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PREFACE

This ook is a tutorial of Interprocess Communication internals and externals. It encom-
passes the information found in the MPE Intrinsics Manual, MPE File Systemn Reference
Manual and IPC code and reference material. The externals part of this document 18
meant for Hewlett Packard System Engineers or customers with an MPE and SPL
background. [PC internals assumes the reader has an internal MPE and internal File
System background. o

Section ! is a briefl Introduction to IPC, how it has evolved, where we use an [PC ap;;nlica—
tion. Section 2 is external IPC; how do we program IPC applications. There are two
program examples at the end of this unit. One of these illustrates using soft interrupts.

The remainder of this manual is devoted to IPC internal data structures and their
dynamics. Section 3 explains how IPC interacts with the MPE File System and Section 4
desecribes the gueueing mechanisms for 1PC and soft interrupts. Seft interrupt operation
and soft interrupt prosedures at the ead of section 4 will help you to assimilate the
material into a working model. For debugging information use the appendices A, B, C, and
G. All of the material in this document is based on code written in MPE IV,

Larry Zeitman
MPE Technical Support
Qctober 24, 1983



INTRODUCTION

Interprocess communication (IPC} is a facility of the file system which permits multiple user processes
to communicate with one another in an easy and efficient manner. It is the nonpriviledged user’s ac-
cess to nowait I/0.1 IPC uses message files to hold information between user processes. These message
files act as first~in-first~out queues of records, with entries made by FWRITES and deletions made by

FREAIDS.

Interprocess Communication consists of two parts. Basic IPC implements the functions as described
above, and Soft Interrupts is an addition to basic IPC . The 5oft Interrupt facility allows a process to
trap to its own ¢oded interrupt handler upon completing 1/0.

Classically opeating systems are interrupt driven, meaning that scheduling decisions, 1/0, CPU or
periperal errors are all detecied by the cpu by means of "interrupts". We talk of hard interrupts when
either peripheral devices or hardware interrupt processing. Soft interrupts are then interrupts
generated by software events. In either case the cpu is interrupted from processing and etther micro-
code or software will cause the operating system to switch execution to an interrupt procedure. We
refer to this sequence of events as a trap (aiso you may see trap referring 1o the interrupi code that
executes). Soft interrupts within MPE means that when 1/0 completes the cpu will be interrupted,
scheduling information for the progess that initiated the I/0 will be updated and the next time the
process runs it will trap to a predetermined interrupt procedure. IPC with and without the soft inter-
rupt feature will be explained continually throughtout this manual.

History

Prior to IPC various other systern features (still available today) were used to implement process to
process communication. These system features inglude:

File System

o Requires users to coordinate access, using RINs or FLOCK & FUNLOCK.
o No mechanism to gueue read or write requests to a file,

¢ No mechanism to implement soft interrupts.

Extra Data Segments
o Processes must create and ideniify the DST to be used.
o The DST is privale to a session.
o The user has to implement a locking scheme using RINSs,

o No mechanism to implement soft interrupts.

ISee no-wait 1/Q in the MPE Intrinsics Manual.



Intreduction

Mail

o Transfers greater than one word reguire the creation and
deletion of an extra data segment for 2ach transfer

¢ Communication outside of the process tree is not supported.
o Mail does not have the ability to gueus messages.
o Mail does not support soft interrupts.
IPC features include
¢ The ability to send and receive variable-length messages or records quickly and easily.
o The ability to support communication among multiple senders and recervers,
o The ability to communicate with process trees.
o The ability to gueue reader and writer commuanication.
o The ability to perform {non-priviledged) user nowait send and receive requests.
o Support of a trap facility when a send or receive completes (software interruptsh
o Support of timeouts (timed Limits 1o E/Q inguiries).

o The ability to coordinate user communication without the need for locking and un-
locking overhead.

1«2



Introduction

Where Shouid IPC Be Used

Part of IPC's power is its ability to implement parallel processing. As an example TOOLBOX using
IPC.

TOOLBOX TERMINAL Soft Interrupt
PROCESS -
STATISTICAL
MESSAGE
COECL COMPILE » FILE

COMPILED CODE
LISTING

The TOOLBOX terminal process edits COBOL scurce code. Then, a compile of that source code is in~
itiated. Before the compils is started, the terminal process initiates a soft interrupt read to & statistical
message file. The COBOL compile will actually occur in the background (as a son process). Once the
compile has started, the terminal process is available to perform other tasks (e.g. write documentation,
JCL). When the background compile is complete, the compiled source code iz written 1o a special list
file and the compile errors, warnings, and statistics are writien to the statistical message file. Once the
first record is written to the statistical message file, the pending soft interrupt read is satisfied, which
interrupts the terminal process’s activity to display the resuits of the COBOL compile.

Another useful implementation of Soft Interrupts would be in & supervisor/slave design where
one/many slave processes are being managed by a supervisor process that performs other activities in
paraliel. The supervisor may request the status on the amount of transactions processed, whether the
process is busy, or notification that the process needs to be terminated (e.gz. this supervisor process could
be servicing a terminal). Using FPC intrinsics the supervisor will post a read to a message file and wait
for messages from slave processes. As messages are sent the supervisor can examine each one with an
interrupt handler.

(See the figure on the following page)

[~3
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SUFPERVISOR

i READER

MESSAGE
FILE

]

MESSAGE FILE WRITERS

slelelele

PARALLEL PROCESSING
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EXTERNAL IPC

IPC Features

Message Queneing

Software Interrupis

Writer ID’s

Timeouts

Messages are quened when & reader tries to read from an empty
message file or ¢ writer attempts (o write to a full message file.

A program may designate a trap procedure for interrupts
When I/0 completes and an interrupt is generated, program
control will be directed to the trap procedure. After the trap
routine finishes execution, control is returned to mainline code.

When a writer process opens a message file, the file system ag-
stgns a unique 16-bit 1dentification number to the writer. Each
record the process writes to the message file 18 associated with
this number. When the writer closes the file, the ID number no
longer applies to the process and may be reused. The ID is acces-
sible via FCONTROL 46. Note that only through programming
would a reader be able to receive messages from a certain writer
1D

A reader or a writer process may Hmit the length of time it will
wait to be serviced. By issuing an FCONTROL 4, a process may
specify the maximum number of seconds it will wait for its 1/0
request to be satisfied.

2-1



External IPC

Copy Access

Nondestructive Read

iZlobal Multiaccess

Appending to Variabie
Length Files

When records are read from a message file, FREAD logically
deletes them as 14 reads. In order to copy a message file without
destroying 1t, the {ile must be opened with the file copy option
specified in the FOPEN Aoptions , or the COPY keyword must be
specified in a ‘FILE command. When this option is selected the
message file 15 treated as a standard sequential file rather than
as a message file, and 1t may be copied safely (ie, without the
logical deletion of each record)

NOTE

In order fo occess a message tile in copy mode, ¢
process miust have exclusive access to the file

By issuing 4an FCONTROL 47, g reader may avoid deleting the
record it reads, and the record will remain at the head of the
message queue, This feature differs from the copy access feature
in that it is a temporary condition. The second Fread following
the Fcontrol 47 will reread the record and delete it in the usual
manner.

Global Multiaccess allows processes in the same or different
process trees to open the same message file. Each file will have
the same record pointer but is allowed different “f" and "a" op-
tions. The global muitiaccess option may be requested in the
aoptions of the FOPEN to the file, or by using the GMULTI
keyword in 2 ‘FILE command to define the file.

NOTE

Glebal mulfiaccess (5 unavailable to message files when
they Aave been opened with exclusive access in copy mode,

Variabie~length files may be opened with append access. It is
not necessary to have fixed-length records of the mazimum
possible size, 50 space is conserved.

-2
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Fundamental Operation

Internal IPC procedures are called by the MPE file system and the file system is envoked by the file
system intrinsics. Listed below is 2 brief description of those intrinsics that implement an IPC opera -
tion. The intrinsics supply the options to use the basic ipc facility and soft interrupts The defazult is
interprocess communication without traps.

FOPEN

FREAD

FWRITE

. FCONTROL

FOPEN establishes a connection to 2 message file. With FOPEN, a user process
wdentifies itseif as either a reader or 2 writer; readers access the head of the mes-
sage file and writers agcess the tail. Iacompatible parameters that are specified
with FOPEN are adjusted. For exampie, singe messages are read or written to the
file one record ata time, a multirecord parameter 15 not allowed and the file sys-
tem wiil correct this parameter when the file 15 opened. If FOPEN 15 used to ac~
cess a pnew file, 2 new message file 1s created.

Fread reads one record from the head of a message file. The record is copied to
the readers TARGET area and is logically deleted from the message gueue; the
next record is now at the head of the file. I a process tries to read from an
empiy message file that writers have opened, the file system causes it to wait un-
til 2 writer process enters a record to the file. If there are no writers associated
with the message [ile, an end-of -file indication, CCG, is returned.

NOTE

If the message file (s empty and there are no
writers, a read will be queued if there is either an
FCONTRCOL 45 in eifect or this is the first Fread
after ihe reader's Fopen. See “Intrinsics - 4
Deratled Description page 2-11.

FWRITE appends one record to the ifail of 4 message file. If a process tries to
write to a full message file which readers are accessing, the file system causes it
to wait until a reader process has read a block of records from the file, If there
are no readers associated with the message file, an end-~of -file Indication, CCG,
is returned.

NOTE

If the message tile is full and there are no readers,
@ write will be queued [ there is either an
FCONTROL 45 in effect, or this is the first Fwrite
affer the writer's FOPEN. See page 2-11.

Supplies various contro! functions to a process that is using & message file. These
control functions permit a process to take advantage of the additional features
of IPC, which are discussed on pages 2-11 and 2-12.

2-3
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FCLOSE

FINSTATE

FINEXIT

Breaks a process’s connection with a message file. If the process reopens the same
file later, it may do 50 ag either a reader or 2 writer,

Enables or disables soft interrupts for the process Finstate is issued some time
before the process initiates a Soft Interrupt read or write.

Reinstates a process’s soft interrupts. FINEXIT is issued at the end of an inter-
rupt procedure. It will reenable soft interrupts that were automatically disabled

on entering the interrupt procedure,
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Creating Message Files

Message files can be created in several ways. When a user process opens 4 new file and indicates in the
Foptions that it will be a message file, the FOPEN intrinsic creates the new message file. In order to
create 3 message file with the :BUILD command, use the MSG keyword. For example, to build a mes-
sage file named MSG1, enter:

BUILD MSGI;MSG
A new message file can be specified as job temporary or default to permanent and may also be defined
with a .[FILE ¢command. Use the MSG keyword for a new file:

FILE MSG2NEWMSG

A new message file named MSG2 is indicated.

When you perform a (LISTYF,2 command, message files will be identified by an "M" in the third column
of the TYP field, MSG1 is identified here:

FILENAME CODE ------------ LOGICAL RECORD------ - - -~ -SPACE--~~
SIZE TYP EOF LIMIT R/B SECTORS #X MX
MSG1 128W  VEM 0 1031 1 2586 1 8

QOccasionally, you might create a message file and specify a certain number of records for the file to
contain, only to discover that the file system has allocated more records than vou requested. The
reason for this is that the file systern 1s maintaining the necessary internal structure for the message
file. The file system has four basic rules for establishing this structure when the message file is created:

1. Open and close records are written to the message file every time & writer process opens or
closes the file; therefore, the file system adds two records to the requested number to allow for
& minimum of one open and one close operation,

2. The requested number of records is rounded up to fill an even number of blocks.

i The file system adds an extra block 1o the message file for the file label to occupy. (This block
is transparent 1o you.)

4, Each extent is the same size; that is, the file system assigns the same number of blogks to each
extent.
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Suppose you want {0 create a message file named ODDSIZE:
:BUILD ODDSIZE; MSG; REC=, 3; DISC=51,8
You have specified a message file with fifty-one records, three records per block, that occupies eight

extents. The file system will adjust the number of records to conform to the rules for message file
structure.

i. The file system adds two records to allow for one open and one close indication; the number of
records goes from 51 10 53,

2. The number of records is rounded up to 54 to provide an even number of blocks. With three
records per biock, 54 records will fii! 18 blocks

3 An additional block is added to the file to accommodate the file label. Now the file contains
19 blocks.
4. The eight exients must all be the same size, so the number of biocks is increased from [9 to

24 Ezch extent now contains three blocks.

Of the 24 blocks in ODDSIZE, 23 are data blocks and one contains the file label, which is invisible to
the user. With three records per block, 23 blocks contain a total of 69 data records.

NOTE

in addition to adjusting the number 0f blocks in a mes-
sage file, the tile system adds a cerfgin amount of space
to each block for "overhead”. Six bytes will be added to
each record, and four bytes will be added for each block,

A listf ODDSIZE 2 now looks like:

FILENAME CODE ---------=-- LOGICAL RECORD== == nwwmmwm - == ~SPACE~-~~
SIZE TYP EOF LIMIT R/B  SECTORS #X MX
ODDS1ZE 128  VBM o 69 3 12 1 8

2-6
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Intrinsics — A Detailed Description

Read this section carefully. Intrinsics manipulating message files do not act in a standard file system
fashion.

FOPEN
Foptions: (2:3)  File Type. Determines the type of the file to create for a new file. If the file is
old, this field 1s ignored. |
000 - Ordinary file
Q01 « KSAM file
010 - Relative [/0 file

1090 - Circular file

110 - Message file

NOTE

The Defoult Designator FOPTION, bits 10 through 12
offers several choices for defawlt file designetors. Any
value used other than G for "filename” will override the
File Type field

(8:2) Record format. Message files are always internally formatted as variable~length
record files and these bits will be changed by the file system. However, a mes-
sage file can appear as 2 fixed Iength file to an opener. There is no difference
for a writer, but a reader will have the portion of this target area which ex~
ceeds the record filled with blanks {for an ASCII file) or zeroes {for a binary
file).

60 ~ Fized

0f - Variable (default)

2-7
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Aoptions: (3:1)  File Copy. This feature permits a message file to be treated as a standard
sequential file, so if can be copied by logical record or physical block to another
file. Setting this bit on causes all the remaining file parameters to have their
normal defaults.

0 - The file will be accessed in its native mode; that is, a message file
wiil be treated as a message file.

1 - The file is fo be treated as a standard, sequential file with variable~
length records, This allows nondestructive reading of an old message
file at- either the logical record or physical block level. Only block
level access 13 permitted if the file iz opened with write access
These blocks are checked for proper message file format to prevent
incorrectly formatted data from being written to the message file while
it is unprotected,

NOTE

In order to access a message file in copy mode, a process
must have exclusive geeesys to the file,

(5:2)  Multiaccess mode. This feature permits processes located in different jobs
or sessions o open the same file,

G0 - No multiaccess. The file system changes this value to "2" to allow
global multiaccess.

0! - Only intra~pb multi-access ailowed; this is the same as specifying
the MULTI option in a command.

10 - Inter-job multi-access sllowed; this is the same as specifying the
GMULTI option in a FILE

11 -~ Undefined. If this is specified, the FOPEN will be rejected with
an error code of 40: ACCESS VIOLATION.

(7:1}  Inhibit buffering. For message files, the file system turns this bit off, Readers
may open a message file with NOBUF if they are in copy mode; this determines
whether they will be accessing the file record by record or block by block
Writers must open message {iles with NOBUF if they are in copy mode; they
will access the file block by block.

0 - read by logical record

1 - read by physical block

2-8
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(8:2) Exclusive. The values for this field are the same for any disc file, but they have
different meanings for the readers and writers of 2 message file.
BIT | l ’
SETTING | USER VALUE | MEANING !
] i ]
I { t
| i |
01 | EXCLUSIVE | One reader, one writer i
E o |
10 | SEMI | One reader, multiple writers |
] | |
11 | SHARE | Multiple readers and writers |
! | !
00 | Default | Omne reader, one writer |
| |  (converts to a 01) i
i ! !
NOTE
Multiple accessors to one megsage file need not be in the
same process tree
{11:1) Multirecord. For message files, the file system sets this bit to Q.
{12:4) Access typeThese bits specify whether the user will be a reader or a writer

process.

