























































































































































































































































































































































































































First, the drive serial number is retrieved. Note that like most devices, DX10-based magtape
drives return only a single serial-number word. This word is temporarily stored as the
low-order word in the serial-number word pair.

The serial-number words, along with the physical drive number, are used as arguments to
the AUTDPU (Dual-Ported Unit check). (The term dual-ported is historical and is often
used when multi-ported is really meant. AUTDPU searches all other magtape controllers
for a matching controller type, based upon the contents of the compatible controller tables.
If a match is found, then the serial number and physical drive number of the drive being
configured are compared to those already configured. If a match results, then a multi-ported
drive has been detected, and the appropriate link words are updated in the UDBKDB table
for the existing UDB.

Density, track, interrupt bits, and hung device timers are gathered and fed to the routine
TAPDRV. This routine (in TAPSER) is common for all types of magtape drives on all types
of controllers. It creates the UDB and DDB if it is necessary to do so.

AUTUDB creates a UDB if it does not already exist. One of the arguments in the calling
sequence is the UDB table offset (in the KDB). Using this offset, AUTUDB tests the table
entry for a nonzero value, a UDB address. This word may have been previously filled in
by AUTDPU if the drive is ported to some other controller. Consequently, the UDB pointed
to may really be "owned" by another controller. Owned is not really accurate, but best
describes the situation. In the normal case, the name of the UDB is derived from that of the
KDB. For example, if the KDB being configured has the name MTB, then the most logical
name for drive zero on the controller is MTBO. If, however, the drive is ported to another
controller that was configured first, for example, the MTA controller, then the UDB name
is set to MTAOQ. Now, here’s a situation where the MTB controller has access to the MTAQ
drive. While this doesn’t present any problems from a software standpoint, it may confuse
some people who are not aware that multi-ported magtapes use a single UDB and DDB. In
reality, one controller has no more influence over the drive than another. Hence, owner is
used incorrectly.

A DDB is created for the drive if one did not already exist. The KDBNUM bit map entry

for the drive is cleared, because the device really does exist along with its data structures.
The KDBIUM bit map entry is also cleared, as it makes no sense to configure a device that
would immediately be ignored.

Control returns to TX1KON, which steps to the next possible drive until all are tested.

10.5.3 Multiple Controllers on a Channel

This hardware arrangement is not much different from the case of a single controller on
a channel. The important difference is that some channels, like a DF10C/RH10, RH20,
or SA10 can communicate with several controllers rather than just one. One example of
multiple controllers on a channel is the TM78 magtape formatter. The TM78 co-exists with
other TM78s or TM02/3s on a single RH20. Each formatter is assigned (by hardware) a
MASSBUS unit number. This quantity is referred to by many different names in various
hardware and software manuals. Another term is the MASSBUS device code.
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The autoconfigure process is the same as in the case of a single controller on a channel,
with one exception. After configuring, rather than taking the non-skip return, which tells
AUTCPU to step to the next device, the monitor takes the skip return. AUTCPU then calls
additional drivers. AUTCPU has no knowledge of what happened on the initial call. It does
not know whether the TM78 was configured. It has no need to know.

10.5.4 A Software Device

Software devices are unique in that they are a fizment of the monitor’s imagination! They
are not tangible devices, nor are they associated with a piece of hardware. One example of
a software device is the multiplex channel (MPX). Since this is not a hardware device, most
of the system initialization logic to configure a device was bypassed. One of the last things
AUTCPU does is scan all drivers for software devices.

Like all other drivers, MPXSER has a DRVCFG entry point (MPXCFQ). System initialization
for this driver is very simple. It needs to initialize (zero) a single counter. To avoid doing
this on subsequent AUTCPU calls (either on non-policy CPUs or under timesharing), it also
maintains a flag that indicates that MPXSER has been initialized.

MPXSER uses some parts of AUTCON under timesharing, however. When a DDB needs to
be created as the result of an OPEN UUO for example, MPXSER first acquires the AUTCON
interlock. Since this can happen only at UUO level, AUTLOK always returns with the
interlock, possibly after having blocked the job until the interlock is available.

A call to AUTSET is necessary to set up various CPU variables, principally the address of
the driver dispatch table (MPDDSP).

Since MPXSER maintains its own copy of device counters in MPXNUM, it’s not necessary to
call AUTADN to do any allocation. Therefore, it only has to increment its device count and
supply AUTDDB with the generic device name of MPX. AUTDDB does all the usual work of
dynamically allocating core, storing the device name, and so on.

When a RELEASE UUO is executed, the MPX DDB needs to be deleted. This is done by
loading ac F with the DDB address and calling AUTKIL (Kill DDB). AUTKIL unlinks the
DDB from the DEVLST chain, removes any GENTAB entry if necessary, and returns the
core used by the DDB.

10.6 1/O Subroutines

When the implementation plans for the new autoconfigure methods were being drawn up,
it became apparent that many devices required the use of similar monitor services. For
example, many device drivers needed to refer to MASSBUS registers, yet each driver had its
own set of subroutines to perform the task, and the calling sequences were often unique to
each driver. Obviously, with a little effort, things could be reorganized and code consolidated.
Other examples exist as well.

In addition to the autoconfigure routines, AUTCON is also a repository for common I/O
routines. This did not come about by design, but evolved as a matter of convenience, because
there is no other good place to put common I/O subroutines. The following sections briefly
describe some of the more important subroutines.
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10.6.1 MASSBUS Register 1/0

MASSBUS channels have several registers. The number of registers vary depending upon the
type of channel (RH10, RH11, and others). The registers are accessed using DATAI/DATAOs
(KL10) or RDIO/WRIOs (KS10). Some registers reside in the channel itself and others in the
devices connected to the channel.

There is always a possibility that an attempt to read or write a MASSBUS register will fail
due to faulty hardware. This failure is referred to as a Register Access Error (RAE). In order
to defend against RAEs, a complex series of instructions is required. Drivers that do not care
to recover from RAEs use simple DATAIs and DATAQs. Some of the following subroutines
contain code to defend against RAEs.

10.6.1.1 RDDTR

Read Drive Type Register (RDDTR) is used primarily by the autoconfigure routines, but could
be used any place where reading the drive type code is necessary. The calling sequence is

SKIPA P1l, [MASSBUS-UNIT,,0] ;IF AUTOCONFIGURING

MOVE W, KDB-ADDRESS ; IF NORMAL TIMESHARING
PUSHJ P,RDDTR##
<return>

On return, ac T2 contains the MASSBUS drive type code. All other ac’s are preserved.

10.6.1.2 RDMBR

Read MASSBUS Register (RDMBR) reads the contents of a specified register and defends
against RAEs. It is used both by the autoconfigure code and the various device drivers. The
calling sequence is

SKIPA P1, [MASSBUS-UNIT,, 0] ;IF AUTOCONFIGURING
MOVE W, KDB-ADDRESS ;IF NORMAL TIMESHARING
MOVE T2, REGISTER

PUSHJ P, RDMBR##

<return>

On return, ac T2 contains the contents of the specified MASSBUS register. All other ac’s are
preserved. Normally, RAEs do not happen, so much of the complex code is never executed. If
an RAE occurs, RDMBR tries up to 10 (decimal) times to read the register before giving up.
If after all retries the error persists, then ac T2 is returned to the caller with whatever data
bits the channel managed to retrieve from the register. The caller gets no indication that an
error has occured. .

10.6.1.3 SVMBR

Save MASSBUS Register (SVMBR) is a co-routine used by interrupt levels to save the
current address register, which may be in use by a higher (UUQ) level routine. The calling
sequence is

MOVE W,KDB-ADDRESS
PUSHJ P, SVMBR##
<return>
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SVMBR uses no ac’s. All ac’s are preserved. This routine is not defined in KS10 monitors,
as the registers on a KS10 are I/O addresses offset from the UNIBUS base/CSR address for
the device in question. Hence, there is no register number to preserve.

10.6.1.4 WTMBR

Write MASSBUS Register (WTMBR) writes the contents of ac T2 to the specified register and
defends against RAEs. It is used both by the autoconfigure code and by the various device
drivers. The calling sequence is

SKIPA P1l, [MASSBUS-UNIT,,0] ;IF AUTOCONFIGURING
MOVE W,KDB-ADDRESS ; IF NORMAL TIMESHARING
MOVE T2, REGISTER

PUSHJ P,WTMBR##

<return>

All ac’s are preserved. Normally, RAEs do not happen, so much of the complex code is never
executed. If an RAE occurs, WIMBR tries up to 10 (decimal) times to write the register
before giving up. The caller gets no indication that an error has occured.

