the executive and run in kernel
state winenever necessarys
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fach ACP iamplements a protocol for 2 class of devices:

l.

2.

J.

#11AC? implements the Ffiles-11 protocol for all
disks (RKO0S, RPOS, etc.) and DECtapes. ’

MTAACP implements the AN¥SI magtape protocol for all
supported tape drives (TU10, TE16, etCe)e

NETACP implements the NSP portion of the DECNET
protocol for a wide variety of communication
interfaces (DL11, DMCl1l, etce.)e.

The protocols extend the functionality of the devices
in several ways: .

1.

2.

3.

4

fa

The burden of direct device manipulation is removed
from the programmer and is handled by the ACP in
conjunction with the device drivers.

The burden of protocol lievel data manipulation is
handled by the ACP’s. The ACP®s strip any data
related to protocol and return only the information
related to the applicatione.

The ACP“s allow the devices to function as logical,
rather than physical, entities. In the case of
Files-11, a program deais with files 1instead of
physical disk blocks. F11ACP handles 3ll1 block
mapping and allocation. Programs view files as a
set of contiguous blocks, regardless of the actual
allocation.

The ACP”"s allow different devices to be treated the
same from the program”s viewpoint. DECNET"s
support of 1logical links over asynchronous,
synchronous, and parallel interfaces is the most
vivid example of this.

The devices can be shared for simultaneous access.
Each accessing process is protected from others by
the ACP*s. The ACP®s also synchronize access to
the physical devices when necessarye.

The devices are protected against unauthorized and
destructive access. when an ACP is used with a
devica, ths ACP? "owns" the device.

Each ACP can De amounted/dismounted for a given device.

Fhen

mounted, the device is available only for use in

the context of the device protocol provided by the ACP.



ACP PHILOSOPHY PAGE 1-4

One lack of similarity must also be a@mentioned. The
internal implementation of the Digital ACP” s have nothing in
commen. The only similarities are 1in the interface to the
operating systam. dpw an ACP? accomplishes its purposa is left
to thne individual ACP.

1.3 1I/0 HIERARCHY

As was stated before, all I/0 mechanisms can be broken into
four functional components: logical I/0 services, program 1I/0
requests, device handling, and device protocol servicese. This
section will discuss how each of these functional components are
implemented by RSX-114. 1In particular, the relationship of each
component to an ACP will be discussed.

The I/0 mechanism for RSX-11¥ can be mapped directly into
the four areas. The FCS/RMS libraries provide the logical I/0
services. The @I0 directive and the associated executive
processing form the I/0 request mechanism. Device drivers are
used for device service. And finally, ACP"s are used to
implement device protocols.

1.3.1 FCS/RMS

Logical I/90 services for R3X-11M are provided by the
file/record service libraries: Record Management Services (RMS)
and File Control Services (FCS). The two most important
services provided by these packages are device independenca and
iogical records. The packages aiso provide a convenient
programming interface for issuing I/0 reguests.

Both FCS and RMS are implemented as macro and subroutine
libraries. RMS is the nswer package. It extends the concept of
1ogical records, particularly in the area of record organization
(relative and keyed). FCS 1is the traditional package and is
more widely used in RS5X{-11M systems. However, the libraries are
equivalent 1in their relationship to the other components of the
I/C mechanism.

When cailed, FCS5/R¥3 translate the logical 1I/9 reaquests
into device specific {/0 raguests. This is done by =2xamining
the chagracteristics of the assigned device and 1issuing the
approoriate QI8 directives. The packages are also aware of the
existence of the Files-11 and magtape ACP"s and issue 1I/0
raquests specific to these ACP"s. It is important to remember
that FCS/R#S do not implement the file system, they are only
aware of hnow to interface to it to accomplish the services
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requested Dy the programmer. 4 new ACP can be interfaced to
FCS/RES by teaching the packages the proper usage of tha ACP.

1.3.2 &8I0 Directive

All user I/GC is requested by using the QIO directive. The
directive can be issued directly by a program or indirectly from
the various run-time systems.

The RIC directive together with the executive processing
form the program I/0 request component of RSX-11M. The RSX-11M
executive is responsible for translating the QIO reguests into
their internal representation (I/0 packets), checking for
Parameter validity, and dispatching the I/0 packet to the
correct processing routinee. ’

The device data bases are used by the executive to
determine how a packet is to be processed. The executive may
pass the function directly to a device driver or gqueue the
packet to the driver I/0 queue. If an ACP is mounted for the
device, the packet is specially processed and sent to the ACP
instead of the device driver. It is extremely important to
understand this mechanism when writing an ACP.

1.3.3 Device Drivers

Device drivers are the lowest Jievel 1in the RSX-11M 1/0
hierarchy. ODrivers provide the device service functionality and
are small, responsive modules. RSX-11M device drivers do little
more than physical data transfers and device manipulations. The
driver 1/0 parameters are specified in a basic, often device
dependent forme. - »

An ACP can interface to a device driver in a variety of
WAYSe The most common approach 1is to use the normal QI0
directive. An ACP will typically take the I/0 request gueued to
it and 1issue device specific I/0 requests to satisfy the
raquest. The driver code itself is not aware that an ACP 1is
calling it.

Device drivers serve another purposa in implamenting ACP“s.
The driver mechanism 1is convenient for extanding executive
processings. As will bDbe sean later, pseudo drivers can be
implemented to provide the processing necessary for ACP I/0
Tequests thnat is normally done by the axecutive. The use of
such drivers permits user-written ACP?°s to be implemented
Without modifying the kernel executive.
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113»""1 A.CP’S

Finaliys

LACP®s5 are the component a@nich implament device
protocols. These tasks take I/C functions from the executiv=a
and perform the desired operation according to the rules of the
protocol.

1.3.5 Summary

At this stage, a simplistic vies of the RSX-11M T1I/0
mechanism has been desveloped. The simplest case 1is a Qid
raquest from a task to a non-ACP device. The flow 1is through
the executive®s QI3 processor to the device driver to the
device. By adding FCS/RMS, the task makes a subroutine call to
the run-time 1library w«which then 1issues the actual QIC. The
final case (Figure 1-1) adds an ACP to the device. Here, the
I/0 request is routed to the ACP by the executive. The ACP may
issue its own I/0 requests to the device driver or satisfy the
reguest wusing its internal data bases. In some special cases,
the executive may route the packet directly to the driver.

1.4 ACP ABILITIES

it is not often clear why ACP”s are such a necessary part
of the RSX-11M 1I/80 mechanisme. This section will discuss the
abilities which are wunique to ACP"s and make them such a
powerful application tool.

The key abilities come from the fact an ACP is a taske.
ACP*s are allowed to do things which are impossible from device
drivers. They <can 1issue all the RSX-11M directives. For
example, the ability of an ACP to issue GI0°s allows it to
service a complicated I/0 ragquest by using the simpler services
provided by a dewvice or another ACP.
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At the same time, ACP"s are privileged taskse. The full
abilitias of the sxecutive are availabie. For asxample, ALP"S
can allocate and rsturn systesm pool m@mersely bHy switching to
system state and calling tne executiye routines. In additiion,
as privileged tasks, ACP2"s are mapped into the system pool and
can examine and manipulate ail RSX-11M executive data
structures.

Also, b&causes ACP“s are tasks, they can be wusad wWith all
tne programming tools provided by RSX-11M. For example, they
may use disk and memory-resident overlays, be checkpointed, and
link- to ODTe. The 1last ability 1is a very key feature as it
allows ACP”s to be debugged much less destructively than device
driver code.

The axecutive interface to ACP"s ailso has abilities not
normally available to device drivers. A4 feature of the
interface allous ACP“s to establish a mapping between several
separate 1I/U requests. The process of opening a file, reading
and writing disk blocks, and closing the file is an example of
this mechanisme. Similarly, DECNET supports establishing a
logical 1ink, transmitting and receiving data, and terminating
the linke.

This feature allows an "I/0 process™ to be established for
a logical unit in a task. Each process uses an ACP unique data
structure called a window to establisn the linkage betuween the
lun and the operations being performed by the ACP. The window
address 1is stored in the sscond =mord of the logical unit table.
Tnis address 1is passed to the ACP in the I/0 packet and allows
the ACP to reference the window when serving a regqueste. The
mechanism also includes support for notifying the ACP when the
task terminates and I/0 processses are still outstanding, even if
the task has no outstanding 1I/0.

1.5 ACP IMPLEMENTATION

This manual will cover three types of ACP implementations:
standard, wuser, and foreign. #hile each form fulfills the
definition of "ACP"™, standard ACP"s follow the rules used by
Digital in writing F11ACP and MTAACP. Such ACF®s are "known™ to
the executive ana special code is included for their support.

On the other hand, user ACP"s are not "known to the
system, only to the device driver which uses their servicss.
The aajor advantage of the approach 1is that no changes to
existing executive code are necessary for the user ACP, yet, all
the advantages of having an ACP remaine

Foreign ACP“s are between standard and user ACP°s. The ACP
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is knoun to the executive, vyet no special services are provided
- for support of the ACP.

Throughout this paper, references will be made to the
requirements for writing stancard, user, and foreign ACP®s. In
order to simplify the tecminology, M™ACP"™ will be used when
discussing material relevant to all styles. "DCP" (Digital
Control Processor) will be wused when refering strictly to
standard 4CP"s. "UCP" (User Control Processor) will be used for
references concerned with the wuser form and "FCP" (Foreign
Control Processor) will refer to ACP”s which use the foreign
faature of RS¥-11H4.

The choice of writing a DCP, UCP, or FCP depends on the
purpose of the ACP. The major difference between the various
forms of ACP°s is how and where the I/0 requests designated for
the ACP are processed. No matter wnich form is implemented, a
certain amount of pre-processing is required before an I/0
request 1is received by an ACP. The next three sections examlne
how each form of ACP interfaces to the executive.

1.5.1 O0OCP Approach

Figure 1-2 diagrams the flow of an I/0 trequest from an user
task to a DCP. When a QIO is issued from a task, the directive
dispatcher calls the entry 3DRGI0. The common QI0 processing is
performed first. The current task state is checked to see if
the QIO can be issued at this time. If it can, the common QIO
fieids are <checked for legality. Finally, an I/0 packet is
allocated from the systam pool and initialized with information
taken from the QI0 directive parameter blocke.:

Once the common processing is completed, the QI0 processor
dispatches to the function wunique code. The current device
status stored in the Unit Control Block (UCB) and the function
bit masks in the Device Control Block (DCB) determine the type
of function processing selecteds In the case of an I/0 packet
designated for a DCP, the device driver must be loaded, the
device marked as mountable, mounted, and not foreign, and the
function marked as legal and ACP in the DCB mask fields. 4hen
these conditions are met, the ACP special packet processing is
invoked.. Fach I/0 function supportad by Digital ACP"s is
processad using special polish-driven routines.
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Jne function of the special processing is to decide whether
the I/0 packet needs Sequencing with the device driver state or
enather 1t can be gJueued directly to the ACP. If the packet
dgoes not need sequencing, ORQIO gueues the I/0 packet to the
receive queue of the ACP? and schedules the ACP for axscutione
Otharwise, the packet is piaced in the I/0 gqueue of the driver
and the driver initiator is called. The packei will be queued
to the ACP when it 1is dequeued by S$GTPKT. This occurs
transparently to the driver.

1/0 packets are gqueued to an ACP via the ACP task”s receive
queue, This 1is the same queue used by normal tasks to receive
messages from other programs. The entries S$EXRQP/SEXRQF in the
executive queue the I/0 packet and also cause the ACP to be
scheduled for execution.

In short, a DCP is known to the executive. Special code in
the executive®s DRQIO module handles functions designated for a
DCPs The features of this approach are as follous:

1. 1I/0 functions processed by the DCP are marked as legal
and ACP functions in the DCB function masks. DCP
function codes are required to be from 7-31{(10).

2. The device 1s marked as mountable, mounted, and
not-foreign in the UCB.

3. The I/0 packet is specially processed by DRQIO. The

: type of processing performed depends on the 1I/0
function code and is done by tha polish-driven routines
in DRGI0. ‘

4. The I/0 packet is queued to the DCP by the executive,
however, for some functions the packet 1is queued
directly by DRQIO and for others it 1is handled by
GTPKT.

The DCP approach is appropriate for a user-written ACP when
the new ACP processes current Digital ACP functions. 1In this
case, no modification of the code in the executive is necessary
to support the user-written ACP. It 1is also important to
understand the DCP approach when using the methods discussed 1in
the next tftwo sectionse The FCP and UCP approaches are not
short-cuts, they merely move the spacial processing performed in
ORRI0 to cutside the sxacutive.
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1.5.2 UCP Aporoach

The UCP approach provides all the functionality found 1in
Digital”s implementation of ACP"s. The apprcach uses features
of the RSX-11M I/0 mechanism to move the special <c¢ode for ACP
I/0 processing to outside the executive. This permits a user to
write a totally new ACP without modifying the executive.

The key to the UCP aporoach is the UC.GQUE bit in the UC3.
4hen this bit is set, I/3 packets are not queued to either the
device driver or any associated ACP. Instead, the driver
initiator 1is called directly from the DRQIDO module. The driver
can then perform any necessary special packet processing in-line
with the executive’s I/0 processing. #hen finished the driver
is responsible for placing the I/0 packet in the correct queue.

The fact that no context switch can occur between the
executive and the call to the device driver is critical to the
UCP implementation. Certain types of processing done on the I/0
packet, such as address checking and relocation, must occur in
the context of the task which issued the 1I/0 regquest. Once a
packet 1is placed in driver or ACP queue, a context switch may
occur before it is retrieved. In the case of a packet queued to
an ACP, a context suitch is implied by the fact that the ACP
must be scheduled.

Figure 1-3 illustrates the flow of an I/0 request from an
user task to a UCP. ~rFirst, the common QI0 processing occCurse.
The first difference betwesen a DCP and UCP is evident when the
dispatch 1is made to the function unique code. The UCP approach
marks all functions serviced by the UCP as legal and control
functions. By marking the function as a control function, the
executive mereiy copies the six QI0 parameters to the I/0
packet. This avoids any special 'processing built into the
executive for DCP-style ACP"s.

Once the I/0 packet is constructed, the driver initiator is
called w=ithout any queueing, due to UC.QUE being set. The
driver can then process the I/0 parameters in the I/0 packet as
needed. The driver then gqueues the packet and requests the UCP
by calling the normal ACP scheduling routine. If the packet
should not be routed to the UCP, the driver queues the packet teo
itself and calls $GTPKT to correctly synchronize driver packet
processindg.
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hertefore, an UCP is known to the dJdevice drivere. The
axecutive 1is Uunawmare that a UC2 is being interfaced to tha
driver. This has the disadvantage of generally limiting a OCP
to sSupporiing oniy one device driver. The features of the UCP
approach are as follows:

1. The I/C functions processed by the UCP are wmarked as
lagal and control functions in the OCB function masks.

2. The device is typically marked as wmountable, mounted,
and not-foreign in the UCB. The driver is also set for
no queuzing of the I/80 packet (UC.RUE=1).

3. The I/0 packet is processed as a control function by
DRGIG. Any special processing required by the UCP is
performed in the device driver.

4., The 1/0 packet 1is queued to the UCP by the device
driver when it finishes its special processinge.
1.5.3 FCP ApgroaCh

The FCP approach is between the DCP and HCP techniquese.
The approach is based on the RSX-11M V3.2 executive®s support of

the foreign ACP bit in the UCB {(US.FGR). #hen this bit is set,

the special processing applied to DCP functions is bypassed.
The I/0 parameters are merely copied to the 170 packete.

Figure 1-4 shows the flow of an I/80 request to a FCP.
Functions to be rTouted to the FCP are marked as legal and ACP
functions in the DCB function bit masks. The device state in
the UCB amust be mountable, mounted, and foreign ACP. ihen these
conditions are met, the QID parameters are copied without any
checks to the I/0 packet. This is the same as the processing
applied to a DCP. At this point, the I/0 packet 1is routed to
the FCP by DRGID if the gueue disable bit is not set (UC.QUE).
This is acceptable only if no special processing needs to bea
applied to the packets. o

If this condition cannot bz met, the same approach used for
UCP”s must be applied. The packet must be passed without
quedeing to the driver initiator wnich tihen apglies any special
srocessing npeeded. %hen complated, fne driver can either gqueue
the packet directly to the FCP or gqueue it to itself and let
S5GTPKT desqueus the packet and send 1t to the FCP.

dhile FCP’s are known to the executive, the same processing
is appliad no matter what the I/0 function. The following is a
summary of the FCP approacn:
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1. The I/0 functions processed by the FCP are marked as
legal and AC? functions in the UC3 function masks.

[R]

« The device is marked as mountable, mounted, and foreign
in the UC3. Any necassary special packest processing is
performed by the device driver and the queue disabie
bit (UC.RUE) must De set.

3. The executive only copies the 310 parameters to the I/O0
packet. As stated above, any special processing is
must be done by the device driver

4. The I/0 packet can be gqueued to the FCP by DRQID, the
device driver, or GTPKT.

The advantage of the FCP over the UCP approach is not in the I/O
packet processing. The executive services are minimal and like
all Digital software, subject to change. The advantage is the
support provided by the MOU and DMO task for mounting and
dismounting the foreign ACP.

1.6 ACP APPLICATIONS

ACP”s can be written for a wide variety of applications.
Cne type of application 1is a non-Files-11 file systen,
particularly, 1if the ACP 1is5 interfaced to FCS/RMS for
device/file independence. Tuwo examples are listed belou:

1. If a site supports mixed systems (RT-11 and RSX-11M for
example), an ACP could be implemented to support the
foreign file structure. If interfaced to FCS, the
RSX-11M wutilities <could be used to access the foreign
disk directly.

2. If a3 site has a requirement to process foreign
magtapes, an ACP could be written for this task. This
is basically what occurred when MTAACP was introduced
by Digital.

iACP°s <could alsc be ussed to implement communications
protocols. Digital toek this approach with DECKNET. A
user-written ACP could be used to communicate «with other
computars via some sstaplished protocol (3YSYNC, 3DLC, etc.) or
3 sita-specific protocol. Alternatively, an ACP could be
WCitten to raplace H3P witiin the ODECNET arcnhitecture. This ACP
could implement a specialized link level protocol.

Another <c¢lass of applications 1is be to extend the
functionality of =2 current Digital device. For example, one



ACP PHILOSGPHY | PAGE 1-17

method of implementing transparent line printer spooling would
b2 wvia a line printer ACP. This task would intercept write
r2quests to the line printer and output them to a disk file.
ihen the output 1s terminated, the file is queued to the
printerc.

ACP”s can also be used to solve application problams. For
example, an application system may use a complex file
organization for storing and retrieving data. Usually with such
implementations, special subroutine libraries have to be
developed and linked to each task to access the information and
coordinate updating the data. An ACP could be written that
would essentially implement a special database management systenm
for the application.

Many other applications for - ACP“s could be listed.
Appendix ¥ 1list wvarious wuser-written ACP®s that have been
reported to the author. Other users who have written ACP®s are
invited to submit a summary of their implementation to be
included in future versions of this manual.






CHAPTER 2

DATA STRUCTURES

ACP“s, like most system tasks, deal with the RSX-11M system
data structures. In the case of ACP"s, some of the data
structures are integral to the ACP concept. This chapter
examines the RSX-11M data structures in the context of ACP
usage. The emphasis is on the global relationship between the
data structure, the RSX-114 I/0 wmechanism, and the ACP.
Appendix B presents a detailed view of the data structures
mentioned in this chapter.

The data structures of interest to ACP"s can be divided
into seven categories: QIO data structures, device driver data
structures, common ACP data structures, ACP specific data
structures, FCS data structures, R¥5 data structures, and other
structures. This chapter deals with the first four arease. The
FCS and RMS structures are discussed in Chapter 4. This chapter
will also touch on the how some of the other data structures are
used by ACP’s.

2.1 GQIU DATA STRUCTURES

The QI0 data structures are used to package the 1I/0
raquests and route the request to the correct device. The data
structures used to package I/0 requests are the QIO directive
parameter block and the I/0 packet. The QIO directive parameter
block is formed in the issuing taske. The 1I/0 packet 1is the
executive representation of this structurs. The data structure
used to route I/0 packets to the correct device is the 1logical
unit table. This table is found in the task header and is used
to map a logical unit number *to 3 specific devics.
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2.1.1 ®RI0O Directiyve Parameterc Block

The 4i0 directive paraaeter block {DPB) iz the form an I/7
raquest takes ln a user task. The biock is normally constructed
by the GIOS and QI0WS macrose. Ali 1/0 regquests, including
ragquests to ACP"s, are issued from =z task by using the QI0S and
RQICHS directives.

%hile the format of a QAIQ DPB is constant, some special
consideration must be given the DPB when writing a new ACP. The
ACP design must consider the I/0 functions it will service and
the format of the six QI0 parameters. ’

The I/0 function is a two byte field. The executive only
considers the high byte in processing an I/0 regquest. This byte
is the function code and has a legal range of 0-31(10). The low
byt 1is the subfunction field. All values are legal for this
byte. The subfunction codes are used by drivers and ACP’s to
further delimit I/0 functions. The onliy requirement for the
subfunction code 1is that all subfunctions of a particular
function <code must bDbe the same type of request (transfer,
control, 2tc.)e. :

Some rules also apply to the function code byte. Some
codes have been traditionally resarved for special 1I/0
functions; in particular, «codes 0-7 all have traditional
meanings and should not be considered for new ACP I/0 codes.
Also, if the new ACP follows the DCP implementation, the
executive SGTPXT routine requires the ACP function codes to
rang2 from 7-31(10).

Because the I/0 parameters for an ACP function are usually
processad specially, there  is almost complete freedom in what
parametars are used. The only RSX-11M requirement applies to
transiar functionse. For such I/0 raquests, the executive
expects the first parameter to De the address of a buffer and
the second parameter to be the size of the buffer in bytes.

2.1.2 1I/0 Packet

The I/0 packet is the internal reonresentation of an I/0
raguast. DRRIC allocates the I/0 packet from systsm pocl 3ndg
ipnitiaiizes 41t witn wvalu2s taken from the QIO directive
parameter block. The packet is then gqueued to the appropriate
driver or ACP for sarfvicinge

When writing a new ACP, the process of initializing the I/O
packet parameter fislds must be considered. For DCP"s, this is
the main purpose of the special ACP code in DRRI0. A typical
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ice /0 request may pass several addresses and special.
parameters. Zach addrass aust be checked and ralocated before
stored 1in the packet. In some cases, the parameters passed to
the ACP nave little onysical resemblance to the original JIC

rocessing has repackaged the

v
c

paramelers. The special ACP »p
information for the ACP.

The rest of the I/0 packet is typically of no interest to
ACP”s, 4ith two exceptions: the function code and the address
of the second lun word. The executive copies the function code
from the QIO directive parameter block into the I/0 packet. The
function code can then used by the ACP to dispatch the packet to
the appropriate function processor.

The second lun word address field is the one part of the
I/8 packet which is not typically used by device drivers. This
location contains the address of the sescond word in the logical
unit table entry for the 1lun of the I/0 request. (see next
section). The importance of this word will be explained in the
saction on window blocks.

2.1.3 Logical Unit Table

The purpose of the logical wunit table (LUT) is to map
logical wunit numbers to devices. The LUT table is also used to
map luns to I/0 processes. The table is a portion of the task
header and consist of a two word entry for each possible logical
unit a task may use. The size of the table 1is fixed at
taskbuild time by the UNITS optione.

TXK8 fills the table with the ASCII device name and wunit
number. When a task is installed, the first word of each entry
is replaced Wwith the device UCB address and the second word is
Zeroed. When an I/0 request is issued, the logical unit number
maps the appropriate entry in the LUT. Any redirect pointers
are followed and the I1/0 packet is dispatched to the resulting
device. This may result in the packet b2ing queued to an ACP
serving the device.

The second word of the LUT entry is used by ACP"s to map
/0 processes to logical wunit numbers. The address of the
window block is kept in this worde. & window block is the /3
process unique data structure ana is  discussed in 32 latter
section. 4n example of window blocks 1is the F11ACP window
blocks wused to map virtual blocks to logical blockse dote, an
ACP window biock is different from a PLAS or task mapping
Windouw.

The second LUT word has two other uses important to ACP“s.
Bit 0 of the word is the lun lock bit. 4%hen this bit is set,
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the executive preventis the user task from issuing any QI0°s for
the logicai unit. This czan. be used hHy ACP”"s. to insure proper
synchronization between 2 r2guest it is currently servicing and
the user taskKe.

Tha other use of the sacond LUT word 1is to notify ACP s
when a task exits with outstanding I/0 processes. A task is not
permitted to exit until all second LUT words in the logical unit
table are zero. When a non-zero entry is found, the executive
quaues a special I/0 request to the ACP. The ACP? is responsibie
for terminating the I/0 process and zeroing the second LUT word.

2.2 DEVICE DATA STRUCTURES

The device data structures are used to describe the generic
device type, each separate device, and each hardware controller.
The Device Control Block (DC3) names the device and contains the
1/0 dispatch tables. There 1is one DCB for each device typee.
The Unit Control Block (UCB) contains the information for each
device unit. The  Status Control Block (SCB) 1is wused to
coordinate activity among device controllers. There is one S(CB
for each controller. The RSX-11M executive typically permits
only one I/0 request to be outstanding for each controller. If
the controller supports multiple wunits (UCB”s) but requires
serial access, one SC3 will be used for all UCB"s. If the
controller permits mulitiple access, one SCB will be allocated
for each UCB.

Most of the information in the device data structures is
specific to the neesds of device drivers. ACP"s are usually only
concerned with a few fields. The next three sections comment on
how the DCB, UCB, and 5CB ars involved with ACP implementation.

2+ 2.1 Deyice Control Block

The Device Control 8lock (DCB) names the device, points to
the device wunit structures and controls how I/0 functions for
the device are processade. This last feature is important to ACP
implementation. The DCB3 function aasks decide whether a
particular I/0 function iz legal or invalide They further
ciassify legal functions into four types: control, noop, ACP?,
and transfer. #hen implementing a DCP or FC2, functions which
shouid De routed to the ACP? are marxed as legdai and ACP in the
DCB function masks. This causes the special packet processing
in ORGQIO for ACP functions to be invoked. When implementing a
UCP, the functions are marked as legzl and control.
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2+2«2 Unit Control B3lock

The Unit Control 3lock (JC3) 1s the key deyice structuree.
There 1is one UC3 for each separate device. Tha UCB”s are the
one device structure that are variable 1in 1lengthe. The only
requirement for UC3°s 1is that all UCB*s belonging to a DCS be
allocated contiguously and that all are the same size.

%hen a device supports an ACP, the UCB”s are extended at
least two words beyond the normal length. These additional
words are used to hold the Task Control Block address of the ACP
(U.ACP) and the Volume Control #lock address (U.¥CB). The
address stored in U.ACP is the task TCB address the executive
will use when queueing ACP I/0 packets.

The flag fields in the UCB are also of interest to ACP*s.
The «control flags byte (U.CTL) are used to decide how various
I/C requests are to be handled. One bit in this field is the
UC.QUE bit wused by UCP and FCP implementations to pass the I/0
packet to the device driver for ACP processing. The unit status
flags byte (U.STS) contains bits which define whether the unit
is busy (U5.85Y), mounted (US.MNT), foreign (US.FOR), or marked
for dismount (US.MDM). The correct manipulation of all of these
bits is necessary for the correct operation of an ACP. A device
is marked busy whenever an I/D function is dequeued for the
device driver. The busy bit is cleared whenever an I/0 function
is completed by calling $I0DON. A function will not be dequeued
for a device if it is marked busy. ©Because ACP functions are
not processed by the device driver, the driver is not marked
busy when an ACP function is dequeued and passed to the ACP.
This allows the driver to continue to service functions and
requires ACP”s to not clear the busy bit when they finish an I/0
request. The mounted bit signifies an ACP is mounted for the
device and can process I/0 requests. %hen an device is marked
mounted, U.ACP and U.VCB are assumed to contain valid values.
The US.MDM bit signifies a dismount raquest has been made for
the unit. No new I/0 processes should be allowed to start and
when all outstanding processes are completed, the ACP should
mark 1itself not mounted by setting US.M0U. The ACP exits when
all devices are finally dismounted. Finally, the US.FOR bit is
the 1indication to the executive that the forasign ACP logic
should be invokede.

2+.2.3 Status Control Block

The Status Control Block (SCB) is wused to define and
control access to the hardware controller. ACP®s are usually
not concerned with this data structure unless they are closely
coupled to the device driver.
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2.3 ACP? COMMON DATA 3STRUCTUR

%]

5

Two data structures are common Lo all ACP"s: Yoliume
Control 8locks and ¥indow 3locks. The 7oilume Control 3locks are
used to hold information about each separate device an ACP
services. The Window Blocks hold the 1/0 process information.
while all ACP”s typically use these structures, their format is
ACP dependent. ‘

2.3.1 Volume Control Block

One feature of ACP”s is their ability to service several
differant devices. The data structure used to keep the
information for each device is called a volume control block
(VCB). A VCB is allocated from the system pool when an ACP is
mounted for a device. The address of the VYCB is stored in
oftset U.YCB of the device UCB. The VCB is returned to the pool
when the ACP completes dismounting the devicee.

The length and format of a VCB is ACP-dependent. Only the
first word has a common meaning across ACP°s. This word of the
¥CB is the volume transaction count and is used as a counter of
the number of outstanding I/0 requests gueued to the ACP for the
device. It also counts the number of 1I/0 processes created by
the ACP for the device. The ACP cannot dismount the device
until the transaction count reaches zero, indicating no activity
for the device.

For DCP and FCP implementations, the executive increments
the transaction count whensver it gqueues an I/0 packet to the
ACP. It is the responsibility of the device driver to increment
the transaction count when it gueues a packst to a UCP. The ACP
is then responsible for decrementing the counter when it
completas an I/0 function and incrementing and decrementing the
counter when it creates and destroys I/0 processes.

