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be high, although practical experience indicates that the COBOL compiler
generates very compact user code. TI, being a manufacturer of semiconductor
components, supplies very cost-effective memory. For control of a high number of
terminals it would still be necessary to write specific assembly language programs
to reduce OS overheads.

A final point regarding the DXI10 is the potential of the rather remarkable
VDT terminal with its processor 1/O port data transfer speeds, rather than a serial
line.

Microcomputer Operating Systems—Digital Research CP/M

In general, minicomputers have followed the conventional trend in computing
whereby the major software systems are developed by the hardware vendors
exclusively for their own products. Alternative software products such as
compilers and T.P. monitors are offered by software houses for the leading
machines but usually utilizing a standard operating system. Examples of total
“foreign” system software packages such as the Bell labs’ UNIX operating
system for PDP-11’s and the BLIS-COBOL system for Data General machines
come to mind, but they are rare exceptions.

Now with microcomputers, while there are a variety of microprocessors
available, the earlier dominant systems all featured the INTEL 8080 and later the
ZILOG Z80, which will execute 8080 code. The PET and APPLE feature the
6502, but these are later products. Thus there exists a large number of suppliers of
hardware systems incorporating a similar processor, e.g., ALTAIR, IMSAI,
North Star, Cromenco, RAIR, Tandy. To this list can be added a number of bigger
names, e.g., INTEL, EXTEL, ADDS, who are also using similar micro-
processors in specific products.

With all these systems now supporting floppy discs, the requirements for disc-
operating systems is paramount, and with the commonality of CPU one software
house, Digital Research, Inc., won the race hands down with its CP/M (Control
Program/Monitor) operating system. Probably the cleverest feature of Digital
Research’s system was the implementation flexibility. If one software system was
to be adopted by many hardware vendors, it was important to realize that while the
CPUs were similar, the I/O and disc controllers weren’t. Thus, as explained later,
the I/O routines are supplied as a separate module in source code form! Thus the
basic CP/M system can be tailored to any hardware system.

The Structure of CPIM

CP/M (Version 1) is a single-user, single-tasking disc operating system. Essen-
tially it provides a user interface to a discette file system and simple I/O routines.
It does not provide any form of real-time executive, e.g., no scheduler or task
manager, and is thus very different from the minicomputer operating systems
previously discussed.



252 The Minicomputer in On-Line Systems

CP/M itself consists of four “sections” plus the user’s program as shown in
figure 7.14. The I/O and discette handlers (primatives) are called Basic /O
System (BIOS) and a sample is supplied in source code form to any user if
required, although, say, PERTEC provides a specific version for their ALTAIR
machines. The file handler is included in the Basic Disc Operating System
(BDOS). This supports up to four IBM-compatible floppies in the normal form
although expanded versions for double-density discettes, etc., are available.

The console commands are processed by the Console Command Processor
(CCP), which utilizes the BIOS routines and principally creates calls to BDOS to
load programs, etc. User programs are loaded into the Transient Program Area
(TPA). Using standard CP/M utilities all programs are loaded and saved only from
thase and not from any user-specified locations within TPA. CCP is itself a
transient program and can be overlaid, as could BDOS if the user program
specifically accessed I/O directly via BIOS.

Most microcomputer systems use a ‘‘power-on’’ reset circuit to cause a jump
to a specific memory location. This contains the start of a ROM-based routine
which loads the first sector of the CP/M disc into memory. This contains a routine
to load the rest of CCP, BDOS and BIOS from the first few sectors of the system
disc. A routine in BIOS then sets up certain system parameters in page zero; these

48K
Basic I/O system
BIOS
Jump vector
461K ibase
Basic disc operating system
BDOS
Function call analyzer
43K fbase
Console command processor
ccp
42% K cbase

P Transient program P

area TPA
IK tbase
System parameters
buffers
5 -——m——————— 4 Page 0
Jump to fbase (system call)
Jump to ibase (warm start)
0
Figure 7.14

Memory map for 48K CP/M system
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include a jump instruction for the “warm-start” procedure (typing control C,
which is trapped by the BIOS) and the jump to BDOS for entering the call
processor. Also included are the remaining 8080 interrupt vectors, some used by
CP/M utilities but not CP/M. Buffers are also provided for default disc transfers
plus a default file control block. Since CCP and BDOS (if the user program
doesn’t use files) can be overlaid, the warm-start routine reloads CCP and BDOS
from disc before returning control to CCP.

Facilities of CPIM

The functions provided by CP/M are split into two groups, input/output and the
file operations. Figure 7.15 lists the functions provided in version 1.4

All functions are accessed by first writing the function number into register C
and any input address in register pair D, E. Single byte results are returned in
register A and for two byte results (addresses) the high order byte in register B. A
jump to subroutine is then executed via absolute location 5 which stores a jump to
the location (fbase + 6) in BDOS where the function is analyzed and executed.

The BDOS system functions are supported by the I/O primative routines in
BIOS. A list of these functions is shown in figure 7.16.

In addition BIOS includes two routines to handle the cold and warm boot
procedures.

It must be noted that BDOS is hardware-independent. To tailor CP/M to any
hardware environment, only BIOS must be modified. By convention the BIOS
routines are accessed by a jump vector at the beginning of the BIOS. Since these
are at known memory locations, the BIOS routines can be directly accessed by
user programs rather than the preferred access via BDOS.

File Handler

CP/M files are maintained by name in a directory on each discette. A file can be
any size from no sectors to a full discette, organized as a logically contiguous
sequence of 128-byte records. Physical sectors are not necessarily contiguous and
can be dynamically allocated to expand or reduce a file. A 33-byte file control
block is maintained for each 16 KB of each file, which is brought into the TPA by
an OPEN function. The FCB is updated in memory and written back to disc when
the CLOSE function is executed. The form of the FCB is shown in figure 7.17.

The NR field is initialized to zero and sequential access is maintained by
incrementing. For a file exceeding 128 records (16 KB) the EX field is
incremented and the data for that extent loaded into the FCB. Random access to
sectors is simply achieved by precomputing and overwriting NR. A maximum of
16 extents (256 KB) is imposed in version 1.4.
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Function Number Information Result
0 System reset
1 Read console ASCII character
2 Write console ASCII character
3 Read reader ASCII character
4 Write Punch ASCII character
5 Write list ASCII character
6 (not used)
7 Interrogate I/O status I/O status byte
8 Alter I/O status I/O status byte
9 Print console buffer ~ Buffer address
10 Read console buffer =~ Buffer address
11 Check console status True if character ready
12 List disc head
13 Reset disc system
14 Select disc Disc number
15 Open file FCB address Completion code
16 Close file FCB address Completion code
17 Search first FCB address Completion code
18 Search next FCB address Completion code
19 Delete file FCB address Completion code
20 Read record FCB address Completion code
21 Write record FCB address Completion code
22 Create file FCB address Completion code
23 Rename file FCB address Completion code
24 Interrogate login Login vector
25 Interrogate disc Selected disc number
26 Set DMA address DMA address
27 Interrogate allocation Address of allocation vector
Figure 7.15

BDOS functions in CP/M, version 1-4

CP/M Utilities

The user accesses CP/M via the console terminal, communicating with CCP. CCP
itself contains five built-in functions:

ERA  Erase named file from discette
DIR  Display directory of specified discette
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CONST Return console status in register A

CONIN Return console character in register A

CONOUT Output character in register C to console port

LIST Output character in register C to printer port

PUNCH  Output character in register C to punch port

READER Return reader character in register A

HOME Move to track 00

SELDSK  Select disc given in register C

SETTRK  Set track given in register C (0-76 for IBM-compatible)
SETSEC  Set sector given in register C (1-26 for IBM-compatible)
SETDMA Set memory address for buffer; initialized to 128
READ Read defined sector to memory buffer

WRITE Write to defined sector from memory buffer

Figure 7.16
BIOS primative I/O routines in CP/M

REN  Rename file

SAVE Save n 256-byte blocks of memory starting at location 256 onto disc

TYPE Display the contents of an ASCII file on the console

HEEEEEEEEEREEEEEEEEEEEEEEEREDE

g I e — v <
ET FN FT EX RC DM NR
FIELD FCB POSITIONS PURPOSE

ET 0 Entry type (currently not used,
but assumed zero)

FN 1-8 File name, padded with ASCII
blanks

FT 9-11 File type, padded with ASCII
blanks

EX 12 File extent, normally set to
zero

13-14 Not used, but assumed zero

RC 15 Record count is current extent
size (0 to 128 records)

DM 16-31 Disc allocation map, filled in
and used by CP/M

NR 32 Next record number to read or
write

Figure 7.17
File control block format
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Any other command issued to CCP is assumed to be the name of a disc file, which

is loaded from 256 upwards and executed. The user can thus define any ‘‘transient

command”; CP/M is supplied as standard with nine utilities initiated by the
following commands:

STAT List statistical details of files on disc; alter and display device
assignments.

ASM Load 8080 assembler and assemble a specified file; produce
object file in INTEL hex format.

LOAD Create disc file in executable code from INTEL hex format file.

The file created can then be loaded and run by a CCP transient
command of the same name.