10.7 Finding Data Structures

Since AUTCON builds nearly all of the I/O data structures, it is logical to assume that many
of the pointers to these pieces of data reside in AUTCON. Knowing just a little information
about the type of data structure you are interested in is usually enough to easily locate it.

10.7.1 DDBTAB - DDB Table

The table DDBTAB is indexed by device type (TYxxx). Each entry in the table contains the
30-bit address of the prototype DDB of its type in the system. Prototype DDBs are also linked
into the DEVSER chain. The left half of DEVSER in the DDB contains the 18-bit address of
the next DDB in the system. The DEVSER chain is a forward linked list, terminated by a
zero.

10.7.2 DEVLST - DDB List

The word DEVLST resides in COMMON and contains the address of the first DDB in the
system. The left half of the word contains the DDB address. The right half is unused.

10.7.3 DRVLST - Driver Dispatch Table Chain

The location DRVLST contains the 30-bit address of the first driver dispatch table in the
system. Offset DRVNXT in a dispatch table contains the 30-bit address of the next dispatch
table in the system. The DRVLST chain is a forward-linked list, terminated by a zero.

10.7.4 HNGLST - Hung-checked DDB List -

The contents of this word are identical to that of DEVLST. The word is no longer used by
the monitor, as the method for testing potentially hung devices does not do a DDB-by-DDB
search of the DDB chain. HNGLST is, however, maintained for the sake of programs that
GETTAB its value to find DDBs. It should otherwise be considered obsolete. HNGLST
resides in COMMON.,
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10.7.5 KDBTAB - Controller Table

The table KDBTAB is indexed by device type (. TYxxx). Each entry in the table contains
the 30-bit address of the first KDB of its type in the system. Offset KDBNXT in the KDB
contains the 30-bit address of the next KDB of its type in the system. The KDB chain is a
forward-linked list, terminated by a zero.

10.7.6 SYSCHN - Channel List

The word SYSCHN resides in COMMON and contains the address of the first CHN in the
system. The left half of the word contains the CHN address. The right half is unused.

10.7.7 DIAG. UUO Function .DIDVR

Originally written for diagnostic use, DIAG. UUO function .DIDVR reads device registers.
You may wonder how it is possible to implement a generic diagnostic function to do something
that is quite device specific. That’s easy for the monitor to do as long as the calling program
supplies all the necessary information. Given a device name, a starting offset, and a word
count to return, this function finds the data structure and returns as few or as many words
as the program desires.

If this function were to be used as intended, the calling program would most likely GETTAB
the offset of stored register values and supply that offset to the DIAG. UUQ. For example, a
diagnostic program could read the offset to the start of the stored MASSBUS registers in the
KDB, using GETTAB %LDMBR. Then it would retrieve those registers from the monitor,
using DIAG. function .DIDVR as follows:

MOVE T1, [$LDMBR] ;GETTAB ARGUMENT
GETTAB T1, ;READ OFFSET FROM MONITOR
HALT ;ANCIENT MONITOR
HLRM T1,0FFSET ; STORE OFFSET IN RH OF WORD
MOVE T1l, [-23,,ARG] ;23 WORDS AT LOCATION "ARG"
DIAG. T1, ;READ REGISTERS INTO "DATAY
HALT ;PRE-704 MONITOR
<program continues>
ARG: EXP .DIDVR ;DIAG. FUNCTION CODE
SIXBIT /RPA/ ;DEVICE NAME
OFFSET: XWD -20,0 ; -NEGATIVE COUNT, ,OFFSET
DATA: BLOCK 20 ; STORAGE FOR 16 REGISTERS

Now suppose you have to diagnose a software problem with a line printer, and you have
reason to believe there is something wrong with the DDB. You may retrieve the entire DDB,
using DIAG. UUO function .DIDVR and save yourself the trouble of having to find the DDB
in the monitor. To begin, put the appropriate DDB name in ARG+1. Assuming the length
of the DDB in question is 61 (octal) words, in word OFFSET, put -61,,0. The BLOCK 20
becomes a BLOCK 61, because you are returning the entire DDB. All that is left to do is put
-64,,ARG in ac T1 and execute a DIAG. UUO. Note that the DDB length of 61 words plus 1
word for the data structure pointer (-61,,0) plus 1 word for the device name plus 1 word for
the function code word equals 64. The DIAG. UUO expects a negative argument block length
in the left half of the ac and the address of the argument block in the right half of the ac.
Upon completion of the UUOQ, the entire printer DDB is returned, starting at location DATA.
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10.8 Device Service Routines

The device dispatch table in the DDB, not to be confused with the driver dispatch table, DRV,
provides a standardized set of entry points for all UUO-level functions for this device. There
are two possible table formats: short and long. The short table format contains only the
basic entries required of all service routines (initialization, IN, OUT, RELEASE, and others).
If the device requires any additional functions (such as LOOKUP for directory devices), it
must have a long dispatch table. The DVLNG bit in the DEVMOD word of the DDB specifies
the format the corresponding dispatch table has. The base address of the dispatch table is
contained in the right half of the DEVSER word of the DDB.

Most of the UUO-level routines depend so much on the nature of the device that they handle,
that little can be said about them in general. The initialization routine is called during
system initialization and performs whatever functions might be appropriate. Generally, all
condition bits for the device are initialized, and its priority-interrupt level assignment is
cleared. The RELEASE routine usually performs this same function. The CLOSE routine
does whatever is appropriate for the completion of a file on its device. For example, the
paper tape punch routine punches several inches of leader. The disk routine adds an entry
for the new file to a directory upon output CLOSE.

The only routine in the dispatch table that is not the device-dependent part of the UUO is the
hung-device routine. When a transfer is started on a device, a hung-device timer is initialized
in the DEVCHR word. Each second, the clock-interrupt routine calls DEVCHK in UUOCON.
Here, the timer is decremented for each active device. The expected interrupt clears the
field. If the field is, however, decremented to zero, the interrupt has not occurred within a
reasonable amount of time. Assuming that the device is hung, the monitor dispatches to
the hung routine in the device service routine. This routine can try to either recover from
the hung condition or reinitialize the device. If the device-hung routine gives a skip return,
no further action is taken by DEVCHK. If the device-hung routine gives a non-skip return,
DEVCHK calls the DEVHNG routine in ERRCON. DEVHNG clears the IOACT bit for the
device and types an error message on the job’s controlling TTY. The job is stopped unless it
has enabled error trapping for hung devices.

The function of the input and output routines is to start the device. Normally, this is
done by executing a DATAI/DATAO on a KL10 or a RDIO/WRIO on a KS10. For disks,
however, usually only a request is added for a transfer to an appropriate queue, and the
actual transfer is started at a later time. The IOACT bit is always set before returning to
device-independent code, indicating that an interrupt is expected from this device. As long
as IOACT remains set, the device-independent code does not call the device-dependent code
again, because the function of starting the device does not need to be performed.

Several other housekeeping functions are performed. The hung time is initialized, if one is
specified for this device. The IQFST bit in DEVIOS is set to mform the interrupt routine
that the next interrupt is the first for the buffer.
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Chapter 11
Disk service

The disk-service routine is the most complicated of all the service routines, because it must
manage a sharable resource, and it has a complicated in-core data base. This module
explains how jobs compete for use of the disk, how that competition is resolved by the queue
mechanism, and how I/0 is done within the framework of the file structure.

All device-dependent functions for disk files are performed by a group of modules known as
the disk service. The disk service performs two different and logically independent types of
functions: I/O operations and file operations. I/O operations are the reading and writing
of specific blocks on specific units. File operations involve the processing of directories,
pointers, and related items. The file-processing software accepts logical requests stated in
terms of file names, file structures, and relative blocks within a file. From such requests, it
sets up physical requests for operations on specific blocks that can then be handled by the
1/0 software. The file processor frequently calls upon the I/O processor to read and write
various special disk blocks.

The disk software includes several modules that are assembled separately and included in
the monitor, as needed, at load time. Most of the executable code is included in FILFND,
FILIO, and FILUUO. (These modules are frequently referred to as FILSER, the name taken
from the early disk service module that was eventually separated into the three we have
today.) These modules perform all operations that are independent of the controller type
and are present in all monitors. There are separate routines to handle controller-dependent
functions on each controller. These routines (RPXKON for RH10/11/20s, RNXKON for
DX20/RP20s, RAXKON for HSC/CI20s, DSXKON for SA10s, and others) are loaded only if
needed. SWPSER creates I/0 requests for the swapper and interfaces with FILIO. The data
base for the disk service is contained in the modules named COMDEYV and COMMOD.

11.1 Hardware Principles

Each disk unit is connected to a channel controller, and all communications to that unit
must go through the controller.
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A channel is connected to the CPU by way of an I/O BUS, MASSBUS, or Interconnect Port
Adapter. Internally to the CPU, each of the above-mentioned paths uses the CBUS, which

provides Direct Memory Access (DMA) facilities. Thus, memory accesses do not interrupt the
CPU. Ultimately, data passes through the MBOX and in or out of memory.