Gaoy -

0001 ~

0010 -

READ access only. The FWRITE intrinsic cannot reference
this file. This access type requires both read and write access
capability to the file. In the case where the writer is waiting for
room to write {0 the message file a read to file will free the
writer’s wait by giving free space back to the file. The reader
process will also serve the writer by performing the write itself,
thereby necessitating read and write access. A process that has
opened a file with this access type is 2 *reader.”

WRITE access onty. If thisis the {irst accessor to the file and
the process has write access capability, then the file’s contents
are purged. If this is not the first accessor to the file, the file
systern sets this access type to APPEND. The FREAD intrinsic
cannot reference this file. A progess that has opened a file
with this access type is 3 "writer."

WRITE SAVE access. The file system sefs this to APPEND
access.

2-9
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gt - APPEND saccess only. The FREAD intrinsic eannot
reference thiz file. This aceess type requires append
capability to the file. A process that has opened z file with
this access type is & "writer®

Bevice: This field is relevant only if this is 2z new file. The DEVICE
field must either be omitted or specify a disc; specification of
any device other than a disc opens the device. When this occurs,
the file is no longer 2 message file.

Mumbuffers: (11} Ignored.

{11:5)  Value between 2and 3k; default 18 2. This parameter
must not exceed the physical record capacity of the file.

Filesize: The number of records is rounded up to completely fill the last
block and to make the last extent the same size as the other extents
Two additionzl records are included for the open and close records
{see page 2-35 to reference the rules the file system uses to allocate
the number of records in a file)**

*2Gee the MPE Intrinsic Manual - Accessing and Altering Files.



ki e vhebblle s

External IPC

A few controlcodes deal specifically with IPC. Those not mentioned here are sither invalid or not used
with IPC applications
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i
CONTROLCODE|  PARAM

DESCRIPTION

43

45

b6

Set timeout interval, This applies %o
both FREADs and FWRITEs. The timeout
will be armed at the beginning of the
1/0 request and cleared when the I/0
completes. PARAM specifies the length
of the timeocut in seconds. A value of
zero disables time-outs on the file.
This function will remain enabled until
explicitly canceled.

Write End-0f-File, Used only to verify
the state of the file by writing out the
file label and buffer area to disc; this
ensures that the message file can
survive system crashes. No actual EOF is
written.

Abort NOWAIT I/0. A CCG condition code
is returned if an outstanding I/0
oparation has completed. An IOWAIT must
be issuad to finish the reguest.

Enable extended wait. Permits a reader
to wait on an empty file that is not
currently opened by any writer, or a
writer to wait on a fuil file that has
na reader. This FCONTROL will remain in
effect until FCONTROL 45 is issued with
a PARAM value of FALSE.

Disable extended wait. Specifies that
when an FREAD encounters an empty filae
that has no writer, or an FWRITE
encounters a full file that has no
reader, it will return an end-eof-file
condition. {Default.)

Enable reading the writer’s ID.
Disable reading the writer’s ID. Only

data is read to the reader’s target area
(default).
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CONTROLCODE| PARAM | DESCRIPTION

Nondestructive read. The next FREAD by
this reader will not delete the record.
Subsequent FREADs will be unaffected
and will logically delete records ag
they are read.

TRUE

=
]

FALSE The next FREAD by this reader will

delete the record {default)}.

=
o

PARM Arm/disarm soft interrupts. Param
containes the external~type label
{plabel) of your interrupt procedure.
In SPL it is passed as a parameter hy
placing an "at" sign (€} before the

procedure name.

If the value of PARAM is 0, the interrupt
mechanism is disabled for this file.

T STYTEY S WAtk THTEYE' TETYYS VTR STYYTT MLEML fimm . mireh iemr Seafr m—— p— SRR S— L MMM mm. minome ]
T T TN VAL TS AL A Mk Albls e i m—pii _ayopir AT m—p—— o p— T mioieet s
Ak — AL A e, e . TETEY FPFRT MMAAL AMAMAL i i byt Akt e e et

FCHECK

FCHECK will return: 151 CURRENT RECORD WAS LAST RECORD WRITTEN BEFORE
SYSTEM CRASHED.

when a record is read following system startup and the "crash bit" has been turned on the record’s
header. Refer to the information on message files and their header records page 5% {3~4)
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FGETINFO

The value returned in RECSIZE will indicate the user’s data record size, and the value returned in
EQF wiil indicate the number of data records, unless an FCONTROL 46 is in effect. Besides data
records in a message file there are also two word of header information for each data record written
and open and close records for each writer that opens and closes the file. An FCONTROL 46 will
return ¢ value in RECSLZE the size of the user's deta records, including the two word data record
header. The number of records returned in EOF will include open, close and and data records. (See
Message Files and header records page 3-2 for further reference.)

The value returned in BLKSIZE reflects the actual blocksize of the file. When the file is created, the
blocksize is computed by the following zlgorithm:

BLOCKSIZE={RECORDSIZE+3*BLOCKING FACTOR)+2

where RECORDSIZE and BLOCKSIZE are in words. For example, with a recordsize of 100 words and
¢ blocking factor of 10, the dlocksize would be 1032 words.

Three values for ITEMVALUE are specifically for use with IPC:

procedure, A value of zero implies that soft
interrupts are not being used,

i ] l

Item # | Type i Description }
|

| [ !

34 | integer | The current number of writers. |
i i |

35 | integer | Thae ¢urrent number of readers. i
! | |

hg | logical { Plabel of the user’'s soft interrupt |
f { |

| } !

f ] I
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FINSTATE

A True/False value turns on or off soft interrupts for the process.

FINEXIT

Once the interrupt handler begins execution, file system interrupts are turned off. FINEXIT is to be
placed at the end of the interrupt rontine to reinstate soft interrupts (logical value true).

Intrinsics Not Allowed

Certain intrinsics are not allowed for message files. {The FSETMODE intrinsic is permitted, but ig-
nored.) Disallowed intrinsics are listed below:

e s L e T p—

FPOINT

FREADSEEK

FUFDATE

FREADDIR
FSPACE

FWRITEDIR

FDELETE

———— i s e aeena}
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Examples Using Message Files (Basic IPC)

In this example of IPC there are two processes. The first process reads data from a data file and passes
the data to a second process via MSGFIL! (refer to picture below) After process one finishes, it hangs
2 read on MSGFIL2 (which is empty} waiting for acknowiedgement from process two that it has
processed all the data, When process one receives the messapge from process 2 by completing a read, it
terminates.

2~15
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MESSAGE
FILE
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EROCESS ONE

SCONTROL USLINIT

<< Purpose: »?
<< Read data from a data file and send to another process. >»>

BEGIN
LOGICAL EOF = FALSE;
INTEGER DATA'FILE, PIN, INFILE, OUT'FILE.ERR;
INTEGER LEN:=80
LOGICAL TRUE=;
BYTE ARRAY IN'FILE'NAME (0:8) = “MSGFILE2 “
BYTE ARRAY OUTFILE'NAME (0:8) = "MSGFILE *
BYTE ARRAY DATA’FILE'NAME ((:8) = "DATAFILE"®
ARRAY MESSAGE (0:39};

INTRINSIC CREATEPROCESS, FCLOSE, FOPEN, FREAD, FWRITE,
QUITPROG, FCONTROL;

<« Create entries for the message files in the directory. )
<« Note thet IN'FILE'NAME ("'MSGFILEZ") is opened with FOPTIONs >>
<< %30004: this indicates a new ASCII message file. >

IN'FILE = FOPEN {INFILE'NAME, %30004);

IF < THEN QUITFROG (1)

FCLOSE {INFILE, 2, O}, << Save file as session temporary. >>
IF < THEN QUITPROG (2);

<< Note that OUT'FILE'NAME ("MSGFILE1") is also opened with FOFTIONs %30004>>

QUTFILE = FOPEN (OUT'FILE’'NAME, %30004);

IF < THEN QUITPROG (3);

FCLOSE (QUT'FILE, 2, 0} << Save file as session temporary. »>
IF < THEN QUITPROG (4);

<<Opening the message file we will write to. >>
<<Note that IN'FILE'NAME ("MSGFILE1") is opened with FOPTIONs »
<<%106 and AOPTIONs %1100: %106 indicutes an old temporury 2>
<« ASCII file end %1100 indicates a reader process with >
<< exclusive access and multiaccess capability. MSGFILE1 2>
<« has already been designated as a message file. Since *>
<< only one recder and one writer process will be accessing >
<« the message file, exclusive access mode is specified. >
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INFILE = FOPEN (INFILE'NAME, %106, %1100}
IF < THEN QUITPROG (7);
FCONTROL (IN'FILE, 45, TRUE);

<< Open message [ile that we will read from .

<< Note that OUT'FILE'NAME {"MSGFILE2"} is opened with FOPTIONs
<< %106 and ACPTIONs %1101: %106 indicates an old temporary

¢ ASCII file and %1101 indicates a writer process with

<< exelusive access and multiaccess capability. MSGFILE2 has
<< already been designated as a message file., Since only

<< one reader and one writer process will be accessing the

<< message file, exclusive access mode 15 specified.

OUTFILE = FOPEN (OUT'FILE'NAME, %106, %1101);
IF < THEN QUITPROG (8};
FCONTROL (QUTFILE,45 TRUE);

<< Open data input file.
t< Note that DATA'FILE'NAME ("DATA") is opened with FOPTIONs %3
<< and AOFPTIONs 0: %3 indicates an old permanent or temporary
<< file and O indicates read only access. The file system
<< will change the FOPTIONs to specify an ASCII file.
DATA'FILE = FOPEN {DATA'FILE'NAME, %3, 0
IF <> THEN QUITPROG (9):
WHILE NOT ECF DO BEGIN
LEN = FREAD (DATA'FILE, MESSAGE, ~20);
IF < THEN QUITPROG (L0},
IF > THEN BEGIN
EOF=TRUE;
MESSAGE:= "FOUND EOF IN DATA FILE",
WRITE (CUTFILEMESSAGE,-LEN,Q);
END<<[F>>;
ELSE BEGIN
FWRITE (OUT'FILE, MESSAGE, -LEN, 0);
IF <> THEN QUITPROG (1 1};
END;
END << FHILE »»;

FCLOSE {QUT'FILE, 4, 0} <¢ No more data fto send: EOF »»

[F < THEN QUITPROG (12}
FREAD (IN'FILE, MESSAGE, 1); << Wait for writer to >y
IF <> THEN QUITPROG (1 3); << to process this informution >>

>
>
>y
>>
>
>
2
>2

3>
¥
3>
3>
3



<¢ Because we have issued an FCONTHOL 45 against MSGFIL2
<< process one will terminate normally. If the second

<< process ;however, closes without communicating to

<< process one then we will end in error

FCLOSE (IN'FILE, 4, 0)
IF < THEN QUITPROG (14);
END.

>3
>
35
b
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PROCESS TWO

SCONTROL USLINIT

<< Purpose: >>
<< Receive data from other process and print it. »>

BEGIN

LOGICAL EOF = FALSE, TRUE=TRUE;

INTEGER LEN, INFILE, QUTFILE;

BYTE ARRAY IN'FILE'NAME {0:8) := "MSGFILE!L ¥,
BYTE ARRAY CQUTFILE'NAME (0:8) := "MSGFILE2 ™,
ARRAY MESSAGE {0:39);

INTRINSIC FCLOSE, FOPEN, FREAD, FWRITE, QUITPROG, PRENT FCONTROL,;

<< Open message file from other process.

<< Note that IN'FILE'NAME ("MSCFILEI1"} is opened with FOFTIONs
<< %106 and AOPTIONs %1100: %106 indicates an old temporary
<< ASCII file and %1100 indicates a reader process with

<< gxelusive access and multiaccess capability. MSGFILE]

<< has already been designated as a message file. Since

<< only one reader and one writer process will be accessing

<< the message file, exclusive access mode is specified.

INFILE == FOPEN (INFILE'NAME, %106, %1100);
IF < THEN QUITPROG {13);
FCONTROL (IN'FILE %45 TRUE},

<< Open message file to other process.

<< Note that CUT'FILE'NAME (VMSGFILE2") is opened with FOPTIONs
<< %106 and AOFTIONs %1i01: %106 indicates an old temporary

<< ASCIT file and %1101 indicates a writer process with

<« exclusive access and multiaccess capability. MSGFILEZ

<< has already been designated as a message file., Since only
<< one reader and one writer process will be accessing the

«« message file, exclusive access mode is specified.

OUTFILE = FOPEN [QUTFILENAME, #1036, %1101},
IF < THEN QUITPROG (14);

MESSAGE:s"ERROR"
WHILE NOT EOF DO BEGIN

LEN = FREAD (INFILE, MESSAGE, - 80},

IF < THEN QUITPROG (1 5);

1-20
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IF > THEN EOF:= TRUE
ELSE PRINT (MESSAGE, -LEN, 0},
END << WHILE >}

<¢ Beeause an FCONTROL 45 has not been issued a CCL is generated >»
<< when process two tries to read past the ECOF. »»

<<Now signal other process we are done.»>>

Message:="INFORMATION RECEIVED"
FWRITE(QUTFILEMESSAGE,~LEN,0)
FCLOSE (OUT'FILE, 4, 0},

IF < THEN QUITPROG (16},

FCLOSE {(INFILE, 4, 0};

END. <<Procecss Two>>

2-21
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Software Interrupts

Software Interrupts is an enhancement to BASIC IPC. Soft Interrupts allow the same extended wait
conditions when reading or writing to a message file as BASIC IPC. When the I/O completes your
program is interrupted and executes a predetermined interrupt procedure. The interrupt handier wili
complete the read or write and return your program to the line that was executing when the interrupt

occurred.

NOTE

Soft Interrupts cannot be impilemented in Cobol,

Typically 4 soft interrupt application is one in which 8 master process serves as a controller to paratlel
processes. One message file 15 used for "system” communication where the master is a reader and the
slave processes are writers to the message file. The master process wiil usually wait for communication
from other processes. It waits by hanging & read on the empty message file. It will be "soft interrup~
ted” by one of the slave processes writing to the message file. The masier process parses the command
it recetved in the message and processes the command with a subroutine. The master process replies if
necessary through the individual message file of one of its slaves.

UFERVISOR

i READER
MESSAGE
FILE

MESSAGE FILE WRITERS

slejelole

PARALLEL PROCESSING

2=12
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oL A R

Initially, software interrupts are disabled for vyour program. To enable soft interrupts, use the
FINTSTATE intrinsie with & valuze of TRUE, as follows:

VALUE=FINTSTATE{TRUE},

The FINTSTATE intrinsic with a value of FALSE will inhibit soft interrupts and VALUE is the old
state of FINTSTATE. MPE wili inhibit soft interrupts just before entering an interrupt procedure,
This is done to prevent unwanted nesting of the interrupt procedures. Using the FINTEXIT intrinsic
also with a value of true at the end of the interrupt procedure, it will re~enable interrupts just before
1t eXits.

PROCEDURE INTERRUPTPROC (FILENUMI;
VALUE FILENUM;
INTEGER FILENUM;
BEGIN

FINTEXIT {TRUE};
END;

NOTE

Software Inferrupts dare gutomofically inhibited  just
before a CONTROL=-Y trap procedure. The trap proce-
dure muay elect to allow soft intevrupts by calling the
FINTSTATE intrinsic, If if does not call FINTETATE,
the RESETCONTROL intringic will restore the procesy
interrupt state to its pre-CONTROL Y valua.