DDT Load and execute CP/M Dynémic Debugging Tool.

PIP Load the Peripheral Interchange Program for control of disc file
and peripheral interchanges.

ED Load and execute the Text Editor. Used to create new source

programs and modify existing source files.
SYSGEN  Create new CP/M system discette.
SUBMIT  Submit a file of commands for sequential batch processing.
DUMP Dump the contents of a file in hex format.
MOVCPM Regenerate CP/M system for a given memory size.

Further Software Under CP/M

Because of the acceptance of CP/M on a wide variety of hardware, a standard O.S.
interface is in existence on many thousands of systems. The attraction is very
obvious, therefore, for any other system software house to produce utilities which
utilize the CP/M functions. Leading among such utilities are the language
processors developed by Microsoft Corp.

Digital Research produce their own optional utilities, namely:

MAC—an 8080 macro assembler
SID—a symbolic debugger
TEX—a text formatter

DESPOOL—a simple non-interrupt driven routine for simultaneous support
of console and printer

They also offer a PL/1 compiler.
Microsoft produce the following language processors and software develop-
ment aids:

EDIT-80—a text editor
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MACRO-80—a 8080 and Z80 macro assembler which generates relocateable
code modules. Linkers, loader, library manager and cross-reference list
utilities are included

BASIC—a simple 4K, an extended-memory-resident, and a full disc-
extended BASIC interpreter (MBASIC) are all available. MBASIC ap-
proaches DEC’s BASIC-PLUS in standard

BASIC compiler—language compatible with version 5 MBASIC
FORTRAN-80—ANSI ’66 compiler, except for COMPLEX

COBOL-80—ANSI °74 compiler with ISAM, COPY and EXTEND. Interac-
tive with ACCEPT/DISPLAY

PASCAL-80—compiler

All compilers generate relocateable code compatible with the MACRO-80 code
and linker, etc. PASCAL is not the common UCSD interpreter, and since it can be
used to generate code modules it could well become a standard system software
development language, competing with INTEL’s PL/M, ZILOG’s PL/Z, etc. An
alternative COBOL compiler, known as CIS-COBOL, produced by Microfocus,
includes a screen formatting utility.

A most surprising omission is the ready availability of data communications
products. Some good ones are available, however, including a special-purpose
CP/M machine-to-machine file transfer package and packages for IBM protocol
emulation based on Bisync, that is, 2780/3780 and 3270.

Enhancements to CPIM

With the increasing availability of higher performance microprocessors and cheap
discs, particularly eight-inch Winchester drives, there is a need to enhance CP/M.
CP/M version 2, released in the last quarter of 1979, is the first step forward. The
major enhancements are support for large capacity discs and improved file
attributes. This has been achieved by moving all/ disc-dependent parameters into a
“disc-parameter block” (DPB) in BIOS. Thus features such as number of tracks,
number of sectors per track, maximum number of sectors, etc., can be defined. A
DPB is used for each different disc-drive type supported. An optional sector
“stagger’ translation vector is also included.

With version 1.4 the maximum file size is 16 X 16KB extents (256KB); with
version 2 physical sectors can be grouped (clustered) by parameter selection into
multiples of 1 to 8, which, coupled with an increase to 64 extents, gives a
maximum file size of 64 X 16 X 8 = 8MB. Using a grouping factor of 1 creates a
version 1.4-compatible file. At the same time a new random-access facility has
been introduced into BDOS which allows physical disc blocks to be allocated
dynamically when written.

The directory system has been enhanced so that read, write, and user-number
attributes can be appended by file; most discette systems are protected only by a
physical tag on the discette itself, so that this is a major advancement.
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In addition to version 2 of CP/M, a new system, MP/M, has been released.
MP/M is compatible with CP/M but supports a multi-programming nucleus with
support for ‘““bank-switched”” memory (e.g., two or more memory boards with the
same 64KB address space, one of which is selected as active by an I/O
instruction). A real-time clock is required and interrupt-driven I/O is preferred.
Since the hardware dependency is now becoming severe, MP/M cannot have the
universal appeal of CP/M. Since sharing of a cheap 8-bit micro is also somewhat
restricting, this system is obviously a precursor for a system based on 16-bit
micros. CP/NET has also been introduced to link multiple microcomputers
running CP/M and MP/M in a hierarchy. 8086 versions of CP/M and MP/M are
now available.

Summary of CPIM

CP/M presents an excellent single-user operating system for program develop-
ment and single program execution. With FORTRAN, BASIC, and COBOL a
CP/M system forms an excellent scientific or small business computer. With the
excellent editors, debuggers, assemblers, and probably PASCAL such a system
also forms a cost-effective Microprocessor Development System (MDS), but as
yet there are no equivalents to the In-Circuit-Emulators (ICE) available on the
micro-processor manufacturers’ own MDS products. INTEL, on their own MDS,
also provide a real-time executive, RMX-80. There are few equivalents commonly
supported under CP/M, although STOIC is in the CP/M user’s group library.

DECNET

While we are essentially considering the connection of terminals to a computer,
we have also given consideration to computer-to-computer communication. The
general technique with minis is to interconnect two machines by a direct
synchronous line and to run 2780 emulators at each end. This technique has much
to offer, not the least because it enables communication between different
manufacturers’ machines. Some manufacturers offer their own point-to-point
communication software, but while this is likely to be more efficient than a
software emulator the lack of a standard is undesirable. Communication between a
number of interconnected machines presents far more problems, and hence there
is a demand for network-control software. At the same time such a network of
machines offers the potential for one machine to access data stored on another
machine, so that software is required not only for machine-to-machine but also
task-to-task communication, where each task may be one of many running on
separate machines. New developments in networking have also provided the
opportunity to implement new data communication protocols.

Attempts are being made to produce international standards, particularly the
HDLC full duplex protocol and the X25 network control. Nevertheless, two
specific systems, totally incompatible, have appeared as the frontrunners—IBM’s
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SNA (System Network Architecture) with the SDLC protocol and DEC’s DNA
(DEC Network Architecture) with the DDCMP protocol. There are also strong
claims for Hewlett-Packard, MODCOMP, and most other large manufacturers.
DNA is not an operating system,; it uses a software package called DECNET that
runs under a standard operating system and can be loosely considered as a
glorified I/O system, accessible by macro calls from any user program. Subsets of
DECNET are available under most of DEC’s operating systems. DECNET cannot
readily communicate with other manufacturers’ machines, although an interface to
SNA has been announced.

The ideal network software will allow a user task to open a file and access data
on one of a number of remote machines using the same commands as are used for
local files. Data could then be accessed by the same programs used for local data
processing. Logical to physical mapping is then transparent to the user in a global
sense. Such ideology doesn’t currently exist, and special user programs have to be
written. Equally ideally, any machine should be capable of accessing any other,
whereas in current practice physical constraints are placed by implemented
interconnection. Thus if there are n machines in a network, there should be n-1
input lines into each machine; if there are fewer, some machines cannot talk to
some others. It is becoming possible, however, for messages to be passed from
one machine to another via an intermediate machine (the network software
includes store and forward-message routing). The use of one output line
multidropped to a number of receiving stations is also a possibility, but is not
currently used in minis. Public switching services such as X25 will allow each
machine a single port connection, the network providing the multiplexing and
routing.

Objectives of DECNET

The primary objective of DECNET is to pass messages from a task on one
machine to a task on another machine and to synchronize communication between
them. Thus user programs are written for each node without the user having to
check responses and so on. The user programmer can thus code an OPEN
statement, DECNET (and operating systems) being responsible for ensuring that
processing continues only when the OPEN request is correctly executed. Actual
messages will be either control information or data, determined by the executing
instructions (for instance, OPEN is all control, GET expects data).

However, various utility-level functions should also be provided in addition to
program run-time functions, such as:

—Intersystems file transfer

—Down-line program commands—one program can run or halt a program on
another machine

—Down-line system loading—executive software for a machine can be
loaded initially from another machine
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—Down-line program loading—programs can be stored on one machine and
loaded into another

—Software development—the above facilities allow one large machine to be
used for program development for all other machines

Another objective of DECNET is to allow user interface via various high-level
languages. :

The Structure of DECNET

DECNET is modular, comprising a number of layers, each with a specific
function. This is in fact an essential concept in network software, since as
technology improves certain software functions will be implemented in hardware,
which will only affect one module. This may also eventually help in implementing
international standards, if such an ideal situation ever can take place. In fact DEC
already is taking advantage of the modular approach by implementing subsets on
their less common operating systems. The same applies in reverse to enhance-
ments that will be implemented initially on the more common operating systems.

The structure employed by DECNET essentially comprises one hardware and
three software layers. These are shown schematically in figure 7.18. The four
layers are:

Hardware layer—responsible for the line characteristics (serial or parallel,
synchronous or asynchronous, data transmission speed, modem control,
character synchronization)

Physical link layer—responsible for handling messages to and from the
hardware layer. Concerned with error detection and recovery, also handles
identification of messages for sequencing and synchronization. Uses the
DDCMP protocol

Logical link layer—multiplexes and demultiplexes error-free messages
provided by DDCMP into individual message streams to independent users.
The Network Services Protocol (NSP) adds identification to the user message,
the combination of which is treated as one unit by DDCMP

Dialogue layer—NSP ensures that each message is correctly routed to the
appropriate user program. Whether the message is actual data, a request to
access a specific file or device, or whatever, is determined by the data access
protocol (DAP).