Each disk transfer is started by the CPU executing a DATAO to a specific controller. As a
result of the DATAOQ, a word is sent to the controller. This word specifies one particular unit
of those connected to the controller, a physical disk address (track number and other items)
and the core address of a list of core areas. The transfer is to or from consecutive locations
on the disk, but may be scattered among an arbitrary number of core areas. The length
and address of each of these core areas are on the list whose core address is sent to the
controller. This list is known as the Channel Command List. The total length of the areas
on the Channel Command List determines the number of words transferred.

Before a transfer can be started, the unit must be positioned, and the controller and the
data channel must be idle. All are busy until the transfer is complete. The CPU, however,
is needed only for the time required to send the instruction to the controller. It can then go
on processing while the transfer to memory takes place. When the transfer is complete, the
controller causes an interrupt on its assigned channel.

Note
Some units can perform implied positioning. That is, the monitor is not required to
position the heads before a transfer is to take place. Still other units have no separate
positioning commands. The monitor attempts to optimize I/O and minimize head
movements by performing head positioning before starting a transfer. Regardless of
the unit capabilities, the movements of the /O requests through the various disk
queues assume independent positioning will take place. However, for some units,
certain states within /O queuing are essentially noops.

Before a request can be positioned, the unit must be idle. The unit is then busy until it
reaches the designated track, but the controller is almost immediately available for other
operations. When the unit reaches position, it informs the controller. The controller causes
a priority interrupt at that time if it does not have a transfer in progress. If the controller
is busy when the unit reaches position, there is no interrupt, but an attention bit for the
unit is set in the controller. When the interrupt occurs upon completion of a transfer, the
attention bits indicate which units reached position (or had errors) during the transfer.

Note
Some controllers, such as an RH10/11/20, can initiate multiple positioning requests
to idle units even though an /O transfer is taking place on a busy unit. Other
controllers, such as a CI20/HSC, allow multiple transfers on one or more units. And
block multiplex channels, such as an SA10, allow multiple operations, but only one to
any given unit.

The basic addressable unit of disk storage is a sector. It is sometimes useful to know which
sector (of each track currently accessible) will reach the read-write heads next. Therefore,

the controller has a sector counter for each of its units. The contents of the sector counter

for a given unit may be obtained by reading the appropriate device register for the channel
in question.
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11.2 Structure of disk files

To the software, the basic unit of disk storage is a block, which is always 128 words. Any
number of blocks may be combined to make up a file. To normal user programs, disk blocks
can be read or written only as part of a file. The file is identified by a file name and extension,
and by the project-programmer number of its owner. The program may read or write the
blocks of a file either sequentially or randomly (directly). Likewise, the file may be accessed
in either buffered mode or dump mode. The structure of a file is independent of the manner
in which it was written or is to be read.

The first block of every file is a Retrieval Information Block (RIB). The RIB contains a great
deal of descriptive information about the file, and tells where the data blocks of the file are
located. The RIB itself, however, is not a data block and is never seen by a program reading
the file nor directly written by a program writing a file. The monitor reads and writes RIBs
as necessary in order to perform functions requested by user programs.

Files are usually written as groups of consecutive blocks. There is a pointer in the RIB
corresponding to each group. The pointer tells the location of the first block of the group and
the number of blocks in the group. It is desirable to have as few separate groups as possible.

11.3 Directories

The locations of all files belonging to one user are found in a User File Directory (UFD) for
that user. The UFD is itself a file with an RIB and the normal structure of a file. The
file name of a UFD is the binary project-programmer number of the user. The extension is
always UFD. The data blocks of a UFD contain two-word entries. Each entry points to the
RIB of a file belonging to that user, and specifies its name and extension.

All the UFDs belong to an "artificial user” with project-programmer number [1,1]. No other
files belong to [1,1]. Hence, the UFD for [1,1] is a directory to the directories. It is commonly
called the Master File Directory (MFD). The collection of files consisting of an MFD, all the

UFDs to which it points, and all the user files to which the UFDs point to is called a file
structure.

11.4 File Structures

As a collection of files, the file structure is logically independent of any hardware
considerations, such as units and controllers. In actual practice, however, there are
several restrictions. All the files on a single pack or unit must belong to the same structure.
A single structure may be spread over several separate units.

The file structure, rather than the unit, is the logical entity recognized by the file processing
software. On every LOOKUP or ENTER, a structure or list of structures must be specified.
(Note that a file name and extension and project-programmer number uniquely identify a
file only within a given structure). If any part of the structure is removed from the system,
the entire structure becomes inaccessible. There is only one case in which data is accessed
without necessarily being part of a file structure: the swapper addresses the disk system in
terms of physical disk addresses.
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11.5 Allocation of Disk Space

Before a block can be added to a file, it must be allocated for that file. Disk space is allocated
in clusters, where a cluster is a fixed number of consecutive blocks. On each unit, there are
Storage Allocation Tables, or SAT blocks that have a bit corresponding to each cluster of the
unit. If a cluster is allocated, the corresponding bit is set in the SAT block. The bit’s being
set prevents that block from being allocated to any other file.

The number of blocks per cluster is a parameter of the file structure and can be changed
only when the structure is refreshed, or reinitialized. The total number of clusters for a unit
depends on the size of the unit and the number of blocks per cluster. There may be more
clusters than can be accounted for with a single SAT block. In this case, there are as many
separate blocks of SATs as necessary, and each SAT block is physically near the blocks that
it describes. All the SAT blocks for a file structure are combined into a file called SAT.SYS.
This file is initially set up by the REFRESH code, and the information in it is updated
regularly as the system operates. However, SAT.SYS is not normally read or written as a
file. There is, in core, a Storage Allocation Pointer Table (SPT) for each unit, which tells the
physical disk address of each SAT block for that unit. When the monitor needs to read or
write a SAT block, it sets up a request for the specific block that is needed.

When an SAT block is in core, it resides in a Storage Allocation Block (SAB). All the SABs for
a unit are linked together and to the SPT for that unit. If a unit has several SAT blocks, all
of them may, or may not, be in core at one time. The number of SAT blocks to be kept in core
is a parameter of each unit. This parameter may be changed without needing to refresh the
structure. The SABs and SPTs are kept in Section MS.SAT of the monitor’s address space.

Disk space is allocated in two different ways. If a user is writing a file and reaches the end
of the space previously allocated, additional space is allocated at that time. If possible, the
space is allocated immediately after the last group, so that an additional pointer will not
have to be set up. The number of blocks to be allocated is a parameter of the structure and
may be changed without refreshing. The user may explicitly allocate any number of blocks
at the time he builds a file, by doing an extended ENTER. These blocks are allocated as
a single group of consecutive blocks, allowing the file to be written or read with the least
amount of overhead processing. When the file is closed, any unused blocks are returned.

The disk I/0-processing software maintains information about each piece of disk hardware in
three main data structures whose definitions can be found in DEVPRM.MAC. These include
the Unit Data Block (UDB), Controller Data Block (KDB), and Channel Data Block (CHN).
The I/O processor acts on requests set up by other processors. Each request resides in a
disk device data block, and specifies a unit, block number, core address, and operation to be
performed. Significantly, the number of words to be read or written is not specified initially,
but is determined just before the transfer is initiated. A disk device data block (DDB) has
all the standard features of any DDB, plus a great deal of additional information unique to
a disk. Disk DDBs are set up dynamically as INIT UUOs, and-ASSIGN commands, which
give a logical name to disk, are executed. There is, therefore, a DDB for each user software
channel that may do disk I/0. Every disk transfer is the result of a request being set up in a
disk DDB and presented to the I/O processor. This includes reading and writing of user files,
swapping transfers, and all transfers done by the monitor for its own purposes.
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11.6 Request Queues

When an I/O request is presented to the I/O processor, the transfer or positioning is started
immediately if all the necessary devices are available. Sometimes, however, the request must
be added to a queue of requests for a specific device. If the request requires positioning, it
is added to the Position Wait (PW) queue for a specific unit. If the request does not require
positioning (that is, the unit is positioned properly), it is added to the Transfer Wait (TW)
queue for the data channel. The queues are formed simply by linking together the DDBs
beginning with the UDB for a PW queue or the CHN for a TW queue.

Every time there is a disk interrupt, each unit that needs positioning is positioned for one of
the requests in its PW queue. Then a transfer is started for one of the requests in the TW
queue for that channel. Two optimization routines choose the request to process next.