When you have enabled software interrupts for your program, you must zlso "arm" soft interrupts for
a particular file by specifying the interrupt procedure’s plabel in an FCONTROL 48,

FCONTROL (File Number, 48, @Procedure Name)

Calling FCONTROL 48 with a parameter of zero will disarm the software interrupt mechanism so
“that the file would be accessed by Basic IPC procedures,

NOTE

The FFILEINFQ intrinsic may be wused to return the
plabel of the interrupt handler. FFILEINFO 49 will
return the plabel as on integer value: if it veturng a value
of zero, no inferrupt handler has been armed.
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After the program interrupt has occurred, an IODONTWAIT must be issued against the file to
complete the request. Your interrupt handling procedure should issue the IODONTWAIT intrinsic.
IODONTWAIT will allow completion operations for the associated 1/0 or return a zero for an incom~
plete I/0 operation, Multiple pending soft interrupts are queued in a FIFO manner. COpen files with a
soft interrupt pending (read or write} cannot be closed.

NOTE

The message file and the inferrupt must occur on the
same system. Soft interrupt use is restricted to message
file and may not be used with remote files.

No more than one Uncompleted FREAD or FWRITE may be outstanding from one e process for one

Skl et il

particular message file. Any additional FREAD’s or FWRITES will result in an uneéqual condition
code being returned. An uncompleted FREAD or FWRITE request; however, may be aborted by issu-
ing an FCONTROL 43 (abort nowait 1/0)

An interrupt will not occur while you are executing within operating system code; that i, while you
are processing an MPE intrinsic or procedure. Exceptions to this are the PAUSE, PAUSEX, and
IOWATT intrinsics that will allow the processing of a soft interrupt. MPE reinvokes these intrinsics
when the interrupt procedure has completed. If the PAUSE intrinsic is soft interrupted two minutes
into its overall time, after the soft interrupt has finished processing, it will be reinitialized to its
original time. Pausex, however, was created to be used for soft interrrupts It will retzin the amount
of time it has used and continue after an interrupt, the remaining unused interval. If the PAUSEX
was issued for five minutes and was interrupted again two minutes after it had begun, PAUSEX would
continue to pause afier the interrupt procedure for the remaining three minutes.

1-24
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The validity of an interrupt procedure depends on the code domain and exscuting mode {privileged or
non-privileged) of your code. It must be compatible with the code domain and the mode (privileged or
non-~privileged) of your interrupt procedure. The code domains are:

PROG  (User program)

GSL {Group SL)

PSL (Public SL)

SsL {System 8L, noen-MPE segments)
MPESSL (System SL, MPE gegments)

[When the cocde of
| the caller is:

The plabel:

Must he non-privileged in PROG,
GSL, or PSL.

Non-privileged in PROG,
GSL, or PSL.

f

!

E
[Privileged in PROG, GSL, May bs privileged or non-privileged
! or PSL. in PROG, GS8L, or PSL.

|
|Privileged onr non-privileged May ba in any non-MPESSL asgment.
I
|

PROG,GSL,PSL

i b s . o S i S . pmabbus reerree™ \mrbere: Sreren
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Soft Interrupt Example

The following is a skeleton example of a program which is using soft interrupts. The reader process
sets up the soft interrupt and then initiates a read on an empty message file. That read request will be
queued. The writer process once created, writes to the message file and releases the reader, The reader
continuing to execute mainline code will be interrupted and process the interrupt with procedure
INTERRUPTPROC. Once INTERRUPTPROC completes, the reader will continue at the interrupted
instruction in mainline code. '

READER PROGRAM

$CONTROL
BEGIN
ARRAY BUFFER{0;79);
INTEGER TRUE:=1, PLABEL, FILENUM, TCOUNT;
INTRINSIC FINSTATE, FCONTRCL, FINTEXIT, INDONTWAIT,
FOPEN, FREAD;
PROCEDURE INTERRUPTPROC (FILENUM); STEP 1
VALUE FILENUM;
INTEGER FILENUM;
BEGIN
TODONTWALT (FILENUM, BUFFER, TCOUNT);  <———STEP 2
PRINT BUFFER TO DISPLAY ON THE TERMINAL;

FREAD (FILENUM, RUFFER , TCOUNT ) ; - STEP 3
FINTEXIT{TRUE) « STEP %
END;
BEGIN <<INITIALIZATION>>
FINSTATE (TRUE); - STEP &
FILENUM:=FOPEN{MSGFILE}: < STEP 6
FCONTROL (FILENUM, L8 ,PLABEL); < STEP 7
FREAD{FILENUM,BUFFER,TCOUNT); - STEP 8

CREATE {WRITER PROCESS});
<<END OF INITIALIZATION=>

LOOF: <<BEGIN MAIN LINE--»

PERFORM OTHER PROCESSING; . STEP 9

END; <<END QF MAIN LIKE»>»
END.

2-16
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INTERRUPT PROCEDURE FUNCTIONS;

STEP This is the beginning of the interrupt procedure which handles soft interrupts. Once the
READ has started to complete this procedure will be exgcuted.

NOTE

Once the soft interrupt has occurred, the read has
nat  actuaily transferred any data. 4 call to
TOW AIT or IODONTW AIT is required to complete
the read.

STEP 2 IODONTWAIT or IOWAIT 1s needed to complete the read.

STEP 3 Cali FREAD again to initiate another soft interrupt read.

ETEP 4 FINTEXIT will re-enable soft interrupts before exiting the interrupt procedure (possibly
to process a pending soft interrupt).

MAIN LINE FUNCTIONS,

STEP 5§ FINSTATE(TRUE}, will enable soft interrupts to ocour at the program level (only needs
to be initiated once),

STEP 6 FOPEN the new file with following optiohs
A. Message file

B. Reader

NOTE

The first message file openey must open the new
megsage file twice. When the message file is closed
for the first time, it will be put in the directory at
that fime. This would be needed only when more
than one process will be accessing the message file.
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STEP 7 FCONTROL 48 This will enable soft interrupts for the message file specified in
"FILENUM."

STEF 8 This FREAD for FILENUM will initialize the first soft interrupted read.

STEP % The reader process is free to perform other necessary processing.

2-28
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WRITER PROGRAM

$CONTROL

BEGIN

ARRAY BUFFER(0:79}:=" A SOFY INTERRUPT OCCURED";
INTEGER FILENUM;

INTRINSIC FOPEN,FWRITE

BEGIN
FILENUM: =FOPEN (MSGFILE); - STEF 1
LOCP: o
PAUSE(S MINUTES); - ' STEP 2
FWRITE (FILENUM,BUFFER, TCOUNT,%50) ; 43 TEFP 3
GUTO LOOP;
END;
END.

STEP 1 FOPEN the file with following options:
A. Message file

B. Writer

STEP 2 PAUSE for five minutes which will insure that the read posted by the reader program
wiil be interrupted by 2 soft interrupt. '

NOTE

The pause is not needed in an actual application design. It is
used only to delay the soft interrupt from occurring the in~
stant the soft interrupt read Is posted.

STEP 3 Write to the message file causing the soff interrupt to oceur on the reader process

2~29
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FUNCTIONAL FLOW

READER PROGRAM WHITER PROGRAM

interrupt procedure

open message file(reader)
enable soft interrupts
read message file

create writer process
» open message Tile(writer)

begin main line processing

write to message file

interrupt occcurred -
{service soft interrupt
by executing interrupt
procedura)

end main line processing

The READER program executes main {ine code until the writer program writes a message to the mes-
sage file. Every five minutes the WRITER program writes g record and the READER program soft in-
terrupts, reading the message.

2-30



MESSAGE FILES AND
THE FILE SYSTEM

SECTION

File System
Callable
Intrinsics

Y
File sttem

1PC
Access
Procedures

v
Uncallable
iPC
Procedures

IPC PROCEDURES ARE ACCESSED THROUGH STANDARD FILE SYSTEM INTRINSICS

IPC was written sharing 2s much MPE File System code as possible ergo it uses many standard file sys-

.tem infrinsics with either added options or specially defined for maipulating message files. This sec~

tion is essentially an explanation of how IPC works in conjunction with MPE's file system. IPC data

structures and dvnarmics are added to the fundamental file system descriptions.
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MESSAGE FILES

Message files since they are the fundamental building blocks of IPC. They are the communication
device between processes. Message files differ from standard files, because within the file block the

data records lie opposite from the header information.

FILE BLOCK

............................. 0K AR BRI ORIk 3R ICICK RO i
: First data record :
Same format as standard
: Second data recordg : variable length blocks.
z 2

Last data recard
: Record delimetsr {-1)
AR R R KR

.............................

.............................

.............................
.............................

.............................

Data is written at the top of the block while its header information is written at the bottom. A nega-
tive one delimits data records znd a %77 delimits the headers.
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DATA RECORDS
Data records in a message file are always variable length records regardless of how you may have

opened the file. Each record has a one word header that prefixes the record with a byte count of the
records length.

i Number of bytes in record

.............................

.............................

Record Format
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HEADER RECORDS
The header records are built from the bottom of the block toward the top. There are three types of
header records and they are written by a writer upon different events, An "Open® header record is
written with the first write to the file. The “close” header record is writfen when an FCLOSE is is~

sued, and a "Data” header record is written each time the writer writes fo a message file. Header in-
formation is two words long. The type of header record is contained in the first word (8:15).

Header ¥ormat

C (0:1)- Set on if thig was the last record written before
the system crashed. An FCHECK fssued will raturn:
“Current Record Was Last Record Written Before System Crash

LC [1:1)- Valld enky for close headers. Set to one if
this was the last writer toc close the file.

Type(&:8}- 0 datx
1 apen
2 close

*Recall that the writer’s ID may be read with an FCONTROL 46,
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FILE EXTENTS

Observe the massage file below and note that the Start Of File is greater than the End
Of Fife. Message files are circular files. Data written to a message file can wrap-
around the file as we use or reuse allocated extents, therefore the figure below would
nof be an vnusual one o see.

File extents are composed of a number of blocks. Extent zero also contains space for
the file label and user labels in the exact same format as a standard file. Starting with
block zero, sufficient blocks are allocated to the file label/user labels to satisfy their
space requirements. The start of file moves into the extent map of a File Control
Block? as records are read; hence records are logically deleted, The EOF moves when
records are written. ’

Extents outside of the SOF/EOF range mav not exist. They are deleted at close time
when there are no more writers accessing the file.

EQF~-memomoman > Extent O |
o
SOF—emmmmmeenne N
e

28ee Fije Control Block in next section page 3-15.
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CONTROL BLOCKS

File access is coordinated by control blocks. Control blocks contain information per-
taining to a file. Control blocks are dynamic; they are created when the fite 15 opened
(FQPEN); they are consulted when a file is accessed (FREAD, FWRITE); and pointers to
these control blocks are deleted when file access is terminated (FCLOSE). A message
file has three- control blocks (excluding control block extensions) a Logical Access
Conirol Block and its extension, Message Access Control Block (corresponding te a
standard file’s physical access control block) and its extension, and File Control Biock.



Message File Internals

WHAT ARE THE RELATIONSHIPS BETWEEN
FILE —-~— CONTROL BLOCKS ——— PROCESS

e

FiLE
CONTROL BLOCK

LACE e MACH —rreeme— 1 LACE

READER WRITER
PROCESS FROCESS

The figure above shows how we logically look at the message file and its control blocks.
Message files have multi ~ access capability whichk permits the sharing of the access to
a file. Each user shares the same SOF and EOF. File access information which is
unigue and local to each individual accessor is contained in the LACR. File access in~
formation which is common to each set of accessors is contained i the MACRB. The
MACB contains an FCB vector3 , @ pointer to the FCB and the FCB contains the file's

extent map.

3See vector structure page 3~21,
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Logical Access Control Block

The logical access control block contamns the foptions and aopiions used by a process to
open the message file. It also contains the file number (returned by the FOPEN intrin-
sic), file name, record size and block size. Any file in our file system opened mult: has
an LACB., A message file’s LACB is the same as a standard file’s LACB.

....................................................

Size of the ACE ihcluding buffers {words) 0
.......................... éii;‘ﬁ;ggé;"‘.'.."b.bl' .
.,éiié.&;ﬁé ........................................ ,
é ...................................... ;
:.%éﬁéi;&; .......................................... ]
_‘Aégéiéﬁ; .......................................... ,
 Record size foytes) L 10
. Block size (words) T 1
é .................................................. ;

. Carriage control code (writers) ;13
i .................................................. ;
ér;or.c;da Cea Ve ,,...................; s

Yransmissien leg (units same as last read/write} : 17
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Logical Access Control Block Extension

The LACE extension contains information specific to IPC and soft interrupts. Both the
LACEB and the LACE extension are created at FOPEN time. These control biocks are
not shared with other processes but are unigue to the process that has created them.
These control blocks are found in the process’s own stack in the PXFILE area? (unless
that process is running its message file application NOCRE or there is no room remaining
in the area- then both of these control blocks will be found in extra data segments).

User's soft interrupt plabel : 20
 Number of seconds te wait on boundary conditiss : 21
. 0-Ex:Nd:VriBt.Cls -C : Carriage control . 22
. Reply Port [basic IPC port) 23
u“term .................................... 28

: Cantrol hlock index for nowait writser record buf : 28

: DST relative addr of nowait writer record buffer : 27
No wait I/0 resvltant error code 30

; Ne wait I/0 resultant transmissicn log : 3l

---------------------------------------------------

4Where is the PXFILE area? See File Access later in this section.
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Field

{o;

{1:

£3:
{4:
i5:

[6:

[g:

i)

11

)

1}

i)

13

8}

Description

W e ek ME R AR M e MR M A A R MR AR A W A T M W WO NN T N M RN W W W A AN N NN AR WR A TR MR B A Ak Ak sk ke

Accassor's local flags.

a

e8x

nd

vr

bt

¢lis

car
ctl

1 - havea not yst issued an FREAD/TWRITE against
the file.

I - extended wait mode.
1 - do not degtroy the next record read.

1 - writer bkasg not yet written his first record
{is., he iz a virgin),

¢ = transmission lng should be expressed in words.
1 - - L] L] - H - bytes'

« Not currantly used f(reserved for group IPC
standard),

~ No wait completion message fg¢ in LACE arex.
~ carriage coentrol charactar to be used for

the writer’s record {a value &f one indi-
cates no carriage control character).



Messagze File Internals
Message Access Control Biock

The MACB is 2 Physical Access Control Block 5 for message files. It is considered the
“moint of attachment” (from the process) to the disc file. It contains the "start of file"
pointer for the reader/s and "end of file" pointer for the writer/s. The MACB is
created by the first process to open the file. According to file system placement
strategy the MACB and its extensions {they are contiguous) are placed in an extra data
segment.

MACB Extens_ion

This extension {contiguous with the MACB) contains IPC specific information, the ioca-
tion of reader and writer wait queues.® Beyond the extension are the message file buf-
fers (also contiguous).

*Tame fields as LACB

Sire of the ACH including buffers (words) 0 *
........................... ;;;;'A;ﬁsé;.".I'.""'.l L
“éiiélé;;; ......................................... -
; ...................................... ;
--éééiigéé .......................................... s
"Agéii;é; ........................................ .
. Record size (dytes) 10
'.éi;;;(;;;;'EQ;;é;i .............................. ; 0 x
; .................................................. ; .
. Garriage control cade (writers) 13 %
; ............... e e e e e e e e e i .
.,é;;;;.;;é; ....................................... ; .

....................................................

Total number of unread records {includes opens o 20

................................

and cleses) .21

SReference MPE Tables Manual page 6-1.
6See Message Queune Mechanisms section 4.

3-11




Message File Internals

Block number of the file's tail {relative to the
; Address of the next write header

Last read error : Last write error

3-12
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: DST number of the physical ACB 1 B
. address of the physical ACB  : 61
. DST number of the logical ACB . 62
. Address of the logical Ac8 - 63

: DST rel address of fthe stack access contrel blk : 64

: DST rel address of the DB area : 8%
. MACB vector table entry address PP
. MACB control block vector table address : 87
. Target area’s DST number . 70
. Reserved for calling parameters 71
........................ -
................ SR

Reserved for the stack marker from file system T T4

...........................

intrinsics 1 75
z z
; Wser's soft interrupt plabel ¢ loox

....................................................

: Number of seconds io wait om beundary condition : J1OLixk

C:Ex:Nd:vr:Bt:€3s :C : Carriage control 1 102%
Reply Pert {(basic IPC port} : 103x%

....................................................