The user programs can be considered another layer on this onion. The user
interface layer allows supervisor-type calls to the services of DAP and NSP to, for
example, access a file via DAP or establish connection with a remote task via
NSP. These services are available as calls in Assembler and FORTRAN programs
under DECNET. Figure 7.19 shows how the various protocols effect the routing of
a message from a source program to a destination program.
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Figure 7.19
Data flow between programs in DECNET

Hardware Layer

The hardware layer includes a full range of line interfaces with associated line
drivers and any interrupt service routines. The objective is to present a line-type
independent interface to the physical link layer, thereby enabling DDCMP to be
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line-type independent. In essence all messages are received and transmitted as
though direct to memory viewed by the physical link layer. This implies handling
of modem control and synchronization of bit patterns into character strings. In this
way the physical link can be a slow-speed asynchronous interrupt-driven line, a
high-speed synchronous line, or a parallel line, all similarly handled by the
physical link layer.

Physical Link Layer

The physical link layer is essentially required to ensure that any messages
transmitted are received error-free and to inform the sender of correct reception.
This implies methods of error checking and of acknowledging or requesting
retransmission if needed. The physical link layer must also select a specific line
for transmission based on a logical routing request.

DECNET uses a full duplex protocol called DDCMP, which is shown in
figure 7.20. Recall from chapter 3 that this is a byte-oriented protocol compared
to the bit-oriented HDLC and SDLC. This is achieved by using the count to define
the beginning and end of the data field. Note also the high number (256) of
messages that can be transmitted before an acknowledgement is required. In
addition to the protocol shown in figure 7.20, another set exists beginning with

8 bytes 2 bytes
- — >
Header | ROUtING | Message | CRC-16

header

Any length up
to 2'* bytes

Receive | Transmit Station
number | number address CR(?—16 Vv

L Message Header block check
number

j

|
SOH | Count | S/F

i

Number of message
being acknowledged

Select and final bits for control
ownership of link (2 bits)

Figure 7.20
DDCMP protocol message format
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ENQ rather than SOH and using the count field as types and subtype fields. These
are transmitted without data for channel control information as defined by the type
and subtype fields, for example, Acknowledge when there is no message to
transmit, Boot, Reset, Start, and so on.

DDCMP includes cyclic redundancy check (CRC) characters for error
checking on both the header and the data block. Users report this protocol to be
very efficient in handling lines that have some probability of error. The 8-bit
station address intended to identify multidrop stations is used for route through by
DECNET. As technology advances more and more of the functions of DDCMP
will be implemented in hardware.

Logical Link Layer (Network Control Services)

The logical link layer effectively creates a line (a “virtual pipe”’) between one user
and another node. The network control software module handles the network
services protocol (NSP) designed to control the routing of messages over the
network. NSP has two major functions to perform: (a) as the user interface to
DECNET for all intercommunications, (b) to generally supervise the network.
Intertask communications are to:

—Create the logical link; later releases will allow links to extend through
defined intermediate nodes

—Multiplex and demultiplex multiple logical links into physical links
—Control traffic through the logical link, including possible process
interruption

—Perform message segmentation and collation

—Ensure end-to-end delivery with correct synchronization and sequencing
—Destroy the logical link

Network supervision functions are to:

—NMaintain tables of the network configuration, inform all nodes of new
nodes and other changes

—Route messages through the network (automatic store and forward
facilities)

—Trace messages through the network

The NSP appends the routing header field indicated in figure 7.20. NSP uses
the routing data to instruct the physical link layer which physical line to use, but
the information is also transmitted for use in demultiplexing at the receiving
station. The header is typically 8 bytes long and contains flags, destination and
source link addresses, heading and optional message number (12 bits), and
optional mode routing heading. NSP control messages include fields to define the
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control function and the data required by that function. The control functions
include connect and disconnect, set and check link status, (with an allowance for
short messages to interrupt long sequences of messages), topology and configura-
tion set and check, and a number of maintenance functions. NSP allows intranode
connection between two tasks on the same machine. This of course is less
efficient than the conventional intertask communication provided by the operating
systems and is provided for development and test purposes.

Data Access Layer

The data access protocol gives meaning at the user level to the messages handled
on behalf of the user program by NSP. DAP includes a special module called file
access listener (FAL). FAL acts only as a receiving node utility to gain access to
any file or device being accessed from the master node. Referring back to figure
7.18, DAP is shown as a reentrant module. In effect each user program can
request independent data access via its own effective copy of DAP; NSP
multiplexes multiple requests. User programs can of course be responsible for
their own files and device access using DAP to pass buffers of data. Any data
incompatability between operating systems can be handled by DAP. Ideally DAP
would provide all the facilities of a local file control system, but DECNET 1s
much more constrained, being limited to simple GET and PUT record statements.
As such, however, DAP allows access to remote devices such as line printers; only
on later releases does it allow a terminal on one machine to act as a virtual
terminal on another machine.

The user program can also gain direct access to NSP, instead of using DAP,
for such functions as establishing links and simple message transmission. NSP
also allows user program access to the remote operating systems monitor, in
particular to RUN and ABORT tasks on remote nodes. CALL statements are
available in FORTRAN and equivalent in Assembly language to gain access to the
three basic services described above, message exchange, file access, and task
control.

Sequencing

It is most important to realize that DECNET controls the sequencing of events
between two communicating tasks. Each program can be written in isolation.
Figure 7.21 indicates a simple pair of programs, one to send a message and
another to receive it. Each is written independently of the other. When executed,
however, DECNET evokes far more functions transparent to the users. Having
requested the link, the source task cannot proceed until NSP signals correct
completion of the link. To do this the target task must be activated, which will
then obtain logical link information and decide whether it accepts or rejects the
link. The NSP on the target then informs NSP on the source that it has accepted
the link.
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Figure 7.21
A simple pair of related programs

The target machine can now execute a request to receive a message which will
allow NSP on the source machine to execute the send message from the source
program. In effect the transmit command in the source program will remain
dormant until the target program has issued a request message command. Any
transmission errors and recovery will be handled by DDCMP, again transparent to
the user. If one considers that multiple tasks using NSP and multiple physical lines
must be controlled, it is clear that the network control service program is a
complex multitasking software module in itself; it is orders more_complex than a
direct point-to-point emulator.

Summary of DECNET

In practice DECNET has been quite successful in comparison with other
manufacturers’ offerings. It can by no means be considered fully developed.
There is certainly no attempt yet to allow automatic, or alternative, routing or
packet switching. The user interface is reasonable and easy enough to use but has
not reached a level of logical compatibility with local programs.

Probably the most successful part of DECNET is DDCMP, although this will
probably eventually give way to a bit-oriented protocol such as HDLC when
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interfaces are suitably developed. The power of DDCMP lies in the fact that it uses
standard, readily available interface hardware. This, coupled with the fact that
DECNET software occupies roughly 24 KB compared to up to 100 KB for SNA,
accounts for the greater acceptance of DECNET over IBM’s product.

The availability of a variety of operating systems on DEC equipment is an
obvious disadvantage when it comes to networking software, particularly since
file structures are incompatible. One cannot help but feel that Hewlett-Packard,
with RTE on the 3000, and Data General, with AOS may be in stronger positions
to use the now-available SDLC interface components and develop much easier-to-
enhance software.






8

High-Level
Packages

Minicomputer operating systems are rather more advanced than high-level
language compilers. This is particularly pronounced in the area of on-line
terminal handling. For dedicated multiterminal systems the powerful macro
assembler facilities available can be employed to produce extremely efficient and
reliable software. Such a system is also relatively easy to tune, but is inflexible
and expensive to program.

At the other end of the spectrum from dedicated terminal handling, the
minicomputer can be used as a conventional small business system (SBS). Thus
systems using simple on-line data entry and batch processing will abound, based
on the existing operation systems, to give some degree of multiprogramming.
Such systems, for the benefit of the end user as much as the programmer, must be
programmed in a high-level language. Thus COBOL and RPG II compilers (Data
General, Texas Instruments, Hewlett-Packard 3000, Varian) are becoming com-
mon. Terminal handling is achieved typically by using BASIC or an Interactive-
COBOL. Minis are designed as interrupt-driven machines so that the single-
threading accepted in small mainframes can be totally avoided.

The pseudominis are supported essentially by batch processing operating
systems. To improve these rather limited systems a number of independent
software houses have produced transaction processing monitors, which improve
not only the terminal handling but also command processing and error handling.
Since the technique is well understood in DP circles, it is used on minis as well.
One other area in which minicomputers are commonly employed is key-to-disc
systems. Conceptually a key-to-disc system is similar to a SBS, but the accent is
on dedicated terminal handling routines and simplified file structures. Versatility
and processing power are sacrificed for maximum terminal capacity.