11.7 Optimization Routines

The positioning and latency optimization routines try to choose the best request to process
next from the PW and TW queues. To decide what is meant by best is somewhat difficult,
but there are two basic considerations. First, an attempt is made to minimize the time that
each unit is not doing data transfers. In addition, an attempt is made to try not be grossly
unfair to any individual request. It is undesirable to delay one request indefinitely in favor
of requests that can be processed more efficiently. Therefore, each optimization routine
chooses, every so often, the request that has been waiting the longest.

Fairness counts are maintained for positioning and for transfers on each data channel. Each
time there is a transfer-done interrupt, the fairness counts for that channel are decremented.
On an interrupt when the positioning fairness count has expired, each unit that needs
positioning is sent to the track required by the oldest request in its PW queue. Similarly, if
the fairness count for transfers has expired, the transfer is initiated for the oldest request in
the TW queue. Whenever either count expires, it is reset to a value that may be specified
when the monitor is built.

Bottlenecks can occur at both unit and channel levels. Contention at these levels can be
reduced by spreading demand over several channels, and if possible, by avoiding keeping
high-use system files, user files, and swapping space on the same unit.

11.8 Data Structures

Many data structures support disk service. They are fairly complex, mainly because each
data structure is often linked to one or more other disk-related data structures. Because
there are so many data structures, it is difficult to define one without making references to
others. So, they are presented in the following sections in a hierarchical fashion and logically
separated into groups that are file-structure, data-file, and hardware related.
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11.8.1 File Structure Data Base

User file data resides on file structures. A file structure is a logical organization of one or
more (up to 63) disk packs, arranged by the monitor for reading and writing data on behalf
of a timesharing user. This organization makes it possible for a user to perform I/O to any
data file without specific knowledge about the physical disk types involved or the number of
disks that constitute the file structure. Once a file structure is made available (mounted) on
the system, it may be referred to as a device. The monitor always treats file structure names
as physical devices.

All user disk information is stored as named files according to a method that allows the
information to be accessed by name instead of by physical disk address. A named file is
uniquely identified in the system by a file name and extension. A file name consists of one to
six alphanumeric characters, and extensions can have between zero and three alphanumeric
characters. File names and extensions are stored in ordered lists called directories. A
directory is no different from any user data file, except that its contents describe file names,
extensions, and locations on a structure.

11.8.1.1 TABSTR

This is a table that contains the addresses of each structure data base (STR) in the system.
The table is indexed by file-structure number, the range being from 1 to 36. File-structure
numbers are used only by the monitor. A user has no need to know the number of a file
structure., Therefore, it is impossible for a user to obtain this information. File structures
are typically referred to by name.

TABSTR is defined in COMMOD.

11.8.1.2 Structure Data Block (STR)

One STR exists for each file structure mounted on the system. The STR contains, among
other things, the structure name, the file-structure number, its size, the amount of free space
remaining on the structure, the number of jobs that have mounted the structure, and the
owner (if any). The STR also contains the address of the first Unit Data Block (UDB) in the
structure. +DTRUA |

When a structure is defined (mounted by a privileged program), a STR is dynamically
allocated out of section zero free core. When a structure is removed (dismounted by a
privileged program), the STR is returned to the free core pool.

11.8.1.3 Job Search List (JSL)

A JSL defines a list of one or more structures that represent device DSK. If a user program
specifies DSK for the device name and instructs the monitor to read a file, the monitor looks
for the file starting with the first structure in the JSL, and tries each additional file structure
in the JSL until the file is found or the end of the JSL is reached.

The JSL resides in the PDB. The format is a simple nine-bit byte stream, each byte containing
a file structure number or special codes that delimit portions of the search list.
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11.8.1.4 System Search List (SSL)

An SSL defines a list of one or more structures that represent device SYS. In all other
respects, the use of the SSL is identical to the JSL.

The SSL resides in COMMOD at location SYSSRC. The format is the same as the JSL.
11.8.2 File Data Base

A data file is the logical organization of one or more disk blocks that contain user data and
one or more disk blocks of monitor-related data for retrieving the file. File I/O is performed
in a fashion independent of the type of disks involved.

11.8.2.1 Job Device Assignment Table (USRJDA)

. The USRJDA is part of the job’s UPT, at location USRJDA, with an extension that .USCTA
points to. It has one entry per user channel. Each entry is zero if the channel has not
been initialized. Otherwise, it has flags in the left half, indicating which UUQOs have been
performed on behalf of the channel, and the right half contains the address of a DDB. In
particular, it contains the addresses of any disk DDB that the user has initialized as an I/O
device.

11.8.2.2 Disk Device Data Block (DDB)

One DDB must exist for each file opened by a user program. This is true not only for disks,
but for all other devices as well. The disk DDB is different from most other DDBs in that
one does not exist for each device, as is the case for unit record devices.

When a disk file is opened, the monitor dynamically creates a DDB by allocating per-process
(funny space) core. A prototype DDB (DSKDDB) is copied into the newly allocated core, and
relevent words are then filled in with data specific to the file being opened. When the file is
closed and the software channel released, the DDB is returned to the funny space core pool.

The disk DDB definitions are in COMMOD.MAC.

11.8.2.3 Retrieval Information Blocks (RIB)

An RIB resides on disk and contains all file attributes and data necessary for the monitor
to locate the user data blocks associated with a file. There are usually two RIBs associated
with each file on disk. The first is called the prime RIB. The second is the redundant or
spare RIB. The spare RIB is a copy of the prime RIB and immediately follows the last data
block in the file. It is written by the monitor but never read. It is used by disk damage
assessment and recovery programs.

An extensible portion of the RIB contains retrieval pointers, or words of information that
describe regions of the disk that hold user data. The monitor allocates disk blocks for user
data as the file is being written. To optimize disk usage, the monitor attempts to allocate
contiguous regions on disk. However, due to fragmentation, this is not always possible.
Therefore, it is conceivable that for a very large file, or on a badly fragmented disk, the
storage area for retrieval pointers may be exhausted. When this occurs, the monitor creates
an extended RIB on disk. The last retrieval pointer in the prime RIB points to the extended
RIB. In the event that the retrieval pointer storage is exhasted in the extended RIB, a second
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extended RIB is created. A file may have a maximum of eight extended RIBs. Regardless of
the number of extended RIBs, a spare RIB is always written following the last data block.

A retrieval pointer has one of two formats. The first format is always found in the first
retrieval pointer of prime RIBs. It is called a change of unit pointer. Because a file structure
can span more than one physical disk unit, a change of unit pointer is used to direct the
monitor’s I/O to a particular logical unit within the structure. The second type of retrieval
pointer is used to describe a region of the disk that contains data. The items contained
within this pointer are a cluster count, a checksum, and a cluster address. The cluster
count indictates the size of the disk region (in clusters) where data is stored, and the cluster
address indicates the beginning of the data. The checksum is used as a consistency check to
insure that data within the first block of the region is valid.

11.8.2.4 Access Tables (ACC)

An ACC block is created for every different version of an opened file. The ACC is essentially
a cache of frequently referenced per-file data. The information contained within an ACC
block includes the highest relative block allocated, the written file size, file read and write

" counts, address of the Name Block (NMB), address of the Project-Programmer Block (PPB),
and portions of the RIB for quick file access. Every time a file is opened for reading, the file’s
read counts are incremented. When a file is closed, the read or write counts are decremented
appropriately. If both counts are zero, the ACC is said to be dormant; that is, there are
no users reading or writing the file. Dormant ACCs are not deleted. Instead, they remain
available to the monitor to provide quick access on subsequent operations to the same file.

ACCs are dynamically allocated out of FILSER core. This core pool is created at system
initialization time and consists of a fixed number of words. When the FILSER core pool
is exhausted, the monitor scans the ACCs, looking for those that are marked as dormant.
Dormant ACCs may be deleted, thus providing the necessary storage for additional ACCs or
other FILSER-related core blocks. -

The ACC definitions are in COMMOD.MAC.

11.8.2.5 Name Blocks (NMB)

To optimize locating files, the monitor memorizes file-name information on a per-directory
basis in an NMB. The NMB contains the ACC address, the directory use count, and the
know and yes words. Use counts indicate how many users of a directory exist. The know
and yes words are bit masks, one bit for each structure on the system. Bit n in the know
mask indicates the monitor knows whether or not a file exists on file structure n. The
corresponding bit in the yes mask is turned on if the file definitely exists.

NMBs are dynamically allocated out of FILSER core.
The NMB definitions are in COMMOD.MAC.
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11.8.2.6 Project-Programmer Blocks (PPB)

PPBs are used to retain directory-related information. One PPB is created for each logged-in
PPN, or for every file which is opened in a unique directory. The PPB contains a link word
to an NMB, and like the NMB, also contains the know and yes masks. These two masks are
used for the same purpose as their counterparts in the NMB, except that the masks refer to
directories rather than to specific files within directories.