: Writer ib T 104%

: Control block index for nowait writer record buf : 105%
; DST relative addr of nowait writer record buffer ; 106%
Ko wait I/70 resultant error ceode 107X

Ne wait I/0 resultant transmission log : 110%




...................................................
....................................................

..................................................

: Waiter's reply port, 0 if using AGCE compltn area

: Waiting process' pin :
: Waiting process’ file number
Waiting process’ soft interrupt plabel :

....................................................
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113

114

115§

118

117

120

121

122

123

124
125

128

127

1390

13L

132
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¥ Value iy private to a particular accessor.

Word

102

Figld

[g:1)
{10:1}

(r1:1})
(12:1}
{13:1]

{14:1}
{15:11

[2:13

{4:1}

{5:1)

{6:1)

([8:8)

Deseription

A AR Mk ek EE W B A Er o R M e A v e e T AR M A M A TR A N A MR A ey B MR A WA WA e o e e am  m amwm

File'4 global flags.

er 1
Qw 1
m 1
c I
d 1
- §
f 0

extended read

ane ¢r more writers has been queued on the
wait queue.

waii msg is located in the ACB

completion msg is located in the ACB

the current write buffer has dirty bit set

the start of file is block zero
the ACB huffears have not bdeen ftilled

Aceessor's local flags.

g 1

car
ctl

have not yet issued an FREAD/FWRITE against
the file,

extended wait mode.
do not destroy the next record read.

writer has net yet written his first record
{ie., he is & virgin}.

transmission log should be expressed in words.
113 11} ir L13 ] - byf.‘ .

Not currently used (reserved for group IPC
standard).

No wali completion message is in LACB area.
carriage control character to be used far

the writer’s record {a value of one indi-~
cates no carriage control character),
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File Controt Block

The file control block data structure and placement strategy is the same as that for .
standard files. Information used by the file system is copied from the file label into the
FCB. The FCB is created with the first opener of the file and when more than one
process has opened the message file, the FCB will reside in a control block table in an
extra dala segment or Shared System Cantrol Block Table (See MPE Tables Manual,
The File System - Control Block Area). The file label and MACRB have pointers to the
Fiie Control Block called the FCB vector {see “vector format" under Active File Table

later in this section).

The FCB has the following format:

g 1 2 3 7 8 12 13 14 15

i 1 | Complete FCB size | 0
R e et A e b b i q
] New FCB vector i 1
e e |

I FOPTIONS | 2
i e i

| Device specification ] 3
o e e e e s H

| Prav. lock{ Dev. type | C i {Device subtype I 4
e e itk ok ok bttt H

I No. opens for output | Mo, opens for any mode i 5
§ — e o r e e m e e
i Creator ACB vector i 5
|resena- e s

! RIN number P 7
R R EEECL LT LR I PR LI L AL msuwmn e ————— !

I Exclusive status f Lo
f o e e s a |

! Private volume information I LY
e el bbb b bttt E bt bk i

} | 12
H File Limit !

| P13
[ e e e wa s s ——— f

I P14
| Reserved for IMAGE !

| b L5
s :

1 _ | 16
i End of datz pointer i

| i 17
| o e e e !

{f No. user labels written | No. user labels awvail. | 20
et PR L |

l Extent size in sectors 1 21



Message File Internals

| ---------- AN AN A E T E TR T A R T - e ‘
i Blocking factor i Sectors par block b 22
e el e ekt ==
| Seectar offgsat to data i Disp | No. extents - 1 | 23
e e i ittt el el i
i fast extent size in sectors | 24

| i e, opens input mode | 28

| Brodp name - 1st c¢har., | Group name - 2ad c¢har. 1§ 2B
LR AR DR R a
| Group name - 3rd char. | Group name - &tH char. | 27
R T e e L I [
] Group name ~ Bth char. | Grosp name ~ Gth char. | 30
il e e b el I
{ Grouyp mpame - 7th char. | Graup name - $th char., | 31
forom e m I
i Acct pame - lst char. | Acct name - 2nd char. | 32
e L L e L L TP E R e e P PR PP LR L P L |
| Acct name - 3rd char, { Acet name - 4th char. | 33
e e bbb ke |
| A¢ct name - 5th c¢har. | Acet name - 6th char. | 34
f L |
i Acet name - ¥ih e¢har. | Aeet name -~ 8th char, | 35
= e |
| I 36
1 Start of file block number 1
! I 37
[morm e e s s s {
| { 48
| ~Current number of data blocks in the file {
| ] 41
e e el D et i
| | 42
{ Number of oper and clese records {message file) |
i i 43
e ittt i
i Logical device numbar | { 44
R e e e i
f First extent sector number { 45
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Control Block Access

This i1s PCBX area (Process Control Block Fxtension) that sits below DL in the process’s
stack. The PXFILE area hes within the PCBX area and control blocks are contained in
the PXFILE area. The PCBX is used 10 hold process specific information that can be
swapped out with the stack.

PCBX
i i
I ]
t _ !
;. 'PXGLOB |
} |
I H
l H
[=memm e e |
i | g
] i
i |
I i
| PXF IXED b
| j
| t
{ |
R i !
j I
[ i =
i PXFILE q
[ !

I f
i {
f PCEX POINTERS i
i !
i ;

DLwwd fummmmmee e e ;

DB--v | i
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PXFILE

The PXFILE area is & contiguous, expandable block of storage that is managed by the
fila system.

The overall structure of the PXFILE area i

-------------------------

i }
| Overhead H [fixed]
i i

!

| {variable]
table {

!

LR R i e i
1 i
i Available i fvariable}
i i
e b L bk [
| i
| Active File i [{variable]
| Table {
i !

Available Block

—

The part of the PXFILE area labeled "Awvailable" is used to provide space when the
Control Block Table or the Active File Table is expanded. If the Available area is ex~
hausted, the entire PXFILE area is expanded, the AFT is relocated and new space is
added to the Available Block. Currently the PXFILE area iz only expanded; it is
never contracted.
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Active File Table (AFT)

The Active (or Available) File Table contains information used by the file system to
coursely characterize file access and, most importantly, to give the location of the files
controf blocks

The overall structure of the AFT is:

| [

I ) Entry N i {fixed, 4 words}
| i
e el |

| i

I }

i !

| i

i i

[rrmmr e e I

| | BL-8

| Entry 1 i {fixed)
i i BL-5

The AFT is negatively indexed by file number: the entry at DL -5 corresponds to
file number I, the entry at DL-9 corresponds to file number 27 | et

TFor sessions, file #1 and #2, refer to $STDIN and SSTDLIST respectively

3-20



Messige File Internals

The structure of a file system AFT eniry in

0 1 2 3 4 5 i85

(% Entry type | <Not applicable te Meg Filess | o
| ohysical ACB Vertor (MAGE for Masaage Filen) I 1
A Logical ACB Vector (LACB) »
A vowarT 1s6 0ax »

P L T T T T A T T iy ———

* Message Files have an entry type %10,

The file system will find file control blocks {e.g. during an FREAD or FWRITE) by
negatively addressing into the Awvailable File Table and using the appropriate vector to
locate a control block. ' :

The format for a vector; LACB, PACE or FCR (found in the PACB vector) is:

o] 58 15
- { Eatry No i ST number i
{ in File N where Contral Block |
{ Control Block| is located I
! Vector Table | |
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Control Block Table

m s v S AL A

The control block table holds either one control block or multiple contro! blocks, A
control block table may either reside in the processs stack in the PCBX area or in an
extra data segment (see file system narrative in the MPE Tables Manual File System;
section 3.2 File Control Block Table). '

The overall structure of a control block table is;

-------------------------

} [
H Overhead H {fixed, % words}
i ]

!

| 9
| Vector Table [variable;}

!

[

Control Bleck {variabie}

!
I
)
|
[
| area
]
I
i
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Vector Table

- b

Vectors in the AFT point to vector table entries in the Control Block Table, Vector Table entries con-
tain the addresses of the control blocks (**addresses are relative to the beginning of the Control Block
Table) contained in the control Block table. The file system also uses the fields in a vector iable entry
to lock or unlock control blocks in the contral block table while they are being accessed.

The overall structure of the vector table is:

: |
Entry © i {fixed, 4 wards)
f

{ i
i Entry N | ifined}
H ]

fadn unused vector table eniry will have 2z2eroes inp all the words of the entry.}
The structure of a vecfor table entry is:

) Control block address (relative to the i o
i begining of the conirol block table} i

j L] B Ltock count { iock PIN { 1
f {
| High priority tail PIN | High pricrity head PIN | 2
o e e e e I
{ Low priority tail PIN | Low priority head FIN | 2

B R A O R Lok e e e e e e L R

The lock pin field will have the pin number of the process that has locked the control block. Control
blocks are locked while they are being accessed 50 no other processes may write to them. The High
Priority head and tail pin in word two are the head and tail of processes that are waiting to access that
control block and are impeded. The remaining links for this queue are the NIMP pin {next impeded
process) and PIMP pin (previous impeded pin} found in the PCB entry for that process.
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Control Block Area

T W o e e e e - —

The part labeled CONTROL BLOCK AREA contains the control blocks used by the file system. To
facilitate storage management, all confrel blocks have the same overall structure:

----------------------------------------------------

I Type | Size b0 DESCRIP

N
DESCRIP This i3 <¢he first word of a control block; the format
is cemmon for all control blecks.
SIZE This is the size (in words) of the control bloek. The
gize includes the descriptor word.
TYPE This is <the type number of the control block. There
are four types of conitrol blocks:
0 - Garbage
1 - FCB
2 - PACE
3 - LACE

Whenn a control block table is created, the initial contrel blocks are complete-
ly allocated +o a single control block area of type garbage. When space is
requested for a new control bleck, the control blocks are scanned (using a
first fit algorithm) for a garbage control block that is as large as the size
requested. The space for the new contrel bleock is taken from this garbage
control block and the space remaining belongs to the new garbage control bleock
size,

If space 1is requested and no garbage control block is large enough to con-
tain the new contrel bhleck, then the control block area and control block

table are expanded by a sufficient ameunt. If expansion is not possible,
some other control block tablie must be used.
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REVIEW
When a file system intrinsic is executed, the file access procedures need to get at file information.
Information is sought by the file number which tells the file system to:

I. Negatively address intp the Active File Table (4 x File Number).

2. Find the vector it needs for either an LACE or PACB (MACBE) in the AFT entry. The vector will
give a DST# where the vector table is contained and an index or entry into the vector table.

3. The veector table entry is an address relative to the beginning of the Control Block Table where the
control block may be found.8

{see picture on the following page)

8See Appendix B for a dump example of finding control blocks.
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CONTROL BLOCK ACCESS

PCBX AREA

(FROCESS STACK)

FILE CONTROL
BLOCK TABLE
(SYSTEM SHARED)

- - (CONTROL BLOCK TABLE)
PXFILE FILE CONTRQOL o.M
\ BLOCK TABLE _oR_
(PXFILE) (SEGMENT) TABLE
QVERHEAD . on
(FILE CONTROL —> VECTOR CONTROL |
_BLOCK TABLE) TABLE BLOCK
ECTOR ' ADDRESS
TABLF
: CONTROL BLOCK|
9 ADDRESS
CONTROL BLOCK| €
ADDRESS ~ Fe <€
LACE MACB < E’;T,fé“ ]
LACE EXT. 3 2
FCB VECTOR <
>
AVAILABLE _
FILE TABLE MACB EXTENSION T
i
MSG 0 1 OGO — MESSAGE
FIiLE MACB VECTOR FILE
ENTRY I Ace vECTOR BoTTER
TYPE 1
%10 . NOWAIT 100 SUFFER 2 Q
DL ~>>
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File Access

To read or write to a message file, the file system must be able to obtain the information in the file’s
control blocks. Instead of doing several exchange DB's to get at different data segments that contain
control blocks, the FREAD and FWRITE intrinsics lay the control blocks on the stack. You may have
noticed already that the MACE contains the LACB { words 0-%17) and LACB extension ( words
%100-%110) When the MACB is laid on the stack it ie overlayed by these two other control blocks
unique to the caller of that intrinsic. We refer to these control blocks when they are on the stack as
the Combined Access Control Block.
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ACB - COMBINED ACCESS CONTROL BLOCK

LOGICAL ACB FHYSTICAL ACBE
STANDARD STANDARD
ipC IPC
EXTENSTION EXTENSION
. BUFFERS
FREAD
STACK
MARKER
POINTERS
FREAD STACK
MARKER
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When the control blocks are on the stack and accessible, then a call to the I/0 system can be made for
the physical 1/0 to be parformed. Attatchio is the procedure that bridges the file sytem and the /O
system. Some of the parameters it passes are function: read or write eic; a byte count to he transfer-
red; and a destination or source of the transfer. The 1/0 system creates a request for the I/0 and puts
the request on the 10Q until the driver can compiete the request.

REQUEST

L TR T S S |

IQ

 REQUEST ATTACHIO
10

REQUEST/

LI I ]

% A

10 SYSTEM

| _
| MONITOR \VAVAV

N FILE
IVE
| DRIVER SYSTEM
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Buffer Management and Anticipatory Reading

Message files support anticipatory reads. When the record number is passed in an FREAD; the file sys~
tem uses the information in the complete ACB to calculate what block contains the record? and calcu
lates which buffer to use for that block . The file system then makes a request for the transfer of the
block containing that record. When the process "waits" for the record (with IOWAIT or
IODONTWAIT) then the record is transferred from the buffer to the target DST. When & process
writes to a message file the buffer is not "flushed” ~~ records are not actually transferred to the disc
file until the buffer becomes filled.

Both reader and writer buffers are contained in the same pool of buffers physically attached to the
end of the MACB. Reader buffers are at the "head" of the queue whereas writer buffers comprise the
“ail" of the queue. Buffer management runs in one of {wo modes.

Y%t Note that variable length record files have a blocking factor of one record per block.
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COUPLED MODE

When all active, unread records may be contained in the buffers buffer management is said to be in
coupled modzf:.Ié A spent read buffer!! is added to the tail of the write buffer list. Writers write to
the tail buffer in the list. I this happens to be shared with a reader, then no disc I/0 is initiated
when the writer has filled the buffer. Otherwise when the buffer 1s full and only used by the writer
on the nest write, the buffer is flushed, copied to disc, and then the record is written. Note that if all
the accessors were to close the file then all data would be written to the disc. When the number of
active records can no longer be held in the buffers, uncoupled mode is entered.

< 1 > <WRITER 4>
ECF
—>
SOF
Ls / RDR |
|—><WRiTER 4> <RDR 3)
EOF + [RECGRD SOF

ALL ACTIVE RECORDS MAY BE
CONTAINED IN THE BUFFERS

10Note that coupled mode is guaranteed with FOPEN,
I 1Remember that records are logically deleted after having been read. A spent read bufferisa

block {physical record} in which all records have been deleted.
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UNCOUPLED MODE

The active records cannot be contzined in the buffer area. In uncoupled mode readers and writers use
their own buffers independentiy. The writers will circularly use the buffers not being used by the
reader and flush each buffer whean it’s necessary to add a record. Note that if the reader reads suffi-
cient records such that the active records may be contained in the buffers, buffer management auto-
matically reverts to coupled mode.,

SOF

s

READER

DEECD)
)
Yo O Y
G

RECORD

I

WRITER

AN Y N

m

OF
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Port Data Segment

How does IPC maintain and control readers and writers that must wait for 1/0 after encountering a
boundary condition writing to a Full message file or reading from an empty message file? It uses
queueing mechanism established in 2 data segment called the Port Pata Se¢gment. (Note that soft in-
terrupts uses an additional incore message facility shared with system process commaunication) The
port data segment is known as the heart of IPC. It contains

1) A Reader Wait Queue and Writer Wait Queue for each message file that's open, to queue readers
and writers waiting on boundary conditions

2) Return/Reply Ports to inform readers or writers of completed I/0.

1) Timer List Entries to implement time-outs for read and write requests.