269
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Minicomputer On-Line
Terminal Handling Packages

While relatively conventional COBOL-based systems with TP monitors will
continue to appear, there exist a variety of packaged systems with some interesting
features. A few of these will be described in outline in the following sections. The
systems described have been chosen because they display original concepts. We
make no claim here that they are the “best” in any sense. In most cases the desire
to produce an alternative to a batch-COBOL-based system can be summarized as
the need for:

—Improved terminal handling statements, including trapping of errors back to
the user program

—Simplification of the programming of terminal dialogs
—On-line and interactive program development and debugging

—Direct control of program execution by the terminal operator, with minimal
recourse to supervisor control

—Simplification of the syntax of high-level language afforded by the new
minicomputer technology

—Password and file attribute security codes
—Accounting of system resources
—Logging of transactions with error recovery routines

No package system will give the total flexibility and efficiency achievable
with a multiprogramming operating system with macro assembler. The price paid
for the latter system is the difficulty in understanding and making full use of the
available facilities; this is not acceptable for a general-purpose, user-oriented data
processing system, which should be easy to use even at the expense of efficiency.

Key-to-Disc Systems

A key-to-disc system is used to create machine-readable images of source data
documents. Such systems support only simple file structures and allow a minimun
of data processing. Multiple terminals linking to one reentrant application
program are supported. A simple basic disc-operating system rather than a
general-purpose OS is used to minimize overheads both of memory and processor
time. By designing the system to handle its own specialized job with no
pretensions to full data processing, a simple minicomputer can handle up to 20
terminals. Program swapping is used to support different workloads for each
terminal if required.

Apart from demonstrating the importance of designing a system to suit the
job, these systems have led to the development of some very good screen
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formatting and processing languages. These enable easy design of terminal
dialogs and simple processing of data fields. The processing is limited compared
to a full data processing system, but includes efficient routines for data validation
and error checking. A simple file retrieval system is also supported so that, for
instance, a name can be returned and displayed against a code number. Once a
batch of data has been validated and stored it can be transferred to another
machine for processing. A limited version of this technique is used as a
foreground program on machines like the ICL 2903 and Burroughs B700, so that
the files, once completed, can be batch processed as a background job.

Digital Equipment Corporation COMTEX

COMTEX is an example of a do-it-yourself communications executive. It
comprises a system control and interface program to link user-supplied program to
the terminal and line-control tasks, including interrupt service routines for
specified terminal handling. COMTEX can be configured by the user to include
routines to suit his own configuration. I/O handlers are available for most DEC
interfaces. More comprehensive control modules are also available to handle line
protocols such as Teletype, IBM 2741, bisynchronous, and so on. Applications
programs supplied include emulators for 2780 and HASP work stations. In
general routines are supplied in source form so that the user can tailor any routine
to meet specific circumstances.

COMTEX is supported as a user program under the obsolete DEC batch
operating system, DOS, the combination resulting in an on-line disc-based
operating system. DOS/COMTEX has now been superseded by RSX-11M, which
includes all the above features in a multitasking, multiprogramming environment.
It is rather frightening to contemplate an on-line system based on such an
elementary and unreliable operating system as DEC’s DOS.

Most minis support terminal-oriented routines similar to COMTEX, but they
are usually integrated with a real-time OS.

Digital Equipment Corporation COS 350

The COS 350 system is a PDP-11-based member of a range of packaged systems
using the language DIBOL. COS 350 supports multiple terminals. DIBOL is one
of a new breed of languages structured like COBOL but greatly simplified. Accept
and display statements provide single-character handling, but terminals are
generally treated as files and accessed with record read or write statements, as are
the disc files. A program can support only one terminal, so that even if two
terminals are performing the same work, down to sharing common files, two
copies of the program must be loaded. DIBOL is a wholly character-oriented
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language so that numbers are represented and stored as ASCII character strings.
BCD support is clearly needed.

The COS 350 executive runs as a task under the single-user RT-11 OS. As
such it uses the RT-11 file system (and all other utilities such as edit, and so forth),
which allows sequential or random access. Files must occupy contiguous disc
blocks, so meaning that maximum sizes must be prespecified. The file handling
utility (PIP) can be used to clean up the disc, and they—by copying and
deleting—to extend a file. Records can be any length but must be fixed. Thus
buffer space for both disc and terminals is allocated in the user program as defined
by the data division program statements. The executive is a time slicer, switching
between resident programs. With a maximum memory of 56 KB, approximately
36 KB are left for user programs. Programs cannot be swapped but there is an
overlay facility, and programs already loaded are shuffled when one exits to leave
all available memory as a contiguous block. RT-11 maintains a free memory table
to control the shuffling.

The DIBOL compiler is too large to run as a time-shared program, so
program development is off-line, the compiler replacing the time sharer. With the
mapped PDP-11s a release is available so that the foreground/background version
of RT-11 can be employed with, say 128 KB to allow concurrent program
development. Since RT-11 is a single-user system and no memory mapping is
supported on the COS 350, there is no protection between programs. It is,
however, a multitasking system, so that program 2 will execute while program 1 is
awaiting, say, a disc access completion (multithreading).

There is a facility for initiating a program at the terminal and then detaching
the terminal from that program and using it with another program. Thus two user
programs could run concurrently with a one-terminal system, giving a batch
facility without tying up a terminal as a console. The number of terminals
supported depends upon how large the programs are. With 36 KB of user space
about two terminals doing on-line processing or four doing data entry would
appear reasonable.

The general-purpose utilities, stemming from the well-established RT-11 OS,
are above average. The more specific data processing utilities are average. An
indexed sequential package has been introduced, which takes up another 4K of
space (see figure 8.1). The file structure is simple and file sizes must be
prespecified. The protection facilities are poor. The lack of virtual programs is a
serious disadvantage and there is no support for buffered VDUs.

A utility called DECFORM that generates DIBOL programs to create
specified screen formats and file structures is available. This is a good example of
the trend to introduce improved program development aids.

Digital Equipment Corporation RSTS/E

RSTS/E is a resource-sharing, time-sharing system specifically designed for
multi-user terminal-oriented interactive processing using BASIC. It has grown
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Figure 8.1
The DEC COS 350

through many versions, the early release, Version 4 (RSTS), using an unmapped
PDP-11 (no longer supported by DEC) while the extended (/E) versions make
extensive use of memory management hardware. Version 5 is the standard system
which holds a special place of honor in data processing since more than any other
system this accounted for the now common use of minicomputers in commercial
applications. Indeed the simple user interface of RSTS/E has set a standard which
others must hope to emulate, particularly for first-time user installations. Version
6 can be treated here as an enhancement to Version 5 introducing some compiler
support. Version 7, however, is a major restructuring of the executive, providing
much wider support for compilers and languages other than BASIC. With the
release of RSTS/E Version 7, DEC appears at last to have realized that a
sophisticated and complex real-time operating system like RSX-11M is not an
ideal user environment for commercial programs which are much more simply
served by a time-sharing type of scheduler. Straightforward application programs
not using RSX-11M’s real-time features developed under RSX-11M using BASIC-
PLUS-2, COBOL or FORTRAN will run under RSTS/E Version 7.

Versions 5 and 6. A simple memory map is shown in Figure 8.2(a). The
executive controls all I/O and time-slicing; it occupies about 32 KB of memory.
The BASIC interpreter resides in a separate virtual space and is also around 32
KB. The interpreter issues service requests to the executive but contains an
integrated command analyzer (as in all BASIC interpreters) so that under time-
sharing control, each terminal has independent access to all facilities. All I/O is
logical, physical terminal addresses being associated with users at log-on. The
log-on module has good password and user control features; the monitor also
supports terminal status reporting and user statistic logging. User programs,
written in BASIC, are entered and edited under control of the interpreter. The
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DEC RSTS/E memory map

source program is semi-compiled (for run-time efficiency) as it is entered and the
syntax checked at each line. Both the ASCII source program and the interpreter
level code are filed, the former for listing and editing, the latter for run-time only.
The ASCII source program is pre-compiled whenever it is used and therefore
takes far longer to load. Each BASIC program has its own space in memory with
virtual address 32 to 64 KB; the executive maps the appropriate physical pages
into the interpreter space when that program (and terminal) is allocated a time-
slice. The time-slicing algorithm is very efficient, taking full advantage of time
available from other programs awaiting resources. Thus all keyboard /O is
performed under interrupt by the executive. For example, when a user program
executes the statement INPUT A, that program is de-scheduled and takes no
further time-slices. The executive collects the keyed-in characters requested,
buffers them (from a dynamic buffer pool in the executive address space), checks
for validity, code converts to binary, and transfers the binary number to the data
area allocated to the variable A in the user program. When this is complete, the
user program is rescheduled and processing continued.
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Each terminal has its own program. Thus if two terminals run the same
program, two copies of the program are physically loaded into memory. To
minimize physical memory requirements, RSTS swaps user programs out to disc,
largely while they are awaiting keyboard input and are inactive in any case.
Swapping is transparent to the user. Insufficient memory causes excessive
swapping, and while any number of terminals can be logged on, the response will
be poor. For a normal commercial system about one in three programs should be
in memory. A minimum of 128 KB is required in practice. Programs which do not
need interactive I/O can be run from any terminal (usually the console) and the
terminal ““detached” for running another job. This provides a good batch facility.
A line printer spooler is also supported.