PPBs are dynamically allocated out of FILSER core.
The PPB definitions are in COMMOD.MAC.
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Chapter 12
Scanner Service

The terminal scanner service (SCNSER) is the interface between the terminal device service
routines and the monitor. It processes special terminal characters and directs the I/O to the
correct process. This chapter presents the important scanner service data structures and
concepts.

All device dependent functions for terminals are performed by the Scanner Service comprising
SCNSER and an additional routine depending on the type of scanner. This additional routine
might contain actual I/0 instructions, and will contain the beginning of the interrupt routine,
and other sections which vary according to the scanner being used. The bulk of the service
routine is independent of scanner type, and is contained in SCNSER. The data line scanner
acts as a relay station connecting the DECsystem—10 to all user terminals. Terminals
communicate with the scanner and the scanner communicates with the DECsystem—10.
Along with every character received from the scanner is a line number identifying the
terminal from which it was sent. Similarly, a line number must be included with every
character sent to the scanner, Whenever a line scanner has finished an operation, it causes a
transmit done interrupt to call scanner service. The scanner scans the flags for all terminals
and causes an interrupt in the DECsystem—10 whenever any terminal is ready for service.
One of the major functions of the scanner service is handling these interrupts.

SCNSER considers all data line scanners to be equivalent interfaces for allowing terminals
to communicate with the DECsystem—10. While the various interfaces may have significant
protocols and complexities of their own, they will not be covered here.

12.1 Data Structures (General)

The DECsystem—10 has two major divisions of data structures for its terminal data: line-
based information and job-based information. Loosely speaking, the line information is used
primarily at the device interrupt and clock interrupt levels, and the job information is used
mainly at UUQ level.
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12.1.1 Line Information
There are three main structures for line information: LINTAB (the line table), the Line Data
Block or LDB, and the TTY chunk.

12.1.1.1 Line Data Blocks (LDBs)

LDBs contain information about a terminal line. There is one LDB for each terminal line
which is can be connected to the system. They are created at once-only time in the SCNCFG
routine. While there is a free pool of available LDBs for dynamic terminal connections, the
LDBs themselves statically allocated in memory. This allows commands to be typed on a
terminal without the need to allocate a new data structure to handle the command, and
without need to buffer characters in a special way until the LDB can be created.

For a complete description of an LDB, see the monitor tables or the definitions in
SCNSER.MAC. However, it is important to remember that the LDB contains the following
information:

Pointers to the various input and output chunk streams
Line status bits

Line characteristic bits

Horizontal position counter

MIC information

User-defined break characters

Count of characters to echo

A pointer to the associated TTY DDB (if assigned)

© N R LD

12.1.1.2 LINTAB

LINTAB (the line table) is used to locate the LDB for a particular terminal line given its line
number. It contains one entry for each terminal in the system, including PTYs and CTYs.
Each entry LINTAB + n contains the global address of the LDB line number n.

12.1.1.3 TTY Chunks

The TTY chunks are a set of eight} word blocks of core, in which the first word is used to
maintain doubly-linked lists. They can be in one of five data streams for an LDB, or on the
“free list”.

The remaining words in the TTY chunk contain 12-bit bytes for character data information
(three per word). Each byte contains either a character code, possibly with flags, or a special
function code. These function codes are referred to as “meta characters”.

The chunks are allocated and placed on the free list by the SCNCFG routine at system
startup. Location TTFTAK is the head of the list, from which free chunks will be allocated.
The list tail is pointed to by TTFPUT. If any further chunks are released, they will be linked
after this one. The count of free chunks is contained in TTFREN.

t The size of the chunks can be changed with MONGEN, by changing the value of symbol TTCHKS. This value must be
a power of two and at least four. Eight is the default value.
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12.1.2 Job Information
The job-related terminal information is contained in the following data structures and tables:
the TTY DDB, TTYTAB, and the JDA.

12.1.2.1 The TTY DDB

TTY DDBs are assigned and deassigned from a pool of available DDBs as jobs are created
and destroyed or terminals are initialized and released. The TTY DDB contains information
which relates to the job, such as the following:

1. Pointers to the user buffers

2. Device physical and logical names for the terminal

3. /O status and usage information (DEVIOS, DEVSTA)
4. Device mode information (DEVMOD)

5. A pointer to the LDB

The TTY DDB is a short-dispatch DDB.

12.1.2.2 TTYTAB

TTYTAB is a table in COMMON which has one entry per job and points to the TTY DDB of
the controlling terminal for that job. A zero entry indicates that the job has no controlling
terminal, which means that the job number is not assigned, or is in the process of being
created or destroyed.

12.1.2.3 USRJDA

The Job Device Assignment table, or JDA, is part of the job’s UPT, at location USRJDA with
an extension pointed to by .USCTA. It has one entry per user channel. Each entry is zero
if the channel has not been initialized. Otherwise, it has flags in the left half indicating
which UUOs have been performed on behalf of the channel, and the right half contains the
address of a DDB. In particular, it contains the addresses of any TTY DDBs which the user
has initialized as I/O devices.

12.1.3 Linking Job and Line Information

As noted above, the LDB and TTY DDB contain pointers to each other. These links are
established by the following events

1. A command which requires a job number to be assigned is typed on an unused line.
2. An ATTACH command is typed which does not need to run LOGIN.

3. An unused line is initialized as an I/O device.

The links are broken by these events:

1. The user detaches from the line.

2. A job logs out or is destroyed without ever logging in.

3. An attached line is disconnected from the system (e.g., a dataset is hung up).
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The association for an ATTACH command or UUO are made by TTYATT, the association for
a new job or command are made by TTYATI, and that for an I/O device is made by GETDDB.

The routines to break the links are TTYDET, TTYDTC, PTYDET, and PTYDTC. The
DTC flavors will wait wait for command processing to complete if necessary, and are for
asynchronous disconnects which could conflict with command processing. The TTY flavors
will force a job which is not logged in to be destroyed.

12.2 Chunk Management

As /O devices, terminals are unique in having buffer space in the monitor. One important
consequence of this is that a job may be swapped out while having terminal I/O in progress.
Also, since a user may type on a terminal at any time, the monitor must have a place to
put the characters. Characters from a terminal keyboard are stored in an input chunk
stream until they are requested as input by the program or as a command by the monitor.
Characters put out to a terminal are stored in an output chunk list and are sent to the
terminal by an interrupt routine as the line scanner requests them. Chunks can be allocated
from the free list to one of five streams associated with an LDB:

1. The input stream
The echo filler stream
The primary output stream

The output filler stream

AN Sl

The out-of-band stream

Each such chunk stream has a set of words in the LDB to describe it:
1. The count of characters in this chunk stream

2. The list head (where to remove the next character)

3. The list tail (where to add the next character)

The input stream is logically divided into two streams, to keep track of which characters
have been echoed. The input stream also has a pair of counters for deleted characters, since
we can't really delete a single character from the middle of the chunk stream efficiently.

12.2.1 Initial allocation

The total number of chunks to be allocated is found at system startup in the left half of
location TTCLST in COMMON. This location is initialized with the value of TTCHKN when
the monitor is built. TTCHKN defaults to the value TTCHKK * TTPLEN, but can be changed
with MONGEN. It is usually best to not to define TTCHKN, however. If it is necessary to
override the default number of chunks, the value of TTCHKK should be set in the MONGEN
dialog. Its default value is sufficient to allow for one chunk for each of the five data streams
for each LDB, plus at least TTYWID characters more per LDB. If there are not many lines
defined in the system, TTCHKK will be increased beyond this value in an attempt to ensure
that there will be enough TTY chunks.
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In the above calculations, TTPLEN is the total number of LDBs in the system (TTYs and
PTYs), and TTYWID is the assumed average TTY WIDTH setting of terminals which will
be connected to the system. TTYWID defaults to 80, but this value can be changed with
MONGEN.

12.2.2 Dynamic Chunk Allocation

Characters are placed in and removed from the TTY chunks using three macros: LDCHK,
LDCHKR, and STCHK. Macros are used rather than subroutines to speed up the handling
of characters in the monitor. This expedient adds very little to the size of the code. These
macros do the following:

LDCHK

Take a character out of a chunk without returning any chunks to the free list. This is most
useful when echoing input.

LDCHKR
Take a character out of a chunk, and return any just-emptied chunk to the free list.

STCHK
Put a character in a chunk, allocating a new chunk from the free list if necessary.

These macros must be called only while scanner interrupts have been disabled by obtaining
the SCNSER interlock. The SCNOFF macro disables scanner interrupts and the SCNON
macro enables them again. Both are defined in S.MAC.