LI BRI A R )

""" - System DB extension : DST # : ... .
: of Port : :
+ %100 : Data : :
: Segment : :
L :
Port data segment : Global area

+ By sv ar en g

----------------

Hemainder is ! Chunks are a combination
composed of of free entries, ports
"block size' message queve entries
chunks. 3 and timer list entries.

N T Y YT ]

In this section the port data segment and its components are generally characterized, Figures of the
data structures follow and then the port data segment operation is explained.




Queueing Mechanisms

Wait Quenes A wait queus i comprised of a "port” which is header information for the gueue,
and "Message Queue Entries” (2 record attached to the port which signifies a process
1§ waiting on an 1/0 boundary condition). There are two queues, a “reader” and a
*writer" gueue, for each message file. These queues are created when the first
reader or writer opens the file. Reader and writer gueuve pointers are at words
#110and %111 in the message Dile’s ACB.

Wait Queue with two cutstanding messages

Reply Ports  Each reader and writer has a "reply port” Reply ports inform their owners or
"managers" their [/O requests have been satisfied. Reply ports receive the com-
pleted read/write requests by linking a message queue entry to the port. (The cur-
rent limitation of IOWAIT is one request outstanding, so the reply ports will have a
maximum queve of one entry). The reply port is ¢created at FOPEN time and the
process that creates and owns that port is referred to as the "ports manager.”

..........................

........................
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Timer List Timer List Entries {TLE) are created when the process sets a fime=out interval with

Entries an FCONTROL 4. The TLE with the smallest remaining interval has an eatry in
the Timer Request List (TRL) and also heads a linked list of TRLs throughout the
port data segment. UCOP checks the timer request list for events that time-out.
When UCOQP discovers a message file read or write time out, the message queue
entry would be detached from its port and an EOF condition would be sent to the
user, The naxt TLE (being the smallest fime-out) would take its place in the system
Timer Request List. They are also linked to the MQE's instead of having the MQE’s
and TLE’s being contained in the same entry. This scheme was decided upon be~
cause it was thought that TLE’s would not be widely used, thus saving the overall
size of the MQE entry.

Timer Request List

--------------------------
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Port Data Segment

SYS DB EXTENSION + %100

PORT DST # J

GLOBAL AREA
{ %17 words long )

PORT , '
WORD 0: HEAD MQE ADDR
WORD 1: TAIL MQE ADDE

FREE AREA

I

MQE
WORD ©: NEXT MQE ENTRY
WORD 2: TLE ENTRY

FREE AREA

MQE
WORD 0: PORT ADDR
WORD 2: TLE ENTRY

S

FREE AREA

TLE
WORD ©0: NEXT TLE ENTRY
WORD 1: EQUALS 0
WORD 4: ADDR OF MQE

FREE AREA

TLE
WORD O: EQUALS 0
— WORD 1: PRECEDING TLE
WORD 4: ADDR OF MQE
WORD 5: ADDR OF PORT

FREE AREA

REPLY POQRT

MQE: Message Queue Entry
TLE: Timer List Entry
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PORT DATA SEGMENT GLOBAL AREA

The PDS global area is 17 octal words in length. It contains global information to manage the wait
gueues, reply ports and time list entries.

* Processes may be impeded waiting for free blocks in the Port Data Segment. These processes will
form 2 linked list with the head and tail PIN number at words %10 and %11 in the port dats segment
global area, and PIMP FIN {previons impeded process) and NIMP PIN fields (next impeded process} in
the PCB. * The TLE (the smallest time-out) address 15 1n word %112, It heads a2 thread of TLEs
through the Port Data Segment. The first TLE iz also an eniry in the system Timer Request List.
That entry number is kept i word %} 3

¢ Data segment nautber of this port data segment 0
. ...éi;;é.;i;;.é;,éééé; .............................. .
2 : Total aumber of blocks 2
3. Maximum number of blocks 3
4 . Current number of free blocks :
] ".&;$$;;‘$%‘$§éﬁ‘§;;i; ............................. .
] I‘.Q;;é‘;;‘%;éélii;i ............................... : ]
, I'_fééi‘;+‘+;éé‘ii;i ................................ ,
l I.'hégﬁ’;}.;g&;a;&l;};gg;;.ﬁlgg ..................... .
9 "'};;i';}'gﬁﬁgggg'b};;;;;'g;;} ..................... .
12 : Head of timeout thread (TQE address) ;10
i3 ;I'féLk‘;é‘ii¥é;;{.-.l.I’.‘.."..'“..'.-..'.‘.'..’; .
14 . Value returned by TIMER intrinsic when 12
15 Timeout was initiated 13
iy ;'-Aé;a.;éléé;é.ii;i ............................... ; g
. ;..&;i.&;éé ........................................ ; s

4-5



Queueing Mechanisms

PORTS

All entries in the Port Data Segment (ports and message queue entries and Timer List Entries) are ten
octa] words fong. Ports contain overhead information 1o maintain queues. You will find a port for
each wait queue that is epen. And there is a reply or return for each message file opener.

NOTE

There s one exception to this rule. In semi-exclusive
mode there may be af most one reader, and in exclusive
mode there may be only one writer. The generdlity of a
wait queue is not needed. Instead when the process at-
tempts to read from the empty file or write fo a full file
the reply port number ig placed directly into the MACBE.
If the process has opened the file with wolt, then no reply
port is used,

Information contained in 2 port is shown in the figure on the next page. Head and tail MQE pointers
are used for access to quenes. Soft interrupt subtype is always "1". The port manager (word 3 (8:8)} is
the process that opens the port. Word 6, the number of sends, is an accumulated number of MQEs that
have been attached to the port. And the plabel for the soft interrupt procedure is written when
passed by an FCONTROL 48,

I A N N R R N R NN EE

** PLABEL tI/E: : STT ENTRY NO :CST/CSTX NO

I/E: Internal or External Bit

When soft interrupts are armed with an FCONTROL 435, IPC precedure FCONTROL turns on the
Enable Wake Up bit (word %2 (0:1).11 When the port is accessed, the Enabled Wake Type bit (word
2{1:1)) tells IPC procedures the action o take when a4 message is recejved.

11Note: This bit is also toggled by another IPC procedure ~ LONGWAIT).
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PORT

¢ 1 2 3 & 5 § 7 & & 10 1} 12 13 i4 1%

0 Head MQE address &
1: Tail MGE address .4
2 € : W . Next port aumber in port List thread: 2
30 Soft int subtype Pin of port's owner : 3
4. Soft interrupt parameter ome U 4
5 . Number of MQES in the port's queve 5
6 . Number of sends to this part 5
7. Soft interrupt plavel ?

(0l 2 '3 4 :5 :6 :7 :% :9 :10:13:12:13:14:15:
W Type word 2{1:1)
¢ -~ Awaken an port
1 - User soft interrupt

2 - System soft interrupt
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MESSAGE QUEUE ENTRIES

The Message Queue Eniry records wait information when atfached to the reader or writer wait
queues: 1s there a timeout, the return port number, writers ID, DST number of the buffer, etc. When
attached to a reply or return port an MQE stores the number of bytes transmitted or an error code for
an incomplete read or write. See the parameter explanations on the following page for information
contained in 4 wait message or completion message.

0 @ Next MQE entry; if last, {port addr) LOR ? Y

....................................

................................................

3 Parameter zero 3
. ‘.-ég;;éééé;.;ﬁé ................................. \
. “'ﬁ;;gééié;.;éé ................................. .
B 'P;ra&;;;r ;hree" IIIIIIIIIIIII h . ' -3
. '..ﬁ;}$$;i;}‘;;;} ................................ ,

0l 2 :3 :4 :% :6 ;7 8 8 10:131:12:13:14:1%:

Timer entry definitiens

0 « No timeout
I - Timeout expired
2 « TLE addrass for a pending timeout



Wail Message

parmé
0
1

W

WRITER ID

LOCAL FLAGS (differ with cach accesszor}

{0:1} - accessor just opened file

Queueing Mechanisms

{1:1} - will wait on boundary condition if no symbiotic process

(3:1)] - writer has not written a record

{4:1) ~ transmission leg in bytes
(8:1) - carriage conirol code
DSTH of data buffer

Address of data buffer (D5T relhiivel

tength of data buffer in bytes

Completion Messaye

¢
i

Resultant error cods

Resultant transmission }eg in hytes
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TIMER LIST ENTRY

Below is a Time List Entry. Iis use and operation has been explained on page 4-3, The captions inside
the picture should be sufficient to explain the TLE fieids.

i Preceding "TLE eniry (0 if first entry) i3
2 . Number of milliseconds the fimeout value 2
3 : of this TLE is beyond the previous TLE. - 3
4 . Address of the affected ME 4
5 : Address of the MQE's port 5
6 : Value of TIMERK when this timeout expires 5
7. (Milliseconds) . 7

0 1 2 :3 :4 :5 :8 7 B :9 [10:11:12:13:14:15:;

* TIMER is an internal MPE intrinsic that returns the time in miiliseconds.



Queueing Mechanisms -
HOW DO WE FIND THE PORT DATA SEGMENT?

The DST number of the port data segment is found at Sysglob Extended +%100C. The address of
sysglob extension s located at %1377 {(sysglob +%377}. This is 2 sysglob refative address. Add it to
%1000 and vou will be at the beginning of the extension arez. One-hundred and one-hundred-and-
one octal words into the extension area is called the DST Number Array. The DST Number Array is
simply two words, the first of which contains the DST number of the existing port data segment and
the following word is reserved for a possible second port data segment.

PORT DST NUMBER ARRAY
Located in System DB Extesnsion Area.

B4 : Port data segmeni number ; 64

85 : Reserved for & second port segment ; 88

....................................................
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MEMORY DUMP

POINTER TO
SYSGLOR
EXTENSION

(SYSGLOB
RELATIVE)

001370: 000000 000400 074163 000113 100561 000001 |000504

001500: 030370 030370 030370 000000 F504]

001800: 020103 030080 031080 000000 | 000130} | CO0O000

Vo

PORT DST NUMBER ARRAY PORT  AVAILABLE
IS AT SYSGLOB EXT DATA FOR
+%100 AND %101 SEGMENT SECOND

~ DST# PORT
DATA
SEGMENT
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Port Data Segment Operation

This section explaing Basic IPC operation and the fundamental operation of the port data segment.
Soft interrupts and its message facility is explained later in this section. Below is z deseription of the
port data segment operation a program will FOPEN a file, read from an empty message file or writing
to a full message file,

FOPEN

When the message file is opened a reply port i initialized for the opener. If it iz the first time the fie
i5 opened both reader and writer wait queues are created by establishing a port for each queue and
write pointers Lo those ports in words %110 and %111 of the message ACB.

Pointers to ports have the format shown below. The port indexg refers to the word to vse in the DST
number array. Since we have only one port data segment at this time the index is always "0" The
remaining part of the word indexes into the port data segment by port number.

PCRT NUMBER

0 1 2 3 4 35 6 7 8 9 10111213 1k 15 16

:Port index : Port data segment relative addr/8 :

L R R R I R R R O R I O N R R R I R R R R I A A I A ]

The address of the openers reply port is in the third word of the openers LACB extension. There is ons
small exception, however, if the opener is using waited 170, a reply port is never built.13

I3Most customers will use nowait I/0 in IPC applications because of its throughput sdvantage.
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PORT
DATA
SYSGLOB DST SEGMENT
-
GLOBAL
AREA
SYSGLOB .
EXTENSION ~ PORT OF THE |
PORT oST READ WAIT QUEUE|
NGO, ARRAY
PORT OF
/\ WRITER WAIT | €
QUEUE
™
7’ REPLY
PCBX AREA OF CONTROL BLOCK PORT
USERS STACK (EXTRA DATA SEGMENT)
OVERHEAD
VECTOR
TABLE
LACH
EXTENSION |
110
READ WAIT
MSG QUEUE
ACB
111 QUEUE
ACCESSING THEL
PORT DATA SEGMENT

14
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WRITING

The usual course of a write is to 1) insure that there is room for the record, 2} write the record (usual-
1y just a data move to an ACR buffer) and, 3}if a reader is waiting send a successful message to the
readers reply port.

The following exceptions might occur:

A. The first write.

The writers first write after an FOPEN consists of writing the open record, the data record and al-
Jocating space for the closed record.

B. Impeded writer.
When the {ile is First opened the amount of free file space {in max~size records} is calculated. Each
write to the file first subtracts its record size and record overhead from the free space. If the
record wiil not fit into the file, then the writer 1s *warted if:
1) a reader has apened the file, or
2} this is the writers first write after the open, or
3) the writer has specified extended wait (FCONTROL 435).
* Waiting consists of placing 4 message on the wait quene. Eventuzlly a reader returns free space {a
block’s worth at a time]. The actual write is performed by the reader at this time. This is to:

3] Expedite the no~wait writer’s data, and

2} insure the released writers will fill the file in the same order as they were freed fany
other sequence may result in the writers running out of file space).

When the transfer is completed a successful message is attached to the writer’s reply port.
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FWRITE

v
FILE IS FULL

'yes

v
ATTACH MQE TO
WRITERS WAIT
QUEUE

v
FREAD
(RELEASE FREE SPACE}

v
ARE THERE ANY
WAITING WRITERS?

yes

v
1} COMPLETE WRITE
2} LINK SUCCESSFUL

MESSAGE TO WRITERS

RETURN PORT
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READING

Most read requests reed a record and if the next record is in another block, issue an znticipating read
of the block from the disc.

The following exceptions may OCcur;
A] Empty File

The reader decrements a counting semaphore (number of records in the file) when the semaphore
goes £0 "0 there are no more records left. The reader is waited if:

1) One or more writers has opened the file
2) Or this is the readers first read to the Nle after the open

3) Or reader has specified extended wait (FCONTROL 45). [NOTE: Do not confuse this with
extendad read (FCONTROL 44)]

Again, parallel with writing to'a message file *waiting consists of placing & message on the
reader’s wait queue. Each time a writer writes a record the writer checks the reader wait queue,
When the writer discovers an impeded reader it will send 2 successful message to the reader’s re~
ply port. The reader then (or at I/O wait time) performs the data transfers.

Waited readers, unlike waited writers, perform their own data movement upon being ltberated.
They can do this because they are freed with a claim on any record in the file ~- not a par-
ticular one. Thus it’s permissibie for other readers to issues FREAD/IOWAITS between another
reader’s FREAD and IOWAIT. The only constraint is that a one record ciaim be set aside for the
first reader when the process is liberated from the wait gqueue.

B} Extended Read Mode (FCONTROL 46}

Possible open/close records must be logically deleted before the actua] read to the users target
area, If the reader must wait due to an empty file, then when the reader is awakened by the
writer this process must be repested unti} the actual read can commence. To detect an empty file
the reader decrements & counting semaphore. When the semaphore goes to "0" there are no more
records left, hence an empty file. If not in extended read then only data records count in the
counting semaphore. Extended read causes all records {data, open, and close) to be counted.
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FREAD

v
EMPTY FILE

v
PUT ON
READER WAIT QUEUE

v
1. WRITER WRITES A RECORD
2. WRITER CHECKS WAIT QUEUE
3. WRITER SENDS MESSAGE TG REPLY PORT

v
1. READER CALLS IOWAIT
2. READER CHECKS REPLY PORT
3 READER TRANSFER DATA
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Soft Interrupts

Soft interrupts not only uses the port data segment for queueing 1/0 requests but additionally shares a
memory resident message facility with system processes to implement interrupts and interrupt han-
dling. IPC uses this same facility to queue interrupts. Since this message facility is memory-resident,
it is fast and can be accessed while on the ICS There are three data structures that make up the in-
core message facility, the Message Harbor Table, Primary Message Tables, and the Secondary Message
Table,

MESSAGE HARBOR TABLE

The Message Harbor Table 1s DST %71, Each process running on the system inciuding users and system
process has an entry of 5 words in the Message Harbor Table. The entry is known as the process’s
"Message Harbor” The first four words are links or addresses into either the Primary Message Table or
Secondary Message Table respectively where system znd user process messages are queued, IPC uses
word 1 in the process’s Message Harbor and it heads 2 linked list of interrupts in the Secondary
Message Table. The fifth word in a process’s message harbor is 2 port mask of the ports being used,
hence bit | is set when an interrupt is queued.