The system language is a greatly enhanced version of BASIC called BASIC-
PLUS. The language extensions allow floating-point and integer arithmetic and
very powerful character string handling. Double-precision floating-point arithme-
tic (8 bytes) with a user-defined scale factor is used for commercial work (17
digits). True/False logic and AND/OR on bit patterns are both supported so that,
for instance, code conversions can be handled in high-level language. Alpha-
numeric data is normally stored one character per byte, but it can be packed three
characters in a 16-bit word, upper case only. BASIC-PLUS suffers from the
constraint of variable names being limited to one alpha character or one alpha and
one number such as A or Z7; BASIC-PLUS 2 allows multiple-character names.
Integer, floating-point and string variables and arrays are allowed.

A feature of an interpretive system like RSTS is its ability to develop and
debug programs on line, concurrent with other program execution. Similarly, run-
time errors can be trapped and handled by the user program rather than the OS;
thus erroneous input data can be detected and the user asked to re-enter.

The file handling is good, but access techniques are limited. Physical files are
located by directories as noncontiguous ““clusters” of blocks, INPUT and PRINT
statements can be used to store ASCII formatted data or GET and PUT statements
to access logically numbered blocks, either randomly or sequentially. The system
also supports virtual arrays so that an array can be dimensioned up to 32,000 X
32,000, which is accessed from disc via a 512-byte buffer. Lock-out is at block
level. With BASIC-PLUS, keyed access routines are included as functions in the
user code limiting the virtual space available to user programs.

There is a technique for allocating multiple terminals, effectively single-
threaded in one program, but the usual technique is to use one program copy per
terminal. The interpreter is reentrant. Strings can be of any length, determined at
execution time. They are all saved in a pool with name and length headers. Thus
to execute the command A$ = B$ + CS$, strings B$ and C$ are concatenated by
creating a new string A$ and copying first B$ and then C$ inside the pool.
Executing A$ = “NEW” will create a new array and mark the old A$ as dead.
Thus the character string pool must be periodically cleaned up by the OS.

Version 7. Version 5 was wholly interpretive. Version 6 introduced support
for an alternative compiler system using the enhanced BASIC-PLUS-2. The
fundamental idea is to develop and test programs interactively under the
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interpreter and then to compile them for more efficient run-time execution.
Version 7, shown in figure 8.2(b) takes this concept to its logical conclusion. Now
there is a separate command analyzer, similar to that of RSX-11M, which provides
the initial user interface. Each user can then attach to the log-on routines of either
the normal interpreter or the RSX-11M-type run time support system. Only a
subset of RSX-11M SVCs are supported, sufficient for the time-sharing environ-
ment provided by the scheduler in RSTS. Thus program editors, FORTRAN,
BASIC-PLUS-2, and COBOL compilers are all available. Earlier attempts to
mount alternative languages were by a run-time emulator of say RT-11, which was
grossly inefficient. With the compiled programs it is also possible to support the
extended keyed index file package, RMS-11K, moving such code out of the user
space into a shared executive space. Version 7 also allows files to be allocated as
fixed length contiguous blocks for increased run-time efficiency. Clustered files
could still be used during development phases with contiguous files in production
once detailed requirements have been established. Probably the most significant
feature of Version 7, however, is that DEC appears to have at last produced an
efficient COBOL system.

Data General IDEA

Data General’s commercial computer, the ECLIPSE C uses the longstanding
partitioned real-time OS, RDOS, with the multikey ISAM file system, INFOS.
The main processing language is COBOL and without virtual memory support the
system is clearly aimed at the largely batch processing domain of the IBM/System
3. As such it has no significant on-line ability. Thus Data General has produced a
software package called IDEA based on key-to-disc system techniques. The OS
supports three grounds, one of 64 KB for the RDOS/INFOS systems software,
another 64 KB ground holds the IDEA monitor, IMON, plus user programs, while
the third ground can be used for independent batch processing. The batch
processing, given 64 KB, can include IDEA program generation concurrent with
execution of other programs. The actual handling of terminal data is performed by
the monitor, each IDEA program consisting of a series of high-level calls. Up to
16 terminals can run concurrently.

The programming system consists of two parts, a Format Generator (IFMT)
and a processing language (IFPL). IFMT allows screen formats to be generated
interactively, defining and naming data fields. Each complete screen definition is
stored on disc for future use. The processing system is modular in nature, being
driven by input transactions. Using the COBOL-like IFPL, a program module is
written to service each named input field in the screen format. Conditional
statements are included in IFPL to alter the natural sequence if needed. File
handling statements are high level, taking advantage of the powerful INFOS
package.
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Unusual for a mini, the Data General VDUs use special function keys to
notify the monitor of edit, duplicate, erase, and back-tab fields, to end and to log-
off functions. The monitor displays the format, controls cursor positioning, and
collects data input from the terminal; the operator strikes the enter key when a
field is full. The monitor checks for errors and then executes the IFPL module.
Control is returned to the monitor to collect the next data item, and so on. When a
format is filled the screen is flushed and a new format displayed. A totally
different format can be selected under program control, giving program chaining.
The monitor supports an automatic transaction file. Data for any field given an
output attribute (one of seven possible) is stored on a disc file, together with
identification data, before processing by the user IFPL module.

Each IFPL module is small, since most of the features (formats, data
conversion and the like) are embedded in the monitor. Each program can be
allocated 2, 4, or 6 KB plus 0.5 KB for a screen buffer and 0.75 KB per open file.
Since the monitor occupies approximately 50 KB, about three active IFPL
programs can share the monitor ground. Further IFPL programs reside in the
background space and the currently active modules are mapped into the IDEA
ground as required; a program can be mapped out while data is being keyed-in.
The system does not support disc swapping, although inactive formats are disc
resident. Print control utilizes the same techniques. Data fields are stored on a
disc file, which is eventually printed via an IFMT module to format the report.
Automatic spooling is not supported.

Data General has recently announced a virtual multiprogramming operating
system for the ECLIPSE computers, which could greatly enhance the power of
IDEA, since the current system requires a lot of memory. The ECLIPSE processor
is one of the few minis with a commercial instruction set.

Computer Automation SyFA

All the systems described except RSTS employ special monitors appended to
general-purpose real-time operating systems. RSTS is more specialized but still
has a general-purpose applications area. SyFA, however, is an example of a
system specifically designed for multiterminal transaction processing, developed
by an independent software house and later adopted as a standard CAI product.

SyFA is programmed in a simplified COBOL-like language called SyBOL.
The system runs on a 64-KB unmapped CAI LSI-2/60 mini and can support up to
24 terminals. The OS, CyCLOPS, selects any one terminal as the console to
control initialization, running of batch jobs, and so on. A RJE program can be
supported (2780 or DCT 200) concurrent with the terminal programs; terminal
programs can communicate with the RJE system. A 3790 emulator is also
available. In addition, one of the utilities can be executed (compiler, sort, ISAM-
index-build, for example). The editor is a SyBOL program and can be run from
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any terminal. An automatic line-printer spooler is embodied which can handle one
or two printers; direct printer allocation is, however, possible.

Terminals work in Teletype mode, interrupting by character. The monitor
collates data into fields, checking for obvious errors; thus if n + 1 characters are
keyed into a field of maximum length n, the last character is not accepted and a
bleep is sounded at the terminal. Numeric data may contain a decimal point,
automatically padded to fill the specified field. The system is wholly character
oriented so that numbers are internally stored as ASCII strings of length specified
in the SyBOL program.

The disc system supports sequential (automatically compressed), random or
direct and indexed-sequential files. Lock-out is at file or record level. Disc
accesses are optimized on a minimum head movement basis. Disc space is
allocated as contiguous blocks of nominal length. Further blocks are automatically
allocated (updating directories) as required and blocks unused when a file is
closed are returned to the available pool. Utilities are available to reorganize the
files and list directories. The system only supports 4 X 10mB or 4 X 80mB disc
drives, with no magnetic tapes.

SyFA is an interpretive system. The SyBOL compiler generates reentrant
code which is loaded in 256 byte pages. Some 16 KB of the memory is dedicated
to holding pages of user code and I/O buffers. Code pages can be overlaid and
buffers rolled-out and overlaid when no memory remains. The OS maintains a
priority system linked to the time-slicing executive. In general the least recently
used page is overlaid, but shared code and at least one page/program remain in
memory. Data areas are not paged and are held in memory. Memory is allocated
sequentially as a program is first run and released on completion; the data area is
shuffled whenever a program terminates to keep the available data area con-
tiguous. The latest release uses the simple LSI 2/60 memory mapping to swap the
32-48-KB address space between multiple physical memory blocks, reducing
problems of limited data space (see figure 8.3). An interesting feature of the SyFA

64K
64 X 256 byte pages
for user code and I/0 buffers
48K
Utility program (1-5.5KB) | "
_______________ —
Program data
32K .
RJE module and line buffers
28K
0S, interpreter, and file
0 handler

*Usable as program data area when
utility or RJE are not being used

Figure 8.3
The CAI SyFA
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system is that the terminal log-on routines are themselves written in SyBOL so
that they may be tailored to include any password and user code validation and to
give access only to selected programs.