The remainder of the VYCB <can be used for any purpose
desired by the implementation. The typical information kept in
a VCB is any data which is unique to the volume. For example,
F11ACP? keeps the index file mappring information and volume
defaults in disk VL3 7s.

22322 #indow Conttroi 3lock

As mentioned before, one powerful feature of ACP’s is their
ability to establish a mapping between I/0 requests. For
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example, F11ACP maps read and =rcite virtual block I/730 to logical
disk DiociksSe The information necessary to do this mapping is
established when the file is opened.

This ability to create an. "I/§ process™ usas a dJdata
structure called window blocks. These structur2s are completely
ACP dependent 1in 1length and format and contain whatever
information the ACP needs to keep for each sSeparate process.
Typically, window blocks keep access masks, pointers to other
ACP unique data structures, and retrieval information for read
and wWwrite requestse.

Window blocks are allocated by the ACP when it creates an
I/0 process. #hile the window block is typically allocated from
system pool, it can be allocated from the ACP task space if only
the ACP accesses the window. The window block address is stored
in the second word of the logical wunit table entrye. This
address 1is passed 1in the I/0 packet in offset I.LN2. Further
I/0 requests from the same logical unit will always reference
the same logical unit table entry, allowing the ACP to retrieve
the window block addresse.

NOTE

The address of the second LUT word cannot be kept
internally by the ACP. The LUT table is located in
the task header, which is destroyed and reallocated if
the task is checkpointed. An ACP cannot depend on any
location in the task header being the same across I/0
rsquests.

2.4 ACP SPECIFIC DATA STRUCTURES

ACP”s also can create their own data structures. For
example, F11ACP creates File Control Blocks (FCB) for each open
file. The type and extent of data structures created by a
user-written ACP is one of the keys in the ACP designe.

One guideline to AC? specific data structures 1is to
ainimize the usage of system poel. 4Any information used only by
the ACP should be allocated first from an internal ACP pocl and
overfiow to systesm pool only if ailocation fails«. OCne way to
Binimize system pool usage is to use the window block to point
to the 1internal ACP data structures, allowing 1I/0 process
structures to be mapped on a process basis instead of keeping
all information in the window block. Similarly, volume control
blocks can point to information in the ACP pool which is used
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only by the ACP.

2.5 CTHER DATA STRUCTURES

The structures mentioned so far are the key structures to
ACP"s. Other structures an ACP? may n2ed to use include the Task
Control Blocks (TC5), task headers, and Partition Control Blocks
{PC3). Depending on the application, any and all RSX-11M data
structures may be used by an ACP.

One important structure to an ACP is its own TC3. An 1I/0
request 1is queued to an ACP by placing it in the ACP receive
queue. The ACP dequeues the I/0C packet by getting its TICB
address and removing an entry from the receive queue. The
technique for this operation will be shown later.



CHAPTER 3

ACP CHECKLIST

AC? implementation is a paradoxe ACP®s are 1integrally
coupled to the executive. It appears that a comprehensive
knowledge of the RSX-11M design philosophy, data structures, and
executive code 1s needed to implement an ACP. However, after
implementing an ACP, it is obwvious that the coupling to the
executive 1is loose, logical, and straightforward. It is simple
to interface an ACP to RSX-11M; any difficulties come from the
internal ACP design.

This chapter walks through the design of an UCP-style ACP.
In order to keep the emphasis on the executive/ACE interface,
the example ACP serves no useful functiona. Rather, the ACP
merely demonstrates the functionality available to an ACP. The
chapter emphasizes the empirical rules that apply to ACP design.
Later material will develop the rationale for the logic
presented here.

NOTE

Inciuded with the distribution of this manual are the
sources for the sample ACP, its associated driver, and
the enable and disable task. It would be wuseful to
obtain a listing or the sources and refer to them when
studying this material.

3.1 QIO DESIGH

The first step in AC? design is to decide what I/0 services
the ACP  %ill provide. It is assume the aature of the servicses
needed is known; these fall out of the reasons an ACP is the
chosen solutione. This section deals with selecting the I/Q
function codes to be used, the format of the I/0 parameters for
each function, and what relationships will the user I/0 requests
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aave to sach other.

The example ACP supports five user functionse. The first
functisn creates an [/5 process. Another function terminates
the process. Tuwo other functions perform input and output to
the proCESS. The 1last function 1is a control function to a
created process. The sample ACP services the Trequests by
outputting a message %o the console terminal that the request
was processaed and returns success. The driver serviced by the
ACP supports two I/0 requests, read and write logical blocke.

3.1.1 Function Code Selection

The choice of I/0 function codes is fairly straightforward.
If the ACP is emulating F11ACP for a new device, the Files-11
GI0 functions will be usedes If the ACP will provide unique I/0
saervices, new @IU codes should be chosen.

The latter 1is the case with the sample ACP. it is
advantageous not to redefine existing I/0 codes because this
could have undesirable effects if I/0 is directed to the wWrong
device. For the sample ACP, the I/0 function code 31(10) will
ba used for all user requests. The advantage of wusing this
function code is that it is the least used by Digital device
drivers and is not used by any Digital ACP. The function
modifier field will be wused to differentiate the separate
requests. The following codes will be assigned:

IX.CRE 037,000 Create process
I1X.CLO 037,001 Terminate procsass
IX.PUT 037,002 Jutput to process
IX.GET 037,003 Input from process
IX.CTL 037,004 Process control

ACP”s also typically service ACP coatrol functions such as
mount and dismount ACP, and abort process. The sample ACP will
use the traditional I/0 function codes for these services:

If.M0Y 005,000 ¥Mount ACP
I0.D080 006,000 Dismount AC?
I0.CLH 007,000 Abort I/T process

D.400 and I0.0MQ syabolics are not defined by ODJigitals.
H0 tradition has used these symbpolic names and vaiues as
local definitions. The ID.CLY symbolic is defined and the value
must be associated with this functione.

&~

Finally, the function codes for the driver must be chosen.
For the sample driver, the traditional read and write function
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codes arz used, IJ.RLB and 10.4L3

«1s2 I/0 Parameter Selection

The next step in designing the GI0"s is to decide on the
format of the I/0 parameters to be used for each I/0 request.
Because ACP functions are processed uniguely, you have almost
complate freedom in this areae. However, the ACP and driver
implementations will depend heavily on the choice of I/0
parameters and the format chosen for each I/0 request. This is
A critical area in the design process.

The parameters for the sample ACP I/0 requests have been
chosen mostly to reflect some of the more common features found
in ACP parameter processing. The following is the format for
each request. In order to keep the logic simple, the same
parameter format is used for each 1I/0 function. The only
difference between functions is whether a particular parameter
is required or not present (zero) for the functione.

Parameter #1 - If present, the parameter 1is the output
buffer addresse. Byte alignment 1s allowed for the
pbuffer

Parameter #2 -~ If parameter #1 is present, this parameter
is the =size of the output buffer in bytes. The size
may be byte aligned.

Parameter #3 - If present, the parameter is the input
buffer addresse. Byte alignment is allowed for the
buffere.

Parameter #4 - If parameter #3 is present, this parameter
is the size of the input buffer. The size may be byte
aligned

Parameter #5 - If present, the parameters 1is the access
control value. The parameter has legal values from 0
to 3. A zero indicates no process 1/0 is allowed. A
value of one indicates IX.PUT functions are allowed
and a value of two 1indicates IX.GET functions are
alloweds A vailue of three ailows both type of process
/0

Parameter #5 - This parameter 1is pnevar user and aust alw@ways
D8 Zerve

The following table maps what 1/0 parameters are required
(R) and illegal (blank) for the five ACP I/0 requests:
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3.1.3 Relationship Between I/0 Regquests

The final step in RI0 design is to decide the relationship
between I/0 requests. The typical requests serviced by an ACP
have relationships defined by the 1/0 process. For example, it
would be illegal to perform an input before the I/0 process is
established. The general rules that must be applied to each ACP
I/0 request are as follous:

1. Must the ACP be mounted to service the reqgquest? This

rule applies to all functions serviced by the ACP. I/8
request serviced by the driver may be allowed if no ACP
is mounted. If an ACP 1is mounted, I/0 requests
serviced by the driver @may only be allowed from
privileged tasks.

2. Must the ACP not be marked for dismounting to service
the request? If an ACP is marked for dismounting but
has not yet completed the dismount, no newu 1/0
processes should be allowasd. However, all current I/0
processes should be allowed to run to completion.

3. Must an I/0 process be astablished to service the
request? This rule applies to functions which the ACP
%ill map to an I1/0 process. Typically, input, output,
and terminate process functions cannot be serviced
until the I/0 process is established.

R

» Must an I/0 process not be in effact to seryice the
raquast? This i3 fthe reverse of The above tuis. A nNewx
orocess cannot 0e created until the orevious process
nas Terpioaiads

Any other rules that make sense for your design may be
applied. In the case of the axample ACP, the only special rule
applies to the IX.PUT and IX.GET functions. When the process is
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ry

gatad wusing the IX.CRE function, pacameter iS5 specifies the
De of procass I/0 aliouwed: {see section 3.1e2)a The- access
meter can be changed by the I1X.LTL function.

T et O
'*d

The following table summarizes hoes the four common rules
listed abowe (R1-E4) and the one spacial case rule (SC) are
applied to each ACP function. An entry of "A™ means the rule is
applied. Otherwise, the particular rule does not apply to the

function.
I/0 Code | R1 | R2 | R3 | R4 | sC |
kel et Bl B B
IX.CRE 1 A 1 4 | I a4 | |
- i i i i et |
IX.CLO iia | 1A | I i
et B B e B B
IX.PUT I A 1 i a1 1 4 i
ekt et B S RS Rt EOL T EE TS
IX.GET i1r 1 A i | I |
- R B B R Ry
IX.CTL A i i A | i i

e Rl EEE PR P PR

3.2 DEVICE DATA BASE DESIGH

After it is determined how a user program will interface to
the ACP, the next step is to add ACP support to the device data
structures. This 1is a simple step. The basic structures
documented 1in the Guide to Writing an I/0 Driver manual still
apply. Adding ACP support to the driver merely involves setting
up some of the fields not normally used.

Only the device control block and unit control block need
to be considered when adding ACP support to a driver. The
status control block (3CB) is strictly driver related.

3.2.1 Device Control Block

The Device Control Block (DC3) i3 used to name the devicea
and conironi the exacutive procassing of I1/0 packets. For an ACP
supported device, the Jdocumentation on pages 4-7 to 4=15 of the
Guide to Writing an 1/0 Oriver applies. The additional step
necessary for the support of the ACP is to decide on how the ACP
functions will be processad and thereifore, how the DCB functioa
masks should be set up.

If a bCP or FCP style ACP is being implemented, the
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functions designated for the ACP? will be marked as "lazagal and
ACP™ 1in the mask fielde If a UCP? 1is ©neing impi=mented, the
functions will be marked as "legal arnd control”.

Tha foliowing snows how the DC2 function masiks are set up
for the sample ACP. Note how the IC.RLE and ID.WLB functions
are marked as legal only, implying that the functions are
transfer functions and will be handled by the driver. The
I1X.??? functions are marked as *"legal and control®™. Alsc note
that the special I0.CLN function 1is marked as "legal and
control™ but the mount and dismount requests are not included in
the DCB maskse. These functions ars queued directly to the ACP
by the enable and disable tasks and are not processed by the
executive. '

«¥3JRD 000206 j;Legal (I0.CLN, I0.3LB, I0.RLB)
«#ORD 000200 ;Control (IGLCLH)

«H0ORD 000000 jNo=-op

« #0RD 000000 j;ACP

«40RD 100000 j;Legal (IX.?722)

~#0RD. 100000 j;Control (IX.2?2)

+#0ORD 0000900 ;No-op

«®W0RD 000000 j;ACP

3.2.2 Unit Control Block

The Unit Control Block is the key structure as far as ACP’s
are concerned. The basic UCB design is documented in the Guide
to Writing an I/0 Driver #anual (pages 4~-19 to 4-26). The
fields 1in the UCB that must be properly set up for ACP"s are as
followss:

U.CTL - Unit Control Hasks. The bit masks in this field
will typically be set up for the driver”s
requirements. The one bit which may be turned on
for ACP support is UC.RUE. This bit tells the
exa2cutive to call the driver with the I/80 packet
without queuing first. This is the mechanism used
for FCP and UCP style ACP“s that allows the driver
to specially process the AC?2 I/0 packets.

J«87S = Unit Status ¥asks. Some of the bit masks 1in this
fipgld are used to mark whether an AC? is mountad,

foreign, and/ofr =marked for Jdismount. The fieid
w111l be ipnitialized as not aounted (JS.HMyT=1) for
all ACP”s and foreign (US.T0R=1) for FCP'se. The

ACP? 1is then responsibie for properly handling the
states of these bits and the marked for dismount
bit (US.HMDM).
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NOTE

The sense of the US.MNT mask is opposite
To 105 maskse. The bDit is set if the ACP
is not mounted and cleared wnen the ACP
is mounted. '

Device Characteristics %Word #l1. The word contains
bit w@masks which define the device characteristics.
The masks are used by R5X-11M to properly handle
different devices. For example, FCS uses this word
to decide whether disk or terminal 1I/0 is being
performed.

For ACP°s, the DV.MNT bit signifies that an ACP can
be mounted for the device. The DV.COM and DV.F1l1
bits are used by RSX-11M 40U and DM0 tasks to
decide what ACP shouid b2 mounted. If a DCP is
being implemented, the characteristics that = apply
to currently supported Digital devices should be
used for the new device/ACP.

If an FCP or UCP is being implemented, only DV.MNT
needs to be set. 1In addition, the low byte of the
word should be set to accurately reflect the nature
of the device itself. A description of the bit
masks for the U.CWl field can be found in Appendix
Ba

ACP TCB Address. This word is an extension to the
normal UCB wused by KSX-11H. The word must be
allocated for devices wmnich are connected to ACP°s
and follows the U.CNT field. #hen an ACP is
enabled, the word w@will contain the addrass of the
ACP®s Task Control Blocke. This the the TCB the I/0
packet will be queued to when it is sent to the
ACP. U.ACP is initialized when the ACP is enablad.

Volume Control Block Address. This word is also an
extension to the normal UCB and follows U.ACP. The
Word contains the address of the volume <control
dlocks. It is initialized when the AC? is enablade.

The foilowing code segment 1is the UCB for <the 2xample

device. The

vaiues are set for a UCP-style ACP implementatione.
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218 DF M535MUP

«40RD 0 Cs(U.DWN ) OWNING TERMINAL UCB ADDRESS
.&NDC
«ACO22 ;REF. LABEL.
«40RD «ACDCB ;(U.DCB ) POINTER TO DC3
«40RD =2 7(U.RED ) REDIRECT UCB POINTER

«BYTE UC.QUE ;(U.CTL ) CONTROL FLAGS
«B8YTE US.HNT 7(U.STS ) STATUS FLAGS
«BYTE 0 ;(U.UNIT) UNIT NUMBER

«BYTE US.RED ;(U.STS2) STATUS FLAGS

«¥0RD DV.HNT ;(U.C¥1l ) DEVICE CHARACTERISTICS
«#CRD 0 7(U.CH2 ) DEVICEZ CHARACTERISTICS
«#W0ORD 0 ;(U.CW3 ) DEVICE CHARACTERISTICS
«#ORD 1000 ;(U.C44 ) BUFFER SIZE

«AORD SACO ;(U.SC3 ) SC3B POINTER

- #ORD 0 ;(ULATT ) ATTACH WORD

«40RD 0,0 ;s(U.BUF ) BUFFER RELOCATION ADDRESS
- 40ORD 0 7(U.CNT ) BUFFER SIZE (BYTES)

«40RD 0 ;(U.ACP ) ACP TCB ADDRESS

« 40RD 0 ;{U.VCB ) VCB ADDRESS

3.3 ACP DATA BASE DESIGHN

The final step 1in ths general ACP design 1is the AC?
specific data bases. Here, the ACP implementation has complete
freadom as RSX-11¥ imposes vary few rulese.

Je321 Volume Control Block

Une data structure common to all ACP” s is the volume
control block. This structure is allocated from the system pool
when an ACP is mounted for a device. The VCB is linked to the
UCB by storing its address in U.VCB.

The YCB is used to hold all unit specific information for

the ACP. The ACP pailosopniy allows seyerail deyices to use the
same  ACP. typicalilyy, the ACP treats =e23cn devica as an
independent entity; ther=2fore, a separate dalta pase 1is neede.

The V¥CB sarvses tails purpose.

The length and format of ¥C3”s is ACP dependent. Only the
first w@word has & common usage. This is the transaction count
and is used to count tine number of outstanding [/0 regquests and
processas for the device. +“hen the VCB is allocated, this word
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snould be zeroeda

Je3.2 Hindow Block

The other structurs common to a@ost ACP®s 1is the window
bDlocCKa This structure is completely ACP dependent and need not
be aven allocated from pool. Window blocks are the structures
used to Kkeep I/0 process-dependent information. The window is
allocated when the process is created by the ACP. The address
of the window is stored in the second LUN word of the LUT table
for the task which issued the 1I/0 request. The LUT table
address can then be retrieved from future 1/0 packets from the
same lun, and from it, the window address.

Window blocks contain whatever information is needed by the
ACP to map the individual I/0 request to the I/0 process. For
example, F11ACP windows contains the mapping information betuween
the logical blocks of a file and the physical disk blockse
Window blocks also typically point to other data structures used
by the ACP and form the key structure for the I/0 processe.

3.3.3 0Other Data Structures

Finally, ACP”s may create new data structures. Any ACP
implementation should keep the system pool utilization to a
minimum. One method of accomplishing this is to use an ACP task
pool for the structures used only by the ACP and overflow into
the system pool only when the internal pool is exhausted. The
VCB and sindow blocks, which are usually in the system pool, are
Kept short and point to the new data structures. This technique
is used by F11ACP for File Control Blocks.

3.4 DEVICE DRIVER IMPLEMENTATION

Upca the design of the QI3 reguests and data bases 1is
finished, the npext step is to implement support for the ACP in.
the executive (DCP) or dewvice drivar (FCP, CP). This section
follouws the example UCP, s0 the special supporft will be added to
the sample device driver.

Ian most cases, the ACP 1is being used with a new device
driver. If this is the case, the recommendation is to implement
and test the device driver without ACP support. Dnce the driver
is functional, it is a small step to add the ACP.
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1f the implementation uses a DC2, the driver 1is usually
dnaware of the ACP; not driver zodifications afe NeCRSSarYes
The ACP pack=ti procaessing 1s done in DREID. In the <case of
FCP"s and 8CP”s, the code to support Lthe special processing for
the ACP /0 packets 1is in the driver. In any case, the
functionality provided by the code is the same. The next tuwo
subsections discuss the considerations on driver entry and ACP
packet processinge

3.4.1 Briﬁer Entry

For FCP"s and UCP”s, the driver is called directly from the
executive and the I/0 packsat is not queued, because UC.QUE in
the UCB is set. The driver logic then determines if the packet
is for the ACP or for itself. If the latter, the packet is
queuned to the S5CB and the driver «calls SGTPKT to correctly
sequence 1I/0 service. The driver then processes the packet in
the typical fashion. For ACP packets, the special packet
processing discussed in the next section is used.

The following code segment 1illustrates how the driver
Workse. The example 1is taken from the driver for the example
presented so fare.

7 -

7 DRVINI IS CALLED WHENEVER A4 I/0 REQUEST IS ISSUED IO

s THE SAMPLE DRIVER. THE PACKET IS NCGT QUEUED AND THE

; FOLLOWING REGISTERS ARE SET: '

7

; R1 = I/0 PACKET ADDRESS

7 R4 = SCB ADDRESS

7 RS = UCB ADDRESS

;

DRVINI: MOVB I.FC¥+1(R1),R0 ;GET FUNCTICON CODE
cupP3 #IX.ACP/400,R0 ;IS THIS A ACP REQUEST?
BEQ DRVACP ; IF EQ - ¥YES, GO PROCESS
CMPB #I0.CLN/400,R0 ;IS THIS A I0.CLN REQUEST?
BERQ DRVACP ; IF Eq@ - YES, GG PROCESS

7

; QUEUEZ PACKET TO DEVICE AND GET NEXT PACKET.

7

CRYPET: HOV U.5CB{(R35),R0 ;GET DEVICZ WUEUE LISTHEAD
CaLL SRINSE ;RUEUE PACKET To DEVICE
CaLl SBTBXT JGET NEXLT PACKET
8Cce SRYSRY ; IF CC - GERYICEZ REQUEST
KETURY SN0

FACXET, RETURH
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3s4.2 Driver Packet Procassing.

Once the driver decides the packet 1is for the ACP, it
performs the speciail packet processing and queues. the packet to
the ACP. There are any number of special checks that could be
parformed and any number of methods to perform the checke The
Digital approach used in DBRQIO is to use polish-driven routines
to perform each <checke This allows 2a list of routines to be
specified for each type of I/0 function. The same approach is
used in the sample driver.

More important than the technigue used to process the TI/0
packet 1s the type of processing performed. The typical
processing performed before queueing the packet to the ACP is
listed below (the order of the list is basically the order the
items would be applied; however, this is not hard and fast).
The 1list of items below are typical of the processing applied by
the executive for DCP style ACP“s. The example driver code also
demonstrates all of the below operations in its processing of
the ACP functions. The Tule which decides if the
executive/driver or the ACP should perform the processing is
whether the processing needs to be parformed in the context of
the task which issued the I/0 request. If not, the ACP can
perform the operation. Otherwise, the operation must be
performed by the executive for DCP”s and by the driver for FCP~*s
and UCP"s. Once a packet is queued to an ACP, an indeterminate
amount of time and events may happen before the ACP dequeues and
Sarvices the request.

l. The function code is verified for legal ACP function.
The executive only checks the high byte when processing
function <codes, the driver needs to cheack any
subfunction fieldsa.

2. The UCB is checked to see if the ACP is mounted for the
device.

3. For functions which create I1I/80 process, the UCB is
checked to see if the ACP is marked for dismount.

4. For functions which create I/0 processes, the 1logical
unit table 1is checked to see if a process is already
active for the lune.

5» For functions unich must ba mapped to an I/0. procsss,
the logical wunit table is checked to see if a process
is active for the lune.

6. For functions which raquire a specific relationship to
another, the window is checked to see if the function
is legal for the current state of the I/0 processe.
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T« 1f specific parametaers are not usad or required, the
1/0 parametfers. are checkea to sse 1f fthey ares zero or
NON=ZEel 0.

8- Any user task addresses are address checkeda.

9. Any user task addresses are relocated so the ACP <can
map the user taske.

10« In some cases, user buffers ars copied to system pool
buffarse. This allows the ACP to access information
Wwithout mapping the user taske This 1is especially
applicable to attribute listse.

~11. The volume transaction count is incrementede.

12. If the ACP requires no further [/0 request be issued
from the 1lun, the 1lun is locked. This is done by
setting the low bit of the second 1lun wsword in the
logical unit table.

13. The packet 1is gueued to the ACP and the ACP scheduled
for executione This 1is a simple operation wmhich is
done by calling the executive routine 3EXRGP with RO
set to the ACP TCB address and R1 set to the I/0 packet
addresse. \ '

3.5 ACP TMPLEMENTATICH

Once the dr iver interface is finished, the ACP
implementation c¢an beagine. Some of the implementation will be
common to all ACP’s. However, most will be unique to the
application being addressed.

J.5.1 ACP Packet Dequeuing

One common functionm of all ACP”"s is the dequeuing of ths
I/8 packets queued tp it from the exscutive. The executive
passes 1I/0 packets to ACP”s by linking them to the ACP"s receive
queue and sScheduling tha ACP feor execution. The ACP restriesves
tne packet by entering system state and dequeuing the first
entry from its recesive queuc.

Tha following code segment is taken from the example ACP
and 1illustrates the basic root of an ACP. On task startup, the
ACP 1initializes itself. 0Once done, it enters a 1loop where
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packets are dequeued and processed. If no work is found, the
ACP stops itself. When the executive queues another packet, the
ACP #1ill be rescheduled and can repeat the loop.

YULACP:: ;REF. LABEL.

s
7 GO PERFORM THE INITIALIZATION PROCESS.
;

CALL ACPIHI INITIALIZE AC?

7

; ENTER SYSTEM STATE AND CHECK RECEIVE QUEUE.

7

10005: CLR Rl sMARK NOTHING DEQUEUED
CALL $54STK,20003 7;ENTER SYSTEM STATE
X0V STXKTCB,RO 77GET GUR TCB ADDRESS
ADD #T.RCVL,RO 77POINT TO RECEIVE QUEUE LISTHEAD
CALL SQRMVF >7REMOVE QUEUE ENTRY
BCS 110035 77 IF CS - NO ENTRY, STOP
MOV R1,4(sP) 77RETURN PACKET ADDRESS
RETURN 77RETURN TO TASX STATE

7

; STOP TASK. WHEN WOKE, RETURN TO TASK STATE.

7

11005: CALLR SS5TPCT 77;STUP CURRENT TASK (US)

7

s IF NO ENTRY DEQUEUED, LOOP.

7 :

20003%: MOY R1,R3 ;HAS ENTRY FOUND?
BEQ 1000% ; IF Eq - N0, CONTINUE LGOP

DISPATCH ON I/O FUNCTION AND CALL PROCESSING ROUTINE.

W N N

MOV I.UCB(R3),R5 JGET UCB ADDRESS
<function dispatch code> '
;
7 WHEN FINISHED, CHECK FOR DISMDUNT PENDING.
; +
400052 BITB #US < MDM,U.STS{R5) ;IS A DISMOUNT PENDING?
BEQ 100035 ; IF EG - ¥0O, LOOP THROUGH QUEUES
CALL ACPMDM 7TRY TO COMPLETE DISMDUNT
B8R 1000% s NO LUCK - LOOP THRDOUGH QUEUE

-« END NOLACP

-3+ 2 ACP Packet Processing

The real work of an ACP takes place after the packet is
dagqueued. dow ACP“3 process packets i3 strictly a function of
the individual ACP. The sample ACP illustrates some of the
common types of processing that may take place, such as reading
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and w@writing buffers in the user Lask. However, wmost of code
impismented .o saryica the packets will be of your own £re3aiion.

3.5.3 ACP Packet Teraination

The final step an ACP takes in processing a packet is
packet termination. This is done by calling the FICFIN routine
in the executive. This routine, rather than the S$SICOON/SIOALT
routines, should be used since the driver is not busy.

3.6 TASK TERMINATIOHN

Gne important, but often overlocked, feature of ACP°s is
properly handling of wuser task terminatione. The RSX-11¥
executive will not let a task exit until all outstanding 1I/0
requests are terminatad and all outstanding I/0 processes are
destroyed. The former is typically a function handled by the
I/0 driver. In the latter case, the executive checks the second
lun word for each entry in the logical unit table. If the value
is non-zero, an I/0 process is assumed. The wvalue would
normally be the window block address.

¥hen a non-zero second lun sword is encountered, the
executive constructs a IBLCLN packet and issues it as if the
task had issued the QIO from the lun with the outstanding I/C
process. The ACP is expected to abort the 1/0 process and zero
the second lun word entry.

The logic of the ACP must be able to handle an 10.CLN
function no matter what the state of the I/0 process. It is
impossible to predict when a task will encounter an unexpected
trap, be aborted by the operator, or exit without terminating
all I/0 processese.

3.7 ACP ENABLING

T4o final steps ramain after the ACP and driver are
finisheds. 1 mechanism nust be ilmplemented Io <2nabliz and disaple
the ACP? for the devicea. The common name for these operations is
mount and diswmount. Theres are a variety of methogs that can be
used. These are discussed in detail in chapter 6.

ACP mounting is really gquite simple. The complexity of
Digital”®s #00 task comes from the muitiple functions it provides
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and the details of actualiy performing a Files-1i1 or ANSTI

magtape

aounta. The eossential steps that gust be accompliished

When an AC2 1is mounted are listed belows The first list

contains

Steps typically performed by a separste snabling task.

The sample task ENA demonsirates each. . of the staps.

1.

2.
3a

4.

S5«

Te
3.

9.

10.

1li.

If wanted, get any “mount-time™ options from the mount
command line. It may be necessary to allow operator
specified options to provide grzater ACP flexibility.

Check if the device is mountable (DV.MiT=1).

Check 1if the device is not currently mounted
(US.MNT=1).

Check if the device is not marked for dismount
(US.MDM=0). :

Allocate the 7CB from system pool and store its address
in U.VC3 of the 0C3.

Search the task directory for the ACP task and get its
TCB addresse.

Check the found task is an ACP (T3.ACP=1).
Store the ACP®"s TCB address in U.ACP of the UCB.

If necessary, add an entry to the mounted volume list.
This will typically not be required for user-written
ACP s.

Schedule the ACP task for execution. The ACP will then
typically start with 1its dinitialization code. This
step is traditionally combined with 3 TI0.MOU request
being queued to the ACP. This reguest contains the
"mount-time™ parameters for the ACP. The I10.M00
request 1is not necessary if no information needs to be
communicated to the ACP.

If the I0.400 I/U request was issued, wait for
success/failure. , 1f failure, output an error message.
Otherwise, just exit.

The remaining steps 1n the mounting orocess ars typically
performed by the ACP. These steps are as f[ollows:

-

i

2e

If an I0.#00 request was queued, degueue it from the
receive queue and process the parameters.

Count the device mounted. This is usually an internal
ACP counter.
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3. Perform any device I/0 necessary for the AC2 to Decome
activeas.

« Mark the device mountad (US.MNT=0).