12.3 Terminal 1/0 Overview

In this section we give a general overview of the major structure of I/O processing in
SCNSER, to lay the foundation for a more thorough examination of its methods. SCNSER
contains both terminal-specific device-dispatch code for I/O UUOs, and some UUOs which
are unique to terminals. It also functions for UUOCON as a device service routine, even
though it depends in turn on other modules of the monitor to function as device service
routines for it. Some of these, in turn, will be dependent upon still other modules to serve
as device drivers, etc., for many levels. Since SCNSER is also called from clock level, we will
examine it briefly from each of these three levels: UUO, clock, and interrupt.

12.3.1 UUO Level

Viewed from UUOCON as an I/O device, a terminal is actually quite simple. When it receives
an input request from the user’s program, it tries to fill the user’s buffer with data from the
terminal, and will place the program into an input wait state (TI) if the input request can’t
be satisfied immediately. When UUQOCON gives it an output request, it extracts the data
from the user’s buffer and sends it in the general direction of the terminal as fast as it can,
returning if it can send all the data immediately, and blocking only if it cannot empty the
user’s buffer right away.

What SCNSER is really doing at UUO level for output is taking data from the user’s buffer
and stuffing it into the output chunks until they’re full or the user’s buffer is finally empty.
After each character it deposits into the output chunk stream, it makes sure that the output
routine knows that the line has data to send. For input, SCNSER reads only fully-echoed
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characters from the input chunks and stuffs them into the user’s buﬁ‘ér. The buffer is
terminated when it fills or when a break character is finally deposited into it. The definition
of a break character varies with the current I/O mode.

12.3.2 Clock Level

SCNSER is called every clock tickt or so to start terminal output. This call appears just
after label STOPAT in module CLOCK1. This call will result in calling a device-dependent
routine to send the data out from the DECsystem—-10 to the destination terminal. Once the
line has finally been queued to the device-dependent output routine, it is the responsibility
of interrupt level to finish the data transmission and to keep trying to empty the output
chunks for the line.

SCNSER is also called every second to perform some timing and housekeeping function. This
is where idle lines are disconnected and lines which appear hung are given another chance
to try to complete their output.

SCNSER is also responsible for maintaining the count of commands waiting to be processed
(COMCNT). COMCON is called to process any pending commands when COMCNT is
positive. SCNSER has a set of routines for the use of COMCON which are very similar
to those provided for user terminal I/O, except that the monitor processes the characters
directly rather than moving them into and out of user buffers.

12.3.3 Interrupt Level

This is where we find the most complicated portions of terminal service. At interrupt level,
SCNSER must receive characters from the device drivers, determine what sort of special
processing they need, and insert them into the input chunk stream. It must also process
output characters, determine whether they need special processing or filler characters and
synchronize them as necessary with any special terminal functions which may have been
requested at UUO level. SCNSER must also handle the echoing of characters here, and will
wake up blocked jobs which have finally received sufficient input or now have enough room
in the TTY for more output. It is also at this level that COMCNT might be incremented,
thus initiating command processing.

12.4 Terminal I/0 Details

In this section we analyze the flow of characters through SCNSER in greater detail. We
will see just how various special terminal functions are implemented and synchronized with
ordinary user terminal I/O.

We will ignore such details as the handling of user buffers as much as possible, since they
are not unique to scanner service. We will start with some relatively simple cases, and add
complexity as we go. To begin with, we will assume that only TTCALLs are used for I/O,
and that no unusual special characters have been enabled.

t Actually, once every M.STOF + 1 clock ticks. M.STOF can be defined in MONGEN. Its default value is 0. Its value
must be one less than a power of two. This frequency can be patched by changing the value in the right half of location
STOPAT.
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12.4.1 Output

Output is the easiest case to consider. It can come from two sources: UUOCON (the user
wants to print something) or COMCON (the monitor wants to print something). Terminal
output is essentially non-blocking: once the output has been placed into the TTY chunks
for the line, the job or process can continue to run without having to wait for the output to
finish.,

12.4.1.1 A Simple OUTCHR

Consider the case of the OUTCHR UUO TTCALL 1,. When the UUO is issued, control
passes from UUOCON to TTYUUO in SCNSER. This routine will check to be sure that the
user is attached to a terminal line (it will block waiting for that to be true), and it will also
check to be sure that the terminal is at user level rather than command level. It will then

- dispatch to routine ONEOUT. This routine will record user response data (if necessary) and
will fetch the user’s character for output. If the character is not null, it will inserted in the
output TTY chunks and the line will be queued for output if it was previously idle. These
steps happen in routine TYO7W, which will queue the output in routine PTYPE if it is a
PTY or in routine TOPOKE (typeout poke) if it is a real terminal.

TYO7W checks to be sure that there are enough free chunks available, that this is not a
data line which has been detached, and that CTRL/O has not been typed to suppress the
output. If these conditions are not satisfied, the output may be throw away or the user’s job
will block, whichever is appropriate to the failing condition.

At this point, the UUO will return to the user program, which is still runnable. The character
as not yet reached the terminal, nor even the device service routine, but it has been queued
to the TTY chunks for output.

So when does the output get started? During the once-a-tick code of the monitor cycle,
there is a test at location STOPAT in module CLOCKL to see whether it is time to scan the
terminal output queues. If it is time to do so, we execute the instruction

PUSHJ P, .CPSTO##

.CPSTO is a location within the CPU data block which holds the address of the terminal
output routine, SCnTIC. This is a routine defined in COMDEYV which is simply a set of calls
to routines in various device drivers to start output which has been queued to formerly idle
lines. Here is a list of some sample routines which could be called:

CTYSTO
CTY output service for the KS10

TTDSTO
CFE-based terminals (KL10 only)

NETSTO
ANF-10 network terminals

NRTSTO
DECnet virtual terminals
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DZSTO
DZ11-based terminals for the KS10

We will ignore the specifics of any particular driver for now. It is sufficient to note that each
LDB is associated with a particular queue of terminals, and that the header of that queue is
known to the device service routine. This routine will then call routine TOTAKE in SCNSER
to get the address of the next LDB which has been placed on its queue. Some device drivers
can only start output for one line at a time, but others can start output for several lines. Any
driver which can start several lines in one clock tick will have a loop which calls TOTAKE
until it gives the non-skip return, indicating that the queue has been emptied.

In any case, once the device driver has found an LDB which has been queued, it will check
to see why it was queued, and whether it can service the request for this line. The bit
L1RCHP (change hardware parameters) may be set, in which case the driver will check to
see whether any parameters have changed which its device or protocol needs to know about.
If so, it will update the device characteristics. At this point, if this line is marked as idle for
output, it was queued only for a characteristics change. In the case of our example, this is
not so, and we proceed to determine whether we can perform the requested output. For now,
let us assume that we can.

The device service routine will then call XMTCHR for this line, to obtain an output character.
If this is not successful, the routine will either return to SCnTIC or it will loop back to call
TOTAKE again, depending on the capabilities of the device. In our case, however, this call
will succeed. We will do whatever device-dependent processing is required to queue this
character to the eventual output device. For most of the device-dependent processors, we
will not process this line further, but we will wait for an interrupt (which we have probably
just initiated). For network lines, however, we may well loop calling XMTCHR and queueing
characters to the output device until its message queue is filled or we empty the output TTY
chunks, :

Assuming a non-network line, our processing of this line is complete at clock level. Any
further output processing (including additional characters queued for this line by the user
program, which is still running) will wait until interrupt level.

When the device completes the request to send the character to the terminal, it will give a
“transmit done” interrupt. This will cause the device driver to call XMTCHR again, possibly
sending another character (or string of characters). If there are no more characters to send,
the line will be marked as idle once again, and it will once again need to be queued from
clock level for any additional output.

12.4.1.2 A Complication

Yes, that was the simple case. Now it is time to start adding complications. We now turn
our attention to the OUTSTR UUO (TTCALL 3,). In addition, we suppose that the user has
enabled TTY CRLF processing, and that the UUO begins with the line near or at the right
margin as set by the TTY WIDTH command.

Once again, UUOCON will dispatch to routine TTYUUO in SCNSER. There again, we will
block until we are attached to a terminal at user level. We then dispatch to routine OUTSTR.
Here, we record the terminal response if appropriate, and we will address check the string
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if it is not in a sharable page. This is done to avoid a page fault in the middle of the UUO,
and the problem of restarting the UUO and possibly seeing the first part of the string twicet .

We will then loop over the user’s string argument looking for a null character to terminate
it, and sending any non-null characters found to the chunks by calling TYO7W, the same
routine which was used by ONEOUT. If the string is long, we will allow the monitor cycle to
run by calling SCDCHK after every 200g words of the user’s string.

Things proceed much as before, until we need to insert a carriage return, linefeed pair
(CRLF) into the output. To see how that happens, we need to delve into the mechanics of
the routine XMTCHR.