: LIN’K TO F’IRST MSG FORT 2 :

: LINK TO FIRST MSG PORT 3

: NON-EMPTY PCRT MASK :

First Message Queue Link (0:1} = 1 ==> Next Message in Secondary Message Table
(1:15) = Index of next message in appropriate table
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PRIMARY AND SECONDARY MESSAGE TABLES

The primary message table is DST %72 and is used to queue system messages. The secondary message
table iz at DST %74 and is used to queue software interrupis in an FIFO manner. The messages are
posted by the process that relieves the boundary condition and PCB wait flags are set. (ie. The writer
writing to an empty message file or the reader that frees space). Later when the dispatcher is going to
launch the waited process it will note the PCB wait flags. The PLABEL in the secondary message table
is used 1o launch this process info its interrupt handier.

WORD O: NEXT MESSAGE IN QUEUE LINK

WORD 1: SOFT INTERRUPT MESSAGE WORD ZERO

WORD 2: BOFT INTERRUPT MESSAGE WORD ONE

WORD 3: INTERRUPT HANDLER'S PLABEL

WORD 4: SOFT INTERRUPT SUBTYPE




MESSAGE HARBOR TABLE

PCE

FREE AREA MESSAGE POOL
SECONDARY - DST # %7h
PORT ZERO:
JUNK
PORT ONE:
USER SOFT?
INTERRUPTS SOFT INTERRUPT
PIRb—— ENTRY
PORT TWO: { PRIMARY (CRITICAL) DST # %72
SYSTEM SOFT
INTERRUPTS
PIR f—er DISP ENTRY
PORT THREE:
RESERVED
BIT MAP

FREE AREA
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Soft Interrupt Operation

In this example of a soft interrupt operation & reader has already opened and written to 2 message file.
The reader has enabled soft interrupts with an FINSTATE and allows extended wait with an
FCONTROL 45. The reader is still executing but has queued a request on the reader wait queve. We
are going to follow the writer until the read completes,

OPENING THE MESSAGE FILE
1. Open an old message file with write, Gmulti access and no-wait attributes.

2. The writer is assigned a 16 bit Writer's ID and a return port is allocated in the port data segment.
This process’s reply port is located via word 3 of its AFT entry and the reply port points back to the
process in the right byte of word 3 - "PIN of the Owner". A writer and reader wait queue have al~
ready been established by the first opener of the message file (a reader in this case). Pointers to the
reader and writer wait quenes are found in the shared Message ACB.

3. A Logical Access Contrel Block aund Logical Access Control Block Extension are created in the
writer's own stack. These control blocks will contain local variables. A buffered message access
control block and its extension and a File Control Block already exist in extra data segments. Again
the process’s Availabie File Table contains peinters to locate the MACB and LACE.
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WRITER

=

AFT <

DL—>

EXTENSION

LACH
AND
LACB

FOPTIONS
OLD FILL

AQPTIONS
GMULT]
NOWAIT

e
—
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(SHARED MACBE)
EXTRA DATA SEGMENT

MACH

WV

~-MORGUE -

s

i
o

~ FOPEN —

COMPLETE
ACHB

/N

AND
EXTENSICN
AND
BUFFERS

PORT DATA SEGMENT

GLOBAL AREA

READ WAIT QUEUE

WRITE WAIT QUEUE

MGQE

REPLY PORT

REFLY PCORT
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AN FWRITE IS INVOKED

1. After an Fwrite 1s issued, procedure LOC'ACE locates an LACB and MACB via an AFT entry and
locks these control blocks with the locking mechanism in the vector table entry for each of these
control blocks. The LACR and its extension are laid on the stack.

2. LOC'ACE also places an image of these control blocks on the user's stack.

3. IPC procedure FCWRITE is invoked and the MACB and MACB extension and local parameters are
placed on the stack. The complete ACE now lies on the stack,

4. FCWRITE performs the write to the target buffer. Keep in mind data and its header information
1§ written. When the buffer becomes full the actual 1/0 takes place.

S Still within the writer process, the reader wait gueue is checked for waiting readers (subroutine
FREEREADER).
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WRITER MACB
—
g
EOF = %0
SOF = %0
~ =
AFT <& N
DL—>
~MORGUE ~
PORT DATA SEGMENT
s GLOBAL AREA
/-"'
/
-~ READ WAIT QUEUE|< -+
WRITE WAIT QUEUE
—FWRITE — /
COMPLETE MQE R
ACH T IFREE THE READER
AND INFORM THE
READER A WRITE
REPLY PORT  {<—HAS OCCURRED
REPLY PORT WRITING TO A
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THE SOFT INTERRUPT OCCURS

The reader wait queue is examined for waiting readers. An MQE is found linked to port of the reader
wait queue. This reader process has enabled soft interrupts with an FINSTATE intrinsic. The "enable
wake up” bit in the reply port is set (word 2 {0:1}) and the "allow soft interrupts” bit in the reader’s
PCR is tfurned on (PCB 13 (7:1). The writer will make the necessary arrangements for the reader to be
soft interrupted.

The writer process finds the address of the reply port from the MQE that was taken from the reader
wiit queve. The reply port gives us the information that identifies who the reader is (PIN number 1n
word 3 (8:8)) and alse contains the PLABEL {word 7) of the readar’s soft interrupt routine. With this
information the writer calls procedure CAUSESOFTINT of KERNELC and passes the data s para-
meters to the procedure The plabel must specify code which is within the interrupted process’s code
address space,

CAUSESOFTINT first checks to see that the target process i8 healthy (not in soft or hard kill mode).
It then sends a2 message to the process’s appropriate soft interrupt port. That port in the secondary
meszage table DST %21 15 found by indexing imto the process’s Message Harbor within DST %¥71. How
far do we index - pin number x § {each entry is 5 words long + base of DST #71. The second word in
the process’s message harbor points to the beginning of the process’s queune in the secondary message

table where CAUSESOFTINT will quene its interrupt request. :

Since the reader we are dealing with is rot critical, with a SIR, or impeded, or wailing,
CAUSESCFTINT will set the Soft Interrupt bit PCB 9{9:1). Since the process is not waiting, it must
giready be on the dispatch queue so that no further action is needed until the dispatcher and proce-
dure PSEUDOQINT are called to service the interrupt.
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PRIMARY
MESSACGE TABLE
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The dispatcher scans the PCB of this process before it tries to launch the process. Since the soft intes-
rupt bit iz set; the dispatcher writes a stack marker on the process's stack to enter procedure
PSEUDOINT. Then the process is launched, PSEUDOINT checks that the user has soft interrupts en~
abled (FINSTATE). If not, PSEUDCGINT returns to the interrupted code and when the user reenables
soft interrupts with either FINSTATE or FINTEXT, the process checks for any pending soft
interrupts.

Next it is determined if the interrupt can be executed right away. That is, the process cannot be ax~
ecuting in system code or the user interrupt procedure must be privileged if we are interrupting
priviieged user code. If these two conditions are satisfied, then PSEUDOINT retrieves the message
from the secondary message table, disables uger soft interrupts, builds a stack marker for the interrupt
handler and exits through it.
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PRIMARY SECONDARY
USER'S STACK MESSAGE TABLE MESSAGE TABLE

RECEIVE E
MESSAGE

“PLABEL

PSEUDOINT

PLABEL

STATUS

DELTA @
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DELAY OF SOFT INTERRUPTS

If the code was not compatible the delayed soft interrupt bit in the process's PCB is set again and bit 0
of the P~register save word is set to ! in the first eligible stzck marker. This will cause 2 bounds
viclation trap to ININ, which will note 2 soft interrupt is pending and will invoke PSEUDOINT there-
by delaying the soft interrupt.

1f the process is waiting but is not critical. It may have a SIR or be impeded on some other event on
which the "delay soft tnterrupt bit" (PCB 0(8:1)} is set. When the process i5 ready to launch the dis-
patcher will notice this bit and launch the process into PSEUDOINT so the interrupt will be served,

If the process has some combination of being critical, is with a sir or is impeded at the time the soft in~
terrupt occurs, then the delayed soft interrupt bit and the psuedo-interrupt overflow bits (PCB 0 (4:1))
are set in the PCR. The dispatcher will not have to be recalled because after inhibiting conditions are
removed, RELSIR and RESETCRITICAL (called by the awakening process) beth look at the
PSEUDOINT overflow flag in the PCB and call PSEUDOQINT if the flag is set.

Upon entering the interrupt handler routine, soft interrupts are turned off. The soft interrupt routine

calls IODONTWAIT to complete the 1/0, does whatever soft interrupt processing it wishes to do, and
then FINEXIT will reinstate soft interrupts and normal processing resumes.
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AWAKE READER MACB

COMPLETION
DST OF BUFFER

STACK
MARKER

<<~ FREAD

BUFFER

STACK

MARKER < BUFFER

< FCREAD
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TIMEOUTS

A timed 1/0 request {initiated by issuing an FCONTROL4) upon timing out will return a condition
code of CCL {arror 22 is also set which can be retrieved by FCHECK) A timeout request will have
created an MQE and 4 Timer List Entry in the port data segment. These two entries will have point~
ers to one another. All timer list entries in the port data segment will be linked to one another in as~
cending order (word 0} and the head TLE (smallest remaining interval) has an entry in the system’s
Timer Request List {DST %23). When the interval passes, Tick (internal interrupt procedure) updates
the eniries in the TRL, hence 2 timeout will be recognized on the ICS. Since the port data segment is
not memory resident and there is no mechanism for waiting while on the ICS, timeouts of 1/0 requests
for message files are handled by procedure OLD'TICK. TICK will set bit 12 in sysglob celi #121. This
will inform UCOP that a timeout has cccurred on a port data segment. OLD'TICK awakes UCOP.
UCOP may wait (if necessary} for the port data segment to be brought inte memory and does the
necessary processing for the timeout. UCOP will send a message to the reply port and awaken the
process from its timer wait.

CLOSING A MESSAGE FILE

1. All outstanding requests are cancelled.
2. For readers, any outstanding claim to a record is returned.

3, If this is the last writer, then any reader waiting process {not in extended waif mode) is satisfied
with 2 CCG.

4. A close record is written,
5, The reply port and record buffer are deleted.

6. If this is the last writer, then spent extents are deleted.
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Procedural Flow of a Soft Interrupt

INITIATING A SOFT INTERRUPT READ

FREAD{FILENUM,TARGET, TCOUNT) ;

<< FILENUM = filenumber raturned from fopen >»>
<< TARGET = buffer which will receive data >»
<< TCOUNT = number of bytes/words to read »>

i

INTEGER PROCEDURE FREAD{FILENUM,TARGET,TCOUNT);

ERRORCN: << CHECKER - MQDULE &5 »»
<< TURN TRAPS COFF »»

SETCRITICAL; << KERNELC - MODULE G2 »>>
<< JET CRITICAL IN PCEB »>»

LOC ACB(*,11,FILENUM ,UMODE } ;
<< JF INVALID FILE NUMBER ~ RETURN CCL »>»

CASE FTYPE << FTYPE B = A MESSGE FILE »>»

IF I0QX <> O THEN RETURN CCL
<< NOWAIT I/0 PENDING ALREADY - AFT WORD 13 >

FCREAD{ACB 'NOWAIT ,TARGET ,TCQUNT) ;

<< ACB NOWAIT = AOPTIONS.(L:1) NOWAIT I/O
MODE »>>

FCREAD
FCREAD (FUNCTION ,ADDR,TCOUNT);
INITIALIZE; << COMBINE LACE AND PACB AT Q+ AREA >>

PUTWATTQUEUE (ACB,8,0,LENGTE) ;
<< THIS PROCEDURE PLACES A WAIT MESSAGE INTO THE

APPROPRIATE READERS WAIT QUEUE, THIS IS
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IpC

EITHER THE ACB RESIDENT QUEUE OR THE PORT
READERS WAIT QUEUE, '

ALGORITHM FOR DETERMINING THE PROPER QUEUE:

1. THE READER WALIT QUEUE MUST BE USED IF:
A. MORF THAN ONE ACCESSOR CAN QUEUE UP.
B, THE TIMEOUT VALUE IS SPECIFIED (ONLY
AVAILABLE ON THE PORT WAIT QUEUE},

NOTE: IF THE PORT WAIT QUEUE IS USED, THEN THE
REPLY PORT MUST ALSO BE USED, THE REPLY
PORT MUST BE USED FOR NOWAIT I/0 SO THAT
IOWAIT/IODONTWAIT CAN EFFICIENTLY CHECK
THE REQUEST'S STATUS.

FCPREPAFT (FILENUM,SOFT ' INT 'PEND = -2);
<< CHANGE THE MESSACGE FILE AFT ENTRY - WORD
THREE (PORT NUMBER WORD FOR NOWAIT I/0)>>

READEXIT{ERROR);
PUTHMYCOMPLTMSG (ACB ,ERRORCODE, Q) 5
«< SEND A MESSAGE TO OWN LACB »=»
CAUSESCFTINT{0,USER’INT,FILE SOFT’ INT,
SOFTINTPLAREL,2,0);

<< 0 = PIN NUMBER OF TARGET PROCESS - A

ZERO IMPLIES OWN PROCESS>»>

<< USER'INT:=0 = TYPE OF SOFT INTERRUPT

0 - INTERRUPTS PROCESSED ONLY WHEN USER
INTERRUPTS ARE ENABLED AND THE PROCESS
IS EXECUTING IN USER CODE (SEG %3XX).

1 - INTERRUPTS PROCESSED IN CURRENT STATE
UNLESS THE TARGET PROCESS IS WAITING, HAS
SIR, IMPEDED, OR CRITICAL.

NOTE: THE ABOVE CONDITIONS ONLY DELAY THE

SOFT - INTERRUPT. ALL TYPE ONES ARE

SERVICED BEFORE TYPE ZEROES.

<< FILE'SOFT'INT:= i = SUBTYPE, TYPE OF

PRE-PROCESSING TO BE DONE RY PSEUDQINT

PRCCEDURE. A ZERO IMPLIES NO

PREPROCESSING .

<< SOFTINTFLABEL = THE INTERRUPT HANDLER
PLABEL>>
<< 2 = NUMBER OF WORDS IN THE MESSAGE »»
<< {0 = LOGICAL FLAGS;
(0:1%) RESERVED FOR FUTURE USE
{0:1) 0 = IF APPROPRIATE PLACE PROCESS
ON THE READY LIST
1 = DO NOT PUT ON READY LIST
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KERNELC [: CAUSESCFTINT{PIN,TYPE,SUBTYPE, PLABEL ,MSGLEN ,FLAGS)

KERNELC END; << RETURN TO IPC >>

UNLOCEXTENDACB{ACB) ;

IPC << ROLLS BACK THE MESSAGE FILE EXTENSIONS TO THE
PACB AND THE LACB. >>

ASMB (EXIT 1).