5. Enter the ACP main loope.

Tha steps above are followed by the sample ACP and ENA
task. This <code can be wused as a template for your ACP
implementation, or one of the alternate approaches discussed in
chapter 6 «can be used. 1In any case, in order for an ACP to be
successfully mounted, the following must have happened:

1. The VCB has been allocated and its address stored in
U.VCBe.

2. The ACP*s TCB address must have been stored in U.ACP.
3. The ACP must have been marked as mounted (US.MNT=0).

4. The ACP @must be active and ready to rteceive ACP
functionse.

3.8 ACP DISABLING

The last step in the checklist is to implement the ACP
disabling (dismount) mechanism. If the system will not function
without the ACP, no dismount mechanism other than rebooting may
be needad. However, usually a dismounting method will be used.
The following steps are usually accomplished by a dismount taske.
The sample DIS task demonstrates these steps. '

1. Check if the device is mountable (DV.MNT=1).

2. Check if the device is mounted {(US.MNT=0).

3. Check 1f the device is already. marked for dismount
{US.MD¥=1).

4, Mark the davice for dismount {(US.XdDM=1).
S« Construct and gueue an i0.DM3 rasquest to ths ACP.
0» Hailt for compietion of the I0.0MO and exite.

W¥hen an ACP receives a dismount request, it typically
parforms the following steps.
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l. Harks a dismount 1s pending for the device. This can
alresacy  be considered done 2as the US.HD¥ bit is.set in
the UCB.

2» Return the IG.DH0 regquesta.

After a dismount becomes pending, the ACP then waits for
all activity to the unit to cease. This means no I/0 requests
are outstanding and all I/0 processes have terminated. @hen
this occurs, the following steps are takene

l. Mark the device dismounted {(US.4NT=1).
2. Mark the dismount complete (US.MDM=0).

3« Perform any device I/0 necessary to deaccess the ACP
from the device. '

4. Return the VCB to the pool and zero U.VCR.
5. Zero the U.ACP word in the UCB.

6. When all mounted units are dismounted, axit the ACP.

3.9 CHECKLIST SUMMARY

This chapter has described all the steps necessary to
implement an ACP. The checklist presented here was followed to
implement the sample ACP, its driver, and the ENA and DIS tasks.
These routines can be used as a basis for a user-written ACP,
leaving only the job of solving the actual problem.

It is usually easiest to implement a UCP. This involves no
modifications to the executive and is a straightforward approach
once the checklist is followed. fFor the more advanced
programmer, the DCP and FCP approaches may offer advantangese.
However, you are at the mercy of Digital with regard to their
future executive implementationse.

The remaining chapfecrs discuss the naterial orasented here
in m@mors detail. In particuiar, they present the ohiloscony
benind the actual operations.
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ACP/TASK INTERFACE

A user task interfaces to an ACP using the QIO directive.
The 1I/0 requests can be issued directly from the task or from
one of the logical 1/0 service libraries: FC5 or RMS. This
chapter discusses the ACP/task interface from the first two
perspectives. The RMS sources are unavailable to the author.
However, the approach used for adding an new ACP to FCS is
axpected to apply to RHS.

4.1 QIO INTERFACE

The most common way to interface to a user-written ACP is
the QI0 directive. In an RSX-11M system, all I/0 is requested
using this directive, including I/0 from ACP”s. Adding support
for 1/0 service from a user-written ACP is the same as adding
new RQI0 directives for a wuser-written driver. The only
decisions necessary are what function codes the ACP will service
and the [/0 parameters that will be used for each functione

The choice of I/0 function codes is simple. If existing
Digital function codes apply to the new ACP, they should be
used. %hen using existing codes, the I/0 parameters should also
be the same as the current Digital format. Then, no errors will
occur when I/0 is directed to different devices.

However, the more typical case is that the new ACP will be
implementing new functionality. In this case, the 1less
fraquently used I/0 function codes snould be considerads. Thase
are the codes from 25-31(10). The subfunction field can be used
Lo actuaily distinguish betfween separate 4CP functionsa

decause ACP?"s typically use special processing for the I/77
parameters, there 1s a great deal of freedom in their layout.
The parameters can be as complex as needed to pass and receive
information from the ACP.

Cne common technique used by ACP"s to allow passing of many
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parametars are attributes lists. 4n attribute i1ist is a2 buffer
wiicn contains. atiribute descriptors. £Zach descriptor describes:
a separate parameter Lo the ACP. 4 typical attribute descriptor
consist of 3 code to ldentifyv tne attribute, the address of the
actual attribute, and size of the attribute. dhen the 170
request is processed, the special processing code @maps the
attribute list and individually address checks and relocates the
attribute addresses.

This tachnigque is used by F11liACP to allow reading and
writing of the various fields 1in the file header. ¥hen the
attribute list is processed, a buffer is alliocated from the
system pool and the attribute code and s5ize are copied from the
user task. The attribute buffer is relocated and the relocation
bias and displacement are stored in the system buffer. ¥hen the
I1/0 packet is received by F11ACP, it can use the information in
the system buffer to read and write the atiribute buffers in the
user task. Appendix D contzins a detailed description of the
Files-11 attribute 1list processing. Also see the DRRI0 module
for an example of how the executive processes attribute lists.

4.2 FCS INTERFACE

In some special cases, interfacing an user-written ACP to
FCS can result in significant advantages. FCS is the component
of RSX-11M that provides device independence and record 1/0.
FCS5 examines the device cCharacteristics of the assigned device
and issues I/0 appropriate for the type of device. For example,
if a terminal is the assigned device, a PUTS$ request will result
in a I0.&WVB8 being issued to the terminale. Houwever, 1if the
device 1is a disk, FCS will block the record to the virtual disk
block. '

By adding support for new ACP"s to FCS, users can perform
I/0 from FCS to the devices supported by the ACP. 1In addition,
the languages and utility oprograms which use FCS will then
support the new device. For example, Fortran I/0 uses FCS. 1If
FCS supports the new ACP, standard Fortran I/0 statements could
be a powerful method of perforaing I/0. The users of the ACP do
not nave to learn any new syntax to use the ACP and its devices.

nly a fraction of usec-writien ACP"s are candidates for
interfacing to FCSa. The typiczl appiication @will involve an
impiementation of an aiternates file zysteme. For sxample, 1f an
ACP «@as written to zupport RT-11 disxs, interfacing the AL2 to
FCS3 would allow the standard RSI-114 utiiities to directly read
and write RKRT-11 files. Another possibility is an ACP which
suppotrts remote I/0. For example, an ACP could implemented
Digital®s Data Access Protocol (DAP). If such an ACP was
interfaced to ¥CS5, RSX-11M programs could transparently access
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remote file and devices.

There are two methods for interfacing a user-written ACP to
FCSa If the ACP wuses the Files-1il 23137s, the new ACP merely
needs to emulate the services suppiisd. by F1l1ACP. With this
approach, little or no wmodifications would be needed to #FCSe.
However, the ACP will probably have to go to great lengths to
translate the device protocol into Files-11 compatible formate.

The other approacn involves modifying FCS to perform unique
operations for the new ACP. dere, the goal is to provide
completa compatibility at the user interface into FCS. 1In other
words, the functionality documented 1in the RSX/IAS 1I/03
Operations Reference Manual is provided by the combination of
the modified FCS and the new ACP. As long as a program does not
depend on Files-11 specifics, it should function correctly when
used with the new ACP.

There are ng hard and fast rules which apply to adding
support for a new ACP to FCS. The overall approach is to
examine how FCS operates for current ACP"s and modifying the
appropriate points to add logic for the new ACP. The next four
subsections comment on some of the basic points. In =addition,
Appendix C provides detailed descriptions of each FCS module and
the various data structures.

Some general rules are to apply conditional assembly
statements to all new <code and to maintain object—-level
compatibility. By conditionalizing the new code, different
versions of the FCS library can be maintained. ¥For user tasks
#fiich do not nesd to support the new ACP, the Digital standard
version of FCS can be used. 0Only tasks requiring the new device
support need to be 1linked to the special versione. By
maintaining object-level compatibility, a task needs only to be
relinksed to receive the benefits of the nes support.
Object-level compatibility requires that the code generated by
the FCS macros is not changed by the modificationse In
particularly, the space generated for the File Descriptor Block
and Filename Blocks should stay the same. Houwever, fieslds
wWwithin these data structures can be redefined by the modified
#CS for support of the new device.

4:231

]

ile Specification

s

The FCS modules can be bDroken into four categories. The
first are a@odules wanich are concern2d with parsing the file
specification into the device, directory, and filename
components and assigning the user lun to the specified devicea.
The major modules in this category ars the four parsing modules:
PARSE (parsing control), PARSDV (parse device name), PARSDI
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{parse directory), and PiRSFN {parse f{ilenzme). In addition,
the 45SLUH. nodule assigns. the user lun to the specifiesd device
and reads the device characteristics. The auxiliary directory
mogqules {(DIDFND, DIFND, GETDI, GETDID, GETDIR, PARDYI, and
PARDID) process fFiles-il directory files. Finally, the R3X-11M
coamand sScanning routines (¢S5I1, C5I2) are used to scan entire
command lines

%hen adding support for a new ACP, the w@ajor concern for
these modules is to add support for any new form of file
specifications and to set up the FCS device characteristicse.
For example, if adding network file support, it would be
necassary to add a nodename field to the device specification.
If adding RT-11 support, the routines would have to be modified
to ignore or declare an error if a directory was specified.

The key is the fact that the first step performed by FCS
for all operations is to assign the lun to the specified device
and establish the device characteristicse. The ASSLUN module
performs the assignment and gets the device characteristics. It
stores the low byte of the devices U.CW1 field in F.RCTL and the
device buffer size in F.VYBSZ and F.B5SZ. The important field is
the device characteristics byte. This byte <contains the bit
masks which are examined by FCS to determine the appropriate
operation to take for a device. For example, if the
record-oriented bit (FD.REC) is set, fCS assumes the device is a
terminal-like device and performs no record blocking. If the
bit 1is «clear, a block-oriented device is assumed (disk) and
records are block within virtual blocks. Therefore, the first
step in adding support for a new ACP is to modify PARSDY and
ASSLUN to correctly assign the new device and to establish
device <characteristics which will allow other FCS modules to
uniguely identify the new ACP. Then, whenever special
processing is needed to support the new ACP, the F.RCTL field
can ba tested and the a branch made to the azppropriate codee.
For example, special directory and filename parsing logic can be
invoked if the device is established as a RT-11 disk volume.
The easiest method to identify a new type of device is to use
one of the undefined bits in the F.RCTL field (bits 6 and 7) and
set the remaining bits as appropriate for the new device.

4,242 Fila Access

Tha next category of FCS moaules zre the varicus JPEY
routines. U5 supports thrae methods of opening files: normal,
filsname biock, and file-ID. The first form calls  the parsing
routines to setup the filename block: and then opans the
gpecifiad device/file. The filename block version assumes the
parsing routines have aiready been callad. The final form uses
information from a previous file access to directiy open the
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filse. Yo parsing logic is invokeds.

Adding a new ACP wmersly involves dispatching at the
aporopriate point in the UOPEN logic to perforwm any I/0 regquired
by the iCP to establish an I/0 Drocass. The new lpgic is.
responsible for returning the appropriate information to the
FDB, particularly the file—-attribute section (F.RTYP, F.RATT,
F.RS5IZ, F.HIBK, F.EFBK, and F.FFBY). These fields are used by
¥CS to determine how records should be processed, when new
blocks need to be allocated to the file, and where the logical
EOF is positionede For Files-11, these fields are stored in the
file header. FCS retrieves them when an existing file is opened
and stores the current FD8 values when a file is createde.

Unless the new type of device supports some unique file
identifier, the open by file-ID mechanism will either have to be
emuliated by the ACP or made illegal. The most common use of
file~ID“s 1is by programs which open a file briefly, close it,
and reopen it at a later point in time. The file-ID from the
first open is saved and reused on the next access. For example,
the MACRO assembler uses this technique. Dne method for an ACP
to emulate file-ID®s would be to save file names in a
least-recently used buffer or file and assign a number to map
the entry. If an open by file-ID is attempted, the file-ID is
used to address the table and retrieve the original file
Specification. When a new filename 1is entered, the oldest
previous entry is destroyed. 1In this fashion, the most coamon
use of file-IDs by RSX-11M utilities can be supported.

4423 Input/Cutput

FC5 supports two forms of input/output. The first is
record I/0 which wuses the GET$/PUTS calls. The other form is
virtual block I/0 and is implemented by the READS/WRITES
routines. The general approach for adding support for a new ACP
is the same as for the O0OPEN routines: add logic at the
appropriate points to test for the new ACP and branch to special
I1/C logice.

It is important to remember that FCS 1is the element of
®SX-114 that defines =what 1is a record, not Files-11. When
parforaing racoerd output to a disk, FCS packs the records into
disi biocks and issues write virtual biocks to F1lacP.
Similacly, winen inputting records from a disk, FCS inputs
virtual oiocks and unpacks the rscords using the racoerd
information it originally provided waen the record was writtene
Most importantly, wuser prograams do not care that block I/0 is
being performed for their record I/0. They are only interested
in the record itself.
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Thereiore, if the concept of block I/0 does noi apply *to
the new ACP, thera is no need for zany new iogic to be added fo
FCS to block the user records. 1Instead, each GETS/PUTS call can

asult in an I/0 reguest Lo the new ACP. FLS biocxkx [/0 can be
treated 35 merely fixed-length recocrd I/0.  An sxample wouid De
an ACP which implements the DAP protocols The protocol is oniy
concerned with records, so each GETS$/PUTS call would generate an
input/output record ragquest to the ACP. This greatly simplifies
the modifications necessary to FC3 because all the code
concerned with record blocking can be bypassed.

4.2.4 File Control

The final category of FCS routines are usad for file
control operations: delete, rename, truncate, extend, etc. The
modules in this category are straightforward and can be modified
for support of a new ACP with little difficulty.

If a particular operation is not appropriate for the new
device, it can either be ignored or an error returned. For
example, FCS has a wuser call to enter a filename into a
directorye. It would typically be appropriate to just return
success if this operation does not make any sense to the new
ACP.



CHAPTER 5

ACP/EXECUTIVE INTERFACE

The ACP/executive interface is almost totally contained in
two executive modules: DR4I0O and I0SUB. These modules are
concerned with processing user I/0 requests and providing the
common I/0 services used by drivers and ACP”s. This chapter
discusses the basic principles of ACP 1/0 processing and walks
through the code used for each style of ACP. '

5.1 EXECUTIVE PROCESSING REQUIREMENTS

The module DRQIO contains all the code to transform a user
I/C request 1into 1its 1internal representation and route the
resulting packet to the correct device and/or DCP. For FCP's
and UCP"s, DRRIO 1is used to perform the common operations and
device drivers are used for any unique processing required by
the ACP. for this section, where any particular piece of code
is placed is ignored. The emphasis is on the operations that
must be performed before an I/0 packet can be queued.

Up to a certain point, user I/0 requests must be processed
in the context of the user task. The following list documents
operations which fall into this classe.

1. Any address in the user task space must be validated.
Specifically, the address of the QIO directive
parameter block, I/0 status block, AST address must be
checked. In addition, any addresses in the 1I/Q
parameters must alsos be addrass. checkadas :

2. inv address in the user task spacs to hHe usad by the
device driver or ACP must be relocated to a address
bias and displacement. In octher words, the 16-bit user
virtual address oust 5e convertad to a physical memory
address 1in order for ACP®s to access or store
informatione.
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The above list apolies =2qually to I/8 for drivers and

ACP 3. Yiien the axecutive dsetiermines a I/0 packet
rtouted to an ACP, there are some other tests which

is o be
must ba

applied operfore the packet can pe gueued to the ACP. ACP”s ar=e
cunning as tasks and ars affectaed by the scheduling algorithmse.
Therefore, an indetzrminate amount of time may =2lapse before an
I/0 packet queued to an ACP is5 actually processed by the ACP.

This requires the state of the ACP and any I/0 pr
checkad before the packet is gueued ana that no changes

ocaess be
in the

state can be allowed until the packet 1is degueued. The

following operations fall into this class:

1. The device must be <checked to see 1if the

mounted. This 1s done by checking the US.MCU bit in

the J.STS fielde The bit will be zero if the
mounted.

This rule implies the state of the US.MOU

ACP 1is
ACP is
ill not

change once the 1/0 request is queued to the ACP until
it is dequeued. This is the reason for the transaction

count (see below). An ACP should not be m
dismounted until the transaction count for the
is zero.

2. The device must be checked to see if the ACP is
for dismount. This is done by checking the US
in the U.S5TS field. The bit will be st if a
has been requested.

arked as
device

marked
«¥DM bit

dismount

“hen an ACP is in the marked-for~dismount state, no new
I1/9 processes should be allowed. Therefore, this test
is only performed for I/0 requests which will create an
new I/0 process. The test will not be applied to any
functions wnich operate on an existing I/0 process.

3. For functions which create I/G processes, a check must
be made to see if an I/0 process is already created for

the user lun. This is done by checking the sec

ond word

in the LUT table entry for the presence of a window
block address. If the word is zero, no I/0 process 1is

in effect and the regquest can be allowed.

This rule implies that an I/0 orocess will

net be

created for the user lun once the I/0 request is queuead

to the ACP and until 1t is dequsued DY the ACLP
13 the reason the the lun lock bHit ian the LI

- This

T tablis.

“nen The lock bit is set for a usar iuny, the user task

cannot 1ssue any furither I/0 reguest from the

ipgical

unit. Thersfore, the I/0 packet processing w«ill set

the lock bit when a I/0 packet which creates a
is queued to the ACP and clear the bit once the

process
process

is created. Similarcly, functions which destroy I/80

processes #ill also set the lock bit to insure

proper
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synchronization between tne ACP and the user faskKe

4. For functions which must be mapped to an /0 process, a
check must D= performed tc see if the I/0 process
exists. This 1is done by checking the second word of
the LUT table entry for the presence ¢f a window block.
If the word is non-zero, an I/J process is in effect
and the request can be allowed.

5. Finally, any specific relationships required by the ACP
between 1I/U requests are checked. For example, an ACP
may not allow a particular operation until some other
criteriz have been established. This 1is done by
checking information in the window block.

‘Also, the window block may contain enough information
for the I/0 requests to be mapped at this point and
queued directly to the device driver. This is what
occurs for I/0 to disk files. If the disk window block
contains the mapping dinformation for the read/urite
virtual request, the remapping is performed directly
and the packet is sent directly to the disk driver.
Ctherwise, the read/write virtual request is sent to
the ACP which updates the window information and routes
the packet to the driver.

The purpose of the transaction count is to insure no change
in the state of the ACP can occur betuween the time the state is
checked and the I/0 packet is actually received by the ACP.
Therefore, an ACP «can only be dismounted when the transaction
count is zeroed. The transaction count is incremented whenever
a Dacket 1is queued to the ACP and decremented when the ACP
completes the packet. The transaction count is also wused to
indicate the presence of I/0 processsse.

Similarly, the lun lock bit 1is wused to insure the 1I/0
process state 1is not changed between the time the state is
checked and the packet is dequeued by the ACP. When this bit is
sat, the executive guarantees no I/0 request can be issued from
the lun. Therefore, any I/0 request which will change the state
of the 1I/0 process should lock the lun before the request is
queued to the ACP. The bit does not need to be set if the I/0
request @ill not affect fthe process statea.

5.2 3C?

-
wa
¥3
s
joe)
F.‘
E
<
5}

All of the operations described by the previous section can
be observed by reading how I/0 requests are processed for DCP’s.
The overall process is described by the RSX-11¥ Guide to Writing
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3n I/70 ODriver manuaia In addition, the RSX-1iM System Logic
danual contains a flow-chart of the axecutive processing in
Chanter b v

the above descriptions are orizntsd towards processing of
functions wiich will eventually b2 routed to device driverss.
The next two sections outline the processing that occurs for a
I/0 function which will be routed to a DCP. The following notes
assume the I/0 request is to be routsd to F11ACP and that the
following features have been selectad/not selected/optional:

ASS5CHK Address checking selected
A55CP5 ACP support ' selected
DSSIAG On-line diagnostics not selected
L3SDRV Loadable drivers optional
MSSMGE Memory management selected
MSSMUP Multi-user protection optional

5.2.1 $DRQIO Processing

A11 QIO directive processing starts at the label $DRQIO 1in
the DERIOC module. The first operatioans apply to all 1I/8
functions. The initial code checks that a QIO is legal at for
the <current task and device state. Then the parameters to the
QI0 are verified. The following checks are made. If all checks
prove false, processing continues with at label 2435.

1. The lun is mapped to the device 2and any redirect

pointers are followed. If the lun 1is 1illegal
(LG.IBLNI > [H.XNLUN3), a directive error of -95. is
returned.:

2. If the lun is wunassigned (CLfirst lun wordl = 0), a
directive error of -5. is returnesd.

3. If the lum is interlocked for use (bit 0 Esecond 1lun
wordl = 1), the task PC is backed up to reissue the QIf
and the task is placed in WAIT FOR SIGNIFICANT EVENT
statee.

NQTE

This is the feature usse DY

ACP  functions tfo
synchronize access to the 1/0

PLQCR25S58S.

4., If the driver 1is not resident {LD.DSPI = 0), a
directive error of -6. 1is resturned.
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(@3}

If an =svent flag Was specified, clear it. A directive
srror of =97, is returned 1if the eavent flag is
iliegal.

if an I/0 status bDlock acddress was specifieu, check the
address and clesar both wordse

Allocate an I/0 PACKET. I1f this fails a directivae
arror of =-1l. 1is returneda

NOTE

This is the last possible directive errore.
Both the event flag and I/0 status are
cleared before this error can be detected.

Increment the outstanding i/8 count

If the function was QIDOW and an event flag was
specified, place the task in WAIT FOR EVEMNT FLAG state
for the specified event flag.

If no directive errors occured, the common fields in the
I/8 packet are filled ine The code that performs this step
starts at label 2435. The next step is dJdispatch based on the
type of I/3 function. The following steps are performed:

1.

2e

If the 1I/0 function code was kill I/0 (CR.I0FN+11 = 0),
control 1is passed to the kxill I/0 code. This code
calls SIDKIL and returns success for the kill I/0
function.

If multiuser support was selected (M$3MUP), the 1I/0
request access to the device is checked. Access is
denied and an I/0 status code of IE.PRI is returned if
the all of the following are true.

1. The device is owned (LU.DOWN] # 0).

2. Public access is not allowed {bit US.P2UB,
TUL.ST23 = 8)a

3. The currsnt owner i3 not the task that issued the
I/C0 request (LU.OWHI % LT.JCB of curreni taskl)e

4. The current task is not orivilegad (bit T3.PRYV,
{T.ST31 = 0). .
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I
- .

9.

The I/0 function code i5 checked o make surz2 it does
a0t axceed the maximum {31.)- If it is does, an I/U
status code of IZ.IFC is returnsde.

The 170 funcition code is changed into a bit maske

Tha I1/0 function code 1s <checked against the. 1legal
function table in the DCB. If it is not legal, an I/0
status code of [E.IFC is returnada.

The device is checked to sse if it 1is offline (bit
US.O0FL, [U.S5T23 = 1). If it is, an 1/0 status code of
IELOFL is returnede.

The I/0 function code is checked against the control
function table in the DCB. If it is, control is passed
to control function service. This service copies the
six 1I/8 parameters to the I/0 packet and continues at
SDRGRQ.

NOTE

This 1is the point a {CP departs from the
normal OCP packet processing. See section
5.3 for a discussion of how the remainder of
the packet is processed.

The I/0 function code 1is <checked against the no-op
function table 1in the DCB. If it is, an I/0 status
code of I5.S5UC is returnsad.

The device is checkad to see if it is not mountable
(CU.CH1T > O). If it is not, control is passed to 8035
and the following checks are made.

1. The I/0 function code is checked against the ACP
function table in the DCB. If it is not an ACP
function, control 1is passed to the transfer
function service code. ’

2. If function is an ACP function, the function code
is changed %o I10.4LE uniless the 7/9 function code
W8S I[3.4YB whicna is converted to. I10.3L3. Control
i3 then passed to the transier function servicae
codsa.
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If you get here, the TI/3 function cods
aust be e21ither 10.3Y3 or I0.#¥B. 41l
others will be handled incorreciliv.

At this point, the function is iknown that the function 1is
for a device which could have an ACP servicing it. The first
check performed is to see if an ACP is mounted or is mounted as
foreign. If the device 1is not mounted or mounted as foreign
(bits US.MNTIUS.FOR LU.STS] = 0), control is passed to 6035. if
no ACP 1is mounted (bit US.MNT, LU.ST53 = 1), the following two
steps ars performed.

1. If the function is an ACP function, an 1I/0 status
rteturn of TE.PRI is made.

2. Otherwise the control is passed to the transfer
function service code.

If instead, a foreign ACP is mounted, control is passed to
iabel 655 and the foreign ACP processing is used.

NOTE

This is the point a FCP-style ACP departs from the
normal DCP packet processinge. See section 5.4 for
further details.

If the device is mounted by a known ACP, a <check is
performed to see if the function is an ACP function. If it is
not, a branch is made to label 755 and the following checks
made:

1. If the 1I/80 function is load overlay (10.LOY),
processing continues as 1f the function is a transfer

request.

2. If the issuinyg task is orivileged {bit T3.2R7Y,
LT.8T33 = 1}, thne function is alicuwed and treated as a
transfer requsest.

3. Otherwise, an I/0 status error of IE.PRI is returnede.
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At  this point, DRA{ID has finally cecognized the I/0
function as  an  ACP function to a mounted device. The special
processing code used for OCP"s 1is then 1nvoked. This is
parformed by using the polish tables listed in the front of
GRGIG Thess tables are used To <cogrrectly dispatch ACP
functions to the appropriate setup routines. The tables have

. tw#o parts. Table FCDSP contains the starting address of the
appropriate polish table for each function. This is follosied by
the polish tables. The ragisters and stack are s2tup as shoun
below when the dispatch into the polish code begins.

RO = Address of UCB.

R1 = Address of second lun w€word.

R2 = Index into polish function dispatch table.
R3 = Address of Q.IOPL in GIG DPSB.

R4 = Address of I.PRM in I/0 PACKET.

R5 = Address of next poiish dispatch vector.
(5P) = Address of second lun sord.

(5P)+2 = Address of UCB.

(5P)+4 = 1/0 function code.

The processing performed by the individual polish routines
is listed below. To sees which routines are used by a particular
DCP function, see the tables in DRQI0. The routines are 1listed
in alphabetical order.

BDPKT - This routine completes the I/0 packet for F11lACP
and MTAACP. It axpects the following I/O
parameters in the Q10 raquest:

B« IDPM4+0) = Address of file-1ID
R.10PM+2 = Address of attribute list
Q. I0PH+4 = Extend control word 1

Q. I0PM+6 = Extend control word 2

Q. I0PM+10 = Access control word

Qe IOPM+12 = Address of filename block

The file ID block and filename block are relocated
if present. The attribute descriptor block is
processed by alliocating a buffer from the system
pool and copying the attributes from the user task
to the system buffer. The attribute addresses are
relocated. 1f any address do not check out, an I/4
status code of [Z.53P2C is rteturned. Stherwise it
dispatchnes Lo the next enttv.

Yhen 3DPXT is finished, the parameiers in the I/C
packel are formatfted as follows:

I1.P3¥+00 = File-ID relocation bias

I.PRM+02 = File-ID relocation displacement
I.PR¥+04 = Lddress of system attribute buffer
1.PR¥+06 = Extend control word 1
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ST

CXALN

CXCOHR

CXDIS

CXDuU

CK¥O0U

CKNLH

CXRAC

ki A W]
PRG-I W

oy

ua.&;\.i. i

I.PR¥+190 = Extand control worc 2
I.PR¥+12 = Accass control wmord
I.PR4+14 = Filename block bias
I1.2R¥+1b6 = Filename biock displacement

This routine checks if a file is already acceassed
on the 1lun (Lsecond lun wordl # 0) and returns an
I1/0 status code of IELALN if so. Otherwise it
dispatches to the next entrye.

This routine copies the QI0 parameters into the I/0
packet. The routine requires the first tuwo
parameters to be a buffer address and size and
relocates the buffer before storing. If the buffer
is not specified or is illegal, an I/0 status code
of IE.BAD is returned. UOtherwise it dispatches to
the next entry. This routine is wused for DECNET
processinge.

This routine copies the QIO parameters into the I/0D
packet and dispatches to the next entry. It is
used for processing the DECNET disconnect request.

This routine checks if the volume 1is marked for
dismount (bit US.#DM, [U.S5TS51 = 1) and returns an
I/0 status code of IE.PRI if s0e. Otherwise it
dispatches to the next entry.

This routine checks the mounted volume 1list to see
if the volume <can be access by the user. If the
volume is public or the wuser 1is enterad in the
mounted volume list, the routine dispatches to the
next entry. Otherwise an I/0 status code of IE.PRI
is returned.

This routine checks if z files is accessed on the
lun (Isecond lun wordl # 0) and returns an I/0
status code of TIE.NLY 1if not. Otheruise it
dispatches to the next entrye.

This routine checks 1if the user has read privileges
for the I/0 process. If processing for F11ACP, the
Wwindow 1is then addressec to sse if the read regquest
can be directly =apped and gqueued to the driver.

This routine performs the same processing for write
requests that CXRAC pecriorms {or ra=ads.

This routine cleans the stack, 1increments the
volume transaction count (L7.TRCTI <= C[V.TRCTI+1),
and exits queue I/3 PACKET code (see section 7).

4hen all polish processing is finished, control is passed
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tn labeal FCXIT. The polish code flaygs wnether the packel can De
queyed dirsctly to the ALP or needs- 1o be jusued- to the device
driver for proper synchronization. The 1listing of DRGIJ
contains a complete description of the queueing and interlocking
parformed by tihie executivs.

5ece?2 SDRERG Processing

The second entry in the DRQIO module is SDRQRG. This is
the code that queues I/0 packets to drivers and calls the driver
initiator. The following steps are performed.

1« Get the SCB address (LU.S5CB1).

2. If the packet 1is not to be gqueued (bit UC.QUE,
[U.CTL] = 1), goto step 4.

3. RQueue the I/0 packel to the SCB I/0 queue.
4. If the driver is loadable, map KISARS into the driver.
5. Call the driver at the initiator entry point.

6« If the driver 1is 1loadable, restore KISARS to its
original contents.

Te Exit from the DRIAIC code.