XMTCHR starts out by checking to see whether we have been at interrupt level too long. If
seven ticks have gone by since we last ran the monitor cycle, we refuse to transmit any more
characters. The once-per-second code will eventually restart any lines which this leaves in a
hung state.

After that, we test to see whether the line is in a special output state. If so, we dispatch
through table XMTDSP to handle the condition. In our case, at the moment, the line is not
in a special output state, so we proceed to look for a character to send from the output TTY
chunks. We interlock the chunk database, test and decrement the output character count,
and remove a character from the output chunk stream. We check to see whether it needs
expansion as a two-part character (it doesn’t), and we release the interlock.

We then check to see whether we may have just counted down the number of characters to
5010 If so, we call XMTWAK, which will remove the user’s job from TO state if it was blocked
for terminal output.

We now check whether the character we extracted from the chunk stream was a meta
character which needs special dispatching. Again, in our example of an OUTSTR UUO, this
is not the case. Our character was.not queued in image mode, and let’s assume that it does
not normally need special output handling.

Finally, we check to see whether we are about to try to print past the right margin, and find
that we are. We fudge some bits for communication with SETCRF, the routine which will set
up our free CRLF, and then we call it. SETCRF will return non-skip, so we will loop back to
XMTCH]1, where the test for special output states is made.

This time, however, we do have a special output state. We dispatch through XMTDSP and
arrive at XMTESP, From the echo/fill chunk stream we will extract a carriage return, and
finally exit through XMTCN7 back to the device driver. The next call to XMTCHR will
dispatch to XMTESP and return a linefeed through XMTCN?7.

The call after that will dispatch to XMTESP, find nothing more to do there, and clear
LOLESP to avoid returning there again. It will then loop back to XMTCH1, where we will
find that we still have a special output state. We will then dispatch to XMTREO, from which
we will finally return the character which caused us to try to print beyond the margin.

1 handling of the string in OUTSTR is actually a bug, even though it has never been reported as such. Can you tell why
it is a bug? Can you tell why it has always worked in practice?.

Scanner Service 12-9



12.4.1.3 Additional Complications

Now, let us consider output from the monitor, rather than the user. COMCON uses routine
CCTYO rather than TYO7W, but mostly looks the same as user output. The main differences
are that COMCON cannot block for output, and it can use meta characters directly.

For example, COMCON will normally call COMFLM when it wants to print a prompt. This
routine will insert the meta character MC.FLM into the output chunks. When XMTCHR
finds this character, it will jump off to XMTMET, which will call METFLM to handle this
function, METFLM will decide, based on the carriage position at that point in the output,
whether to print a CRLF.

Functions of the TRMOP. UUO will also insert meta characters into the output chunks.

12.4.2 Input Processing

Terminal input is generally more difficult to understand because of echo processing the fact
that the job will probably block and need to be requeued when a break character is ready to
be read by the program. Thus, we shall once again start with a simple case.

12.4.2.1 A simple case

The program performs an INCHWL UUO (TTCALL 2,). When this monitor call is issued,
the job goes into TI wait until a break character is received. Only the first character in the
chunks is returned at that time. Successive UUOs return the remaining characters one at a
time,

When the INCHWL is executed, control passes from UUOCON to TTYUUO in SCNSER, and
from there to the routine INCHWL. This routine in turn calls TWAITL to wait for a line, TYI
to get a character and PUTWDU to give the character to the user. If a line has already been
received, the return from TWAITL is immediate, otherwise the job will be placed in \TI wait
and will not be run again until a break character is received. In other words, the job blocks.

So, how does the job get requeued to read its input? First, a line has to be received by the
DECsystem—10 from the terminal. Once a character is received, the device service routine
will call SCNSER at one of the following two entry points: RECPTY, for those drivers that
use the LDB themselves; or at RECINT for those which use only a line number. (RECINT
falls into RECPTY, so we will ignore the difference here.)

RECINT must handle many special cases before the character is ever placed into the input
chunk stream. If the MIC interlock is not free for this lire, the character must be deferred
into the RECINT queue, RECINQ. If the line is a local dataset which needs to be ignored
until its carrier stabilizes, the call to RECINT must be ignored. If this line is a remote
terminal, which is not in use by a job, and the system is stand-alone, the user will be told
that without the chunks ever being touched.

After all these tests, which merely determine whether this line is allowed to receive input,
the character which has been received must be checked to see whether it needs special
processing. Most special processing will be avoided if the line is in image mode or packed
image mode (PIM).
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If the character is to be received, and it does not need special processing at this time, and
there is sufficient room to store the character into the input chunk stream, then the character
will be stored by SCNSER. If the character is stored, then the user’s program may receive a
software interrupt informing it that input is available. Finally, TOPOKE will be called, to
start echo processing, and SCNSER will return to the device service routine.

Echo processing is handled through XMTECH. When no characters are present in the output
chunk stream, XMTCHR jumps to ZAPBUF. ZAPBUTF is responsible for waking up the user’s
job if it was blocked in TO state, and for calling XMTECH to provide echo of the user’s input.
XMTCHR will only give a non-skip return if it cannot continue with the output stream due
to a characteristics change, or if we need to execute the monitor cycle, or if neither output

nor echo need to be done.

XMTECH will check whether echoing is needed or even allowed, based on such things as
whether a CTRL/R is being processed, or whether deferred echo is in effect and the program
has not asked for any input. XMTCHR is also responsible for most of special character
processing. This includes such things as the conversion of a space to a CRLF when an
automatic carriage return (ACR) setting is in effect, the conversion of lowercase input to
uppercase, and the input line editing features of CTRL/U, CTRL/W, and CTRL/R, etc.

The processing of such special characters is left to XMTECH, rather than being handled in
RECINT, so that a user who sets deferred echo will see the characters behave as expected
according to the I/O mode of the program which reads them, rather than the modes in effect
at the time they were received (possibly as typeahead) by the DECsystem—10. XMTCHR will
handle expansion of two-part characters, and the processing of break characters. When a
line break is examined for echo processing, either the user’s program or COMCON may be
notified of available input.

If the character requires echoing, it will be returned by XMTECH on behalf of XMTCHR. If
not, XMTECH will keep advancing the chunk stream until no more echo processing can be
done.

Finally, after XMTECH has requeued the user’s job, it calls TYI, as previously mentioned.
This routine, like all terminal input routines, will eventually reach TYICC4. This routine
checks for interlocks with XMTECH due to CTRL/R processing, and eventually will either
return a failure to its caller (if in asynchronous mode) or will return a character (possibly
with expansion in the case of two-part characters).

12.4.2.2 Complications

Control characters tend to need special handling. Some few of them need it at RECINT time,
but most can wait until XMTECH. Some of those which cannot wait are CTRL/O, CTRL/C,
CTRL/S, and CTRL/Q. Some which can wait are CTRL/R, CTRL/W, runout, and carriage
return,

When a rubout or similar editing character is processed, it would like to be able to leave a
hole in the TTY chunks. Since this is not feasible, however, it marks the deleted characters
with the bit CK.NIS (not in stream). Both XMTECH and TYICC4 w111 skip over any
characters so marked is though they had never been present.
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When a carriage return is processed, it might want to become a CRLF. Since it is in the
middle of a chunk, and might have other characters following it already, this cannot be done.
Instead, it becomes a the meta character MC.NL. This meta character will be expanded as a
two-part character into a CRLF, as was desired.

When an eight-bit ASCII character is received for input to a program which is running in
seven-bit mode, it must be translated to the appropriate seven-bit fallback representation.
This usually involves expansion into two or three characters. Similarly, output from a
program using eight-bit I/O which is destined for a seven-bit terminal must be expanded.

In order to see how control characters, two-part characters, and other special characters are
handled, look at the tables CHTABL, METABL, CHREQYV, and METEQYV. Also examine the
routines TPCOUT, TPCECH, TPCINP, and TPCCOM.

12.5 Pseudo-Teletypes (PTYs)

For detailed information on the purpose and use of PTYs, see the Monitor Calls Manual
Here, we only note the distinction between the different kinds of PTYs. There are old-style
PTYs, the newer or full-SCNSER PTYs, and the latter are frequently given special handling
when they are in use for batch processing, so we can say that batch PTYs are a third kind.

The old-style PTYs are not capable of supporting terminal types, eight-bit ASCII, or indeed
most of the special features which distinguish a terminal from any other bi-directional I/O
device. Routine PTYPUT in SCNSER handles input destined for a terminals which are °
associated with old-style PTYs,

The full-SCNSER PTYs are capable of supporting anything which a normal user terminal
can support, with the exception of image mode 1/0. Packed Image Mode (PIM) I/O is
allowed, however. This flexibility of full-SCNSER PTYs makes them quite useful for virtual
windowing programs, but the fact that they will support CTRL/S and CTRL/Q , along with
TTY STOP mode, can sometimes get a user into trouble.