END; << RETURN TO FILEIC »=»

FILEIO RESETCRITICAL;
END. << RETURN TO USER CODE »»

USER COBE SCOFT INTERRUPT ENABLED - USER CODE CAN CONTINUE
TO PROCESS IN MAINLINE CODE.
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COMPLETING THE SOFT INTERRUPT READ

——

USER CODE |FWRITE (FILENUM,TARGET ,TCOUNT ,CONTROL);

<< FILENUM = FILENUMBER RETURNED FROM FOPEN >>
<< TARGET = BUFFER WHICH CONTAINS THE DATA >>
<< TCOUNT = NUMBER OF BYTES/WORDS TG WRITE >>
<< CONTROL = CARRIAGE CONTROL CODE >»

PROCEDURE FWRITE (FILENUM,TARGET,TCOUNT,CONTROL);

ERRORON; << CHECKER -~ MODULE €9 »»
TURN TRAPS OFF; g

SETCRITICAL; << KERNELC - MODULE 9é »>
SET CRITICAL IN PCB;

FILEIOQ LOC ACB({*®,9 FILENUM,UMODE } 4
<< IF INVALID FILE NUMBER - RETURN CCL »»

CASE FTYPE << FTYPE B = A MESSGE FILE »>»

IF 10Q4 <> © BEGIN << NO-WAIT I/C PENDING
RETURN CCL »>»>

FCWRITE (ACB’NOWAL'T , TARGET ,'FCOUNT) 5
<< ACB’NOWAIT = AOPTIONS.{%:1) NOWAIT I/C »»
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FILEIC

{SER CODE

PROCEDURE FCWRITE (FUNCTION,ADDR,TCOUNT);
<<FUNCTION = 1 COMPLETE WRITE »»

LOCEXTENDACE{ACE’ LOC, AATARGETDST , ADDRESS ) ;
<< BUILD CACB FROM LACB/PACE »>

PUTRECCRD (ACB,RECTYPE ,CALLERDST , TARGET , LENGTH) ;
<¢ PUTS WRIT'ERS DATA INTC A WRITE BUFFER »>

FREEREADER{ACB) ;
<< INFORMS A WAITING READER A WRITE HAS
OCCURREL »>>

GETWAITQUEUE (ACB, ABREADQUEUE ,MSG,DELETE "MSG) 3
<< GET WAIT QUEUE MESSAGE FROM ACB OR PORT
WAIT QUEUE >>

PUTCOMPLMSG(ACB, PORT ,ERROR,TLOG,ID)
<< PLACES A COMPLETION MESSAGE INTO THE
APPROPRIATE AREA ACE COMPLETION AREA OR
THE REPLY PORT »>»

WRITEXIT;
<< RETURNS FROM THE ACCESS PROCEDURE >»

UNLOCERTNEDACB(ACR};
<< ROLL BACK THE LACB/PACB »>
ASMB(EXIT 1);

UNLOC’ACB(9,0)
<< RELEASE ACB - COPY ACB TC LACB/PACB »>>

IF S0 <> O THEN AWAKE(" ,PORTWAKE,C}; ELSE DEL

TOS:=ACB’ERROR

WRITE COMPLETE

4--37
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PCB FIELDS USED
BY SOFTWARE INTERRUPTS

APPENDIX

A

Field Name

SPCRCritsSir

SPCBIOvr¥lag

SPCBDelaySoft

SPCBRaitField

SPCBImpede

SPCBPSim

SPCBHakeSof t

SPCBSof'tInt

SPCBPIFlags

Location

FCB.(2:2)

PCB.(4:1)

PCB. (8:1)

PCB(4).(0:12)

PCB(4).{12:1)
PCB(8).(0:3)

PCB(8).(3:1)

PCB(9),(9:1)

PCB(9).(10:6)

Deseription

Nonzero if the process
is eritical or with SIR.

Set when the execution of

the soft

interrupt must be

postiponed due to the process's

s$’s bheing critieal, with sir

or impeded.

Tells the ap-

propriate Kernel procedure to
enter PSEUDOINT.

Set when the execution of the
soft interrupt must be de~-
layed - eritical impeded,
with sir, system code, or

privileged code.

This bit

tells the bounds violation
procedure in ININ that a soft

interrupt is pending.

The

dispatcher ignores this bit.

Indicates which events {(if
any) the user process is

vaiting on.

wait.

Set when the process is im-

peded.,

Current value of process’s
pseudo interrupt state.

Does not inelude
system events such as memory

Set on when the process will
aceept the soft interrupt

even though it is waiting on

other svents.

Set when the dispatcher {and

PSEUDCINT) should be avare
of a pending soft interrupt.

Specifies which of the six,
indepeandent psuedo interrupts
may be pending against the

process.




PCB Fields

SPCRBALlowSoft

PCB(13).(7:1)

On implies that the process
will process user soft inter-
rupts. A zero value post-
pones processing of user soft
interrupts (but not system
soft interrupts). This bit
is managed by the user
through FINSTATE and FIN-
TEXIT.



APPENDIX

MEMORY DUMP EXAMPLE

mI

Summary

PCB §5 has opened the file MSGI.

An FCONTROL 48 is enabled,

Pinn 53 has initiated a soft interrupt read.

PCR 55 has not enabled soft interrups (FINSTATE) at the program level.

PCR 54 hag opened the file and written a record.

It has triggered a soft interrupt on message file MSG 1.

A soft interrupt is now pending on PCB 55,

Port 110 has a message pending soft interrupt.

The Message Harbor contains the pending soft interrupt read

that will not be processed because PCB 55 does not have interrupts
enabled at the program level (FINSTATE).

Message File: M3G1I

PCB 55:
OPENS FILE READ, EXCLUSIVE (12:4,8:2)
FCONTROL 48 ENABLED {LACB EXTENSION WORD 0)
SOFT INTERRUPT PENDING READ (I0QY = -2 OR $177776)
FILE NUMBER = 11 {LACB)
REPLY PORT =110 {LACB IPC EXTENSION WORD 2)
AWAKEN THE PROCESS {0:1)
GENERATE USER SOFT INTERRUPT {1:2)
NO MQE
PACB DST NUMBER = 124 (LACB)
WRITE WAIT QUEUE =100 {PACB)
READ WAIT QUEUE =7¢ (PACB)
PCB INT ENABLED & PROG LEVEL (PCB (13).(7:1)
ACCESSORS LOCAL FLAGS = 000000 {LACB IPC EXTENSION HORD 1)
FILE’S LOCAL FLAGS =004217 (PACB)
PCB 54
OPEN FILE: WRITE,EXCLUSIVE {12:4,8:2)
BREPLY PORT = 120 (LACB IPC EXTENSION WORD 3)
WRITER ID = 1 {LACB IPC EXTENSION HORD 4)
ACCESSOR’S LOCAL FLAGS = 004001 {LACR IPC EXTENSION HWORD 2)




Dump Example

FILE’S GLOBAL FLAGS =004217
FILE NUMBER = 10

PACB DST NUMBER = 124
WRITE WAIT QUEBE = 100
READ RAIT QUEDE =70

(PACB)
(LACB)
(LACB)
(PACE)
(PACB)
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Dump Example
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Dump Example
PCB
* ONLY ONE PROCESS RUNNING
* CISON WAIT PCR 16

* PCB 54 IN PAUSE

* PCB 55 IN PAUSE
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Dump Example
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1C) BEWLETT=-PACKARD CO. 1%KD

41711 @ INTERRUPT 01132 QOOCAD 0ADTAT o TE5cE F14tl Odéond FE2230 DICHE

41875 S4 SPECIALRY 000132 JdiD40 G0QSO)L 0 SIDDMEXIY G0i600 OSd00G F3OTRZ Sa g;gc].E;T :géig'
A16EL O INTEARUPY OD1132 DOURNO (40720 0 CUTESCE 11171 BOAROG | 23330 $4 SToLRExIT JOid4
§154% 34 5P CIALR? QOOLIZ DEASEN 2000G) 0 SICOMIXIT Q01080 059000 EI0EXL -] SP{CIALI? o001l
415611 ¢ ENTERAURY QD112 QDODOG 040071 Q GUIESEE JiiTl OGango 122236 54 S100mERTT DO 10
ALEL% 34 5 AT Q0100 CROALY OOUR4Z 34 SPECIALAQ 0O0112 O 1ds0 G0O00) 4 QUIkSCE 31y
4i6¢} &S FIT 0D10H0 OROOOD |i0484 0 SFECTALRQ GO0 Q0043 HO0and & INTERRUPT (113
14545 O GUIESCE  034)7H OBI0GQ §P2210 58 SI0OMEXIT 001040 CSGALY COQA2E 4 SP(ﬂI&LR? b
11551 O quIEscE. 0211171 OOMD0C E22235 6 QuILSCE 240313 00CH0Q E4DLTS 09 SICOHENTT GOLOo
11538 O SIOOONE — OOGO1L BI5SE4 S00000 O THTEARUPT ODO1452 OOBOHG BZ2Lid: 4 SWAPLN 900
L 0 SIDOMEXIT 0D1220 O6cAL3 OOELAS 4 “Eald £O0F5 Q14584 00OBDY G ALLOCMEM  DOOD
41808 O FETCHSED ' B0OH31 0OGAAT 20000} o ?JIESCE 24013 QDOOH) 148175 ¥ SEG il
41471 0 STOGMEXIT GO1G60 GAcs0C 13507F O SEODONRE Q2001 Q20124 040400 Q INTENRUPT DAL
A145% O SWArIn apooat 120000 COOQOD 0 STO0DMEXLIY bGiaad O2adp) 00071 € 5roIn Da¢
ALédt O ALLOCKHEN 00D012 OAGH03 14282) 0 FETCHSER  1G2001 OOOOGT DOGHDY & QUEESCE ZAE
[ATY¥: Y 7 QOMSEQ 10204t D2481) G0CO3D O EWAPEN tC0R0) L4060 roace 0 DEALLOCH  DOO
LICE] 0 FETCHSED AODIO2 QOCDOT DCOOD) & FETcusEn o006l anes ooal ?HIESGE B34
4N 0 SIOOMEXIT O0]004 Q4LO00 115405 O SPECTALRD 124 0DOSN. 000 MYERRIFT DAL
AiH 4 QUIESCE 031532 002000 122234 5% STODMEXIT 00:030 D641 5371 SPECTALRD 000
LI 4 SICOMEXIT 092000 DEOQQ0 35301 Q SPECIALRG 000725 QQ4O0Q 400 INTERRUFT 204
4113 & QUIESCE 23532 DOIRO0 [R3134 585 SIDOMEXIT 0ALTS0 DAOAE 5244 35 SPECIALRG 00N
1531 5% SICOMNEXIT 0OLOO HO00 Q05237 0 STCOMEXIT 00i&00 GROODD 11%22) SPECTIAERQ 0003
1119 0 INTERRUPT QR113 HDO0 152 8 QUIESCE L5372 O0AGOL 221 33 STCOMEXIT 00174
4128 5% SPECIALRD @003l A28 DUOD O SIDOMEXIT OOION QBROOD 1351 « 9 SIO0ONE LU By,
4123 o ENTEARUPY QO11] G $151 0 SWAPIR Qo5 i00004 0000 FI00MEXIT OFLCHd
422 o SEQIC TH o874 DOO0 G DEALL: QGO0 QDOCAS 1304 ALLOCHEN  DDOGO4
23 O FETCHSED Boolid Q055 40K o I£30% Q21533 00000L 13227 3 2%@ agas
4120 O SICONEXIT QDI100G Dadene Lis0 0 SPECIALRQ 000111 DDOORT £0OOD( MIERRUPT OQLE
diit O SUTESeR 021333 OoD4poe 12223 5% SYUDMEX 03720 OBA&Y) O0%05% 5 SPE-I‘:IAL‘? DHGLY.
1% -] SIC?IIEXI anlget 040000 1350 0 SPECIALAQ 000133 QDODEI Q0QDDO INTERRUPT QOQELIZ
41534 & Qu1 s::i -@31532 004000 3%23 55 SI0OMEXIT CcnioQd CS04E3 DOSODOR 9 SPECIALRG OOOLX
4812 > ?UIESC Q3litL ogorop 42 ;3{ 54 SICOMEX] 01000 020008 13471% 54 SPECIALNG O0OLE
4111 4 INTENRYPT 001432 OCOQOQ GL47)3 0 QUIESCE 31322 02009 22232 L] £1 001880
4147 3 SP:CI&LI? Q0ALI5 OO poid ] 2 gUIESCE QFLATL eo4000 (2E2I0 % gUl!SC‘IZ 1532
Alce 85 <I100MEXIT B010C0 OSPUCH 004524 G SIoDMEXIT 001009 C60000 1Ja%l0 PECIALR? b Ty e
1iBd O INTEARUPT (01332 QLCOG0 L4514 4 QUIESSE 31533 Gokdgn 12220% ] s;wnm ﬂﬂal!ﬂ
418 55 SMECIALRG DDOYIY DOLE2G DCOGOE 0 SICOMEXLIT COIDOD QBOOQU ) 34431 LI00HE 0oaiy¥
4iot 0 TNTEARUPT Qoi)d2 DODGE0E 014427 O SWAPIN 00055 LOG00E 400200 SI0CMERTT Q0LIO0
4594% ¢ stalo GOGIIT D2044% OLDADL 0 QEALLOCH  COOOOE DAGOLL L74923 N ALLOCWER COGOD4
0144 4 FETCHSED QOOLIT Q00045 Auban] @ quisti 21532 o0Go0) §2XEIT 5% QONSED sooldt?
40755 0 STODMEXRT GURO0G SM9Q00 114384 4 SI0O0N G015 GZo404 LOGQOQO 9 INTERRURT DOELDZ

-“_-'-tn-auugu-:-un

-

b
{-]
=

DD D GLOSa

3t i

L b}
i s

O W )

Ol O35 DY 3 WA DY
30
.

i




Pump Example

HRSO00 L1L MEMORY DLMPC O, 02 OF SYS VER & UPDATE 0L FIX D9 DUMP TIME 1D/18/31, 4:0iMd
) HEWLETT-PAGCRARD CC. 1340

L TIMER RECUEET LIST LLLLAL)

FREE LIST POINTER QOUUI4
MUMBER OF ENTRYS e ilel ]
EXTAY SIZE 4
TRACE wWORD 015023
HTUM/ 1 00MS gan0os

ﬁﬁmu TO MGST ACTEVE REG  0ODO2Y
DATE 10/18/01, 4:01FM

[

TYPE OF POINTER T *rén: " SERVICE
ENTRY REQUEST STATUS REQLEST NEXT REQUEST REQUEST POINTER #EQ IM FRONT [SEC/LE)

14 ACTIVE DELAY ] PCEB IX * 1537
%o ACETVI 202 TURNAROUND 14 E [ .

& ATV 203 TUR RARDUND 32 P N 15
i ASTIA HANGUP 22 BpITP . 07
14 INACT IV HANGLP 40 p1ry . >
&0 NS Y IV HANGUR e pifF - >
H NACT IV HAKGUK [ pite .

59 NACTIV! HARGLM 4 pite .

54 INACT 1Y whEQUP £ BiTe .

1] INACTIVE NAU 4 » .

" IMACTEV HARGUP 18 e M

74 NACT I q A ? .

Ti NACT 2V HANGUP 20 g » -

) NACTIVE HANGL® ol £d »

o4 NACT t1 HAHGLS 10 "HL -

18 NACT IV SANQUR ] piip .

%4 N:S ¥ #ANGL %o pire ®

] N v HANAUP i gire .

i MAGT L] NGl go pIye . ]
3o NAGT IV HANGUR 4 -] .

24 NACT IV qu 414 g # .

40 HACY IVE HANGLIP 44 s .

44 MALY IV HANGUP [ piTe v

[T NACTIVE HANGLE® i DIT .

80 NAGTIVE aur " Bite  +

.

84 im; vE P 76 E -

10 INACT IVE RAHGL P 74 » M
1t4 INACEIVE 40 3414 . y
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Dump Example

SYSTEM GLOBAL PORT DATA SEGMENT

* FIND %1377 SYSTEM GLOBAL (WHICH IS ADDRESSED TO SYSTEM GLOBAL
' EXTENSION)

* ADD %1000 TO IT, SYSGLOB
* PORT DATA SEGMENT IN SYSTEM GLOBAL EXTENSION + %100

SYSTEM GLOBAL EXTENSION CELL + %1100 = DST # FOR PORT DATA
SEGMENT.