NOTE

The entry 5DR&ERRX can be used to gueue an 1/8 packet
that has been constructed by osther means. R1 should
be the packet address and RS5 the UC3 address.

5.2.3 SGTPXT Processing

The sexecutive normaily gueues I/0 packets to 2CP2"s from
ORGIC. dowever, 1i the packet needs synchronization «with the
device driver, it is gueusd to tne device instead. The routine
3GTPKT is used by device drivers to get their next packet. #when
S$GTPKT recognizes the I/0 function as an ACP function, it gqueues
the packet to the ACP and loops to attempt to dequeue another
packet for the driver. The tests for this step occur at label
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305 Sasically, SGTPXT assumes 1if the device is mountablie
{ZULCHYLTI < 0) and an DCP-stvle ACP, all 170 functions. from 7 to
31(10) should be queued to the Ai(P.

If the ACP 1is marked as foreign, S$GTPKT will check the ©DCB
function dispatch aasks to see if the functiocn is for the ACP.
If the DCB mask bit is set, the packet will be queued to the
ACP, otherwise, it is raturned to the drivere.

5.3 UCP INTERFACE

gCP-style ACP"s are used to avoid modifying the executive,
particularly DRQIO, for support for the new ACP. Section 5.2.1
notes the point in the I/0 processing where the UCP . approach
deviates from the traditional ACP packet processing logice.

The deviation occurs because the I/0 function is marked for
control processinge. Control functions are processed beginning
at the label FCCTL. First, the device is checked to see 1if it
is a mountable magtape device and the I/3 request is rejected if
the task is not privileged. Te avoid this processing, the
US.LAB bit in the UCB status byte (U.S5TS) should be zeroe

The next step is to copy the six QI0 parameters to the I/0
packet. This done by a call to FCXP1 at label FCX0OP. No checks
are made on the parameters. 0Once the parameters are copied, the
packet 1s passed to $DRGRQ for gueueing to the device. Here,
the packat is passed directly to the driver initiator because
the UC.qUE bit 1in the UCB control byte (U.CTL) is set. The
driver than performs any processing necessary and queues the
requesi on to the ACP.

Note that the UCP interface does not require any
modifications to the executive. In addition, the interface uses
standard features of the I/0 mechanisnme Therefore, UCP-styie
ACP®s can be interfaced easily to kSX-11M and future operating
system releases will not affect the user-written code.

3.4 FCP IHTERFAC

[

The interface for FCP"s 1is very similar to the UC?
BTOCE3851iNY» Tha FCP logic 1s invoked 1f the device is marked
mounted and fore2ign and the function @masks indicats an ACP
request. Section 5.2.1 notes the point in the I/0 processing
where the FCP approach deviates from the DCP logice.

The FCP logic first checks if an ACP has been specified by
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caeckXing that U.ACP 1in the JC3 1is nonz=ros. [E the location is
720, 4 privilege violation 15 declared ({E.2Ri}. Hexty, 1f a
¥C4 address i3 storad 1in J.9YCEB, the YCB transaction count is
increameniade.

The next step is to copy the six (I0 parameters to the I/C
packet. This done by a call to FCXP1l at label FCXGP. Note, at
this point, the processing is identical to the UCP interface.
However, 1f the UC.QUz bit 1is not set, the packet is queued
diractiy to the ACP. Otheruwise, the packat is passed to SDRERG
for gusueing to the device and the packat is passed directly to
the driver initiator because the UC.QUE bit in the (€3 control
byte (U.CTL) 1is set. The driver than performs any processing
necessary and queues the request on Lo the ACP.

while the FCP approach does not require any modifications
to the eaxecutive, it does depend on continued support for
foreign ACP processing. For this reason, the UCP approach is
favored 1if all other considerations are equal. The main
advantage of FCP’s is the support provided by MOU and DMO.

5.5 ACP INTERFACE

No matter how the I/0 packet 1is processed, the actual
queneing to the ACP is done by the executive routine SEXRGP or
$E2XRgF. These routines place the packelt in the receive gqueue of
the desired task and schedule the task for sxecution. SEXRQP
queuss the packet by prioritye. The alternate =ntry, SEXRQF,
queues using first-in, first-out logic.

Note, that the routines are used by the executive to
interface to other tasks besides ACP®s. For example, this is
the mechanism used to pass command lines to MCR and abort
messages to TKTN. ‘

An ACP receives the packet by entering system state and
removing the first entry fcom 1its receive queue. The logic
necessary has already been discussed in section 3.5.1.

= Y E Pl A4 2 =y
S.06  TASK TERMINATION

The only othar aodule in the exacutive whicn 1is aware of
ACP”s bDeslides DRZIU and [88UB is DREIF. This module contains
the code used to clean-up the system data bases when a task
eXits. A part of this clean-up is to check that all outstanding
I/0 is completed and all I/0 processes have been terminated.
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Thie code for these steps starts at label 53 in DREIF. Th=

first step 1s to Lest for outstanding I/0 by testing T.I10C. If
the value i5 nonzero, SIO0KIL is called for each device assigned
by the sxitting task. )

dnce the I/0 count has been reduced to zero, the logical
unit table is scanned again for attached devices and I/0
processes. Any attached devices rezsult in an I0.DET packet
being 1issued by the executive on behalf of the task. Similarly,
an I/0 processes still active will result in an I0.CLN packet
being queued to the device. This is done by calling $DRQRG.
The packet should then be forwarded to the ACP and it should
terminate the I/0 process in a timely fashion. Otherwise, the
task exit will not be completed.

The test for an I/0 process is to check the second word of
each logical wunit table entry. If the lun is non-zero, an I/0
process is assumed. However, if the lun is locked, the I0.CLN
function will not be issued.






CHAPTER 6

ACP EZNABLING/DISABLING

An ACP must be enabled before it can be used for user I/0.
Similarly, the reverse capability is wusually provided. The
common names for these operations are mount and dismounte. This
chapter will discuss the requirements for ACP enabling and
disabling and present five approaches that could be used by an
ACP implementation.

6.1 ENABLING REQUIREMENTS

ACP enabling merely means satisfying certain conditions
that allow user tasks to issue I/0 requests to the ACP. For the
Digital ACP“s, enabling a device is pecformed by the MOU task.
However, the MOU task 1is not the only method for enabling an
ACP. Essentially, an ACP can be considered as enabled when it
is servicing I/0 requests from user task. The conditions that
must be met to reach this state are as follows:

1. The device is marked as mounted. The US.X0U bit in the
device status byte of the UCB indicates if an ACP is
mounted or dismounted. If the bit is zero, the ACP is
considered as being mounted.

2. The TCB address of the ACP is stored in U.ACP of the
CBe This wvalue %ill be used when an 1I/0 packet is
queued to the ACP. The field will be assumed to be
valid if US.M00 1indicates the device 1is mounted
{(715.400=0).

)

«  The YCB is. allocatad from the system pool. The address
of the VL3 1is storsd. in U.Y¥C3 of the UCB. The first
€word of the 7CB will be used as a transaction <counter
and will be incremented when an I/0 packet is queued to
the ACP. The field will be assumed to be walid if
U5.40U indicates the device is mounted (US.M0U=0).

4. The ACP has performed any operations necessary to
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initialize izseif and the device. 1t has verified user
1730 request Wwiil be legal {or the devicsa and the
current statzs of the RSX~11% sysicnma

Finallv, the ACP 1is degqueuing I/0 packets from 1its
receive gquelde w@witen they are queued to it by the
executive.

L
°

The logic necessary to reach the state listed above is very
Simple. The complexity of the Jigital MOU task is because of
the davice initialization operations and command processing it
performs and not the actual mounting of the ACP. For example,
when mounting a Files-11 disk, M0U must read the Ffiles-11 data
structures on the disk and setup all the information needed by
F11ACP for using the volume.

Before an ACP can be mounted, the current state of the
system must be checked to see if conditions will allow the
operation. Among the more common checks performed are the
followiny:

l. The device characteristics word (U.C¥W1) in the UCB is
checked to see 1if the device is mountable. If the
device is not mountable (DV.MNT=0), the mount Trequest
is disallowuwead.

2. The device status byte (U.S3STS) in the UC3 is checked to
see if thes device is already mounted. If the device is
aiready marked as mounted (US.MHT=0), the mount request
is disallowed.

3. The device status byte (U.STS) in the UCB is checked to
see 1f the device 1is marked for dismount. If a
dismount request 1is pending (US.MOM=1), the wmount
rtequest is disallowed.

4. The device DCB is checked to sea2 if the device driver
is 1loaded. If the driver is not loaded (D.DSP=0), the
mount request is disallowed.

5. The system task directory is searched for the ACP. if
the TCB is not found, the mcount request is disallowed.

5«. The third status word of the ACP s TC3 is chscked Lo
saa if the task w«as 2duilt as an ACP. I is was noi
{T3.ACP=0), tne aount request is diszailowed.

1« The privilieges of thne user are checked 10 see 1f he 1is
allowed to mount the device. Typiczlly, if multiuser
protection was selected and the user is nonprivileged,
he must own the device or it must be marked as public.
Otherwise, the user must be »privileged in order to
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mount fhe device.

gesides the common checks 1list abova, wusuaily device and
specific AC? checks willi be made. 7For example, if labeling
information is available on the dewice, it will be <checked
against user supplied values to insure the right volume is being
mounted.

The other operation performed when an ACP is mounted is to
process command options specifiede. A typical ACP will allow
options which to be spacified when it is mounted. The options
override any defaults establishad at assembly and build time.

In summary, mounting an ACP involves determining 1if the
mount request «can be allowed, processing any options, and
setting up the ACP to process user requests. 4 separate task
can be wused for this process, the ACP can be self-mounting, or
some combination of the two approaches can be used.

6.2 DISABLING REQUIREMENTS

Disabiing an ACP reverses the process of mounting it. The
same approach 1is followed. First, the dismount request is
validated, any options are processed, and the ACP is dismounted.
An ACP 1s considered dismounted when it is no longer marked as
mounted for a device (US.¥3U=1). When all devices serviced by
the ACP are dismountsd, the AC2 task exitse

One point to note is that the actual dismounting of an ACP
occurs asynchronously from the dismount request. Before the
device can be marked as dismounted, all outstanding I/0 requests
queued to the ACP must be completed and all I/0 process must be
terminated. For this reason, a mark-for-dismount bit (US.MDM)
is available 1in the U.STS byte of the UC3. #hen this bit is
set, it signifies a dismount request has been made. The ACP
will complete the process when all outstanding activity on the
device is complete. Also, no new I/0 processes will be allowed
to be initiated.

The usual apnroach to dismount an ACP is for a Separata
task *to procass the dismount raquest from the fterminal and gqueus
an [0.0M0 packet to the ACP. {Once tie packet is recaived by the
ACP, it completes the process when &ll activity for the unit is
finished. Digital”s 0M0 task is an =2xampie of this processe.
The <checks performed Dy DMG are typical for any dismounting
procass:

l. The device characteristics word (U.CWi) in the UCB is
checked to see 1if the device is mountabla. If the
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device i3 not aountable (IDV.H¥NT=0), the ¢ismount
c 18

ey 102 1
WiSALLOWEUS

2. The dewice status byte (U.ST5) in the UC3 is checked fo
g 1f tLhe device is mountad. If the dewvices is not
unted (US.4N8T=1), the dismount request is disallowed.

[o 1

m

3. The device status byte (U.STS3) in the UCB is checked to
see 1f a dismount request is already pending. If a
request 1is (¥Us.M40M=1), the dismount request is
disallowed. '

4. The privileges of the user are checked to see if he is
ailowed to dismount the device. Usually, the same
checks performed for mount privileges are applied.

when all checks are finished, the dismount process sets the
JS.MDM bit and queues an I3.DHMO packet to the ACP. This packet
is processed by the ACP in the following manner.

1. The I0.DMD packet 1s returned wxwith the apptbpriate
code. Usually, this w#ill be success

2. If the transaction count in the VCB 1is used 1in the
usually fashion, 1t will indicate the number of
outstanding I/0 packets queued to the ACP and 1I/C
processese. dhen the count reaches zero, the ACP can
complete the dismount process. Otherwise, it continues
to service 1/0 packets, reexaming the tramsaction count
after every packet is finished.

3. The ACP is marked as not mounted (US.40U=1).
4. The mark-for-dismount bit is turned off (US.HD¥=0).
- 5« The VC8 is returned to the system pool.

6. The internaltcount of mounted davices is decremented.
When the count reaches zero, the ACP can finally exit.

5.3 STANDARD APPROACH

Digital”s solution to =nabiinyg and (disabling ACP”3 1is the
A0U and DHC #CH tasks. The next two sections outline how these
tasks functions and their applicability to user-written ACP s.
In general, the usea of the MOU and DHMO task for user-written
ACP°s i3 not recommended because of the support problem for
future releases of the operating systiem.
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53«1 MOU Task

The N0OU task supports aountlng Files-11 disks and ANSI
magtapesa. It also contains support for DECHET Phase I.
However, ¥0U is no longer used by DECAET. In addition, the
RSX-114 V3.2 version of MOU provides support for the /FOREIGHN
sWwitch. This is intended to allow MUU to be used for FCP-style
ACP"s.

The fiow through #0U is diagrammed in Figure 6-1. NDU
consist of two common modules wused for all ACP®s (MOUROT,
HOUPAR) and ACP specific parsing anc m®mounting routinese. The
overall approach to adding a new ACP is to code a new parsing
and mounting routine and modify the dispatch points in MOU to
correctly call these routines for the new device.

The task entry to MOU is in the module M0UROT. 0n task
entry, an immediate dispatch is made to the entry SMPREP in the
module MOUPAR. The initial command processing performed by
MOUPAR 1is as follows:

1. The parameter area used by ¥0U is zeroed. This area is
in 40UROT and is referenced throughout the taske.

2. The command line is input from the users terminale.

3. The device to be mounted is parsed from the command
line. The remaining switches are not examined at this
point.

4, Lun 2 of the MOU task is assigned to the specified
device.

5. The UCB address is retrieved from the LUT table and
stored at label 3MDEV.

6. The device DCB is checked to see if the device driver
is loaded.

7. If the device is not a magtape (DV.REC=0), the unit 1is
attachad.

Gnce the commeon command 2arsing 1is finished, the Jdavice
Specific parsers are c¢alled from H00PAR. The L3 dewicea
characteristics are examined to determine which dewvice parser
should be wused: HPARIL (Files=-11), #PARMT (4lNSI magtapes), or
#P ARCY (communications devicej). If ¥0U is to be used for a
user—-written ACP, the <code at this point will have to be
modified to dispatch to the new ACP parsing module.
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T™e parsing modulses perform Dasically the same operationse.
The {following sieps arfe performed:

1. The YCB is ailocated from the system pool. The address
of the buffer 1is stored in SMYC3 and the size in
SM¥CBL. The initial ¥C3B is zeroed.

2. The remainder of the command line is parsed for the ACP
specific suitchese.

3. The user privileges are examined to see if the user has
the necessary access to mount the device. The check is
performed by the routine $PVTST in the module MUUPAR.

4. If needed, the mount list entry is allocated and filled
in with the ussrs terminal UCB. The mount list entries
are used for disks and do not need to be used for
user-written ACP*s.

When all parsing is completed, control is returned to
M0URQOT. Here, some of the basic tests are performed and a
dispatch is made to the device specific mount modules: M110VY
(Files-11), MMTOV (ANSI magtapes), or MCMOV (communications
devices). This is the second point modifications will need to
be added to correctly dispatch for the new ACP.

The actual device mount takes place in the device specific
mount moduies. The disk and magtape routines perform device I/0
to read the volume labeling information. The best routine to
use as an example is MCMOV. This routine has no device specific
I/0 and therafore can be more easily read. The usual processing
performed for a device is as follows:

~ 1. The system task directory is searched for the ACP’s
TCB.

2. The TCRB is examined to see if the task ués built as an
ACP.

3. The I/D packet for the ID.MOU raquest is allocated from
system pool and initialized.

4., The davice is detachede.

5. The addrass of the VL3 allocatad oreviously 1is 3itstad
in the 5CEa.

5. The VL3 transacticn count is incremented.
7. The device is marked as mounted by clearing US.MNT.

8. The TCB address of the ACP is stored in the UCB.
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M00

C2.
its. 170

3. The ID.400 function is queued directly Lo the A
is »2iaced into /3 wait zand 1% incregments

counte.

When the ACP completas the 10.¥0U function, it resturns
success/failure to HOU. The MOU task then cleans up, outputs
any volume information, and exits.

6.3.2 MOU /FCREIGH

A new feature of MOU in RSX-11M V3.2 is the support of the
JFOREIGN suwitche. This switch allows user—uritten ACP®s to be
enabled for devices. Unfortunately, the implementation 1is not
easy to follow. However, the feature does provide a mechanism
for mounting user-written ACP°s without modifing MOU or writing
any new code. If used, the MOU sources should be studied to see
how the switch affects the normal processing performed by MOU.

6.3.3 DMD Task

The DMO task consists of one module, DISMNT. The procedure
for dismounting a device is much simplier. In some cases, the
DMO task may be used for user-Written ACP”*s without
modificatione.

The flow through DMO begins at the task entry, SDMCEP. The
processing is as follows:

<To be uwritten>

6.4 HNON-STANDARD APPROACHES

As stated before, the usa of the Digital ¥OU and DHC task
is not recommended for user-written ALP s because of the support
gfcbiem from raleass Lo rtealz2ase of tha operating svyvsied. Tha
folillowinyg =pprnaches can be used inst=2ads.
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Hed4sal 3alf-Initialization

The easiest aethod of initializing an ACP is for it do the
mounting itself when 1t is first scheduled. This approach is
appropriate for ACP“s which service only one device driver and
involve no option processing. The ACP can allocate the VCB,
setyp the UCB status as needed, and perform any device
initiaiization. dnce mountad, the initialization code can be
overwritten as data space. Another possibility is to place the
initialization code in an overlay segmente. :

Usually, wien this approach is used, the ACP 1is essential
to the operation of the device and there is no reason to every
dismount it. Therefore, the disabling step can be ignored.

6+.4.2 Driver Initialization

A aiternatives to the ACP self-initialization approach would
ba for the device drivers serviced by the ACP to initiate the
mount. If the UC.PHF bit is set in UCB, the power Trecovery.
entry in the driver is called when the system is booted or the
driver is loaded. This entry can be used to start the mount
process. Either the driver <c¢an set the necessary status
directly or it could queue a IC.DM0O packet to the ACP and let it
finish the operatione.

The same disadvantages apply to this approach as for the
previous section. There is no convenient method for dismounting
the AC? and inputting mount-time options. Houwever, the approach
does allow several different drivers to each mount the ACP
separately for themselvese.

.43 Alternate Task

A final approach 1is to 1implement new system tasks to
specifically mount and dismount the user-written ACP. The tasks
can be modeled after tne 40U and DHO tasks. The new tasks can
serform any special orocessing reguiceds. The @ajor advanitags of
Lhis. approach is the independence gained. from future Digital
aodifications to “0U and OO

This approach w@was used Dy DECHNET to mount NETACP and set up
the Other software. The sample ENA and DIS5 programs distributed
with tinis manual can be used as 3 basis for the ACP specific
enabling and disabling tasks.






CHAPTER 7

ACP IMPLEMENTATION

This chapter covers some of the basic considerations of ACP
implementation. The material 1is not exhaustive and will not
apply to every ACP. All ACP implementations will be different
and no fixed set of guidelines <can govern how an ACP will
function internally.

7.1 TASK ATTRIBUTES

ACP"s are constrained by the limits RSX-11M places on
privileged tasks. RSX-114 associates a set of attributes to
eacih task in the systeme. The proper definition for each
attribute will have to be decided when the ACP is implemented.
Some of the attributes involve trivial decisions: the
partition, taskname, =2otc. Others are more important and ara
discussed in the following two sectionse.

7.1.1 Task Mapping

The major task attribute to be considered is the ACP task
mapping. Figure 7-1 diagrams the mapping for a privileged taske.
The first four APR"s (APRO-APR3) are always mapped to the
executive. APR4 1is mapped to the executive if 20K executive
support was selected when the system was generatede. If the ACP
is te be portable betwesn systems, AS2R4 should not be used.

tormaliy, the ACP is then le2ft with APRS and APR6 to aap
its task «code and APR7 to map the I/0 page. If 8 %W is not
snough m@memory, the ACP can extend into the I/G page. dosever,
4nen a s«€iich is made to system state, Lhe executive will unmap
the ACP"s APRT and map the I/0 page. If the top of the ACP is
used for data and not code, this restriction will usually not be
a problem.
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TASK MAPPING

T«1.2 Task Build Requirements

When linking the ACP, several TKB options apply. First,
the task should be declared as an ACP with the /AC ssitch. This
TXB switcn causes T3.ACP to be set in the TCB when the ACP is
installed. dhen T3.ACP i3 set, the executive prevents sends to
the ACP taske. This is desirable because the ACP 1s receiving
the T1I/0 packets on its receive gueue and would have trouble if
some other task were allowed to send it messagese. The JAC
sWwitch 1is also wuseful for identifying the task as an ACP when
the device is mounted.

The /AC switch also <causes the task to be marked as
privileged. The other TKB switches used can be set according
the ACP implementatione.

There are no spacial TXB options that apply strictly ¢to
ACP”s. Therefore, the options specified will be a function of
the ACP implementation and the enyvironment the ACP will be
axacuted in when it is mounteda. 2One consideration is whether to
yse a separate partitisn- for the ACP other than the one used forv
Usar L[3Si5e 4 lpck=-out conditisn can ocgcur if 3. usar tasx
issues an I1/0 request to an AL? whicn is swapped out because of
the usser taska.
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7.2 DESIGH CONSIDERATIONS

This section commenis on scme generai design considerations
for ACP"s The list is pnot exhaustive and has been developed from
past experience in writing ACP"s.

Besides receiving I/0 requests from user tasks, ACP’s
usually issue 1I/0 requeste. These raquest can be to device
drivers or to other ACP”s. WNormally, the ACP would use the QIO
directive for any I/0 it needs to performe. However, when
performance is an issue, the ACP can bypass the normal executive
directives and interface directly to the driverse. In
high-performance environments, the ACP and the driver may
actually wuse cooperating code and bypass RSX-11M altogether.
How an ACP performs its 1/0 using non—standard logic is strictly
up to the implementation.

7+2.2 Transportability

Often, an ACP is required to run on a variety of wmachinese.
The ACP coding can be greatly simplified {if the -ACP is
restricted to one type of machine. However, by using
conditional assembly symbols and interfacing correctly to the
executive, it is possible to write an ACP that will oproperly
function on all PDP-11-s. :

Tha biggest difference between machines is the presences or
absence of memory management. Typically, any code used to move
information between the ACP and a user task must be assembled
@ith conditionals for memory management. On a mapped systenm,
the APR®s must be wmanipulated. Un an unmapped system, the
entire system can be addressed directly. The problem can be
avoided by wusing the executive routines to manage data
transfarse.

The other large difference between machines 1is arithmetic
instructionse. The odder PDP-1173 do nei have the HUL/DIY
instructions. If iransportaplity is desired to such machines,
the sXecutives S0IV/3HUL routines should be useda.
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7
i

w2+3 Pool Utilization

HosT R3A~-114 systems suffer frowm a lack of poola ACP"s are
a potential large user of pool. Limits on the amount of pool an
ACP can use and use 9f internal versus system pools should be
considered in the design of an ACP.

The typical approacn is to create an internal ACP pool that
is structursed the same as tae ASX~11¥ system pool. The size of
the pool is a mount or link—-time option. Whenever the ACP needs
to allocate an internal structure, an attempt is first made to
allocate from the ACP poole If this fails, hie allocation 1is
attempted from the system pool. dhen the structure is
deallocated, the address indicates to which pool the @memory is
returned.

T+2.4 ACP Variables

The design of an ACP should consider the ~amount of
flexibility that will be built into the code. There are four
types of ACP variables: assembly-time statements, TKB switches,
mount-time options, and run~time I/0 functions. For example, an
ACP may use a separate LUN for each 1I/0 process it supports. A
TKB option would specify the maximum number of luns the ACP can
use. A mount-itime option would then specify the number of
actual luns to be used (up to the taskbuilder limit).

A good practice is to make the defaults for each optlon
settable by the taskbuilder GBLPAT and GBLSYM commandse. This
allows each installation of the ACP to specifically <configure
its default options.

Te.2.5 Parformance Statistics

If the ACP supports options, it should then accumulate
statistics on its parformance. This would allow adjustwent of
the e¢ntions to maximize 2erformance 1n a given a2avironment.
Yithoyt statistics, fhe usars of the ALP will be faczd wiih a
situation similar to F11ACP. Thers ares many sSwiiches for
aounting 3 Iiske. dowever, axcept for =2ysbailing the syste=n
pecformancs, there 13 no <ay {0 teill how a particular option is
parforming.

If performance measurements are usad by the ACP, it the
performance code should be conditionally assembled. This would
“allow a smaller version of the ACP to be assembled after
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ddition, sSome  method of examining the statistics 1is. nesded.
is c¢an be as simple as using the MCR OPEN command to examine
know#n locations. [n other cases, the ACP may support I1/0
functions to return is performance datas. One final method is to
Keep the performance data in the system pool and implement a
separate task to access the data and print reportse

ufficient e2xperience with the yvaricus options is obtained. In
i
i

7+.2.6 Serial Versus Paralleli Processing

The final consideration in the design of the ACP is whether
it will process wuser I/0 resgquests in serial or parallel. A
serial ACP will only process one I/0 request at a time. This
greatly simplifies the implementation because only one set of
internal data bases needs to be kept and the flow through the
ACP 1is completely synchronous. The ACP only attempts to dequeue
an I/0 request from its receive queue when it has finished the
previous request. F1l1ACP is implemented as a serial ACP.

The serial approach is appropriate for ACP”s which service
fast devices such as diskse There will be little delay for ACP
I/0 The disadvantage of the serial approach is that the ACP is a
bottleneck in the I/0 mechaniss.

An ACP which allows parallel processing of user I/0
raquasts will typically support cne I/0 request for each I/O
proce2ss. Such an apprvach is particulariy applicable for ACD*s
which service communication devices. NETACP is an example of a
parallel implementation. There is a significant delay betueen
the time the wuser DECNET QIO is issued and the necessary NSP
protocol has been exchanged to fulfill the request.

However, this approach is much more complex to implemente.
Many of the data bases and variables used by the ACP will have
to be duplicated for each 1/0 process. In addition, the 1logic
of the ACP must be able to save the context of one operation
when it reaches a checkpoint, process another I/0 function for
another process, and eventually Tesume the original process.
This requires the ACP code to be reentrant and some sort of
internal scheduling algoritham to be implemanted. '

Because ACP"s usually involve complex 1logic to implement
tneir protocols, much of the time spent in development will be
devoted to debugging. In addition, because bugs in the ACP are
likely to «corrupt the operating system, the stability of the
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machine for othefr usars will be reducesds.

(ne advantage of ACP” s is that ODT can be used on the task
portions of the impiementation. However, 00T cannot be used to
breakpoint wWithin portions of the ACP code that run at systen
state. In such code, XDT would have to be used. Similarly, LD71
would have to be used for debugging any driver or executive cods
involved witn the ACP.

Anotner problem in developing ACP”s occurs 1if the ACP?
tarminates abnormally while still mounted. The data structures
still mark the ACP as being mountad and the typical wmethod to
clean them up is to reboot the systeme OUne alternative to this
approach would be to write a special privilege task that
destroys ths ACP data structures to the point where you can
remount the ACP. ¥hile soms pool may bs lost, the basic
integrity of the system can be preserved.



CHAPTER 8

EXECUTIVE SERVICES

There are many executive services an ACP can use. This
chapter briefly describes some of the services available from
the executive. There are many other facilities which are not
documented in the chapter. The actual calling seguences for the
routines can be found in the executive listingse. The routines
are also documented in the RSX-11M System Logic Manual.

B.1l SYSTEM 35TATE

Before an ACP can use an executive service or manipulate
system data structures, it nust make sure its access to the
executive is correctly sychronized with otner system activity.
This 1is done by switching to system state. Once a switch to
system s3tate is made, the ACP is running as a part of the
executive and must follow all rules applicable to the kernel
state. For example, directives cannot be issued from systen
state and any unexpected trap will cause thes system to crash,
rather than aborting the ACP.

The switch to system state is accomplished by issuing an
EMT 376. This instruction is followed by the address to return
to waen a return 1is made to task state. The following
summarizes the switching to system state process:

Call By: CALL $SWS5TK,addr {(RSXHC . MAC)

Ganersias?: EMT 376
: < WORD addr

Zifact: Laturns to next instruction
Switches to xernsil mode
4aps user APR"s 4(?),5,56 10 kernei space
Kernel APR"s 0,1,2,3,4(?) mapped to executive
Kernel APR 7 mapped to I/0 page
Saves all registers
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RETURAY Instruction. Exi
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is to "addr®
Sre=ikernel ragi rad:
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Jalues can be returned in R29-R3 by storing walue
in 2{SP) to 10(3P) bhefore RETURN

32 I/0 TERMINATION

One service used by ACP"s is I/U packet termination. The
I1/0 termination code is located in the executive module ID5UB.
Three entries are provided by the executive: S5ICD0ON, SIDALT,
and SIOFIY. The first two entries are used by device driverse.
In addition to the I/0 packet termination, these routines free
the device for the next 1/0 packet. The SI0OFIN routine is the
entry usually used by ACP®s as it does not affect the driver
data bases.

8.3 ADDRESS CHECKING

Another service provided by I0SUB 1is address checkinge.
dhenever an address 1is passed from a user task to an ACP, it
must be checked by the executive to wake sure the address is
within the boundaries of the user task. This check must be done
in the context of the user taske Therefore, address <c¢hecking
nust be performed before the I/3 packet is gueued to the ACP.

The executive provides five entries for address checking.
The first three, $ACHKP, S5ACHKY, and SACHK2, are only used for
directive processing and do not return errors to the caller.
Instead, they return an directive status error if the address
check failed.