The batch PTYs do not do free CRLF processing or similar such terminal-specific formatting,
but since they are otherwise a full-SCNSER PTY, they do support most terminal functions.
In case of any doubts, search in SCNSER for references to the routine PTBTCH (defined in
PTYSER). This routine is used to confine the full terminal functions to full-SCNSER PTYs
which are under the control of interactive jobs. Search also for references to the bit LDLFSP,
which is the full-SCNSER PTY bit in the LDB.

12.6 Macro Interpreted Commands (MIC)

The MIC facility is a feature of TOPS-10 that allows a user to execute a command file at
the terminal. The commands are processed in a similar manner to BATCH commands with
several notable exceptions. The commands are processed for the user directly, not through
another job logged in on a PTY. The user sees the commands and their results printing
directly on the terminal. The batch controller (BATCON) is not involved at all. For a
complete description of the features and operation of MIC, see the documentation supplied
with it on the distribution tapes. This discussion is concerned with the special processing in
SCNSER to accommodate MIC.
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The MIC system revolves around a copy of MIC.EXE which is always running as a detached
operator job. That one copy of MIC controls all jobs that are using the MIC facility. In the
low segment of this MIC “master” is a process data block (PDB) for each job wanting to use
MIC. This PDB holds such items as the file from which to fetch commands, the arguments
from the DO command line, and information about labels with the file. The master responds
to the needs of the “slaves”, feeding them command lines from the appropriate files. The
command lines are sent directly to the terminal’s input chunk stream where they can be
processed by the usual means.

When the user issues a DO command, COMCON sets up and runs the MIC program. The
user enters a section of code different from that of the MIC master, setting up the PDB for
itself. Once the user exits from MIC, the master takes control. It will open the command
file. For each line in the command file, it resolves the parameters and then issues a TRMOP.
UUQ, function .TOTYP. This places an ASCIZ string directly into the terminal’s input
chunks. The routine in SCNSER to handle this function is TOPMTY. Characters are entered
one by one via calls to RECINM, which is in the receive interrupt routine. SCNSER then
performs the usual echoing, eventually notifying COMCON or the scheduler when a break
character is received.

SCNSER also watches for the ERROR character and the OPERATOR character when they
have been set. It notifies the MIC master job of any changes in state of the user terminal
or job in which MIC might be interested. When not servicing slaves, the master executes
a HIBER UUOQ. Thus, SCNSER takes care of notifying MIC of significant events simply by
awakening that job. This is handled in the routine MICWAK.

Note that there is nothing to prevent the user from typing during the processing of a MIC
command file. However, if the master decides to type while the user is typing, neither is
likely to get the intended results.
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Appendix A
EBOX/MBOX Accounting

A.1 Summary

A customer finds that 20% of his KL goes missing — lost or not charged. This appendix
describes the problem and questions the idea of accounting by time.

A.2 Introduction

We recently had a problem on-site in which it appeared that a great deal of computer time
was being lost in prime shift. That is, when we totaled over a prime shift the figures for
lost, null, and overhead, and added these to the time charged to users (from the accounting
files), we could not account for 20% of the elapsed time. Stated like that, that’s a significant
amount of the KL that was being lost or given away, and we were required to find it.

Note
The site was a 1090 with 512K of MH-10 Memory.

A.3 Explanation

The problem primarily comes down to EBOX/MBOX accounting and cache. This was noted
by Claude Barbe in “Copy’n Mail”, in which he concluded that:

Note
“EBOX/MBOX accounting is as good as your cache hit ratio”

Unfortunately even this is not quite true. When EBOX/MBOX accounting is used, use of
the system is measured by two hardware meters counting micro instructions (EBOX) and
memory references (MBOX). This is converted to time by the use of two divisors, which are
CPU-model dependent.

The MBOX counts all memory references, irrespective of whether the required data is in
cache or not. Its divisor is such that, if a program of the form JRST . is running, then the
total time charged (that is, null + lost + overhead + user) approximates, very closely, 100%
of elapsed time. JRST . is completely cache effective.
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If a completely cache ineffective program is running (for example, a large JRST . + 4 loop)
the time charged is around 18% of elapsed time.

So far this seems to agree with Claude’s statement. However, in attempting to map a
relationship between cache hit ratio and charged time during prime shift, we find that
similar cache hit ratios give widely differing charged times, and similar charged times come
from different cache ratios. Part of the reason for this is that a cache hit is two quite different

things.
The whole problem condenses rather neatly into two simple programs. Consider:
(B) (B)
SETOM  (T2) : MOVE T1, (T2)
ADDI T2,1000 ADDI T2,1000
AOBJN  T3,.-2 AOBJN T3, .-2

(outer loop control)

. Ndw, the program JRST . was 100% cache hit, charging 100% of elapsed time.

® Program (A) here is 100% cache hit, charging 74% of elapsed time.

¢ Program (B) here is 76% cache hit, charging 53% of elapsed time.

The obvious questions here are:

1. Why does A at 100% cache effective charge 74% while JRST . charges 100%?

2. Why is Program A 100% cache effective and Program B only 76%?

3. Why should Program A charge 74% but Program B charge 53% of elapsed time?

It is best to answer the second question first. All B’s (and A’s) instructions are in cache
since they are at a virtual page offset which does not clash with the page offset of the
memory reference, and therefore need never move. B is doing a read every third instruction,
which always fails to find a match in cache, since there is only space there for four memory
locations of page offset 0 (or whatever). The three instruction fetches +1 memory fetch give
us a cache hit ratio of three in every four, or 75%. Program A is the same but does a write
to memory instead, It appears that, because we always put the write in cache we score a
cache hit, whether or not it was first necessary to write away valid written data. Because a
cache hit is now two different things—no memory reference required on a read, on a write
it matters not—Program A is 100% effective, against Program B’s 76%. (Strictly, of course,
a cache hit can be consistently defined as the referenced data being put into or gotten from
cache with no regard to whether a memory referance was required, but that differs certainly
from my original conception of it).

The clue to the differing charged times came in the ratio 74% to 53%, which nicely matches
the ratio of read time to write time for MH memory, that is, 1.767 to 1.267. Observe what
happens with Program A in Figure A-1.

The SETOM requires that a valid written word in cache first be put in memory. We must
now wait for the memory cycle to finish before we can fetch and execute the ADDI and
AOBJN, and fetch the SETOM. All of these come from cache, and do not reference memory.
Execution of the SETOM then causes another memory reference, and so on.
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Figure A-1: Comparison of Program A and B Charge Times
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Program B is very similar but requires a read from memory. With the much larger memory
cycle time involved, we charge for an even lower percentage of the real time, only 53%.

Obviously, varying these two themes on the cache availability of the instructions, this
effectiveness on cache, and whether we read or write, allows for a totally variable charge
range.

A.4 Why EBOX/MBOX ?

If EBOX/MBOX accounting causes such problems, why use it? The answer is that it provides
beautifully consistent user accounting. Regardless of system load, time of day, or scheduling
vagaries, when a user runs a job it always costs the same amount. This is a good thing,
and compares favorably with KI accounting, which may in extreme cases show a factor
of 15 difference in charges between a Sunday run and a prime-shift run on the same job.
Unfortunately, in being so consistent, EBOX/MBOX gives the internal accountants, that is,
the computer department in whatever form, a real problem. How do they charge for the
missing time?

It is my belief that all these problems are caused by the historical practice of accounting for
computer usage by time. The EBOX/MBOX meters provide a consistent, tidy account of CPU
usage in digital units, a measure of work done (Klergs?). This is rightly quite independent
of prevailing conditions. The real error comes in reducing it to time values. It is a matter for
site accountants to fix, by the normal in-house procedures for dealing with overheads, the
means of rating Klergs directly in cash terms, taking account of the probability range of the
site-specific percentage of “hidden” time taken by users. They must avoid the unnecessary,
and demonstrably illogical, intermediary step of roughing it out in units of time before
converting to cash. Monitor and documentation should certainly avoid the same trap, and
refer to accounting units as such and never in time units. After all, no one would expect to
charge for line printer output on a time basis, using the optimum time required to fill a page.
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A.5 Conclusions

EBOX/MBOX accounting is beautiful and consistent.
2. There is a philosophical error in converting EBOX/MBOX units to time.

Sites selecting EBOX/MBOX should realize and utilize the consistent digital measure
of work done returned by the two meters, converting that measure directly into cash
independent of time.

4. Digital’s accounting and documentation should match this thinking and a write into
cache should only be considered a cache hit if no memory write-back is required.
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