The CAI Alpha LSI-2/60 mini is one of the few machines offering a
commercial instruction set with character string handling, decimal arithmetic, and
multiple stacks. This machine, however, has no hardware memory management to
help the paging controller and too few CPU registers. The most unusual feature of
this system is its dedicated nature. While it will run multiple terminal-bound jobs,
there is no support for other languages, no attempt to provide partitioning to
protect foreground from background users, or to support a great variety of
peripheral devices. This represents a deliberate trade-off of versatility for
efficiency. It is aimed specifically for use as a subsystem, with a mainframe
computer for batch programming. The SyFA system is the first to support 3790
emulation to allow attachment to IBM’s SNA.

BLIS/COBOL

The BLIS operating system is written for a Data General NOVA by an
independent software house (IPI). As in the SyFA system, the use of a general-
purpose OS has been abandoned and a system tailored specifically for business
data processing has been developed; in this case the high-level language adopted
is ANSI COBOL with accept and display statements for on-line processing. A
brief specification is:

—32-64 KB NOVA processor, unmapped

—Concurrent multiprogramming of up to 30 terminal or batch jobs
—Maximum program size 200 KB without sectioning
—Concurrent program development, with on-line debugging
—Indexed files with alternate keys

—Operating system occupies 16 KB, the user area being paged, with
swapping controlled by an antithrashing algorithm. Page addressing is
generated by the compiler, not virtual hardware.

While few details have been given here, the BLIS/COBOL system is mentioned to
indicate the existence of specialized system software packages developed to cover
holes in manufacturers’ software. It uses no Data General software.

Computer Technology TAD
CTL has in the past specialized in the scientific and university market. The well-

established MOD 1 processor has been repackaged as the 8000 with an eye on the
commercial market. To support the 8000 in the new area further software was
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required. A reentrant COBOL compiler using the existing MODOS OS gave batch
facilities using the standard disc filing system. An indexed-sequential package
(IFS) was added and a module called AOF introduced to give JCL control via
terminals. To provide run-time support for terminal activities TAD (transaction
application driver) has now been released. TAD, AOF, and IFS effectively
constitute a transaction processing monitor. The monitor interacts with the
processing system through reserved disc files.

Referring to figure 8.4, the system is structured as two autonomous parts, the
foreground and the middle ground. Each terminal has its own transaction control
program (TCP) which defines screen formats, fields, and so on. A dialog program
generator (DPG) is available to create TCPs. Each TCP collects data which is
validated with the aid of a library of routines; multiple screens of data can be disc
filed to give scrolling. Each TCP has access to a read-only file to give terminal
responses. All completed transactions are appended to a sequential transaction log
file. As such the foreground routines form a conventional direct data entry
system.

In the middle ground, each entry in the log file is processed in sequence; the
appropriate transaction processing program (TPP) is identified by the source of
the entry. Normally, as soon as the transaction log is entered the TCP can recycle
to collect the next input. The TCP can be marked, however, to hesitate until the
appropriate TPP has completed, possibly returning information for display via an
acknowledgement file. In this way on-line processing can be achieved, although
response could be slow, since the TPPs can execute only serially, effectively
causing single threading for processing programs, although not for data entry. The
transaction log file provides a facility for an error recovery procedure.

Digital Equipment Corporation TRAX

Although its computers have been used with transaction processing monitors for
many years, Digital Equipment Corporation only announced its own software for
this style of terminal-based processing in 1978. TRAX is a complete package (not
a monitor to work with a host operating system as with CICS) aimed at providing
the advanced screen-handling facilities, file support, and restart/recovery func-
tions essential to this style of processing. Although designed to run on any
memory-mapped PDP-11 (Model 34 and above), TRAX does require the use of a
special display terminal (the VI-62) which, by employing a microprocessor, is
able to perform most of the detailed screen-handling and low-level data vetting
functions. The executive of TRAX is based upon the kernel of Digital’s RSX-11M
multiuser, multitasking operating system. The RMS-11 data management system
is also used. The main features of the system are:

—Up to 64 terminals, but obviously constrained by performance
considerations
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—Screen handling and data vetting performed in intelligent terminals and
specified using a high-level language (ATL)
—ANSI COBOL and BASIC-PLUS-2 language processors

—Programs are written in small modules that are sequenced with terminal [/O
according to user-specified transaction description tables

—File support for sequential, relative, and indexed file organizations (with
record-level locking)

—Automatic print spooling
—Terminals can be locally or remotely connected, point-to-point or multi-
point, using the DDCMP line protocol

—TRAX-t0-TRAX communications using a subset of DECNET
—Communications to IBM hosts using a 3271 emulation package
—Sophisticated restart/recovery including journaling and file-update staging
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—User sign-on with password and identity codes

—Interactive development and testing mode

—Batch processing support

TRAX programs are developed under a totally separate partition of the
executive and utilize standard VT100 terminals, not the intelligent VT62s. This
offers a high degree of protection for the user environment but makes program
testing difficult. The system is shown schematically in figure 8.5.

TRAX is a most interesting development in that it diverges from the
interactive COBOL or BASIC systems common on minis. While it employs
message processing and queuing techniques common on mainframe TP monitors,
it is an integrated package. It has many desirable features not built in to systems
like RSTS/E (recovery procedure, shared code) and by using small shared
processing modules should be more efficient, particularly with multiple users of
the same program, thus aiming for support of more terminals. However it loses
the simplicity of using and programming a system like RSTS/E, which was a
major factor behind the break through of minis into commercial applications.
Early Trax systems have suffered severe performance problems and one is left

feeling that the whole concept is too late in any case and will now be overtaken by
multi-microprocessor based systems.
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Acquisition
and Implementation

It is all too easy to get excited by the prospect of using minicomputers in terminal-
based commercial systems. There is many a slip ’twixt the design cup and the
working system lip. Our experience has shown that selecting the most appropriate
hardware for an on-line system and then making it do the job to the predefined
targets of cost, performance, and quality can be fraught with difficulties.
Although we do not have space to do justice to system development, this short
chapter might help.

Acquisition

It is unusual for professional buyers to be directly involved in the evaluation of
computer-related products (probably because of the seemingly complex nature of
these products). It is equally unusual for computer people to get any training in
good purchasing practices. The key to effective buying is control of the situation.
Salesmen are taught that the key to effective selling is also control of the situation.
Control in this case means who determines the criteria on which the selection
decision will be made. Clearly, any salesman worth his salt will stress those
criteria best fulfilled by his own product; other parameters will quickly diminish
in proportion.

From the customer’s point of view the selection parameters need to be worked
out well before the salesmen get into his office, and he should stick to them. This
can only be done if the buyer has a high level of confidence in his technical
capabilities and knows that the specification being issued is reasonable. We find
that the best approach is to design a ‘“‘notional” system that meets the ideal
specification in every respect but does not refer to any specific product on the
market. Performance and reliability objectives should also be included.
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The list of selection criteria can become very large. The problem then
becomes one of accounting for the variations in the relative importance of the
criteria. For example, one supplier can support 9600 bits per second line speeds
but not COBOL; another has the COBOL compiler but can only provide 4800 bps
transmission. What is the overall significance of this? A useful and practical
technique is to apply a weight to each criteria. This could be in the range 1 to 5,
where 1 means “‘useful feature if available”” and 5 means ““pretty essential.” The
weightings should be included in the request-for-proposal (RFP) document.
During the evaluation of the bids it should be possible to draw up a large matrix
and score each proposed system against the original target system. A method we
use involves multiplying the weightings by the following: 0 if the requirement is
not met; 1 if the requirement is fully met; and 1.5 if the requirement is usefully
exceeded. The achieved weighting scores for each proposal can then be accumu-
lated. Although this is a useful technique, your final selection might be made on
the basis of criteria that are difficult to score in this manner (say supplier
credibility). But it is certainly effective in getting all the criteria in perspective.

Some other factors that might be included in your acquisition procedures are
these:

—Some minicomputer suppliers will not sell you anything; you have to drag
the products out of them. However, do insist that they submit their proposals
in the required format. To accept anything else is unfair to the other
participants, who are at least trying to give you the information you need.

—To avoid being swamped with boilerplate proposals, format the main body
of your RFP as a series of specific questionnaires that require specific
answers—can you do it or can’t you? Boring or evasive answers will be taken
as an admission that the respondent cannot. This approach works wonders.

—Make it clear in the RFP that statements made in the proposal will be taken
as contractual. In some countries this is the law anyway.

—Get the supplier to state exactly what he will do if his system does not come
up to specification in practice.

—Do not accept proposals for anything that is not installed and working at an
existing customer site. If it has not been delivered, assume that it does not
exist.

—If you are importing a system and your currency is generally on an upward
trend, make sure that the price you pay corresponds to fairly current exchange
rates. (If your national currency is declining, do not raise the subject!) In
either case, make sure that you benefit from any price changes effective
between the date of order and the date of delivery (assuming that prices will
continue to be reduced).