The two entries used for I/C-related address checking are
SACHKB and SACHCK. The first entry checks for proper byte
alignment. The 5ACHCK requires word alignment. The routines
return with the carry bit clear/set as a success/failure
indicator.

In order for an ACP to address a user-task address on a
mapped system, the user-task virtual address must be transformed
into 2 relocation bias and offset. As in address checking, this
process must be performaed in tne context of the user taske.
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Iwo =ntries. in Ti5UB provide support for addrass
talocaiion. The first routline, SREL3L, transfeorms the: user
virtuali address into a relocation bias to be loaded into. APRS
-and the APRS displacement. These vaiues can then be passed to
the ACP, winich can then use them to 2ap the user task addresses.

The second routine is named SRELOM. The routine in
addition to performing the address relocation, loads kernel APRS
witn the address bias. This routine is used by the executive
and/or drivers when procassing an ACP? I/G requesi and
rTeading/writing user-task memory.

8.5 BUFFER ALLOCATION

The executive module CORAL contains support for buffer pool
allocation. The routines are normally wused to allocate and
deallocate space in the system pool, howaver, they can be used
to manage any buffer pool which follows the RSX-11M system pool
mechanism. The System Logic Manuals provide details on this
machanism.

Two entries in CORAL can be used for buffer allocation.
The SALOCB entry is the general system pool allocation routine.
The SALOC1 is an alternate entrye. Here, the buffer listhead
address 1is passed to the routine instead of defaulting to the
system pool as in SALQOCSB.

NOTE

The SALCLX (allocate clock queue entry) and SALPKT
(allocate I/3 packet) should not be used by ACP”s.
These routines return a directive status error if the
allocation fails instead of an error return to the
callere.

[ 8}

-5 BUFFER OEALLOCATION

CORAL also provides two buffar dezllocation entries.
$DEACB  is the general system pool deallocation routine. S$DEACI
is the aiternate entry for general deallocation of buffers for
non-system pools.
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8.7 QUEUE MANIPULATION

The moduie JUEJE provides a variety of eniries to
manipulate the various KSA-114 gueues. Thz aost used entries
are S5uINSF, $31IMSP, and SQRHVF. The first two routines
respectively 1insert by first-in, first-out or by queue entry
priority. #hen priority insertion is used, byte 2 of the queue
entry is assumed to contain the prioritye.

SQBMYF removes the first entry in the queue. This routine
is used by all ACP“s to rtemove I/0 packets from the receive
queus. It may also be used for internal ACP? queues or other
RSX~-118 data structurese. .

8.8 DATA TRANSFER

The module BFCTL contains an extiremsly useful routine for
passing data between ACP°s and the user task. The routine
SBLXIC moves a block of data between any two points in a mapped
systeme It is cailed with the number of bytass to move, the
source APR5 bias and offset, and the destination APR6 bias and
offset.

NOTE

The other routines 1in this moduls are for device
driver usage. They expect the UCB to be set up and
should not be used by ACP s.

8.9 TASK SCHEDULING

The last executive services commonly wused by ACP®s are
found 1in the module REQSB. The routinas in this module perforn
tasx schedulings. The most uaseiul sntries are SEXRGF, SEXRGP,
and SCXRGH. These Toutines pass an I[/70 packei Lo the recsive
queue oL the reaguestsd Task ana schedula the task {or sxecuiiona.
1€ the task 1is not active, 1t 1is run for the first time.
Otherwise, the *task i3 unstopped and potantially becomes
avaliable for eXeculion.

Another useful routine is $STPCT. This routine stops the
current task and is used by ACP”s to stop themselves when they
have no work to do. Hote, when calied at system state to stop
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the ACP, the routine merely aarks the ACP TCR as peing stoppede.
The actual rescheduliing does no& occur until the- ACLP exits
System statlz.






APPENDIX A

READINGS/REFERENCES

This appendix lists documents that anyone &riting an ACP
should be familiar with. It is 1impossible to present an
exhaustive 1list because "everything™ one needs to know to wuwrite
an ACP is an intimate knowledge of the system.

A.1 DIGITAL MANUALS

The following is a 1list of the most relevant RSX-11M
@mAanuals. ¥o single manual deals with the subject of ACP"s. 1In
fact, the manuals contain little information directly applicable
to ACP"s. The information concerning ACP”s must be extrapolated
from descriptions of other subjects.

A.l.1 RSX-11M Executive Reference Manual

This manual describes the available executive services and
system directives. It also presents some material on the
structure and design of the operating systeme.

A.1.2 RSX-11M Crash Dump Analyzer Reference Manual

This manual describes the use of the Crash Dump Analyzer
(CBA) wutilitv. ®hile the ACP implementor will certainly become
very familiar with <crashes, the m@ost valuable section is
Appendix B which 1list the system data structures and symbolic
offsetse. ‘
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1.1e3 IAS/RS5X-11 1I/49 Operations Reference Manual

This manual describes the use of the File Control Services
(FC3), including diagrams of the FCS data structures. The
manual 1is only important to someone interfacing an ACP to FCS.

3.1‘4 IAS/RSX-11 RMS5-11 Programmer "s Reference Hanual

This manual describes the wuse of the Record Management
Services (RHS). However, it contains no information on RMS
internals or data structures. The manual is only important to
someone interfacing an ACP to RMS.

A.1.5 RSX-11M I/0 Drivets Reference Manual

This manual describes =esach RSX-11¥ 1I/80 driver and the
format of the 1I/0 regquests serviced by each driver. The
appendices contain useful summaries of all Digital defined 1I/C
requests and error codes.

Asle® RSX-11M Guide to Writing an I/0 Driver

This manual contains the information necessary to uwrite an
1/8 driver. It also presents the best description of the
overall I/0 process. It contains descriptions of the I/0 data
bases and basic I/0 flow. This manual is a good starting point
for anyone considering writing an ACP.

Aele7T RSX=-11M System Logic Hanuals

This two-volume set 1is not included 1in the RSX-11X
documantation kit. However, 1t should be considered a "must"™
purchase for implementing an ACP. The set contains information
on the structure and design of 2RSX-11¥M. It also includes
dascriptions of 31l axecutive modulses and data bases.
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1.2 SOURCES

The final authority on x3X-11¥ is the source listings. The
RS5X-11¥ binary distribution kit includes the sources for the
executive, deyice drivers, and MCR. The wutility source kit
supplies sources for all utilities, FCS, F11ACP, and the macro
libraries.

The sources are very well written. This secticn mentions
the most useful modules.

Aes2.1 Exeacutive Sources

A complete listing of the executive should be available
before writing an ACP. In particular, the follosing modules
should be read:

1. DRQIO - This module contains all the QIO processing
code, including the executive ACP processorse.

2. I0SUB - This module contains all routines related to
I/0.

3. DREIF - This module contains the code related to task
exit. Of interest to the ACP writer 1is the code
relating to 1I/0 cleanup.

A.2.2 MOU Sources

The sources for the MOU task are found on the RSX-11M MCR
source disk in UIC [£12,103. The following modules comprise this
taske. v

1. MOUROT - This module is the root for the task. It
contains the dispatching code for the mount process and
the arror handling codae.

2. MOUPAR - This module is the general parser for the
taske. It determines the device name gspecified in the
command line and dispatches to the appropriate
devyice-specific parser.

3. MPAR11 - This module is the command 1line parser for
Files-11.
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3. MPAQMT - This modules is the command line parser for
ANSTI magtapese.

5. HPARCHM - This module is the command line oparser for
DECHET Phase I.

6. #110¥Y - This wmodule 3is the @mount processor for
Files-11. :

T. MMTQOY - This module is the mount processor for ANSI
magtapes.

8. MCM0V - This module is the command 1line parser for
DECNET Phase 1.

Ja 'MﬂISGV - This module displays tie volume attributese.

A.2+3 D#HD Sources

The DNC task source is the moduie DISMNT.MAC. This file is
found on the MCR source volume in UIC {12,103.

A.2.4 F11ACP Sources

F11ACP is the one Digital ACP for which sources are
available at most sites. The ACP sources are found in UIC
£13,101 on the MCR/FCP source disk of the RSX-114 ¥3.1 kits.
The source code was omitted from the RS5X-11M V3.2 distribution.
perhaps the most useful file 1is DISPAT.MAC.  This module
contains the I/0 packet dequeueing and dispatching code.

A.2.5 DECNET Sources

The DECNET sources are another sxample of an ACP. Homever,
the sources are only available by purchasing the DECNET source
kite
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5=11 Socurcsas

FCS sources are found on the X3X-11¥ utility source kit
£50,103. TIf FCS must be modifisd to use your ACP, this.

kit should be purchased.e FCS is very old and not written to the

standards
coda jump
very ussa

A.2.7 Ot

Tha

used for other code. The rzader will find that the
5 around coansiderably and is difficult to follow. One
ful way of 1listing FCS is to make a concantenated
The sources contain directions for doing thise.

her Sources

RSX-11¥ source distribution kit contains many other

useful modules. Among the most significant are the following:

1.
2.
3.

.49

£32,101 - PIP sources.
£55,101 - Command line routines {(GC¥ML, CSI).
60,101 - PIP utility (PIPUTL) sources.

£66,10] -~ Macro definition filese.






APPENDIX B

DATA STRUCTURE DETALILS

This section details the features of data structures of
interest to the ACP implementor. Only the fields of interest to
ACP"s are discussed in this document. Further information <can
be obtained from the references listed. A diagram is presented
for each structura, along with information on which macros and
files define the symbolic offsets, values, and bit masks.

NOTE

The macro definition files refered to are 1located on
the RSX-11¥ Utility Source kit in UIC L[5656,101. A
listing of these files is a very valuable referesnce
tool.

The giobal definition file is the file used to create
an object aodule <containing the symbols defined as
globals.

B.1 QIO DATA STRUCTURES

The RI0 data structures structures are used to hold the I/0
‘parameters and route the reguest to the correct device. The
structures in this category are the AQI0 dicrective parameter
olock, tLhe I/0 packet, and the window block portion of the task:
aqeader.
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00 1 12. i BIC i
e it H
02 | 1/0 Function Code i
{=-- - - i
04 i Logical Unit Number i
e et bt i
06 | Priority i EFM i
i - - e bttt |
10 i 170 Status Block Address i
| Rttt ——————— - -1
12 AST Address i
i - - H
14 | i
j=-- -
16 i
=== -—=]
20 i I/0 Parameters i
-—=1
22 | i
== -——=1
24 | i
f=—= -—-1
26 | {
{

———— . — T~ ——— -
_— e E e T e T e s T s e m e s R - -

Symbol Definition Macro:
Macro Source Filename:
Macro Library Filename:
Global Defipition File:
Object Library Filename:

Figure B-1
Q10 DPB

QDPBS

RSHMDIR.MAC
RS XMAC.SHL
DIRDEF.HAC
SYSLIB.OL3

Q.ICFN
R« ICLU
Q. I0EF
Q.I0SB
Q. I0AE

G.ICPL

G« IOPR

PAGE B-2
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3.1.1 4I0 Dirsctiva Parameter 3iock

The user t
{5P3) and issue
-from 3 device. This includes I/0 reguasts to ACP”Se. The QIO

ask constructs 3 4I0 directive parameter block
s a RI0 directive whenever I/0 is to be requested

OPB 13 normally constructed by the QI0$ and GIOWS macros. The
format of the QRIT DPB is shown in Figure 3-1.

" The feollowing fields in the &ID DP8S must be considared uwhen
writing an ACP:

e IOFH

G« I0PL

The I/C function is split into two bytes. The high
byte is the function c¢ode and wmust be from
0-31(10). This is the value which is used by the
executive to determine the action to be taken for
the functione. The low byte 1is the function
modifier. It is not processed by the executive but
is passed to the driver/ACP.

The choice of I/9 functions will depend on whether
a DCP or UCP is being written. DC? typically use
an existing set of function codes {such as
Files-11). Note, DCP"s require all ACP function
codes to be greater than or egqual to seven. In
fact, SGTPKT assumes all I/0 request with codes
from 7-31(10) issued to a device with an ACP
enabled are ACP functions and dispatches theam to
the ACP.

Yhen writing a UCP, it is wise to choose a function
code that 1is not used by other drivers and ACP”s.
If a 1/0 request is issued to the wrong device,
this prevents unexpected operations from occuringe.
The modifier byte can be used to separate a class
of i/0 functions into separate requests.
Currently, all function codes but 31(10) have been
used by Digital. However, codes above 24(10) are
used only for specialized functions for
communications devices and real-time interfaces.

How the I/0 parameter words will be used by an ACP
is ACP dependent. The only constraint on this set
of parametlars. s that s transter functions tha
first oparametsr mnust be 3 buffsr agddrass and the
D I0PL+2 must be the burffar size in: bytes.

Rafersnces:

RSA-114¥ Executive Reference ¥anual, payes 6-90 to 6-94.
This section documents the format of the DPB and how
to setup the 210 macros.
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I5X=-11¥ Guide to-driting a Cevice Driver, pages 4=-46, 4=-7.
This section documenis the format of a2 DPB.
RSE=-114  I/70 Drdivers deferencs danual. This manudai

documents ali curr=2nt, deyice driver RI0 functions and
thelr associated parametser listse. af particular
interest are Appendices 4 and B which summaries tne
QI0°s, their parameters, and tne various error codese.

IAS/R5%~-11 E'E Operations Refereance Manual, Aippendix 1.
This appendix contains z iisting of RAINSYM.MAC. This
file defines all I/0 function and error codese.

RSX~-11M System Logic Manual, Voliume 2, pages C-41 to C-45.
This section documents the various macros used to
create RID DPB”s and issue the GI0 requeste.

Bele2 1I/0 Packet

The I/0 packet is constructad by the executive from the
information in the QI8 directive parameter block. The I/0
packet is then dispatched to the proper service routine. If an
ACP 1is enabled for a device, the service routine is the ACP.
The format of the I/0 packet is shown in Figure 8-2.

ACP"s are concerfned with the following fields in an 1/8
packat. In general, the I/0 packet =zhould be considered to Do
fead-only. The only exceptions are the function <c¢ode and
parameter fields. These can be changed when the ACP is
reformating the regquest and forwarding it to a device drivere.

I.7C8 This field contains the TCB address of the
requesting task. The ACP may store this address
away for further referencse.

T.LN2 This is a very important field for ACP”s because it
contains the address of the address of the window
block (sees next section). 1iHote, that this address
cannot be saved but should be obtained from each
separate I/7 packet. Task headers may be destroyed
and racreazad Jduring Tasi s2xecution. In general.,
only the TC3 address can Lbe sawved 2y an ALP for a

task with an zsctive conpnaciione

NG

A



Figure B=2
I/80 PACKET

DATA STRUCTURE DETAILS

00 | Link to YNext I!B Packet

Zl ................... -
02 | EFN v ] Priority

! .............. - -
04 i ICB8 Address

l ............................
06 | Address of Second LUT %Word

, - -
10 |} Address of Redxrect UCa

j - > > = > -
12 | Function Code | %odifier

; - -
14 Virtual Address of I0SB

* ...................
15 | Relocatlon Bxas of I0S8

1 ......
20 1} Real Address of 1058

i - - - -—=1
22 1 Virtual Address of AST

| - - ——————————]
24 7

/ Parameters (8 words)

/ .

I:""“‘:: ““““ —_—_ e TN E IS I Em=m=s
44
Symbol Definition Macro: PKTDFS
Macro Source Filename: PKTDF .MAC
Hacro Library Filename: EXEMC .HL3B
Global Definition ¥File: EXEDF <.MAC
Cbject Library Filename: EXZLIB.OLSB

T.L3K
I.PRI
I.TCB
I.LN2
i.0cCs8
I.FCHN

I.ICSB

T.AST

I.PRM

I.LGTH

I.EFN

PAGE B-5
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I.L32 can 2iso be usad Io ob*tained the original IC3
address for the lun. The prevwious location.in the
logical wunit table 1is the original lun. The
redirect chain is Ioilowed for 2yery L0 request
and the final U€Z address is stored in [.J0CB.

I.FCH This is the I/30 function issued by the user. It is
copied from R.IGFY of the QAI0 DPB.

1.2R4 These are the parameters for the 1/0 requaest. dYNote

that aight Words are available as opposed to the

original six in the @QI0O DPB. Except for these

fieids, <common <code 15 used to fill in the I/0

" packet. The parameter fields are established from

the QI0 parameters according to the type of
request.

For control functions, the six QI0 parameters are
copied unmodified to the first six locations. For
transfer functions, the buffer address doubleword
is placed in 1.PRM¥+0 and 1.PR¥+2. The remaining
five parameters are copied into I1.PRM+4, I1.PRM+DH,
etCe

For ACP"s, the QIO parameters are specially
processed and the results stored in the I/0 packet.
Ail addresses passed as parameters must be address
checked and relocated before the packet is queued
to the ACP. 1In the case of a DCP, this processing
takes place 1in DRAID. For UCP*s, the packet is
processad as a contreol function by the executive
and passed to the driver without gueueings The
driver then performs the necessary c¢hecking, sets
the I/0 packet parameters and send the packet to
the ACP.

References:

RSX-11¥ Guide to ¥riting a Device Driver, pages 4-2 to 4-5.
This section documents the various fields in the 1I/0
packet.

BSX~-11M Guide to Writing a Device Driver, page C-16. This
saection documents the 2acrs PXTUFS. This macrs is
used to declare the I/ packet symbolic offsetsa

SH=114 Crash Oump Anailyzer ¥anual, pages 3=-3% to 23=-4l.
This section documents the magro PETDFS. This macro
is used to Jeclars the I/0 packel symbolic offsets.

R5%X=-11¥ System Logic Manual, Volume 1, pages 3-30, 8-31.
This section documents the macro PXKTDFS5. This macro
is used to declare the I/03 packet symbolic offsets.
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74 1 Sumber of LYUN-'s 1 HLANLUN
j=—- —————m————— - -
76 i JC3 Address. { HaLUN
i - - - i
i Windouw Address 1
i - - - - - - - - . - = i
i {
== e |
i Remaining Entries i
j=-- - -——-

t==- -1

i ) " |
- . -—

Symbol Definition Macro: HDRDFS

Macro Source Filename: HDRDF .HAC
Macro Library Filename: EXEMC .MLB
Global Definition File: EXEDF .MAC
Object Library Filename: EXELIB.OLB

Figure B-3
LUT TABLE

Bele3 ULowgical Unit Table

The logical unit table (LUT) is used to determine to which
device the I/0 request is directed. It is alsc used by ACP"s to
establish a logical connection between a specific LUN in a
specific task and a I/0 process (such as an open file or a NSP
logical connection). A diagram of the LUT table is shown in
Figure 2-3.

The LUT table is located in the task header, beginning at
offset H.LUN. The previous location, H.NLUN, <contains the
number of entries in the LUT table. The LUT table consist of a
series of two word entries, one antry for every possible LUN
number the task may use. The first word of the entry is the UCB
of the assigned device. Note, this is not the redirected UCS.

The second word 1s used for the window bDlock address. This
iz  the structure wnich 135 used %o link a2 LUN to 2n ACP DrocessS..
This word also serves (w0 oi{her puUCDOS2Sae The low bHit is
referad fto as the lock bita. If this bit is set, another I/C
faquest cannot be issued on the LUN. The 2xecutive backs up the
issueing task PC and places it in a wait-for-significant event

N state if such a regquest is issued. This is very useful when an
ACP must enter a state where another I/0 packet cannot be
processed until the current request completes.
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NOTE

Oniv QI07s are affected by the lock bit. Any Dpacket
in tne ACP queue foc the locked lun can be dagueued by
the ACDP. I order to zatfectivelv lock a luny, the bDit
BTUSt be set during the I/0 packet processing prior to
queueing to the ACP.

The final use of the sacond word is to notify ACP®s about
abnormal task termination when it has an active process for a
lun. 1If the second word of the LUT entry is non—-zero (exclusive
of the lock bit), a IJ.CLN (code 3400) will be issued to the ACP
by the executive task termination routine.

3.2 DEVICE DATA STRUCTURES

The device data structures structures are used to describe
a generic device type, each wunit, and each controller. The
Device Control Block (DCB) names the device and contains the I/0
dispatch tables. One Unit Control Block (UCB) exists for each
device unit and forms the data base necessary for handling one
I/0 request. The Status Lontrol 8lock (SCB) 1is wused to
coordinate activity among device controllers.

Bes2e1 Dewvice Control Block

Cne device control block (DCB) is created for each generic
device type. The DC3 supplies the device name, points to the
device unit structures (UCB"s), and controls how I/0 functions
will be processed for the device. It is the function mask
fields (D.¥SK) that are important to the ACP writer.

In general, DCP”"s will set the appropriate ACP function bit
WaSKS. when DRQIC matches the function against this field, the
special processing code for ACP°s is then used. UCP"s, on the
stherhand, 4i11 m@mark it3 fupnctions as  control funciions.
Zaction 4.2.1 discusses now the DCB fields saould 5e setup in
more detail.

Referznces:
RSYX-11# Guide to ®riting a Device ©Driver, pages 4-8 to

4-15. This i3 a location by location description of
the DCB8. It is oriented to device drivers.
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06
02
04
06
10
12
14
16
20
22
24
26
30
32
34

{ Link to Next DCB
i--‘---‘;;rst ggg-Address

; g;;ice-game-.
;--;igh Onit 3 | --Lou Unit #
; Le;gth of a; gcs

’-_ .....
! Driver Dispatch Table Address

: Legal Function Mask (0-15)
i- Control-;;;;tion Mask (0-15)
:— NOP®ed Function ;ask (0-15)
: ACP ;unctio;-;;sk (0-15)
;---Legal Function &a;; (16-31) 1
3 Control ;unction-%;;;-z;g:gzg-g
NOP“ed Function Mask (1&431) §

O B st (Sl B B gl SN B S NNk WS BRSNS S s et WM Baw s kas MR

ACP Function Mask (16-31)

Driver PCB aAddress

W — T ——— — —— — — — —— o o o — T — T v (r— ——
-_ — —— — -——

Symbol Definition MYacro: OCBDFS

Macro Source Filename: DCBDF .MAC
Macro Library Filename: EXEMC .MLB
Globai Definition File: EXEDF .MAC
Object Library Filename: EXELIB.OLB.

Bed

Filgurs
2C3

D LAX
D.0C3
Do NAM
D. UNIT
D.UCBL
D.DSP

D.M5X

PAGE B-9
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28%-114 Guide to Writing a-Device Driver, page C(-5. This
section documsnts. the aacro DCBDFS5. This. zacro is

usad to decizare the OC8 sysbolic 0ffsatiSe

R34=11# Crash Dump Analyzer ¥anual, pages 8-8, E=-9. This
saction documents the wmacro DCBDFS5. This macro is
usad to daclare the DCB symbolic offsatse.

Q34{~114 System Logic ¥Manual, Volume 1, payes 8-34 to B8-36.
This section documents tiie macro DLBIF5. This macro
is used to declare the DC3 symbolic vffsets.

Be2.2 Unit Control Block

The Unit Control Block (UCB)Y is the key device structure
and 1is very important to ACPF’s. There is one UCB for each
separate device. The UCB provides the characteristics of the
device, pointers to the other device structures, and working
space for storing I/0 related parameters.

The UCB’s are variable in length. The following locations
are of concern to ACP®s:

J.CTL Control Flags. This byte contains flags which
control how and when +the RSX-11M executive will
call the device drivere. %¥hile ACP"s are not
directly concerned with this process, the satting
of these bits is important to correct operation,
particularly if writing a UCP. The following bits
are defined for this byte:

UC.ALG Alignment bit. If this bit = 0, then byte
alignment of data buffers is allowed.
Otherwise, the buffers aust be
word-aligned. This setting is typically a
function of the device and is not of
importance to ACP s.

UC.ATT Attach/Detach notificatione. If this bit is
set, the driver is <c¢alled when SGTPKT

sToc2ss an  Attachi/Detach I/0 functiona
Ypwever, 1f the device 1is marked nountable
{DV,.#4NT=1) and is mqountaed (US.MNT and

JS.7OR=0), then attacnes arse nevaer siiowed.
The device «€ill aot be notifisd regardlass
o0f the state of this bite.
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‘ {========= === ST Esssms====
-2 1 JCB Address of Owner TT:
; - -
Q0 | OCB Address
i -
02 1 Redirect (UCB3 Address
l -
04 | Unit Status | Control Flags
i--_-_ -
06 | Unit Status | Unit N¥umber
i
10 ] Characteristics wWord #1
'-
12 | Characteristics word #2
l -
14 | Characteristics #@ord #3
i -
15 | Characteristics Word #4
l- -
20 1 SCB Address
R
22 ] TCB of Attached Task
i- : -——
24 |
j=— Buffer Address —
26 1
i .
30 i Byte Count
,...-.._-_ -
32 | ACP TCB Address
l-.... -———
34 | VCB8 Address
’=:===“""==:‘“":="‘-=:“‘"‘°-““‘=
Symbol Definition Macro: UCEDFS
Macro Source Filename: UCBDF .HMAC
¥acro Libdbrary Filename: ZXENC .MNLB
Global Definiticn File: EIEDF .HAC
Object Library Fiiename:z EYELIB.OLB

Figure 3-%
3Cs

T e G G et M SAE WO G BeNs W it s W BONIS Suns s Wias Witk oo ous W GG i bt onl WS td e v Wb los gpinin,

U 0&N

U.CTL U.STS
U-UNIT U.S5T2
U.CH1
U.CW2
U.C%3
J.Cl4
U.5CB
U ATT

U.30F

U.CHT

J.VCB
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J.STS

<
&
L)

e
g
‘ -

CoQUE

UC.PYF

UC.NPR

UC.LGH

PAGE B-12

o~

Jnconditional Canc ! notificatione. 1f
thisz Hit is sat he driver is.called
whenaver i caacsl I/8 reguest 1s issuad,
ayen 1f the- dgevice is nof busy. For ACP
anabled devices (US.MHNT=0), tha I/0 queus
is pever flushed. However, the driver will
be called if the wunit 1is busy and w«will
always ba callsd if this bit is set. This
feature can be used during I/0 rundown {s2e
saction 4.5).

[$¥]

El
Y

[ ]
& G

<%

Quaue bypass bit. If this bit is set, the
@I3 processor «calls the driver without
queueing the regquest. %hen ariting an UCP,
this bit is set. This allowxs the driver to
process the I/0 request and send it to the
ACP, bypassing the normal executive
PTOCESSinge.

Unconditional call on powsr Trecoverye. If
this bit is set, the device driver will be
always be called when power recovers and
also wWhenever the driver is loaded or the
system booted. If the driver 1is involved
with enabling 1its ACP, this bit provides
one mechanism for calling the driver so it
can enable the ACP.

YPR device. This bit is set if the device
i5 an HPR device. It determines houw U.BUF
%111 be setup. The setting of this bit is
a function of the device and 1is not
important to the ACP writer.

Buffer size mask. These bits determine the
required buffer size. They are a function
of the device and are not important to the
ACP writer.

OUnit status. This byte contains various flags

related

to the status of the device unit. The

following bits are defined:

U5.83%

US.MNT

Jnif busva. This bit i3 s3et by 3GTPKT
Wneneyer 3 packei 13 dequeusd for a3 device
driver and clileagred bdHy  SICDOGH/SICALT When
tne packet 13 finished. The 5it is not
affectad by gueueinyg a packet to an ACP and
is not of concsrn Tto the AL2 dwriter.

Device mountad. The bit is cleared if an
ACP 1is enabled for the unit. It is5 the
responsibility of the ACP enabling process
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U.CW1

to clear this bBit. The ACP itsell usually
sets. the bii when 1%t fipnally 2xits (ses
US4DM Deiosn)e

U5.F0R  Foreign i1CP. This hit is supposaed Lo be
set if non—-Digital ACP’s are enabled for a
device. However, the interpretation of
this bit by the executive is currently is a
state of flux. For both LCP"s and UCP~*s,
this bit should be left off.

US.MDM Device marked for dismounte. This bit 1is
set by the disabling process when the ACP
is initially requested to be disabled.
ACP®s cannot exit until all processes are
terminated. Normally, the ACP examines
this bit and its own internal state. Khen
this bit is set and the ACP is idle, it may
then exit properly.

Device characteristics word #l. This word contains
bit flags defining the type of device. This word
and other tnree device characteristics are returned
by a GLUNS directive. In particular, this word is
used by FCS to determine the type of I/0 request to
issue to the assigned device. The following bits
are defined for this word.

DV.REC Record-oriented device

DV.CCL Carriage-controi device

DY.TTY Terminad device

DV.DIR Directory device

DVY.SDI Single directory device

DV.SQD Sequential device

DY.MXD Mixed Massbus device

DY.UMD Device supports user-mode diagnostics
DV.SHL Device is software write—locked
DV.PSE Pseudo device

DVY¥.COM Device mountable as DECNET Phase I device
DV.F11 Device mountable as Files-11 device
DV.MNT Device mountable

These bits should be set carefully. They are
axamined 1in @any places and the interpretation is
not aiwWays consisitent. FCS considers. any devica
Fith DYL.REC g0ff to be a Bblock I8 device,
supporting the Flies-11 (I075. It aiso tests
DV.0IR  to s2e if directory opeTations are allowede.

" The #0U/70H4G tasks also examine the bits to

determine the proper steps to be taken. In general
DV.MNT should always bes set for devices your ACP
@ill service. The remainder of the bits should be
setup according to the nature of the ACP and its
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deviczaS.

Je ACP ACP TC3 address. Thils word is an J€3 axtension
used for amountabls devicese. It is seat wnen the ACP?
is snabled to contain the TCS address of the ACP.

J.YCH VYCB address. This word is an UC3 extension used
for amountable devices. It is set when the ACP is
enabled to contzin the addra2ss of the V¥CB ifor the
unit.

References:

RSX-114 Guide to Writing a Device Driver, pages 4-19 to
4-26a This 1is a location by location description of
the UCB. It is oriented to device driverse.

R5X-11M Guide to ¥riting a Device Driver, pages C-21 to
C-23. This saction documents the macro UCBDFS.