Dump Example
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SISSEESS DST &4 {JOB CUTOFF TABLE] 3¥3S58%3
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Dump Example

HP30OD II1 MEMORY DUMPC.OUG.02 QF SY§ YER © UPDATE OF FIX 00 DUMP TINE 1G/18/%1, 4:0LPM SANK | @
€} HEWLETT-PACKARD 0O, 19810
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CU1340: 100527 1O53FZ L0li34 Loo334 100931 0OD0OC 000UDL DODODS ©OOL3ISD: GCOO00 O0DG
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]
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13773% 000153 LODEAT 10iid4 ononoo%ﬂ;sﬂ
iT2
300 o
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i
9
1
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LINES DOLS40 - QQL3ST SAME AS ASQVE % lm e M“ m BER = 18T
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mo OO
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0Z0&4IO0OAA0): O20LLS 051807 caLél 20040 GILO84 020040 07004T DOOLTO UZ0L03 DAFSIS 052127 COZOA4 ! 24 cou &
02050 [000LSE): DRTS14 D20115 051507 UI1AT3 041475 D32073 DS00TS 020480 O3U0B0 QoA4:17 020040 020082 00200: ni. nsas Cud 1P woa 2
QRBTA{00FE?0}: 10 Qd2440 Q20048 Q2004C 051105 040504 020115 D5L%07 03L41% UA5040 §2CCA0 OGI483 D82074: . ﬁ ] .2
021161000204} 043840 (20040 520048 © 200239 Q05040 00048 0ILOB7 020040 020048 020117 0S0!08 0020:i0:6 c.... of
0ZX74{000320]: Ga7OAD 048523 047484 OLAAIZ C700MS 020082 034043 020040 SONZS] AP004C 051505 G52t11 003U34 M Ttz T, SETT
021401000234} CATIZH 020115 ©51507 0I2015 005040 GZOOKD DILD7L DIOOE0 020DX0 020127 043501 047040 007 LAQ:NT NSGé . 25 READ
02354{000250): QU020 048523 04J4A4 ODA4)Z DIODAD GIQ0A3T 092480 430040 Q20040 070120 040525 051508 0O2154: . M5Q4 3.0 PAUSE
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00 000 001 000 000

*SPCBDELAYSOFT PCB (8:1) 000100 = 0 0
01 4 7 10 13

NOT SET
PROCESS IS CRITICAL, HOLDING SIR, IMPEDED

1 111 010 100 Q0C 000
61 4 7 1o 13

*SPCBHAKESOFT PCB 8.(3:1) 172400

SET 172000 = 1 111 010 000 Q0C 000
PROCESS ALLOWS SOFT INT ¢l 4 7 10 13
EVEN IF RAITING ON OTHER EVENTS

I

*SPCBSOFTINT PCB 9.(9:1) 100200 = 1 000 00C 010 000 000
¢l 4 7 10 13

NOT SET 160000 = 1 000 000 OGC Q00 000
01l 4 7 10 13

SET TO INFORM DISP/PSUEDOINT
SHOULD BE AWARE OF SOFT INT

*SPCBALLOWSOFT PCB 13.(7:1) 02220 = 0 010 010 010 $l1 000

01 4 7 10 13

NOT SET

SET, THE PROCESS WILL PROCESS
SOFT INT {FINSTATE)

Dump Examyple



DBump Example

#E2000 [II MEMCAY BUMPE DO .02 OF $Y5 VER ¢ UPDAYE ol

{5] MEWLETT-PACKARD £0, 1980

OLZAEA: 100540 D00000 QOOADL 041376 100244
0l2434: 108506 0D0U00 OO0DAT] DAlAéd

412440 QBCOS4 1REIT2 DRODDE QOOOG0 D2LAgA
GL2480C. DZiA8% DOROOC OORID2 G1BE23 QOGOOA
Q12580 G21051 40800 00DOQd Q43911 O2l48%
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Dump Example

MESSAGE HBR TABLE: (5 *55) + 34340 = 34701
{ENTRY LENGTH *PIN #) + MSG HBR TABLE BASE

RORD 1: JUNK PORT

RORD 1: USER SOFT INTERRUPTS,
(0:1) = 1 = NEXT MESSAGE IN SECONDARY MESSAGE TABLE
(1:15) = 12 = INDEX OF ENTRY IN TABLE

RORD 2: SYSTEM SOFT INTERRUPIS

RORD 3: RESERVED

RORD 4: BIT MAP = 040000 = 0100 00C 000 €00 €O0O

BIT ONE BEING SET CORRELATES WITH AN ENTRY EXISTING FOR
WORD 1 = USER SOFT INTERRUFPIS

NCOTE: ENTRY EXISIS FOR EACH PCB BUT NCT PRINTED BECAUSE ONLY
ONE ENTRY IS NON-ZERO
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NEXT
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PORT MGR PIN = 55

SOFT INT SUBTYPE = 1
SOFT INT PLABEL = 107304
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LRV L

TIME LIST ENTRY = 1, TIME OUT OCCURED

MQE = 160 (TAIL/HEAD SAME)
RETURN PORT = 15
TIME LIST ENIRY = 170

TLE 170: NEXT TLE O IF LAST
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APPENOIX

C

MMSTAT DEFINITIONS

If problems arise using soft interrupts, the monitor facility ¢an be uvsed to analyze the specific steps
that have occurred when using soft interrupts. By enabling MMSTAT (soft interrupts! before the ex-
ecution of the application, specific information can be logged to tape. Once the application has ex-
ecuted the logging tape can be analyzed to assist in determining the existing problem. The MPE Tables

Manuzal containg the definitions of the entrieg in the printed log file.

Octal Event Iype  Parameter 0 Parameter 1  Parameter 2
Value
62 Open Port Number Port DST No. Flags Parameter
63 Receive Port Number MQE Address Return Port
Completion 15:31 Haitspe
64 Send Port Number MQE Address Beturn Port
15:1 @ Type
65 Change Port Number 0 = Enable Head MQE
Status 1l = Disahle Address
66 Abort Fort Numberp Parameter Return Port
Zero .
67 Close Port Number Port DST # Cpen Ports
Left
70 Expand Port DST No. # Expanded Total # of
Bloocks Blocks
71 Timecont Port Number HOE Address Return Port
Expired



MMSTAT Definitions

Octal
Valie

72/0
72/1
72/2
72/3
72/4

72/5
72/6
7277
72/10

73/0

73/%

7372

Notes:

Event Type

Read Init

Read Compl
Rrite Init
Hritg Compl

Control

EOF

Cpen
Close

Initiation
Put Record
Delete Heo

Delete Block

Parameter 1

# free rec

(0:8) error,
(0:8) # rec,
(0:8) error,

{0:8) errcor,

{0:8) error,
{0:8) error,
(8:8) #Free,

0

{G:8}) error,

{0:8} error,

(8:8)
(8:8)
(8:8)
(8:8)

{8:8)
(8:8)
{8:8)

(8:8)

(8:8)

iD

=)

ID

ID

In

ID

Start of file block #

Parameter 2

No of Records
No of Free Records
No of Free Records

{0:4) fune, {4:12)
parameters

No of Recoxds
No of Records
No of Records

{6:8) tix, (8:8)
update

{0:3) record type,
(3:13) no of records

(0:3) record type,
{3:13}) no of records

End of rile block #

1. The aa/bb notation in the “octal value” column denotes type/

subtype.

{0:4) of parameter 0.

Type is the actual MMSTAT event number.

Subtype is

2. Several items can possibly exceed their fields, in that case
the bits beyond the fleld are lost.

These items are number of
records, number of free records, start of file, and end of file.

3. Parameter weord zero has a common format for all the MMSTAT
events.

Field
{0:4) |
(4:2)

Degeription

Event’s subiype

File's state
0 = empty
1 = partially full
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(6:1)

{7:1)

{11:1)

(12:4)

MMSTAT Definttions

2 = only a fraction of a free record is left
3 = completely full

Nonzero indicates that there is one or more waiting
readers

Nonzere indicates that there is one or more waiting
writers

Nonzero indicates that the write has a carriage contrcl
character

Flags local to the accessor

{12:1) - the accesscr has done no FREADs/FHRITEs
(13:1) - extended wait

{14:1)} ~ nondestructive read

(15:1) - writer has not written any records




MMSTAT Definitions

Soft Interrupt MMSTAT Entry Forms

MMSTAT trecing for the following types is enabled if the “monitoring”
has been turned on by the MON command.

Type Number Kord © Ford 1 Hord 2
Canse Soft 240 {0:4) level Msg Hord One Msg Rord two
Interrupt {4:2) type
{6:2) stype
{8:8) pin
Fseudoint 241 (0:8) type Msg Word OCne Msg WHord Two
{8:8) stype
Build Stack 242 Plabel P-Reg Word of Status Word of
Prev Marker Prev Marker
Change State 243 {14:1) old User’s ‘ User’s Status
state P Register Register
{15:1) new
state
Timeocut 244 completion 16 msb of 16 isb of
type timeout {ms) timeout (ms)
0 timeont
1 no trlx
2 control ¥
soft int
¥here:
Level The current status of the interrupt/process

0 process is dying (hard kill or soft kill)

1 other soft interrupts are pending

2 user interrupts are dizabled

3 process is impeded, eritical, and/or with SIR
4 interrupt was against owm proee#s

5 process was either waiting or ready to execute
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MPE MEMORY RESIDENT
MESSAGE FACILITY || p

The memory resident message facility of MPE IV addresses the need for an efficieni, simple, and
uniform message method for system code to send short status-type messages to processes.

Each process is created with 2 message harbor which supports a set of message ports which are private
to that process. There iz 2 maximum of four ports per harbor in the initial implementation. This limit
can be easily extended when new poris are required.

Any system code, even code running on the ICS can send 2 message to any port of any process. The
destination process’s PIN must be known, and a priority conventions on pert pumber and message for-
mats must be established. The caller of SENDMSG may optionally specif y that the destination process
be awakened from a message wait.

The caller of SENDMSG specifies whether the message is to be buffered in the primary message table
or the secondary message table. When the secondary table is specified, if the pool of secondary entries
is exhausted, the calling process 158 queued for a message table entry and blocked until one becomes
available. Use of the primary message table is reserved for code running on the ICS or during critical
sections (Pdisabled or Disabled intervals) in which it 18 not possible to release control of the processor
to queue for a free message table entry. If the primary table is specified and no free entries are avail-
able, the SENDMSG crashes the system.

Messages can be of any length up to the configured maximum. Message length is specified in the call
to SENDMSG and RECEIVEMSG. In the initial implementation, messages are limited to four words
in length. This mazximum can be easily increased if the need arises.

By calling PORTSTATUS, a process may at any fime determine whether a specified port is non-empty
or obtain the port number of the most urgent non-empty port {lowest numerical port number = moast
urgent porth

By calling RECEIVEMSG, a process may received the message at the head of the specified message
port. This receive is optionally nondestructive.

A process can wait on 4 message wait, or on a combination of a message wait and other wait types.



System Message Facility

Message Intrinsies

e

Procedure SENDMSG (Destpin, Destport, Msglength, Flags);
Valne Destpin, Destport, Msglength,Flags;

Integer Destpin, Destport, Msglength;

Option Priviledged, Uncallable;

Logical Flags;

Destpin, Destport and Msglength has better be within range
and reasonable (process and port esist), since SENDMSG
checks and will crash if the parameters are bad.

The caller of SENDMSGC stacks the message contents before
calling the procedure. SENDMSG expects the first message
word to be at Q-7-Msglength, and the last message word at
Q-8. The message contents at @G-8 to Q-7-Msglength are
deleted from top of stack by the exit from SENDHSG tc the
caller.

Flags.(1:1) = 1 z=> Rake-up destintation process from a
' nessage wait
{0:1) = 1 ==> Place message in secondary message table

Return CC=CCG if process was already awake else CU=CCE,

Logical Procedure PORTSTATUS (Portnumber};
Vaiue port number;

Integer port aumber;

Option Priviledged, Uncallable;

Rhen supplied & valid port number, PORTSTATUS returns a
true value if the port is non-empty and a false value if
the port is empty.

Hhen passed a -1 as port number parameter, PORTSTATHS
returns the portnumber of the process’s most urgent non-
empty port {the smaller the number, the more urgent the
port}.

If all ports are empty, PORTSTATUS returns CC=CCE. If at
least one port is non-empty, PORTSTATUS returns CC-CCG.

Procedure RECEIVEMSG (Portnum, Msglength,Flags);
Value Portaum,Msglength, Flags;

Integer Porinum, Msglength;

Option Priviledged, Uncallable;

Portnum and Msglength had better be within range or else
its suddendeath time.

The caller of RECEIVEMSG does an ADD S Msglength to make
space for the message contents. RECEIVEMSG stores the
message contents into Q-3, Q-9,.....Q-7-Msglength.
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System Message Facility

Q-7-Hsglength contains the first word of the message.

Flags.(0:1) = 1 ==> do not release message from head of
port’s message queue {(non-desiructive
read)

Retorn CC=CCG if port was empty, else CC:=CCE.






FILE SYSTEM
BASIC IPC DEFINITIONS | g

The objective of this set of uncallable procedures is {o provide 2 simple IPC mechamsm to support the
1PC file access procedures. 1t enables one process to send short, control messages to another processes.

General Behavior

FCFORTOFPEN Procedure

The heart of this mechanism is the port. A process desiring to receive messages would first open
{create) a port. This process is termed the "port manager®. When the port is created, 2 port number is
returped to the opener. Since the port number value cannot be known in advance, potential senders

need some method of obtgining the port number from the port manager.

Both the ports and the messages are contained in a single disc resident data segment. There can be a
total of over 3,500 open ports and outstanding messages. Thus neither ports nor message biocks are
SCATCE FESOUTCes

FCPORTSEND Procedure

This procedure sends 2 O-to S-word message to a port. Optionally a timeout value may be specified
which will hmit the duration the message will remain aitached to the port. Expiration of the time-
out causes the message to be deleted from the target port’s quene and placed on the sender’s reply port
(specified by the sender in the FCPORTSEND procedure call}

FCPORTRECEIVE

Reads and deletes the head message from a port. The sender’s return port number is also given to the
receiver, enabling him to send a reply message.

FCPORTCLOSE

Demolishes the port.

IPC File's Use of This Mechanism
All open message files have two ports open for the file (read wait queue and write wait queue),
plus one port per accessor (reply port). Their use is described in the following.

Reader and Writer Wait Queues
When an empty message file 15 accessed by more than one reader (share), then there must be a
way of having the readers' FREADs satisfied in the same order that they were issued. That ig

there must be a queue of waiting readers. The [PC procedures acccomplish this by dedicating a
basic IPC port as a "read wait guene’. Whenever a reader’s request is stalled because the file is

E~1




Basic.IPC-Frecedures -

e.mpty, & message is sent 1o the read wait queue. Subsequent FREADs by ather processes will
qu’r.ue wp behind the first reader in an FIFO manner. An FWRITE will take the first entry
from-the wait queue znd send & "read may be done" message to the reader’s reply port. In a like
manner multiple writers will queue on the write wait queue when the file is full,

Completion Notification for NoWait 1/O

The IOWAIT intrinsic waits for 2 message to be sent to the reply port(s) of the specified user
files.

Timeouis

-When an accessor encounters a boundary condition {e.g. a reader accesses an empty file), it may
specify that the condition must be satisfied in X seconds (FCONTROL 4). To this end the IPC

. access procedures merely issue the FCPORTSEND to'the wait gueue with the user’s timeout
value specified. The timeout will tear the message from the wait gueue and place it on the ac~
cessor's reply port.



SYSTEM FAILURES

BIPC ~ MODULE 6§
System Failure 690

UGLYPORTPROBLEM is the equate used to describe system failure 690, System failure 690 can
occur from 21 different code statements. The main description of this sys- tem failure is a probiem
which occurred during accessing a pert, This ¢ould be an incorrect Fort DST number, incorrect
head entry, or an inconsistent numher of MQE’s between procedures,

IPC - MODULE 66
System Failure 495

UGLYMSGACCESS is the equate used to describe system failure 495, Calls fo suddendeath using
UGLYMSGACCESS can occur from 13 different locations. The causes of this system failure, buff-

er addresses incorrect, or a wait queue address is incorrect.

KERNALC ~ MCDULE 92
System Failure 4

This system failure is common throughout KERNALC. Because this.system failure Is common in
KERNELC it is redefined within the soft interrupt procedures within KERNELC {which means the
crossreference separates calls to suddendeath specific to soft interrupts). Causes of System Failure 4
are calling parameters incorrect or problems with messages (don’t exist, ete.).