—It is not at all difficult to find you have over ten companies bidding for your
contract and twenty or more is possible—there are a lot of mini suppliers
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around. The use of independent consultants and product surveys can be a great
help in keeping the contenders to a minimum.

—Get all parts of the data processing department involved in the evaluation
process. At decision time, the users should also be advised and consulted.
—If you are placing a large order, push your finalist manufacturers hard. Send
programmers to their courses, get them to program small, representative
applications, and so on.

Implementation

Implementing minicomputer systems successfully is really no different from
implementing any other type of system (in the sense that it all comes back to good
management of the project). Some factors, however, singly or in combination,
may cause problems. These may include:

—Lower levels of minicomputer supplier support than you may be used to
with your mainframe company

—Management pressures for early implementation can easily erode time
allowed for familiarization with the new technology

—Inadequate time allowances made for all-new system features; minis,
transaction processing, data communications, and distributed systems

—In a move from batch (or no computer at all) to on-line working, little or no
attention is paid to user needs and no opportunities are presented to the user
for participation in the project

—Insufficient staff training directed at providing the new skills needed to
develop complex multicomputer, multiuser systems

—Inadequate planning for the introduction of on-line program development
—Not enough input from operators concerning their requirements for
facilities to aid the running of multiple computer systems remotely sited from
the mainframe center

—Too much wheel inventing and not enough use made of existing software
and outside contractors with specialized skills.

These will not be the only problems you encounter. In the belief that problem
avoidance is preferable to problem solving we offer the following advice:

1. Do not underestimate the time needed for development. Systems have a
natural gestation period and overambiously cutting time on design and
programming merely causes the lengthening of the debugging time.



288 The Minicomputer in On-Line Systems

2. Do not cut corners on training costs; your most effective dollar is spent on
people rather than hardware. Aim at becoming as independent of your
supplier as possible in the area of software support; assume that you will get
no help—then when you do, treat it as a bonus.

3. Use outside skills where available to avoid inflating internal staff levels,
but maintain strict control of external projects and ensure that you can
maintain the resultant software yourselves.

4. Ensure that users get an opportunity to participate in the development
project.

5. The operation of on-line systems (particularly where the minicomputers
are sited remotely) present particular problems for the operations group;
involve them in consultation and ensure the system includes hardware and
software mechanisms to aid the day-to-day running of the network.

6. Before the project starts, carefully reassess your data processing depart-
ment structure and use the introduction of new technology and systems as an
excuse to review areas of responsibility, programming team structures, and so
on. Finally:

7. Try not to be too ambitious; take things in nice, easy stages and allow time

for each stage to settle in before reviewing it and, if appropriate, moving on to
the next level of sophistication.

We wish you lots of luck in your new minicomputer-based project, but please
don’t depend on it.
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Case Studies

From the wide range of systems with which we are acquainted, we have chosen
four case studies intended to demonstrate quite different aspects of terminal-based
systems.

Case study 1 is an example of a stand-alone commercial data processing
system based on a minicomputer. The operating system used is as supplied by the
manufacturer; there are no special-purpose transaction processing monitors
employed—indeed, no system programmers are involved at all.

Cast study 2 is based on a system somewhat similar in requirements to the
first, although with more remote access facilities. It is also based on a standard
mini operating system, but one with limited terminal-handling facilities. Thus the
systems house involved has written the transaction processing monitor described
as well as the applications programs.

Case study 3 describes a mix of mini and mainframe computers. The system
is significantly larger than the other two and involves a number of special software
and communications facilities based on a standard real-time operating system.
The implications of both mini and host mainframe hardware and software are
considered.

Case study 4 addresses the problem of interfacing nonstandard components in
small-computer systems using microprocessor-based technology. The available
techniques are illustrated by four operational examples.
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CASE STUDY 1
Digital Equipment RSTS/E System

Overview

The system described here is installed in a factory complex in Birmingham,
England. The company produces a wide range of cooling fans, valves for the
petrochemical industry, and aerospace components. The computer system was
required mainly for accounting functions in the first phase, replacing Olivetti
accounting machines. The engineering department was using an IBM time-
sharing terminal for computing data relating to the experimental testing of fans.
This terminal was also used to plot results graphically. Similar facilities are now
provided on the in-house machine. Since the company had no previous experience
with computers, a London-based systems house was employed to provide a
detailed specification of system requirements and to select the best hardware
available. This system house has since written the applications programs; in fact
supplying a full turnkey solution.

Configuration

The system outline was circulated to ten potential suppliers; from the resulting
proposals a minicomputer system was selected. The system uses a DEC
PDP-11/34 processor, running the RSTS/E operating system with the BASIC-
PLUS language described in chapter 8. As such the system was suitable for both
accounting and engineering work without alternative language processors. RSTS/
E was preferred to the offerings of IBM, ICL, and other mainframe suppliers
largely on the grounds of the superiority of the user interface to the time-sharing
operating system. The system is so easy to run that it is justifiably classed as a
“first-time-user” system. In fact, the superiority of the operating system control
language is probably more important than its transaction-processing facilities.
Being a time-sharing BASIC system, RSTS/E offers transaction processing as
a standard feature without the necessity for a separate TP monitor. User programs
are written to include all screen handling via BASIC INPUT and PRINT
statements, and each terminal requires loading of a complete copy of the
application program, which can be up to 32 KB in size. Consequently memory
and swapping overheads are high, a factor offset by the system’s competitive
memory prices. While the system uses a DEC processor and software, the
hardware, shown in figure 10.1, includes products from other suppliers. The
VDUs are asynchronous CDC units with cursor control. The discs are Memorex
with the system house’s own controller; the printer is also from CDC. The local
VDUs are linked via a special eight-channel multiplexor, the modem via a DEC
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DLI1IE interface. The DEC RSTS/E system has an optional commercial-
extensions suite of routines that includes a sort package and an indexed access

method routine for file management.

The Applications System

The system currently performs the following functions:

—Sales ledger

—Purchase ledger

—Payroll

—Sales order book evaluation
—Invoicing

—Sales analysis and other management statistics

—Job costing from time sheets

The first phase of a production and stock control system is now underway,
essentially the bill of materials breakdown with a check against existing stocks at
each level. The computation and graph plotting of fan performance data is also
carried out from a remote site, using telephone lines and modems, on a Diablo
Hyterm terminal. This is being integrated to develop a library of fan performance
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characteristics that could be used as a sales aid. It has already been used to help
produce catalogs.

The Plotting Terminal

The Diablo Hyterm terminal links to the processor via a dialed line at 300 bits per
second, asynchronous. As such it is a conventional ASCII 30-cps KSR printing
terminal, although the daisy wheel print head allows the character set and format
to be changed. The mechanical movement is effected by stepper motors, which
move a fixed number of increments for normal line feed and character spacing.
However a set of escape sequences have been defined to switch the system into a
mode where direct control of the stepper motors can be achieved. Thus the head
position can be accurately controlled so that by printing dots or crosses graphs can
be plotted. Both the paper and head can be moved in both directions, which
improves the graph plotting facility. Since this terminal is running under the
RSTS/E operating system, a BASIC-PLUS program has been written to plot
graphs with labels, axis, scales, and so on. User programs write data and
commands into a virtual array which is opened when plot is run.

Comments

The remarkable feature of this system is the ease with which programs are written
and interactively debugged. Provided a modem is attached, there is no difference
between running or developing a program on a local or remote terminal. As a
result some programming, particularly maintenance work, can be conducted on
the user’s machine from a remote office. The software house involved has been
required to write very few system software modules beyond those supplied.
Modules have been developed to support fill-in-the-blanks screen formatting for
specific VDUs with cursor control features. Most programs are, however, written
to display a screen background into which the operator keys data which is
processed in a question-and-answer style, one field at a time.

In the end the outstanding question to be answered is, How can a minicompu-
ter manufacturer develop such a system, which is competently managed by one
person (who also doubles as terminal operator), when similar-sized installations
from mainframe manufacturers invariably acquire a data processing staff of three
or four people in addition to the terminal operators?



CASE STUDY 2
Data General ECLIPSE System

Overview

Minfo Konsultgrupp is a Swedish software house based in Gothenburg. Minicom-
puter manufacturers are not generally well established in Sweden, so the choice of
system is somewhat more restricted than in the United States or England. One of
the companies that is established and offers suitable support is Data General. The
immediate requirement facing Minfo Konsultgrupp was for an integrated informa-
tion system for a container shipping company. This involved a dual processor
system with on-line terminals and communications links to an IBM 370/148 for
batch processing, an IBM/System 7 used by the stevedores (longshoremen) in
Gothenburg, and a Burroughs B3700 situated in Southampton (England) that acts
as a central data collection system and a common site to the computer systems
used by the company at other European and American ports. The terminals, sited
in agents’ offices, are the locally produced Alfaskop, which uses a 3270-
compatible synchronous polled communication system, an unusual terminal for a
minicomputer. Printing terminals use the same protocol. Communication to the
three remote computers, including the B3700, is by IBM 2780 emulation. It was
estimated that the system took fifteen man-years to complete, with initial
installation by the end of 1978 and installation in agents’ offices by the end of
1979.