RSX-11M Crash Dump Analyzer M¥anual, pages B8-18 to B-25.
This section documents the macro UCBDFS5.

RSX-11M System Logic Manual, Voiume 1, pages 8-51 to B8-56.
This section documents the macro UCBDFS. This macro
is used to declare the UCB symbolic offsets and bit
nAasSkSe.

Be 23 Status Control 3lock

The status control bDlocik is used to control access to the
hardware controller. ACP”s are usually not concerned with this
data structure unless they ar2 closely <coupled to the device
driver.

References:

RSX-11M Guide to Writing a Device Driver, pages 4-15 to
4=19. This 1is a location by location description of
the SCB. It is oriented to device driverse.

2 Driver, pages C-17, C~18a.
2 macra S{BOFS%. This macrs
sympoilc cifsets.

R8A~111 Cuiace to dWriting 3 Dewid
This section  Jdoguwmenls 1l
i5 used to deciare tae 3C3

2SA=114% Crash Dump Ainalyzer Manual, pages 3-i0, 8-11. This
sectien documents the macro SC30FS. This macro is
used to declare tne SCB symbolic offsets.
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03 1 Controller i
j-m- 1/0 -1
02 | Queue Listhead 1
i- - - -—— i
04 | Yactor/4 i Priority i
jm————————— e i
06 | 1Initial TM3 | Current THMO |
i - i
10 |} Status | Index i
i- - 1
12 1 CSR Address |
j————- - . i
14 | Current I/D Packet Address i
j===-- ———— i
S | i
j=-— =]
20 i 1
j=--- Fork Block -—1i
22 | i
j—— |
24 | ]
j=— -—
26 |} i
{===========Sz=sSTTnssSSTTTIsTosmss ]
Symbol Definition Macro: SCBDFS
Macro BSource Filename: SCBDF .HMAC
dacro Library Filename: EXENC .HLB
Global Definition File: EXEDF .MAC
Object Library Filename: EXELIB.OLB

Figure B-6
5C3

S.PRI
S.CTH
S.CON
S.CS3R
S« PXT

S« FRK

S.¥CT
S.ITH

S.STS
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A8X=-11M System Logic ¥anual, Voiume 1, Dages 8-44 tg 8-4b.
This section documents the macro SC3DFS. This macro
i5 used to declare the S5C3 symboiic offsets.

B.3 ACP COMMOH DATA STRUCTURES

Two type of data structures sre common to all ACP"s:
window blocks and volume control blocks. Window blocks are used
to map a logical process to a specific logical unit. Volume
control blocks are usaed to holild information about each separate
entity the ACP processes. #While all ACP®s use these structures,
their content is ACP dependent.

! P 3L F L 2P S S P L LS A T ;
00 | Transaction Count ]
i - . i
02 /7 /
/ Remainder is /
/ ACP Dependent /
/ . /
/ . 7/
/ o /
Figure B-7
yCB

Be3.1 Volume Control Block

Typically, each mounted unit serviced by an ACP has a
volume control blocke. This is the data structure in which the
ACP should hold information relating to each mounted  unite As
such, VCB8°s are ACP dependent except for the first word.

The first sword 1is called the transaction count. This
counter 1is used by the ACP to determine whether it is idle or
not. Ffor DCP"s, the counter 1is incremented whenever a I/0
request 1is queued to the DCP and decrement by the DCP when the
request is finished. It is aisc incrementsd by the BLP whnen 2
srocess 15 =2stsbiished zand decresmented when the orocess is
tarminated. The DCP cannof axift wnili Lhe counier r2aches Z2T0a.

The executive does not touch the transaction c¢ount for
JCe*s, nvmever, 1t 1s recogmendsu that the UJLPT5 wuse the
transaction count for the same purposes. It is important that an
ACP never exit with I/0 reguests still outstanding in its gqueus.
These raguests will never be terminated, 1leaving the 1issueing
task stuck in 170 rundowne.
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o= ==sss=s=Ss====o==== S===—==== 1
GO 7 /
7 Totally 7/
7 ACP Dspendent /
7 . /
/ . 7/
7/ . /

Figure 3-3
ATNDOW BLOCX

Bede.2 Hindow 3liock

One of the most useful features of an ACP is the ability to
establish an I/0 process and tie various I/0 request to the
process. In the case of FfFiles-11, this takes the form of
opening a file, reading and writing blocks and closing the file..
For DECNET, logical links are «created, data transmitted and
received, and the link closed.

The window block 1is the data structure used for such
PLOCE2558S « It ties the task”s LUN to a particular processe.
Howaver, the format of window blocks and how they are allocated
and deallocated is ACP dependent.

The window block address is storad in the second word of
the LUT entry. The address of this «ord is passed to the ACP in
the 1/43 packet. #hile typically the window 1is allocated from
the executive®s pool but tnis need not be true. The executive
never references window address, therefore, the window may come
the the ACP”s address space. Howaver, if access to the window
is needed in processing the I/0 request, the window will have to
come from the pool.

8.4 OTHER DATA STRUCTURES

This is 2a broad category of every thing elss. ACP"s are
privileged task and have the ability to examine, modify, angd
Cre2ate 3ny SITUCTUTA necasS5ary. Some of the most imporctant ara
pentlioneda :
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Bedsel Clock Gusue Sntry

ACP7s oftaen have a requirament Ior keeping internal timers,
particulariy for event timeouts. Une aechanisa for doing this
is to use the mark time and esvent flag directives like a normal
task. An alternative mechanism is to issue an internal tiamer
raquest. When this request expires, an executive or device
driver routine 1s callede The format of such a rsquest is snown
balows

When the internal timer mechanism is used, a linkage must
be made between the kernel code servicing the timer event and
the ACP. One method for doing this is for the device driver to
issue a special 1I/9 request to the ACP that signifies timer
service.

00 | Clock Queue Link C.LAK

02 | EFN (Unused) | Regquest Type C.RQT C.EFN

|
i
i
i
i
04 | TCB or System Subroutine ID | C.TCB
i i
06 | ] C.TIM
j-=— Absolute Time Entry Due =---|
10 !
i- - i
12 i Subroutine aAddress ] C.5UB
|-~- - —- 1
14 |} Relocation Base { C.AR5S
i - - i
16 |} Unused i
]:::::::::::::::::::::::::::::::1
20 C.LGTH

Symbol Definition #acro: CLKDFS
Macro Source Filename: CLKDF .MAC
Macro Library Filename: EXEMC .MLB
Slobal Jefinition File: EXEDF .MAC
Obiect Library Tilename: EXELIB.OLI
figquras 3
CLOCYE GUEUR SHTRY

Tl

sy
5 -l
=

'-d
e

i
]

I
=
%
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Tha advantage of the internal method is ralated to the ACP
Stop  2echanisma.. dhen 1die, 40273 can be swapped out and not
crougit back until theres 1is something to doa dowawver, 1I the
ACP? maintains a constant timer, it will be sSwapped in
continuely, even if idle. TIf the timer is moved to a driver,
the driver can have the intelligance to notifv the ACP only when
an actual timer event processing is needed.

Referencess

RSX-11M Guide to Writing a Device Driver, pages C-3, C-4.
This section documents the macro CLXDF$%. This macro
is used to declare the «clock queue antry symbolic
offsets and bit maskse.

R5X-11M Crash Dump Analyzer Manual, pages B-26, B-27. This
section documents the macro CLKDFS$. This macro is
used to declare the clock gueue entry symbolic offsets
and bit masks.

RS5X-11M System Logic Manual, Volume 1, pages 8-31, 8=-32.
This section documents the macro CLXDFS$. This macro
is used to declare the clock queue entry: symbolic
offsets and bit maskse. '

Be4.2 Partition Control Block

The Partitionm Control Block (PCE) defines how memory is
allocated. It also provides the linkage between the TCB and the
task headere. Typically, ACP°s are unconcerned with PCB°s,
however, special applications may involve their usage.

References:

R3X-11M Guide to Writing a Device Driver, pages C-14, C-15.
This section documents the macro PCBDFS$. This macre
is used to declare the PCB symboiic offsets and bit
aasks.

R5X-11H Crash Dump Analyzer Manual, pages 3-12 to B-15.
This section docum@2nts the macro PC3DFS.  This macro
135 used to declare the PC3 symbolic offsets and bHit
HASKS» :

IS5X~-11H¥ System Logic Manual, Voiume 1, pages 8-41 tp 8-43.
This section documentis the macro PC30F3. This macro
is used to declare the PCB symbolic offsets and bit
masks.
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} ———— . ———— - _—— - —— T —— ———, T —————— ————— —

R R N T T s m s T N s s S s e o o o v o e o et .

00 | Link to Next PCE
. i P ——
02 1 I1/2 Count ! Priority

} y - - -
04 1

j=—- Partition lName —-——
0o i

1 ............ ———
10 §J Pointer to Next Subpartition

i ....... . S W WD D I AN SR SN SED D S A - e —
12 | Pointer to Main Partition

1 - - - - . PR -
14 | Starting Address Bias

! ....... - - --‘—“-‘--- ......... - — -
16 | Size of Partition

i - .
20

}=-=-- Partition ¥ait dueus ——
22 1

e —————— :
24 | Partition Swxap Size

! - —— - - - - - " -
28 1 Partition Busy Flags

x - - -
30 i TCB Addraess of Cuning Task

:‘ ....... D AN WD WIS WD NS WD D WP S i -
32 i Partition Status Flags

! - - ———
34 | Address of Task Header

i A W W GNP NS W WD GRS W WD WP D SUD WD WD R VR PP G G D WD Ay B D Y - D -
36 1} Protection 4ord

; - - - -
40 i

j--- Attachment Descriptors ---
42 |

|=================== === =========
Zympol Oefinition Macros PUBDFES
Macrs Source  Filename?l PC30F LHMAC
“acro Library Filename: ZIZHC LHML3
Glopai Cefinition Files: ZXEDF LHACT
Object Librsry fFilename: EAELIB.0OLAB

Figure B-1
8C3

0

{

1
i
1
i
i
i
|
l

PeLEK
P.PRI

P.NAM

P.SUB
P.MAIN
F.REL
P.BLKS

P.®WAIT

P.SWSZ
P.BUSY
2. 0uN
P.STAT
P.HDR
P.PRO

P-ATT
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B.4.3 Task Control Block

The Task Contiroi Block 1s the primary data structure for a
taska ACP*"s are tasks and have a 7C3. 3Sesides the normal
treatment, ths ACP s 7T receives the foliowing special
treatment.

1. The address of the ACLP®s TCR is storad in the §CB for
each enabled device. The addrass is used to determine
to which task to queue the 1I/0 reguest.

2. The I/0 packets are queued to the ACP through the
receive queue listhead (T.KCVYL) and deallocated by the
ACP by removing an entry from this queue.

3. ACP°s are marked by a special bit in the third status
word (T.5T3). This bit (T3.ACP) is used to prevent
tasks from sending messages Lo the ACP. This is
necessary to prevent confusion resulting from multiple
usage of the receive queue. The bit is set by the task
builder /AC switche.

4. For certain Digital ACP~*s (F1l1ACP, MTAACP), the second
event flag word (T.EFLG+2) is used as a mounted volume
counter and therefore event flags 16-31{10) are not
useds. However, this restriction applies only 1if
desired.

References:

R5X~-11M Guide to Writing a Device Driver, pages C-19, C-20.
This section documents the macro TCBDF3. This macro
is used to daclare the TCB symbolic offsets and bit
masks.

RSX-11M Crash Dump Analyzer Manual, pages B8-15 to B8-17.
This section documents the macro TCBDFS$. This macro
is used to declare tihe TCB symbolic offsets anpd bit
masks.

RS¥X~-11M System Logic ¥Manual, Volume 1, pages 8-47 to 8-49.
This section documsntis tne macro TL3DFS. This macro
iz used to declare the TC2E symbolic offsets and bit
7a5KkSa
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j====================== ========= H
1 Jtility Link Hord i
j=mmmm s m e e e -==-i
H i/¢C Tount i riority
i ............ - -
{ Checkpoint PCB
i D D D > A W S . She W W P D D D A D VS S W D
i
j=—- Task Hame -—
i
! .................. - - -
i
}=-=- Receive Queue Listhead =---}
i i
R e ittt |
i i
j——- AST Queue Listhead —— ]
i : H
jm——mmrmme e e i
i i
j=—- L.ocal Event Flags -
i i
jo—==- ——————— e —————— —-———-]
i TI: UCB Addrass i
R Bttt H
i Task List Thread word i
R ittt bt H
i Status ﬂord (Blocklng Bits) |
i=- . |
i status dord {State Bits) i
R et bt Lot i
i Status Hord (Attribute Blts) i
| - {
i 1 Det. Pr10r1ty i
i jomm——— e i
i LBY of Load 1Image i
| R ittt it H
i UCB Address of Load Device |}
’ ....... S S A A WD D D WD D AR N - D D A _———
i PC8 address
! ................. -——
i Maximum Task Size

i - - -

i Pointer to Hdext Actiyve TCH

Figure 32-11
TCB
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T«.HNAM

T.RCVL

T<ASTL

T.EFLG

T.UCB
T+TCBL
T«.STAT
ToST2
T.ST3

T.CPRI

T.LDV
T.PCB
T.¥XS2
TLACTL

T.3548T
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-

1 - - - -
36 ]
i=—= Attachment Listhead ———
I
- -
52 | Task Image Partition Jffset
i
54 | EFM Count | Unused
. ; - —— ——
89 |
{=—= Receive by Ref Listhead ==-|
70 | |
{=- - e St |
72 | i
{--- Offspring Control List =---}
74 1] i
fo————- - - i
76 | Cffspring Count i
j==== ==== === i
100

Symbol Definition Macro:
¥acro Source Filename:
~Macro Library Filsname:
Global Definition Ffile:
Object Library Filename:

Figure B-11
TC3

TCBDFS

TCBDF .MAC
EXEMC .ML3
EXEDF .MAC
EXELIB.OLB

A i B Wi bt hbis i Bbin ot sk

TL.OFF

T«RRFL

T.0CBH

T.RDCT
T.LGTH
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Bed4.d Task Header

The Iask neazader contains the contaxt of the task. The aost
important thing to r=2member about task aeadars is that they ace
destroyed when a tasi 1s checkpointed and recreated when it 1is
SsWapped ine. Therefora, ACP’s cannol store the address of the
header {(or the LUT table) for later use.

References:

#5%=-114 Guide to Writing a Device Driver, pages C-9, C=-10.
These sections document the macro HURADFS. This macro
is used to declare the task header symbolic offsets.

R5X-11M4 Crash Dump Analyzer Manual, pages 8-4 to B-6.
These sections document the macro HDRDFS5. This macro
is used to declare the task header symbolic offsets.

RSX-11M System Logic Manual, Volume 1, pages 8-49, 8-50.
These sections document the macro HDRDFS5. This macro
is used to declare the task’header symbolic offsets.
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14
16
20
22
24
26
30
32
34
36
40
42
44
46

(¥
[ ¥}

(%11
e

(9)]
[eg?

i ~ Header Length

i - - — —

| .

j=—- Event Flag Masks —

Current Task UIC

—— D U D T N D D A

Default Task UIC

Initial PS

iy M o - D oo MR e

Inltlal PC
i_.._— P
i Initial sSP
}---------------
[ DT S5T Vector Address
,-_ - -

gbT SST Vector Length

Task SST VYector Address

Task SST Vector Length

Powerfail AST Block Address

FPP  AST Block Aaddress

i, Vs W Mo S W0 o o R

Receive AST Block Address

Event Flag Save Address

FPPJ/EME Save Address

Pointer to Number #Windous

T —_— T T T D T -~

|
i
]
i
|
I
1
|
| DSy
i
|
]
!
i
i
i
|
i

FCS Impure Pointer

Fortran Impure Pointer

T T S S . N ——_——— N T A T T T~

Jyeriay Impurs Poinfer

dork Area Zxtension Pointer

B s WD Rl linid Mg WA N G el s Sl ity AN Wit BSOS We S i Wbk S W G NS Gl Wi Stk BN s GOeks Weih BMSA AU g e WS G Vovand S Wi o i G DA Gioh st ik M

Figure B=-12
TASK HEADER

o
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(&1
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Ha HDLH

Ha EFLM

He CUIC
He DOIC
HeIPS
H.IPC
H.ISP
He.ODVA
H.0DYL
He.TKVA
HeTKVL
He.PFVaA
H.FPYA
HeRCVA
H.EF3V
H.FPSA
HeWHND
HeDSHW
He.¥FCS
He FORT
H.0VL7

He VEXT
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72
T4
15

T - —— N - - — ——

{
i ixilhox LU¥ | Swapping Pri. | H.SPRI H. yML
jm—————————— i
i Rec/Ref 45T 3locik iddreass i H.RRYA
i W T W D P D D D D AP — - - - - - g
/ /
/ Reserved /
/ /
jo————- 0 0 e e o e e e i
{ Pointer to Suard Hord | HeGARD
j=- —————e—cee————
{ umber of LUN"s { H.LUH
i D D DU D P D T A D D B D WD B D D D WU < O e s A i
/ 7/
7 LUT Table /
/ . /

Symbol Definition Macro: HDRDFS

¥acro Source Filename: HDRDF MAC
Macro Library Filename: EXEMC .MLB
Global Definition Ffile: EXEDF .MAC
Object Library Filename: EXELIB.OLB

Figure B-12
TASK HEADER



APPENDIX C

FC3=-11 #DDULES

The File Control Services are a set of routines which are
linked to a task to perform various I/0 services. The routines
are typically called via macros. The documentation for FCS is
found in the IAS/RSX-11 I/0 Operation Reference M¥anuale.

There are two levels of FCS routines. Tha upper level
routines are called directly by the user®s task or via the FCS
macros. These routines are named “.XXXXX°. The lower level
routines are intended for FCS”s own use and are not expected to
ba called directly by the user. These routines are named
“e«XXXX”. This appendix describes each FCS module, its entries,
and their calling parameters and functione The appendix also
discusses the FCS data structures and some basic internal
concepts.

C.1 FCS CONDITIONALS

Fach FC3 module 1is assembled with the prefix file
FCSPRE.MNMAC. The file establishes wvarious symbolic definitions
and common macros and defines the assembly control flagse. FCS
is wvery heavily conditionally assembled. The symbols used and
their default RSX-114 values are as follows:

RSSANI ANSI magtape support. This variable is set to zero
for no support and to one if ANSI magtape support is
desired. The default for RSX-11M is zero unless the
ANSTI prefix file, ANSPRE.LIAC, is.used for assemblys

RSS588F 5ig buffsr support. Thiz feaaturs is used: for 170
deyices that support Oplock sizes greater then 3512
DyTes. The variables 1is zef to zero for ne support
and  to one 1f support is desired. The defaul?t for
RS8X-11% is zero unless thsa ANSI prefix file,
ANSPRELHAC, 15 used for assembiy.

R550P8 QIO DPB format. This variable is set to zero for
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RESEIS

RSSELP

RSSLCL

R3ISMPL

RSSMUL

RSSHAM

RS50PF

R555CS

PAGE C-2

the new [JI0 OPB

old style I8 and {o o2qe or
t stems {including

E g -~

3 S
fornat. At his. time, ail sv
A5X=114) use the new foTHAT.

Sxtended Instruction 3Set (EIS) suppotti. This
variabis is set to zero 1f no £I3 instructions
should be used by FCS and to one if EIS instructions
are allowed. RSX~11¥ always sets this variable to
Z8T 0.

Extened parsing support. This variable 1s set if
extended parsinyg support for VAX/VHS s5ystems is
desirede. RSX~-11M aluways sets this variable to zerce.

Force local definition of symbols. This variable is
sat to zero if global definitions for FCS variable
should be used and to one 1if 1local definitions
should be declared in FCSPRE.MAC. RSX-11M sets this
variable to one.

RS5X-11¥ PLUS support. This variable is set to onse
if FCS should be assembled for an RSX-11M PLUS
system. R5X-11M always sets this variable to zero.

¥ultiple buffering support. This variable is set to
zero if FCS supports only one I/0 block buffer and
non-zero if multiple I/0 buffers are supported. The
symbol RSSMBF 1is equated to this symbol. RSX-11M
always sets this variabls to zaroe.

jamed directory support. This variable is sat one
or two for named direciory support. This 1is a
feature of the 5CS-11 version of FCS. RSX-11M
always sets this variable to zeroc.

Type of open. This variable is used to control the
type of assembly desired for the module COPEN. If
set to zero, the normal UPEN routine 1is assembled.
Otherwise, a value of one (OPFNB.MAC) assembles the
open by FNB and a value of tuwo (OPFID.MAC) assembles
the open by FID module. This variable is not set in
FCSPRE.HMAC.

nt 1librarvys This
sflould be assembled
one 1f a resident
m 7C8. RSX-11¥ always
fiis causes FCS to

Assembia fnr 3
yariabie 1z se z

fotr piacament 1in 3 i

library should be =

sets this variable to ons. Thai
assembled using the PS L

3C5-11 support. This variable is set to osne if FCS
should be assembled for the SCS5-11 operating system.
RSX-11M always sets the variable to zeroe.
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)

Type of file I/0. This variaple is used to. control
the type of asseanbly desired for the GET and BYT
modules. If set to zero, the modules support Ddoth
sequential and random I/0. 1If set to one {(PUTSA,
GETS5Q), the modules arfe restricted to seguential
I/80« This variable is not set in FC3PRE.HAC.

Al
Uy
i
[ %)
g3}
&2

R$S55PL Automatic spooling support. This variable is set to
zero if no automatic spooling support is desired and
to one if it is supported. RSX-11M always sets this
variable to zero, support of automatic spooling
requires the IAS5 spooling mechanisme

Rssvﬂs YAX/VMS supporte. This variable is set to one if FCS
shouid be assembled for VAX/V#S operating systeme.
R3X-114 always sets this variable to zeroe.

R5511M RSX-11¥ support. This variable is set to zero if
IAS support is desired and to one if RSX-11M support
is to be generated. WNaturally, RSX-11M sets this
variable to one. :

Figure €-1 summarizes the default <conditional suwitch
settings for the five operating systems supported by FCS. In
general, RS5X-11M sets the FCS conditional symbols to assemblse
the simplest version of FCS. It is unclear what will happen if
some of the more useful features (RS$SEIS, RS$5SPL, RS$SSMUL) are
turned on and used in an RSX-114 systeme.

F—.

i

- e -

R3X-11M+ SC5-11

RSX-11M

-

YAX/VMS iAs/11D |

o
i
j=— += +=
I RSS11¥ |
] RSSMPL |
I R$5SCsS |
i RSSYMS |

| --- -
|
i
H
|
i
i
i
;
|

-+
] RSSANI
i RSSBSF
i RSSDPB
i RSSE1S
i RSSELP
i RSSLCL
i RS5uPL
i RSSHAM
i X3S ASL

i
1
i
I
i
I
i
i
i
i
i
i
i
i

[ee Rt Weell Sl o Rl S 0w N -~ S
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Cibr DO OOM OO O

Thde o~ T Y
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FIGURE C-1
FCS DEFAULT CONDITIONALS
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STRUCTURES

P
&

[
ry’]
[
[¥]
<
by
3
prey
[¥¢]

Cea2.1 TFile Descriptor 8lock

<To be wWritten>

CaZe2 Filename Block

<To be written>

C.2.3 Dataset Descriptor

<To be writtend>

C.2.4 S$35F3R1 Ragion

<To be wWrittend>

C.2.5 $$FSR2 Region

<To be written>
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40D UL!

U)

06
10
12
14
16
20
22
24
26
30
32
34
36
40
42
44
46

e

]

preeeeivuemaeim e e e ortadpve e o et i ety

- — - A ——— - -

Allocated

-

- -

EQF Block Humber

- -

{ First Free 3yte in EQF Biock

1 Device Chars | Record Access
g- Block I/0 Buffer Descriptor
! User-record Bu??er Descriptor
;-Block I/0 Status & AST Addr.

| Next-record Bu;éer Descriptor
i’%LEEZT%I;;};ext'Record Addr .

- -

j=—- -

1 End-of-block Value

l . D - " D v T D A S SV D G WD S W D T D U <
}] Create ZJuantity & Statistics

| =--- or —-——
i Record Number

] - -

i Extend Quantity

] File Access | LUN ﬁumbsr

i Dataset Descriptor Pointer

i uefault Filename Block Addre.

i Qookkeeplng i EFN

-

Rl g el M b e SRl W i s

]
!
i
|
|
|

|
|
i
!
1
i
|
i

]
|
1
|
i

|
|
1
H
!
i
|
1
i

F.RTYP F.RATT

FL.EF8K

F.FFBY
F.RACC F.RCTL

F.BKDS/F.NRBD

F.BKST/F.HNRBD

F.OVBS/F.NREC
F.EUBB
F.CNTG/F.RCNH
F.STBK
F.ALOC
F.LUN F.FACC
F.DSPT
F.DFNB
F.BKEF F.BKP1

FLEREB

PAGE C=5
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Block Buffer Descriptor F.B8D8

o e ———— - {
54 1 Buffer Count 1" M¥Mul. Buf. Hoe. | F.MECT F.MBC1
- - ——— i
56 } Reserved ] duuila. Buf. 31t | F.MUFG F.56GBC
| e e - -1
60 | SJevice Buff=2r Size i F.¥BSZ
|- - - ————m e |
82 1 B8lock Buffer Size | F.BBSZ
f-- - : i
o4 | | F.BKV3/F.YBHN
j=—- V8id Number -1 ’
{
i
i
i
i

3pooling Device F.SEDV

|
1
|
i
|
74 |} Reserved ] Spooling Unit | F.SPUN F.CHR
H
i
i
i

i

716 Control Bits ] F+ACTL
- - - {

100 Sequence ¥Number | F.SEQH
[========== ========= == = j

102 Start of FiB F.FUB

Symbol Definition Macro: FCSBTS5, FDOFFS
Macro Source Filenamel FCSMAC.MAC
Macro Library Filename: RS53XMAC.SHL
Global Definition Files: FCSGBL.MAC
Object Library Filenamed SYSLIB.ILB

Figure C=-2
DB
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0§ i 1 NL.FID
f=—— ==

02 ] File=ID i
j=—- -

24 1 {
| Rt -—— ! .

06 { i N.FNAM
j=—- ==

10 1 Filename i
=== -}

12 i i
} ................................. 1

14 | File Typ=a 1 N.FTYP
| - - —— H

15 | Version ! N.FVER
R ket bt el bt O |

20} Status ] H.STAT
1 - i

22 i Next File { NNEXT
|- - ———— i '

24 ] { §.DID
| Rt ==

26 1 Directory 1ID i
| R -~=1

3¢ | 1
i- - —— i

32 1 Device Name { N.DVNM
e Dl e D D b bt S D |

34 Unit Number | N.UHNIT
! i

——— — —— —— ——— T — T — -~ — ——— Y - " T -

. - — ———— i ———— — —— T —— - — o — o

Symbol Definition Macro: FCSBTS5, XBOFFS
Macro Source Filename: FCSMAC.MAC
Macro Library Filename: RSAMAC.SHML
Global Definition File: FCSGBL.MAC
Object Library Filename: SYSLIB.OLB

Figure C~-3
FNB
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|
|
1
|
!
]
|
|
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j=========c==z=o-=os==s===zssT====
00 | Device String Length

1 - - -
02 1 Device String Address

l ................. - e
04 | Directory String Length

l - - - - -
05 | Directory String Address

1 ........................ o v .
10 Filename String Length

] - -
12 i Filename String Address

]================ s Em oS S======== g
Symbol Definition Hacro: FDSQFS$
Macro Source Filename: FCUSMACWHAC
Macro Library Filename? RSAMAC.SML
Global Definition File:s FCSGHEL.MAC
bject Library Filename: SYSLIB.OLS

Figure C-4

DATASET DESCRIPTOR

N.DEVD

N.DIRD

PAGE C-8
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—— o —

20 | .

{=-- I/0 Status Block —
02 1

] .................
4 1

j-——- Virtual Block Humber =---
06 |

l ........ > - 2 - - P —— P ——
10 - Address of Next Buffer

! NI
12 | Buffer Status | Empty

‘----_------- ..................
14 | Empty

‘---.._ J—
15 / Start of I/0 Buffer

7/ -

/

/
Symbol Definition Macro: BDOFFS
Macro Source Filename: FCSMAC.MAC
Macro Library Filename: RSXMAC.SML
Global Definition File: FCS3GBL..MAC
Object Library Filename: SYSLIB.OLB

FIGURE C-5
$3FSR1

B W oA St msr

i

S Ny N e e e e

B. VBN

B.NXBD

S.BFHD

]

[ %]
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! et oo i ons G eeefc e it el rnfoee s dpemefi oo
[ VR | i
j==- Allocation Listhead -—1
02 | i
i- - - - {
04 | First Address in FSR1 i
=== - —emmm—em————————
06 | Last Address in FSR1 i
| ————————————]
10 | File Owner UIC i
joemmm e Iaainindeinteitedeat it i
12§ Default File Protection i
| - H
14 7 7/
/ Scratch Area and QIO DPB /
/ /
f=-= —m————eeee————|]
44 i i
j=-= Scratch I/0 Status Arez =---|{
45 | {
o= - - i
30 /7 7/
/ Default Directory Information /
/ /
. m——— - i
100 1} Default Buffer Count i
jo———- - |
102 Default Task UIC i
! oo oot dhtee e oo i
Symbol Definition Macro: FSROFS
#dacro Source Filename: FCSMACLHAC
lacro Library Filename: RSKMAC.SHL
31lobail Definition Files: FUSEBL..MALC
TJhiect Library Filename: 3YSLIB.SLA

1.BFSR
A.EFSR
A.08UI
A.FIPR

A.DPB

A.IUST

A.DFDR

A-DFBC

A.DFUIL

PAGE C-10
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<To be writitand>

C.4 FCS MODULES

The remainder of this apopendix covers each FCS source
module. For each module, the <calling 1label and inputs and
outputls are detailed

Ce.4e1 ANSPAD

This routine pads the rest of the buffer for magtape ANSI
"D" format. It is only generated if magtape support (RSSANI) is
selected.

Entry: ..ANSP

Input: RO = FDB address

F.NREC(R0) = Starting address in buffer to pad
F.EOB8(R0) = Byte address beyond end of buffer
Cutput: C 0, If buffer padded

[[1]

1, If buffer not padded
RO-R4 preserved, R5 destroyad

Conditionals: RS$SANI

Ce4.2 ASCPPH

This routine transiates an 4IC siring in the form of
MC200,2101% to the dinary equivalent. 3oth the ygroup 3nd owner
aumpers 3are assuuwea o be octal unless followed by a periode. In
thls case, the numbers are translateqa as decimal. The output is
stored in ".3YTE owner,group”™ form.

Entrys <ASCPP

Input: R2 = Address of UIC string descriptor
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23 = Address to resturn ths binary UIC

O{R2) = Size of UIT string
2{(R2) = Address of UI{ string
Jutput: 0, String converted and value stored

]
W n

1, UIC siring syntax errof
4311 registars preservad

Conditionals: HNone

C.4.3 ASCRS50

This routine converts an ASCII string to RADS0 and stocres
in the specified location(s).

"Entry: ««SGRS
Address of ASCII string

Size of ASCYII string
Starting address to store RADSG string

Inputs: R2
R3
R4

The storage area must be previously zerosde.

0, Conversion complete
1, Conversion failed, nonalphanumeric character

Output: C

R4 = Address of last word written in RADSO
RO,R1 presarved, R2,R3,8E5 destroyed

Conditionals: RSSEIS

C.4.4 ASSLUWN

n in F.LUN¥ of the FD3 to tne

nama bHlocCKe. If no deyice 1is

ned device is usaed. If no device
{5Y¥3:) 135 assigned.

This routine assigns the
device specified by the £
specifiad, the previously assi
Wa&s assigned, the defauil devi

nce the device 1is assigned, the devica characteristics are
stored in the FDB. Specificaliy, the iow byte of the the device
characteristics (J.C¥1l) is stored 1in F.RCTL and the device
buffer size (U.C%4) is stored in F.VESZ and F.BBFS. Also, the
true device name and unit are stored in the filename blocke.
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2nLTy: CASLUN,..ALTHN

¥0B address
FH¥B address

o

MeUNIT({R1) = Devicae unit number

NeDVNM(R1) = Device name or 0 if none
Tutput: C 0, Assign successful
1, 3ad device name

[[]]

FRCTL(RD) = Device characteristics
F.UBSZ{R0) = Device block size
F.8BSZ{R0) = Device block 35ize

If entry at .ASLUH, all registers preserved

If entry at ..ALUHd, RO,R1 preserved, R2-RS
destroyed

Conditionals: RSJANI,RS$SSPL,RSS11HM

C.4.5 BOBREC

This routine sets up the block buffer header and the FDS
for the next virtual block I/0.
Entry: ««BDRC

FDB address
Buffer descriptor address

Input: RO
R1

([T}

Cutput: B.VBN(R1) Set to F.VBN(RD)

B.BBFS{R1) = Set to F.BEFS(RO)
FLNREC(RU) = sSet to start of 170 buffer
F.EOBB(RO) = Sat to end of I/0 buffer

RO,R2-R5 preserved, R1 destroyed

Conditionalis: fYone:

(]
L]

i
]

[e}]
(¥
(!
[p]
£
[N
2]

This module contains routines used for large buffer
support. This support 1is not enabled for RSX-11M (R3S$BBF>0).
INMBB checks for a specified VBN in the block buffer. RSTEQF
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correctly processes £0F7s fog large buffer I[/0.

This routine sets up the registers for block I/0, using the
block buffer definition in the FDB.
Entry: «-8&R6G
Input: RO = FDB address
F.BDB(RO) = Buffer descriptor address
JQutput: R1

R2
R3

Address of 1I/0 bufifer
Buffer size (F.BBFS)
Carriage control, alsays set to zero

RO,R4,R5 preserved

Conditionals: None

C.4.8 CKALGC

This module contains routines to allocate blocks to a file.
The routines are designed for internal ¥CS3S usage.

The «.ALOC and ..ALC1 routines are used to allocate blocks

if necessary. The desired allocation is compared to the current
allocation and more blocks are allocated if necessarye.

Input: RO = FDB address

F-EFBK{R0) specifies block to allocate to.

"

[y

Tnputs 20 = 08 gzadress
#1 = High V3§ to allocate to
R2 = Low VBH to allocate to

Outputs C = 0, Blocks allocated, F.HIBX{RJ) updated
= 1, Allocation failed, F.ERR{R{) contains
arror code
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All

The <5470
++ 27D conmputes the extand
Otherwise it subtracts the
contants of R1,R2 and usses
issues tihe extend QID regquest.

sntrys

Input:

Qutput:

Entry:

Inputs:

Jutput?

reglistars

and «..8%T1

PAGE C-15

presarved-

routines are used to 2xtend the file.
size, using F.4ALOC if it is non—-zeto.
current zilock allocation from the
the Tesulting valuea. ..EXT1 actually

FOB address

21 = High VBN

to extend to

R2 Low BN to extend to
C = 0, Extend successful
= 1, Extend failed
411 registers preserved
«=EXT1
RO = FDB address
Rl = 0, noncontiguous allocation
: = 1, contiguous allocation
R2 = Number of blocks to extend
C 0, Successful extend, F.HIBX adjusted

W on

1, Extend failad

RO preserved, R1-35 destroyed

Conditionals: RS55DPB

C.4.9 CLOSE

This module closes an
rewriting the file header with the final record
The FDB 1s resete.

buffers and

attributese.

open file, writing any remaining

FD8 address

0, successful completion
1, error writing header

311 registers preserved
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Conditionals: RSSANI,A358BF,RSSH4BF,RS3SPL

Cadsl0 CDMMOH

This module contains tuwo commonly used routinase. The
first, «.FC34, 1is used tp properly set thne carcy bit if an error

-~

code is set in F.ERR.

YI «FCSXK
Input: RO = FDB address

Butput: C 0, F.ERR(RO) is positive

1, F.ERR(RO) is LE O

A1l registers preserved
Conditionals: Yone
The second entry, .FATAL, is used by FCS to declare fatal

erCOrSe. A BPT instruction is issued. The current version of
FCS only uses this routine if an eveant flag directive fails.

C.4.11 CONTRL

This module is used to issue the 10.APC function. It 1is
normally intended for use with magtapes.
Entrys: «CTRL, « «CTRL

Input: RO FDB8 address

R1 = Function code

R2 = Value

R3 = Parameter list address
Jugpury 3y operation successful

o

4

1y, opercation failed, ¥.ZRR{RJ) = error code

If JCTRL, 24l r=gisters sreservsad

-

I¥ +.CTRL, XU preserved, R1-R]5 destroyed

Conditionals: dYNone
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Ce4.12 CREATE

This moduile contains the internal FCS code for crezating a
new file on the disk. If «cailed for a record I/0 device
(FD.RELC=1), the routine is eiffectively a no—-op. Otherwise, the
I0.CRE function is issuesd.

Entry: ..CREA

Input: RO = FDB address
R1 = FNB address

0, file created

Qutput: C
1, operation failed, F.ERR(RO) = error code

W

RO,R1 preserved, R2-RS5 destroyed

Conditionals: RSS5ANI

C.4.13 ODEL

This module contains the internal FCS delete code. The
fila is removed from the directory and marked for delete. The
FNB is assumed to contain the filename and file-ID.

Entry: «.DEL1

Input: RO = FDB address
R1 = FNB address

Qutput: C = 0, delete successful
= 1, operation failed, F.ERR{RO) set
RO,R1 preserved, R2-R5 destroyed

Conditionals: None

Cadald DELETE

This modulie contains the wuser interface for deleting a
file. If the fiie is opened it is first closed. Then the FNB
is set up using the dJdataset descriptor in F.DSPT(RC) and default
filename block in F.DFHB(R0). Finaliy, the file is deleted.
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Entrys: WOELET
Input: R0 = FOB address

0, deiste successfui
1, operation failed, F.ZRR(EQ) sat

Gutput:

o

All rtegisters preserved

Conditionals: Yone

C.4.15 DIDFND

This routine begins to find the default task directorye.
The directory number stored in A.ODFUI of 3$5FSR2 is converted to
RAD50 and stored in the filename portion of the FlB. The
routine continues at ..DiD.

Entry: «.DIDF

Input: RO = FDB address
Rl = FNB address
R2 = FSR2 address

Qutputs: Binary UIC converted to RADS( and stored in FiB.
See DIFND (next section) for remainder.

Conditionals: None

C.4.16 DIFND

This module continues the directory 1lookup process. The
file type is set to DIR (RADS0) and the version to one. A find
is then performed on the master file directory. If successful,
the resulting file-=ID 1is set as the directory-ID and the
remainder of the FHB is clzarad.

Tntry: +-0I01, «.DID

FD38 address
FHB address

Input: RO
R1

0w

N.FNA4{R]1) = Diractory nanme
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D{3SP) = Saved R!2
2{82) = Saved R3.
4{3P) = Rsturn address

«»DID1 sayes R2,R3 on stack and falls into ..DID

Jutput: C 0, directory found, M.DID se2tup

1, no directory, F.ERR(RQ) set

" an

R)=23 preserved, R4,R5S destroyed

Conditionals: None

C.4.17 DIRECT

This module contains the code used to issue the directory
primitives: enter filename in directory (I0.ENA), find filename
in directory (ID.FHA), and remove filename from directory
(I0.RNA).

Entry: ..EHTR, soFINn, « s R MOV

Input: RO = FDB address
Rl = FNB address

Filename block setup for desired operation

Gutput: C 0, operation successful, FNB filled in

1, operation failed, F.ERR(R0) set

RO,R1 preserved, R2-R5 destroyed

Conditionals: R$SANI,RS$5DP8

C.4.18 DIRFND

s module contains the first half of directocy sirting
Ny The dicectory string is turned into a RADSO string
2d as. the AEbiIQQ filsnane. Processing continues in
£ «2Dila. The routine is aostly concerned with named
tories, hosmever, ini s code is disabled for RSX-11¥.

Fntry: ..DIRF

Input: RO = FDB address
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d

el
v b

MB address
irveciory siring «descriptor

Wi

&
by

~
id

i

OJutput: = (, operation successful, directory-I0 setup

-

1, oparation failed, F.ZRRE{RJ) set
R0-R3 presearved, R4,R5 destroyed

Conditionalss RSSNAM,RESSSCS

Cea4s19 DIRHAM

This routine is only used for S5CS-11 systems. It is a part
of that systems directory processinge.

C.4.20 DLFNB

This routine is the user interface for deleting a file by
filename block. The FNB portion of the FDE is assumed to be
s2tup with the filename, type, version (must be explicit),
directory-I1D, device, and unite. The file is first closed,
removed from the directory, and then deleted.

Entrys DLFNB
Input: RO = FDB address

Qutput: C 0, operation successful

= 1, operation failed, F.ERR(RO) set
All registers preserved

Conditionals: None

This routine cogtains code ushich bypasses the normal F
filename parsing and uses the facilities oprovided by *
operafing systiem. Such suppoer:t is only turtpned on if  FCS
assa2mbled for a VAX/VMS system

cs
he
is
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C.4.22 EQ0FCHX

This module contains the EOF checking code for record 1/0.
The routine ..3EFE checks to see if the current virtual block
(FL.¥8H) is at or beyond the EZDF block (F.EFB3K).

Entrys: «.SEFB

Input: RO = FDB address

F«VBN(RO) = Current virtual block number
FLEFBX(RO) = EOF block number
F.FFBY(R0) = Last byte in EJF block

0, if before or at EQF block
1, if beyond EOF block

Gutput: C

FD.EFB8 in F.BXP1{R0) set if at or beyond EQOF block:
A1l registers preserved

. The routines ..EFCK and «..EFC1 check: to see if the current
record position 1is at or beyond the EOF position. The first
antry calls ..SEFB to properly setup FD.EFB. ««EFC1 assumes
this bit 1is already properly set. If at the EDF block, the
current record position is compared against the placement of the
E0F within the block.

ENITY: <EFCK, «-EFC1
Input: RO = FDB address

Qutput: C 0, if not at EOF

1, if at EOF, F.ERR(RO) = IE.EOF

R0,R2-R5 preserved, R1 destroyed

Conditionals: HNone

F
3

H
)
)

8

This module contains the user interface for sxtending 2
file. The file may be opened or closed.

Entry: <EXTND
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Input: R0 = FD3 addrass
R1 = dumber of blocks %o sxtend file by
2 = Type of extend
¢ = Non=-contiguous
1 = Contiguous
Qutput: C operation successful, F.HIBK(RO) adjusted

(1]
<
~

1, operation failed, F.ERR(R0O) set
A1l registers preserved

Conditionals: None

C.4.24 FCSFSR

This module contains the F3R region declarations. 55FSR1
is declared as a blank psect. The user is expected to expand it
later. The $5FSR2 region is declared to be of size S.FSR2.

Cs4.25 FINIT

This module contains the ¥CS initialization code.
Specifically, the size of the $35FSR1 region is calculated and
the default JIC is set from the task’s UIC.

Entry: SFINIT, <.FINI

Input: Rl = Address of S$5FSR2 region (..FINTI only)

Qutput: FSR regions initialized

All registers preserved if entry at .FINIT
RO,R1l preserved, R3-R5 destroyed if entry at ..FINI

Conaitionaiss Hona

(]
*
b
.
|9}
&
(o]
]
3

This module contains the code for inpuiting a logical
record from the devicef/file. The module can be assembled for
either sequential-only support (RS553ERQ) or randoam/sequential
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sypport. See

pages. 3-18 to. 3-

return'vaiues.

Sntry: G

Input: RO

Sutput: C

All

ra

W

PAGE C-23

ASX~11/1IAS 1/0 dperations Rafersence Manual,
for further details on calling sequence and

o)
Aeadd
32
L3

4

ol
F

i

s

T, «GETSQ

F 4

FDB8 address

0, racord input
1, operation failed, F.ZRR{RQ) set

registers presarved

Conditionals: RSSANI,RSSBBF,RSSEIS,RSSRSL,RSSSEQ,RSS11IM

C.4.27 GETDI

This routine is the second part of the
saves
either ..PDID or ..DIRF to set the

process. It

then restored.

ERIry: «.G
RO
R1
R2

Input:

0(s
2(sS

Jutput: C

-
-
-
-

Ail

Conditional

r~
S

U]

i
A e

3 ag

8 TDID

Tais routin
it 1in the spec
and continues in

directory look-up
context of the FNB and calls
directory-iD. The FNB 1is

the current

TDI

FD8 address
FHN3 address
Directory string descriptor address

P)
P)

= Directory lookup rtoutine (+.PDID/.<DIRF)
= Return address

0, operation successful

1, operation failed, F.ERR{R0) set

registars preserved

s3 RSSSPL

¢ gets the default task directory-ID and
ified fiiename block.
«sGTDI.

stores
It sets-up to call ..PDID
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Intrys «oTDID
B address

Input: RO B
R 8 address

1
P

i

-
=
A
=
{

a
N

Jutopyts See ««6TDI
All registers presarved

Conditionals:y RSSELP

C.4.29 GETDIR

This routine look ups the specified directory and stores it
in directory-ID in the filename blocke. It sets-up to call
«sDIRF and continues in ««GTDI.

Entry:s .GTDID

Input: RO = FDB address
R1 = FNB address -
R2 = Directory descriptor address

Jutput: See «.GTDI
All registers presarved

Conditionals: RSSELP

C.4.30 MKDL

This module contains the internal routine to mark a file
for deletion. While the file is deleted by this routine, the
dirsctory entry is not removed.

Tatrvi .. 2KDL

Inpuf: RO = FDB address
Rl = 738 addrass

3, deliste successiui

Sutputs C
1, delete failed, F.ERR(RO) set

N R0 preserved, R1-R5 destroyed
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Conditionalis: Hone

-4+ 31 MOVREC

(@

This routine transfers records to and from user buffers.
It 1is designed to work correctly for odd address and odd byte
counts.

Entry: <-MYyR1

Input: RC = FDB address
R1 = Address of source
R2 = Address of destination
R3 = Siza of block to nmove

Qutput: R1
R2

Address of last byte moved+l
Address of last byte stored+l

1]

RO,R4 preserved, R3,R4 destroyed

Conditionals: None

C.4.32 HRKDL

This module contains the user interface for deleting a file
Wwithout removing the directory entryve.

Entry: «#MRKDL

Input: RO = FDB address

Qutputz: C 0, delete successful

1, delete failed, F.ZRR(RD) set

(1]

A1l registers oreserved

Conditionalss HNone:

This module contains the code for accessing a file. It can
be assembled 1into three different versions: normal open
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(R3509F=0), open by Iilesname block (R530PF=1), and open DLV
fila=1{D {(R§50PF=2). Ses the R3A~11/I48% I/0 Operations Reafersnce
¥anual, pages 3-2 to 3-17 for further descriptions of the
calling sequenca2 and osuitputis.

Entry: .0PEN, .0OPFNB, .0PFID
Input: RO = FDB address

Qutput: C = 0, operation successful
= 1, operation failed, F.ERR(RO) set

All registers praserved

Conditionals: RS$SANI,RSSBBF,RSSUPB,RSSEIS
RSSMBF,RSSNAM, RS SUPF,RSSRSL,RSS11HM

C.4.34 PARDI

This routine continues the directory parsing process for
the default directory. If the device and unit agree with the
current saved directory-ID’s device, the saved default
diractory-iD is copied. Otherwise, the directory-ID is obtained
and saved for later use. :

Entry: +.B01

Input: RO
R1

FDB address
FMB address

0(sP)
2(sp)

Directory lookup routine (+.DIDF/..DIRF)
Return address

o

Qutput: ¢ = 0, operation successful
= 1, operation failed, F.ERR{(RO) set

All registers preserved

»
L

£ %3]
[43)

Conditionalsy 23553

This routine is a short-hand version of the directory
lookup process, specifically designed for default directories.
It sets up to call ..DIDF for directcory processing and continues
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in ..PDI.

FRntrys:s «.20ID

Input: RO
R1

FDB address
FNB address

[[T]

I

O

Cutputi See +.71
All registers preserved

Conditionals: HNon=a

C.4.36 PARSDI

This module contains the logic for parsing the directory
specification.

Zntry: .PRSDI, ..PSDI

Input: RO = FDB address
R1 = ¥NB address
R2 = DSD address or zero if none
R3 = Default FNB address or zaro if none

Jutput: C 0, operation successful

= 1}, operation failed, F.ERR(R0O) set
All registers presarved
Conditionals: HNone

Directory processing in FCS appears somewhat complex the
first time it is examined. The following routines and entries
are involved:

DIDFND +.DIDF

DIFND ««DID1 ..DID
DIRFYD - L.DIRF

GETDI »=GTDI

GERTDIH LeTDID

GETDIR W&5TDIR

DARDI »+ D1

PARDID ..PDID

PARSDI .PRSDI ..PSDI

For the three usaer-level entries (.GTDID,.GTDIR, and <-PRSDI) the
following flow occurs. Note, for «PRSDI, there are three flouws:
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dataset{i), default-FMB(2}, and neither{l):

«GTDID +5TDIR (1) {(2) (3
2«2 3T0T  +«GTDI  ..0IRF none «e?D1
«2P0T0 <L DIRF  ..01ID +«DIRF
«sPDI »+DID 201D
«« DIDF

C.4.37 PARSDY

This module contains the code to parse the device name and
assign the FDB°s LUN to the parsed device.

Entry: .PRSDV, ..PSDV

Input: R0 = FDB address

Rl = FNB address

R2 = DSD address or zero if none

R3 = Default FNB address or zero if none
Qutput: C = 0, operation successful

1, operation failed, F.ZRR(R0) set
If PRSDV, all registers preserved
Tf +..PSDY, R0~-R3 pressrved, R4,RS deastroved

Conditionals: RSSELP

C.4.38 PARSE

This module contains the routihes to completely parse a
file specification. The individual parsing modules (PARSDI,
PARSDY, and PARSFN) are called for each component of a

specification.

The toutine ..S3TF4 is an internal 2airy used to parse  the
filename 1if no file~I0 nhas bHeen se2t. LI parsing is n=eededsy 1%
falls into ».2ARS. Stherwise the rouline asrely 2Xiis.

Entrys =3 ITH
Input: RO = FDB address

Jutput: R1 = FNB8 address
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a completie

RD presarvad, R2-R5 destroyed
The routines .PARSE and -« PARS parse
spacification.
Entry: <PARSE, ..PARS
Input: RO = FDB address
R1 = F¥B8 address
R2 = DSD address or zero if none
R3 = Default FYB address or zero if none
Output: C = 0, operation successful -
= 1, operation failed, F.ERR{RQO) set
If .PARSE, all registers preserved
If ..PARS, RO-R3 preserved, R4,R5 destroyed
Conditionals: RSSELP,RSSSPL

C.4.39 PARSFN

This wmodule

Entrys +PRS

Input: RO

[T ETINT

R1
R2
R3

Jutput: C =

If .PRSFY, all rggisters preserved

contains the

FU, ««P5FH

¥DB address
FNB address
DSD address
Default Fu8

0, operation
1, operation

code to parse the filename.

or zero if none

address or zero if non=e

successful

failed, F.ERR(RO) ssat

If ..P3FN, RO-R3 preserved, R4,R5 destroyed

This routine checks to see if the FDB is properly setup for

input

and output.

The file is checked to see if it has
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been opened and the proper 1/3 mode is chackead
{(sequential/randoms/block). The wmoaule 1is asseambled. into tuwo:
varsions depsnding on the definition of 2A555ER.

The Toutine «.P2GCR checks for nsroper random of sequential
I1/C. If random I/3, it checks that the device 1is not sequential
in nature. The routine ..PGCS checks for sequential I/0 onlye.
The calling arguments to both are the same.

ERtry:T ««PGCR, ..PGCS
Input: RO = FDB address

Gutput: C 0, operation OX

1, operation illegal, F.ERR(RO) set

nu

All registers preserved

Conditionals: RS35SEQ

Ce4.41 PYTMRX

This module contains the user routines for returning to a
previously noted position in a file and for getting the current
position in the file. A file”s position 1is designated by a
double-word block number and a single word byte within the
block.

The POINT routine positions a file to a previous marked
position.

Entry: POINT

Input: RC = FDB address
Rl = New VBN number (higygh part)
R2 = Hew VBY number (lowm part)
R3 = Byte number within block

(o]

wiputs ¢ 0y operation successi

1, aperaticon failed,

ul
-
2

SRE{XL)Y s8t

¥

Al

¥

tezgisters preserved

-
s

The «44RK routine retrieves the current r2cord position.
The wvirtual block number 1is taken from the F.VBN doubleword.
The byte number is calculated from the current position in the
block I/0 buffer (¥ .NREC+F.VBSZ-F.EGEB)e.
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~ antrys L HARK

[25)

D5 address

Input: RO

OJutputz 1
R2
R3

Y38 number {(high part)
V8N aumber (low part
Byte number within block

Wi h

RO,R4,R5 presserved

Conditionals: ¥ona

C.4.42 POINT

This module contains the internal code for repositioning a
file. If the desired block is different from the current block,
the old block is written if dirty and the new block read. The
record pointers are then set up for the desired position.

Entry: ..PHT1

Input: RO = FDB address
R1 = New VBY nuamber (high part)
R2 = New VBN number (low part)
R3 = Byte number within block
Jutput: C 0, operation successful

([T

1, operation failed, F.ERR(RO) set
RO preserved, R1-R5 destroyed

Conditionals: RSSANI,RSSBBF

C.4.43 POSIT

This module contains the code for caiculating the
positioning information necessary for use w€ith P0I[NT for a file
With fixed-langih £RCB03S.

Lx

atry:  .PCSIT, ..2S81IT7
Input: RO = FDB address

F.RCN#M doubleword set to desired record number
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2, operation sSuccess

i, operation failed, F.IRR(ED} st

o

If succaessful, foiliowing registers returneds:

Rl = Y84 qumber {(high part)
R2 = ¥BHN number {(los part)
R3 = Byte number within block

If .p0SIT, RO,R4,35 presarved
If ..PSIT, KO preserved, R4,R5 destroyed

Conditionals: RSZEIS

C.4.44 POSREC

This module contains the routines used to position a
fixad-length file to a specific recorde. Besides the entry
documented below (.POSRC), the entries ..PSRl, ..PSRC, and
««PSRG are also in this module. However, they are merely call
other routines are are therefore are not documented further.

Entry: LPOSRC
Input: R0 = FDB address
F.RCNM doubleword set to desired record

0, operation successful
1, operation failed, F.ERR(R0O) set

Gutput: C

o

All registers preserved

Conditionals: None

C.4.45 PPHASC

i3 routine translates 3 binary JIT into its ASCII string
ntatione.
gntry: .PPASC

Input: R2 = String address to store ASCII UIC
R3 = Binary UIC (.BYTE owner,group)
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R4 = Conversion Flags

31t 0 = 0, suppress leading zaros
= 1, output leading zeros
8it 1 = 0, output separators (L,1)
= 1, suppress separator output

Qutput: String output
R2 = Last byte output+l
RU,R1,R3=-R5 preserved

Conditionals: RSSEIS

C.4.46 PPURS0

This routine translates a binary UIC into two RADS0 wordse.

Entrys:s .PPR5D

Input: R1
R2

Doubleword address to store RADS0 results
Binary UIC (.BYTE owner,group)

Output: UIC convertsd to RADSO
RO,R4,R5 preserved, R1-R3 destroyed

Conditionals: None

C.4.47 POUT

This module contains the code for outputting a logical
record to the device/file. The module can be assembled for
either sequential only support (RS$3SEQ) or random/sequential
support. See the RSX-11/IAS I/0 Uperations Refarence Manual,
pages 3-23 to 3-28 for further details on calling sequence and
raturn vaiues.

Zntrys «2UT, PUT3R
Input: R0 = FD3 address

Qutput: C 0, record iaput

= 1, operation failed, F.ERR(RO) set
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Al) registars presarved
Conditionalis: RSSANI,RSSEIS,RS5S58SL,RSS3SEG,RSS11M

C.4.48 RDIN

This routine inputs the next wvirtual block, writing the
current one 1if it is dirty (FD.HRT=1).

Entry: <-RDRN

Input: RO = FDB address

Jutput: € = 0, operation successful
= 1, operation failed, F.ZRR{R0O) set

RO preserved, R1-R5 destroyed

Conditionals: Hone

Ce4.49 RDWAIT

This module contains the routines for rteading the next
virtual blocke. e« RHAT increments the block number (F.VBYN) and
falls into ..RWAC. It also checks for record-oriented transfers
and handles them corractlye. .

Entry:  «.RWAT
Input: RO = FDB address
See «+.RWAC for remaining description

The routine ..RWAC reads the current virtu;l block. It
only esxpects to be called for block 1I/0.
AL YL WAL
Input: 2¢ = FDB address
8lock number

Address of buffer header
Number of bytes to read

F.VBN(RO)
F.BOB(RO)
F.BBFS(RC)

wou
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Jutput: C = 0, operation successful
= 1, operation failed, F.EZRR{RO) 3et

Address of start of bilock
Address of last Dyte=l

([T

RO preserved, R1-R5 destroyesd

Conditionalss:. RSS5BBF,RSIMBF

C.4.50 RDWRIT

This module contains the common routines for READ/YRITE
1/¢. The routine ..RWCK checks that block I/0 is allowed. It
checks that the file is opened (F.DBD nonzero), READ/WRITE mode
is set (FD.RAM=1), and the device is block orientsd (FD.REC=0).

Entry: ..RECK

Input: RO = FDB address

0, Block 1/8 allowed
1, Block I/D not allowad, F.ERR(RO) = IE.ILL

Jutput: C

A1l registers preserved
The routine ..#WTRD actually issues the block I/0 requests.
The block number is bumped after the I/0 completes.
Entry: +.HTRD.

Input: RO = FDB address
R4 = 1I/0 function code (IJ.¥VB/IO0.RVB)

F.VBN(RO) = Block number to resad/urite
F.BKDS(R0) = Buffer descriptor
F.BXST(RO) = I/80 status block addrass
F.BXDN(R0) = I/D done AST address

Sutput: C 3, operation successful

o

1, operation failed, F.aRB{EQ0} set

o

R0 preservad, R1-85 desiroyed

Conditionals: ¥None
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CedaSl READ

This routine is the user interfsce for resading a block via
diock I/50 m@ods. S3ee the RSZ-11/1AS I/0 JOperations Reference
“anual, pages 3-28 to 3-31 for further details on calling
sequence and raturn valuese.

Satry: CREAD

Input: RO = FD3 address

Qutput: C = 0, operation successful
= 1, operation failed, F.ERR{(RQ) set

411 registers preserved

Conditionals: None

Ce4e52 RENAME

This routine is the user interface for renaming a file.
Only the file”s directory entry. is manipulated, the filename
internal to the file header is untouched.

Entrys: RENAYM

FDB address {old filenane)
FDB address (new filename)

Input: RO
R1

T

Qutput: C 0, operation successful

1, operation failed, F.ERR{ROQO) set

All registers preserved

Conditionals: HNona

[

3 IETADR

+4s

un

This routine correctly sets up the FDB record pointers for
locate mode 1/0. If called for move modae, it is a no—op.

Zntry? ..RTAD
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Input: R0 = FDB address
Cutput: F.N2BD{R0) = Seti to record size, address
RO,R1,33=-R5 presarved, 22 destroved

Conditionals: RSJANI,RSSBAF

C.4.54 RSTFDB

This routine resets a FDB so it can be wused for another
ODEeMN« If record I/0 was used, the block buffer is returned to
the pool. Locations in the FDB that are assumed to be zero 1if
no file i1s opened are cleared.

Entry: <.RFDB
Input: RO = FDB address
Qutput: FDB reset to non—opened state

RO preserved, R1-R5 destroyed

Conpditionals: RSS$MBF

C.4.55 RWBLK

This wmodule contains the ' routines used to issue the
read/urite requests for record 1/0. The routines are used for
both record and block oriented devices. The only difference
between the entries is the I/0 codes us2de. «.RBLK uses I0.RVB.
e+ ¥BLK uses ID.WVB.

The carriage control and YBN are always stored in the
constructed QI0. When issued to record devices, QI0 parameters
4 and 5 are typically ignorad. Similarly, block: I/0 devices
ignora parametar 3. The I[/0 stztus block is assumed to be at
the beginning of the buffer header, w@iich 1is assumed to be
immediately in front of the data bufiar.

Mo implicit wait for 1I/90 compiletion is made. The carry hit
w11l De 3et only 1f the GI0 directive failse.

Entrys: «.RBLK, ..9¥BLK
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Input: R0 = 708 zddress
R1 = Addraess. of data buffaer
2 = Size of data bufier
R3 = Carriage contrei chacacter
F.Y84{(R0O) = B3lock number’

Output?! R1 = Address of I/0 status block
R) preserved, RZ2-R5 destiroyad

Conditionalss:s RSSMBF

C.4.56 RWFSR2

This module contains a collection of routines to allow the
user to read and write fields in $§35#SkR2. The routines (.RDFDR,
+¥DFDR, +RDFFP, 9WDFFP, .RFOWN, .WFOWY, .RDFUI, and -.¥WDFUI) are
described in the RSX-11/IA5 1/0 Uperations Reference Manuail,
pages 4~-2 to 4-6.

C.4.57 RUYWLONG .

This routine is used to perform block I/70 transfers when
the bDyte count 1is greater than one block (512 bytes). This
routine 1is selected by the «READ/.WRITE routines when
appropriate. Otheruwise, .¥TRD is used.

Entry: «.RELG

FDB address
I/0 function code (I0.RYB/I0.NWVB)

Input: RO
R4

FDB setup for block I/0 request

Cutput:

'}
i

0, operation successful
i, operation failsd, F.LRR{ED) sat

iAll registars prasacved

Conditionais: Hone
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C.4.58 TRHCLS

This routine truncages a- file to its EIF position and
closes the file. '
Entry: TRANCL
Input: RO = FDB address
F.EFBK, F.FrB8Y set to EOF position

Qutput: C 0, operation successful

= 1, operation failed, F.EZRR{RQO) set
3111 registers presarved

Conditionals: None

C.4.59 UDIREC

This module contains the user interface routines for
issueing the directory primitive functioans: find filenaame
(.FIND), enter filename (.ENTER), and remove filename (-REMOV).
The calling sequences and return values are documented fully in
the RSX-11/IAS I/0 Operations Reference Manual, pages 4-12 to
4-14.

Entry: FIND, .ENTER, REMOY

Input: RO = FDB address
Rl = FNB address

Output: C 0, operation successful

= 1, operation failed, F.EZRR(RO) set
All ragisters preserved

Conditionalss RSSHAM

Caded UPYHARD

This routine provides extended file lockup abilities for
SCS-11 systems. It is not compiled for RSX-11¥ systeas
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Codasnl HAITI

This module contains routines used Lo issue QI0"s for FCS
and wait for their complatione. The first routine, ..RI0W,
issues a QIO and falls into «.%AIT. It watches for errors due
to dinsufficient pool and #will loop, waiting for a significant
event if this happens.

Entry: «-GQGIDW

Input: RO = FDB8 address
R4 = 1/0 function code
Scratch DP3 setup in $S$FSR2

Qutput: C 0, operation successful

= 1, operation failed, F.ZRR{R0) set
R1 = I/0 status block address
RC preserved, R2-R5 destroyed
The routine +.WAIT stores the I/0 status into F.ERR(RO).
It waits for I/0 completion by waiting for a non-zero I/0 status
value. If the I/0 status is zero, it falls into ..%AEF and then
repeatse.

Entry: «-%AIT

Input: RO = FDB address

Rl = I/0 status block address
Qutput: C 0, I/0 completed successfully

1, I/0 failed, F.ERR(RO) set from status block

A11 registers preserved

The routine +.%AEF waits for the FDBE®"s avent flag,
FeEFN(RD). If no event flags was specified, event flag 32(10)
is usad. The flag is cleared after the wait completes.

9

HARE
» W R H{:L

|
&
¥

i

e

Input: RO = FDB address
Sutput: Event flag cleared

A1l registers praserved
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Conditionals: tHona

Cedab2 #AITU

This routine is the user 1interface for waiting for I/0C
completion when operforming Dblock I/0. If an I/9 status block
has been specifiesd (F.BXST nonzero), the routine ..#AIT is used.
Otherwise, the routine ..9WAEF is cailled.

Entrys «®WAIT

Input: RO = FDB address

Jutput: 1/0 wait completad

All registers presarved

Conditionals: None

C.4.63 WATNOD

This routine checks the 1I/80 status for errors dus to
insufficisnt pool (IE.UPY¥) and doers a wait-for-significant
event if true. UOtherwise it merely returnse.

Entry: ..¥%WAND

Input: RO = FDB address
Rl = I/0 status block address

0y, IE.UPN occured, nait completed
1, Error uwas not IE.UPN

futput: C

0ou

All registers presarved

Conditicnalss: done

C.4.64 WATSET

This routine waits for I/0 completion and sets up the
record pointers based on the contents the the second I/C status
word.
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Tntryd .. ¥AST

D8 address
170 status block address

=
a
ion

1/0 status is assumed to be at start of buffer
descriptor.

Suiputs C = 9, I/0 completed successfully
= 1, I/0 failed, F.ERE{R0) set

F-HREC(R0O) set to beginning of data
F.EUBB(RD) set to end of data

RO,R1,R3-R5 preserved, 2 destroyed

Conditionals: RS5533F

Ce4e65 WRITE

This routine is the user interface for writing a block. via
block T1/0 mode. See the RSX-11/IAS 1/0 Operations Reference
Manual, pages 3-31, 3-32 for further details on calling sequence
and return values.

Entry: LWRITE

Input: RO = FDB address

Jutput: C = 0, operation successful
= 1, operation failed, F.ERR{RO).set

All registers preserved

Conditionals: fione

Cada 066 HWTWAIT

T™his moduls contains the Toutines for N
virtual Dlocke. «sdTWA outpuis the 78H and retuyrns with
0

writing the nex?
a [
record buffers set up for the next PUT.

T
he

Entry:  ..%5THA

Input: RC = FDB address -
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FLUBN(RD) B3lock number

iAddress of buffar header

F.3DB{(ROY =
F«BBFS(RD) = dumber of bytes to read

3, operation successful
1, operation failed, F.ERR{R0) set

Cutput: C

"

F.NREC(RO) = Address of start of block
F.Z0BB{R0) = Address of last byte+l

RO preserved, R1-R5 destroyed

Conditionals: R$S$BBF,RSIUBF

C.4.67 XQIOI

This module contains the routines used to build and issue
internal FCS RQI0°s. They wuse the 4QI0 DPB in §5FSR2. The
routine ..XRI0 sets up the standard parameters and 1issues the
@I0 directive. It assumes the I/0 parameters have already been
set. This routine gets the I/9 status block address and AST
address from the FD3.

Entry: «.XQI0

Input: RO = FDB address
R3 = Directive code, size
R4 = 1I/0 function code
RS = DPB address

ODutput: See «.X3I1 belou

An alternate entry is ..%QI1. This routine is passed the
1/0 status block address and AST address. It gets the lun and
event filag from the FDB, sets up the DPB, and issues the 1I/0
request.

Eantry: .. XGI1

Input: 2§ 08 addrass

Rl = I/9 status block address or zero
R2 = 1/0 Done AST addreass or zaro

R3 = Directive code, size

R4 = I/0 function code

R5 = DPB address

Outputs C = 0, operation successful
= 1, QI0 directive failed, F.ERR(R0) set from
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L3
e
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X1 = I/0 status block aadress
R0 ,R4 pressrved, R2,R3,R5 destroysad
The routine  +.IDPB dinitializes the ©DPB 1in §$FSR2 and
returns the address of the parameter area.
Entry: ..10P3
Input: Hona
Qutput: RS5 = Address of parameter area
R0-R4 preserved

Conditionals: HNone

C.4.68 XQICOU

This routine is the user interface for issuing a QIO
request using the lun and event flag from the FDB.

Satrys: XQI0

Input: RO = FDB address
R1 = 1/0 function code
R2 = Size of parameter list or zero if none
R3 = Address of parameter list

Qutput: C 0, operation successful

([ T]

1, operation failed, F.ERR{RO) set
A1l registers praserved

Conditionals: MNone



APPENDIX D

FILES-11 QIC<S

This section documents the various RI0°s used by Files-11
{(F11ACP and MTAACP)). The material is taken from an article
written by Andraw Goldstein of Digital in November, 1976 and
from examination of various source modules.

Del1 FILES-11 QIO DPB

A1l F11ACP QIO directive parameter blocks have the same
format. The following diagram illustrates this format (note
only the parameter fields are different from all other QI07s):

! o - - — -

. - —

i Size i Bic ;

e e e ittt |

i Function Code i Modifler 1 Q.I0OFN Q.IDFN
g-.. R;;;rveﬂ ; LUN B ; Q.I0OLU
T Trrierier U T e 1 actoee a.ror
g--- -IIB‘Status Block 2 Q. I0SB

:--- T AST Adﬁ;;;;_-- ‘ i Qe I0AE
T T T T i petmter T Q-I0PL
g---_-----ﬁzzzzlbuie List Pointar o

| Zxiend centrol 1 beira size (Atem

|

Delta Size {(low 15 bits)

; ........ - - - - -

i Access Control i Window Size

i FNB Pointer

i- - -

S el o PO M e RN SN il A S S WA
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Tach parameter field 1s used for a specific DpuUrpoSS. 1f
the particular 2I0 does aot rTeguirs the field, it must noi be
specified (set Lo Zero). F11ACP range checks all parameter
fields.

D2 FILES-11 QIO PARAMETERS

This section will discuss the six parameter words 1in a
Files-11 GI0. %“hile none of the parameters require the FCS data
structures, it is obvious the fields are set up for use 1in the
FCS environment.

De2.1 Parameter Word j41 - FID Pointer

This suword contains the address of a three word block in the
issuing task“s space. This block is or will become the file ID.
If the word is zero, no file ID is specified.

In the FCS environment, this word «ill typically contain
the address of the filename block. The file ID block has the
following format:

e ————————— ——

i
i File Humber i
[ e e -—- i
i File Sequence Number I
- - - i
1 Reserved i

i

l ——— o - - = - -

The file number is used by F11ACP as an index to the file
header block in the index file. The file seguence number is
used to maintain header integrity. Each time a header block 1is
used Tfor a new file, the file sequence number is incremented.
The final word has no current meaning.

De2.2 Parameter Word 2 = Attribute List Pointer

This word contains the address of an attribute 1list in the
issuing task“s space. This list controis which file attributes
are to be read or written by F11ACP. 1If no attribute 1list 1is
specified, the word is zero.

File attributes are various fislds in the file header.
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These fieslds are Jdocumented in Appendix §F of the IA3/RSX-11 I/D
Jperations Reference danual (Ai-2515(-TC).

An attribute 1iist consists o¢f zecfo to six attribute
entries, Iollowed by a bvte of zero. &ach attribuie e2ntry has
the following format:

«BYTE <Attribute typed>,<M
« %0RD <Pointer to “¥° byte bufier>

The sign of the attribute {ype determines the direction of
the operation. If the attribute type is negative, the attribute
is read from the file header to the buffer. If the attribute
type 1is positive, the buffer is written to the file header as
the new attribute. The magnitude of the attribute type and size
of the buffer determine which fields in the file header will be
accessed. The following table lists all wvalid read attribute
types, valid buffer sizes, and the starting offset in the file
header. To write the attribute, make the sign of the attribute
type positive.

-01,02 Read file owner UIC (H.FOWN). The UIC is a binary
WOorde The low byte (H.PROG) is the owner number.
The high byte (H.PRUJ) is the group numbere. Note
that the file owner UIC 1is independent of the
directory UIC.

-01,04 Read file ouwner UIC, protection (H.FOWN). The UIC
is returned as described abowve. The second word 1is
set to the file protection code (see attribute
-02,02)-

-01,05 Read file owner UIC, protection, characteristics
(H.FOWN). The UIC and protection are returned as
described above. The fifth byte is set to the
user-controlled characterics (see attribute
-03,01). ‘

-02,02 Read protection (H.FPRO). The file protection word
is a bit mask with the following formats: ‘

Bit 15 12 11 8 7 4 3 0
R il Rty ]

i dorid | Group e Suner i System |
i

3 ———

-1 -1

g o o e o e s o ,1 - -

mach of tae four categories above nas four bits.
Tach bit has the following meaning with respect to
ile access:

H (¥ 3]

[
P

i
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-02,03

-02,01

"0 4; ’40
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3it 3 2 1 0
i- - -— -1 -1 i
{ Deiete { Extend i srite i Read {
e e e it Ratatete b Y

A bit value of zero (0) indicates the respective
type of access is allowed to the file. A bit value
of one (1) indicates access is denied.

Read protection, <characteristics (H.FPRO). The
protection 1is returned as described above. The
third byte is set to the user—-controlled
characteristics (see attribute ~03,01).

Read characteristics {(H.UCHA). The: user
characteristics 1is a one byte field containing
various bit definitions. The current bits defined
are listed below: '

UC.CON

200 Logically continuous file. %hen the
file is extended, this bit is
cleared.

UC.DLK = 100 File improperly <closed. when ever
the file 1is opened for write, this
bit is set. It is not cleared wuntil
the file 1is «closed {(deaccessed).
This 1s the famous lock bit.

In addition to the user-controlled characteristics,
the next byte in the header is the
system~controlled characteristicse. This byte
cannot be accessed by an attribute fiesld. The
current bits defined in this byte are listed below:

SC.MDL = 200 File marked for delete.
SC.BAD = 100 B8ad data block in file.

Read record I/0 area (U.UFAT). The first 7 sords
of this area are a diract copy of the first 7 words
of tha FDB when the fils is opened {see Table 4i-1,
1/0 Operations Reference ¥anuai, ofifsets F.RTYP Lo
F.8FBYY» The rsmaining 9 w@ords of  this arsa args
aot  used. I do not Xnomw now this aces is d2fined
in the casa 0f R#MS~-11.

Read filename (I.FN4M)e. The filename is stored as
nine {9) RADS0 characters.

Read filename, type (I.FNAM). The filename 1is
returned as described above. The type is returned
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-05,12

-06,02

‘06,04

-07,02

‘10,07

‘11’12

-12,00

-i3,02

'i%yxx

PAGE D=5

to the fourth word {see attribute -05,02).

Read filename, type, version (I.FHNAM). The
filename and type are raturned as described above.
The version is returned to the fifth sord (see
attribute -07,02).

Read type (I.FTYP). The type is stored as three
{(3) RADSYO characters.

Read type, version (I.FTYP). The type is returned
as decsribed above. The version is returned to the
second sord (see attribute -07,02).

Read version (I.FVER). The version is stored as a
binary number. :

KOTE

The filename, type, and version are set
when the file is created. If the file is
renamed by PIP, these. fields are not
changede.

Read expiration date (I.EXDT). The expiration date
is intended to be the tfime the file becomes
eligible for deletion. This feature is not
implemented. The date is kept in ASCII form in the
format day, month; and year (2 bytes, 3 bytes, and
2 bytes). -

Read statistics blocks. The statistics block is
defined in Appendix H of the I/0 reference manuale.
No specific fields exist in the file header for
this attribute. Therefore, it cannot be uwritten.

Read entire file header. The buffer size 1is
assumed to be 1000(8) bytes. This attribute has no
corresponding write function.

Read block size {iNSI labeill
biock size is returned as a p

2

d. tape oniy). The
e B

itive 16-Hit nunmber

Read user label (ANSI labelled tape only)e. This
attribute allows access to the user label on an
ANST standard tape. "xx™ 1is the lengtia of the
label (maximum 80). If the function is a read,
user header labels are read if a file is accessed.
If no file 1is accessed, user trailer labels are
reads If the function is a write, wuser header
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labels are mriitten during a create. User trailer
labels are written.during a3 deaccesSs.

-15,%xX Read compiete date iniformation (disk files onlyj.
This attribute allows the ravison, cre=atiocm, and
expiration dates to be r=2ad. Dates are stored and
returned 1in the format day (2 bytes), month (3
bytes), and year since 1300 (2 bytes). Times are
stored and rteturned in the format nours (2 bvytes),
minutes (2 bytes), and seconds (2 bytes)e. M M
bytes of time/day information are returned in the
following format:

00-01 Revision number. This number is
incremented each time the file is
closed after being opened for output.

02-10 Revision date.
11-16 Revison time.
17-25 Creation date.
26-33 Creation time.
33-42 Expiration date.

+16,16 Allpcation control {disk files only)e. Used for
.file placement controil, currently by RM¥S only.
Processed only by create or write (i.e., write
attribute only)e.

The magitude of the attribute type determines the wmaximun
valid buffer size. Any smaller size is legal. The sizes listed
above are sufficient to handle the named attributes. The
largest size for each attribute 1is also the largest buffer
allowed.

De2.3 Paranmeter dords #3 and #4 - SizelExtend Control

Thes= two paramsaiers 3re used to specify hew many DbDlocks
are to pe allocated to a new file or added tso an axisting filew.
The words agre also usea to control the tvpe of block ailocation.
The format of the two parametars is a&as follows:

«2YTE <Delta size {(high 8 bits)>,<Extend control>
« ®HRD <Delta size (low 16 bits)>

The high bit of parameter word #3 (bit 15) controls whether
the remaining fields are used by F11ACP. If the bit is zero
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(0), no size change is desired. If the bit is one (1), the
remaining fields are procassad.

The high byte of parametfer @ord #3 {(extand <controi)
determines the type of 2allocation desired. The low byte of this
word and parameter word 4 form a 24-bit number of Dblocks to
allocate {delta size). This number is the initial file size in
the case of a create and the change in size in the case of an
extand.

The extend control byte consists of a bit maske. The bits
fiave the following meanings:

Bit 0 A1l blocks must be allocated contigously (EX.AC1).

8it 1 Allocate largest contigious chunk up to delta size
(EX.AC2). This bit is pot examined unless bit 0 is
on (1).

Bit 2 File must end up contigious at operations end
(EX.FCO).

3 Use volume default as delta size (EX.ADF).
Bit 4 Placement control is desired (EX.ALL).

5 Unused.

6 Unused.

Bit7 Enable extend (EX.ENA) (see above).

De2.4 Parameter Word #5 - #dindow Size/Access Control

This word is used to specify the window size (low byte) and
the access control (high byte). The word is processed if the
high bit (bit 15) is one (1). If this bit is zero (0), the wmord
is disabled. The format of the word is shown below:

«BYTE {Adindow sized>,<Access controld
The window size iz the number of aapping entriss the window
to- hold at once. This is not the window sizes in bytes. If

3.
the byte is5 zero, the voiume defaultl is used.

The access control byte consists of a bit masks The bits
have the following meanings:

Bit 0 Lock file from further accesses for write and/or
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£nable- deaccess lock (AC.DLLS.

o=}
(=D
“r
[ g

517 2 Enable block locking {(AC.LKL).
3it 3 Tnable explicit block unlocking (AC.EXL).

Bit 4 Unused

3it 5 Unusade
3it & Onused.
Bit 7 Enable access (AC.EMNB) (see above).

De2«5 Parameter Word §6 - Filename Block: Pointer

This word contains the address of a 13(10) sword block in
the 1issuing task”s space. This block is the filename block.
See Appendix B in the I/0 Reference Manual for a description of
a filenam=2 blocke. If the word is zero, no filename block is
specified.

If the QI0 function 1is a directory operation (I0.FNA,
I0.RNA, I0.ENA), the directory ID field (N.DID) of the filename
block is used. Files=~1ll directories are merely files with names
of the form L0,03999000.DIR;1 where £0,0] refers to master file
diractory and "ggg" is the group number and "ooo®” is the ouwner
number. The master fils directory is the file with ID 4,4,0 and
is also entered in the master file directory. The directory for
UFD £123,4561 1is the file [0,03123456.D1IR31

D.3 FILES-11 QIO FUNCTIONS

This section will discuss the various functions processed
by Fl1lAiCP. This functions are normally issued by FCS or RMS,
however, the clever user can use them directly and save the
overhead of the run—-time systems.

The following ars the functions iamplsamented by F1l1ligP.
macn function is followed 5y a3 1list of reguired and opliocnal
parameters. If & paramsfer is not listed, it must be 32t to
ZRI0. dAlso, parametsar 4 15 npot shown as 1t is a part of
parametar 3.

I0.CRE Create File

#1 - FID block pointer, FID value returned with 1D
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I0.DEL

I0.ACR
I0.ACH

 I0ACE

I0.DAC

IDLEXT

I0LRAT

I0WAT

I0.7u4
I0.R¥A
I0.ENA

PAGE D-9

of Iile createds

§2 = drita zttribute controi list {optional).

#3 - Size/extead controi (optional).

#9 = Access controi’ {may be non-zero but @ust be
disabled}.

Delete or Truncate File

#1 - FID block pointer (optional if file is
accessad).

#3 = size/extend <control. If not present or
enabled, file 1is deletad. Otherwise, the
remaining 31 bits specify the size the file is
to be after truncation.

Access File for Read Onliy
Access File for Read/Write
Access File for Read/Write/Extend

#1 - File ID pointer.
#2 - Read attributes control list (optional).
#5 = Access control.

Deaccess fFile

#1 - File ID pointer (optional).

#2 - Write attribute control list (optional).
#5 - Access control (may be non-zero but must be
disabled).

Extend File

#1 - File ID pointer (optional if file aready
accessed). .

#3 - Size/extend controle.

Read Attributes

#1 - File 1ID pointer (optional if file aready
accessed).

#2 - Read attribute control list.

drite Attributes

41 - File ID pointer f(optional 1if file aready
acecassad)a
$2 = drite attributzs controi list.

Find Filename in Directory
Remove Name from Directory
Enter Hame into Diractory

#5 - Access control (may be non-zero, but must be
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disabled).
29 - Filename block pointer.
The following table summarizes the optional and regquired
parametaers for each I/0 raquest. The key to the table is as
follows?

* = Required parameter.

0 = {iptional parameter.

A = (Optiional if file already accessed.

D = Hay be non-zero, but must be disabled (bit 15 =
0).

If the entry is blank, the parameter must be zero or the I/0
will be in error. Parmeter 4 is a part of parameter 3 and is
not 1isted in the table.

f===-m=mmm] J=====]=====] I

| Function |l P 1 {1 P2 P3}J P51} PO

j=—==m—mmm jomomm ===} i-

{ TO.WAT { A
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*

H

i
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| ID.ACW 1 * {1 0 1 I * | i
e el Rl Bttt | d | i i
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| I0.DAC i 0 1 0 1 { D 1 |
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PLACEMENT CONTROL

One undocumented feature of Files-11 is placement control.
This feature allows the create or exitend functions to specify an
exact or approxomate position to allocate the desired blocks.
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?lacement control is implemented by an attribute list entry.
The placement atiribute is valid for either the I0.CRE or ID.EXT
functions and if wusad, must be the first attribute in the
attribute list. The format of the placement coatrol attribute
block is as follows:

«BYTE {Placement control>,0

« WORD <High order bits of VBN or LBM
« H0RD <Low order bits of VBN or LVBE>
«BLXY 4 {(Optional, sae below)

The placement control byte consists of a bit maska. The
bits have the following meanings:

Bit 0 Set if block specified is VBN, otherwise LBY is
assumed (AL.YBY).

Bit 1  Set if approximate placement is desired, otherwise,
*+ exact placement is assume (AL.APX).

BIT 2 Set if starting and ending LBYN information is
desired (AL.LBN).

Bit Unused.

Bit

3

Bit 4  Unused
5 Unused.
&

Bit Unusede.

Bit 7 Unuseda.

If AL.LBN is set, the control block must be 16(8) bytes
longe. F11ACP will return the starting LBN in the first two
optional words and the last LBN in the last two optional words.
Otherwise, the attribute size must be 6 bytes. If AL.VBYN is
specified, AL.APX must also be set and the attribute will
allocate the new blocks as «close to the specified block as
possible. This is useful if file extensions are desired to be
as close to the previous as possible.

o

-2  BLOCKX LOCKING

Another undocumented feature of Files-11 1is block-locking
supporta. This feature was implemented to support RMS, however,
it can be used for FCS. Locking only occurs for access to
shared files and AC.LXL st in the access control byte. For FCS
users, this can be done by setting the FA.LXL bit in the F.ACTL
field of the FDB before opening a file shared. From then on g
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whenever a3 user r2ads or writes 3 block, the system wiil insur=
no- other user can have accesses Lo it. If the block i3 locked,
the sacond access will have a lock error (IE.LCX) returned to
it. This featurs, snen properly used, allows multiple readers
and w@writers to the same file.

There are two options for unlocking blocks. The simplest
method 1is to unlock the block whenever a new block is read or
written. This will occur wnen the AC.EXL bit is set in the
accass control byta. FCS users can snabled this feature by
setting the bit in the F.ACTL byte of the FDBe

If the application requires multiple block locks, an unlock
@I0 1is wused to unlock blocks. To uniock a block, the I0.ULK
function is issued with the following parameters.

Parameter #1 - Always zeroe.

Parameter #2 - Zero or number of blocks to unlock.
Parameter #3 - Always zero.

Parameter #4 - High part of VBN number or zero.
Parameter #5 - Low part of VBH number or zeroe
Parameter #6 - Always zero.

If all the specified blocks are currently unlocked, an
arror will be returned {(IE.ULK). If no VBN and count is
specified, all currently lockad blocks are unlocked if all 1I/0
is completed. If a user is waiting for 1/0, this could leave
some blocks locked because the I/0 was not finished. If a VBN
and not count is specified, the first lock-list entry with the
specified VBN is unlocked. Therefore, if the user 1issued two
requests for the sSame VBN with differant sizes, the first one
encountered will be unlocked. The order of locked blocks bears
no relationship to the order the orignal reads/writes uere
issued. Finally, if a VBN and count are specified, an exact
match is located.
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SAMPLE ACP

Included with the manual distribution is a sample ACP and
its associated device driver. The kit also includes sources for
sample ACP enabling and disabling taskse.

E.l1 SOURCES

The software implements a UCP-stype ACP. No systenm
modifications are required to run the sample ACP. The file
ACPGEN.CMD is an indirect command file that will assemble and
taskbuild all sample software. The other files in the kit are
as follows:

COMACP.MAC - Prefix file used to define special symbols
used by the ACP and its device driver.

NULACP.MAC - Source for sample ACP. The ACP performs no
useful oparations. Hosever, it does demonstrate
packet dequeuing, device wmounts and dismounts, I/0
process creation and termination, and data transfers
from an ACP to a user task.

NULDRV.MAC - Source for sample driver. The driver contains
a loadable database supports two devices (ACO0:, ACl:).
The driver demonstrates how ACP packets are processed
and queued to an ACP.

ZHABLELYAC - Source for basic NULAC? mouni fask. This task
parforms the basic steps Tegquired for snabling an ACP.
It supports switches to specify the AL? task naae
(/iCP=name) and volume control block size (/VC8=size).
The /PRM="string” switch can be used to pass an ASCII
string to the ACP.

DISABL.MAC - Sourca for basic NULACP dismount taske This
task performs the basic steps required for disabling
an ACP. It supports the /PRM="string"™ switch.
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<FOR - Source for test package: for sample sofiwares.
his. i3 a Fortiran porogram that queries. the user for
the I/0 function to issue and can be used to test the
other softwares.

ra3

[we]
[l
-3
23]
vd

P

Th2 %it also includes command files to link all taskse. The
ENABLD.CMD file allows the default ACP task name and volume
control block size to be sete The current defaults are "NULACP®™
and 2 bytes respectively.

E.2 PROUOCEDURE

The procedurs for using the sample code is to execute the
ACPGEN command file and generate the taskse. The listings should
then be printed and read. The ACDRY should be loaded using the
MCR LOA command and NULACP mounted using the ...ENA taske The
NULTST task can then be used to issue I/0 requests to the ACP
and report success/failure. #hen finished, the mounted devices
can be dismounted with the ...DIS task and the driver unloaded.

The sample ACP processes I/0 packets by outputting an
appropriate message to the console terminal and returning
success to the user taske The software is intended to be used
in conjuction with the manual, particularly, Chapter 3 which
outlines the designed processed used in the development of the
sample ACP. The sources can also be used as a starting point
for a user~-written ACP.
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USER-4RITTEN ACP~S

This appendix describes various wuser-written ACP”"s that
have bean reported to the author. The author welcomes new
additions. Please send a description of vyour ACP to the
follouwing address:

Ralph #. Stamerjohn
Honsanto, Zone TI1A
800 N. Lindbergh

St. Louis, ¥0, 63166

The submission should be typed and follow the format used for
the <current submissionse. Please limit the dascription to one
page if possible.
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Aduthors Zalph #W. Stamerijohn Jate: 17-aAPR-80

Address: Honsanto, Zone T13i Phone: (314) 694-4252
300 N. Lindbergh
St. Louis, MO, 531656

DAPAC? implements Digital®s Data Access Protocol (DAP). The ACP
is 1interfaced to FC3S and allows RSX-11M utilities and languages
to transparently access remote files on other R3X-11¥ and
DECsystem~10 systemse. For example, normal Fortran IV Plus 1/0
statements can be used to read and write remote files.

ACP-Style: UCP, using pseudo driver as gateway
I/0 Functions Codes: Uses 31(10), subfunctions
Serial/Parallel: Parallel

Transportability: Requires memory management, EIS
Pool Utilization: Minimumal, uses internal ACP pool
Mounting: Uses alternate task

Dismounting: Uses alternate task

FCS Support: Yeas

BRMS Support: No

Contact Author: Yes

Availablity: Ho, proprietary donsanto scftuware
References: Reports of the DECsystem-10/20 Fall -79

J.S. DECUS Meeting, pages 57-65.