Operational Functions

The applications programs that make up the user system provide four major
operational modules, as follows:

Freight Documentation

The documentation requirements in shipping are quite extensive and include
documentation to agents, shippers, forwarders, consignees, customers, port
authorities, and stevedores, as well as in-house communication. The main
functions in the on-line system are:

—Bill of lading registration
—Freight calculation and control

—Printing of documents: (manifest, cargo declaration, unit packing lists,
invoices, arrival notices, freight statements)

—Documentation status inquiries
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—Correction procedures for bills of lading
—Creation of statistics

Booking

Two months prior to the booking of the cargo, the scheduled voyage of the ship
has to be defined for the computer system, giving vessel name, arrival date,
deadlines, allotment on ship, and so forth. The booking system consists mainly of
the following functions:

—Booking registration

—Automatic check of allotment on vessel

—Automatic check of available containers

—Printing of documents (booking advice, lists, summary)
—Booking forecast

—Booking status inquiries

Equipment Control/Tracking

This module will probably provide greatest financial benefit. The company
operates a container fleet of more than 20,000 units, each representing a high
capital investment. If the container utilization can be improved by decreasing the
turn-around time of the container, much money can be saved. A control and
tracking system requires that the status of the container is carefully registered in
the computer system. The different functions in this module are:

—Registration of container status changes

—Inquiries as to the container situation at the container pools (depots)
—Trace data on each container or other types of equipment

—Work order; instructions to stevedores

—Transport order; instructions to truck drivers

Marine Operations

Marine operations consist in the main of the creation of a container load plan for
the ship, in order to get the right trim and stability. The production of this plan
involves a lot of information exchange between ocean ports. Because the system
must be available at any time (including outside normal working hours) marine
operation information will be Telexed.
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Nonoperational Modules

The following data processing functions are also provided:

—Container statistics

—Statistics per commodity, customer, country

—MIS, revenues, costs

—Registration/claims statistics

—Registration/container report and maintenance statistics
—Accounting

—Route code, through transports

—Inquiries

The system modules are shown in figure 10.2.

Hardware

The system is shown in outline in figure 10.3. The required up-time for the system
has resulted in a dual processor system. One processor effectively handles the
terminal-oriented on-line interactive system, while the other supports the batch
facilities, including communication to the remote computers. Each computer has
its own 96-MB disc drive with a third drive shared by both processors. This uses a
very interesting Data General product that provides high-speed interprocessor
coupling with the shared disc controller. The processors used are ECLIPSE C330.
The ECLIPSE, while upward-compatible with the NOVAs, is a far more powerful
processor. The C version has an instruction set tailored to commercial applications
(it includes byte string instructions, for example).

Software

The ECLIPSE uses the standard Data General RDOS operating system, which is a
batch foreground/background system not dissimilar in operating characteristics
from, say, an IBM System 3. It supports a COBOL compiler with a good
reputation and a data management system, INFOS, of some sophistication.
However, the transaction processing facilities are rather low-key and certainly not
up to the requirements of this system. The IDEA data entry system is interesting,
but Minfo Konsultgrupp required a transaction processing monitor to allow the
bulk of applications programs to be coded in COBOL. It was also necessary to
manipulate files outside the INFOS structure. Thus a transaction processing
monitor called TASS (terminal access and scheduling system) was written,
employing the Data General communications software modules. (RDOS is
described in some detail in chapter 7.)
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The minicomputer configuration, case study 2

TASS (Terminal Access and Scheduling System)

TASS is designed to give concurrent access for a large number of video terminal
operators to a Data General commercial ECLIPSE computer. TASS allows
messages to be sent from terminals and starts COBOL programs to process these
messages. The COBOL programs running under TASS can send messages to
video display terminals as well as print on remote printers. TASS uses a simple
technique to provide concurrency. To guarantee that all terminals are serviced
there is also a time-slicing facility which will, if necessary, swap an overrunning
program. Screen layouts are stored in a format library used by the format handler
in TASS. This relieves the application programmer of much of the screen handling
and gives him the opportunity to concentrate on the data received from or sent to
the screen.

TASS appears as a normal program for the Data General RDOS operating
system. TASS uses the facilities of Data General software as much as possible,
and there is compatibility between TASS temporary files and standard RDOS
files, making it possible to use Data General utilities to handle these files. Calls
for data base accesses are routed through an interface module called DIPS. DIPS
uses Data General INFOS files and adds a number of features not available with
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INFOS alone. The structure of TASS is such that it can be transferred to operate
under the Advanced Operating System from Data General, when this system is
available with support for COBOL programs.

A special feature that will help the programmer develop COBOL programs to
run under TASS is a test bed, which makes it possible to test program modules
using the Data General debugger to examine and change the values of variables
and to insert break points in the program. The application programs request
services from TASS by using COBOL-like macros. The macro statements are
expanded by a precompiler. TASS itself runs in one partition of RDOS and uses
Data General’s CAM (communications access manager) package for line support.
In particular the SLM (synchronous line modules) are used in this system. In
theory 99 terminals, VDUs, or printers working to 3270 specifications can be
supported. The computer should be equipped with sufficient main memory to give
TASS a 64-KB partition and at least 40 MB in extended memory.

Extended memory is used to hold TASS overlay code and buffers. The more
memory available, the less overhead for buffer swaps to disc (see figure 10.4).
There is one process for every display in the system, and one for every printer in
the system. There are x virtual processes in the system (x is a system start-up
parameter); each virtual process can be either active or free. Each process has its
own save area and standard file. If it is a display process it communicates with its
own display; if it is a printer process it writes on its own printer (see figure 10.5)

A program can store data for future use by another transaction. This is
necessary because each program is terminated once it has produced all messages,
and thus no data can be left in the programs’ data division. The save area and the
standard file are always available, as shown in figure 10.6.

Macro Statements
TASS functions are accessed by calls from the application program. To simplify
programming a precompiler is included with TASS. The precompiler will accept

macro statements and transform these to the appropriate calls. The macro
statements start with the $ sign and are ended by an ! (exclamation).

Display Printer ?’

Display process Printer process Virtual process

Figure 10.4
TASS processes, case study 2
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The Process Save Area (PSA)

Each process has its own PSA, which in turn has two parts; the system part and
the user part. The system part is filled by TASS, the user part being available to
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- COMA: Communication area, filled by TASS after certain calls

PNUM: Process number: VDU number for display processes (1-99), printer
number for processes (101-199), virtual process number for virtual processes
(201-299)

USCL: User class—authority classes

USIN: User initials. USCL and USIN in printer/virtual processes are
inherited from the display process

TERA: Terminal area code, gives the location of a display or printer.
Initialized at system start-up.

PMOD: Previous program module number

PFOR: Format used last in previous modules

KEYU: The key used to end the message from the terminal
AMOD: Currently active program module number
RESERVED: Reserved for future use by TASS

USER: The user part of PSA, 170 bytes

BEGIN and END: $ BEGIN datl!
$ END !

BEGIN copies the complete PSA to the user area datl; END saves the user part of
the PSA for future retrieval by another BEGIN.

Program Flow Control

$ NEXT IS datl!

$ DELAYED PROGRAM IS datl AFTER TIME dat2!

With these macros, a program can fix the programs that are to be started next
for the same process, under different conditions. User’s data field for datl
should contain five program numbers vl-v5 indicating the programs to be
started under corresponding conditions. The five program numbers to be
given are:

vl for ENTER key

v2 for RETURN key

v3 for ATTENTION key
v4 for SPECIAL key

v5 for IMMEDIATE start

Communication with VDUs

$ SEND FROM datl FORMAT IS dat2
STARTING LINE dat3!

$ ERROR IN ITEM datl TEXT IS dat2!

$ RECEIVE INTO datl!
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The RECEIVE macro is used to let TASS store the input record in datl. The size
and layout of this is as given in the previously executed format. The RECEIVE
macro may be executed only once in a program. The ERROR macro is used to
display a text of 78 characters given in dat2 on line 24 and to move the cursor to
item datl. The keyboard is unlocked and new input may be expected from the
terminal. The text is displayed with high intensity. All normal output to the screen
will clear line 24. With the SEND macro the variable data given in user’s data
field for datl is sent to a terminal in the format defined by the format number in
user’s field for dat2. Only a format can be transmitted to the screen.

File Storage Outside the INFOS Data System
The standard file:

$ WRITE STANDARD FILE FROM datl KEY IS dat2!
$ READ STANDARD FILE INTO datl KEY IS dat2!

The standard file is an extension to the process save area. There are as many
standard files in the system as there are processes.

Temporary files. The temporary files are used to store data for retrieval by
the same process, another process or the background.

$ ALLOCATE TEMPORARY FILE [SIZE IS datl] ON ERROR statl!
$ FREE TEMPORARY FILE datl ON ERROR statl!
$ READ TEMPORARY FILE dat2 INTO datl
KEY IS dat3 INVALID KEY statl!
$ WRITE TEMPORARY FILE dat2 FROM datl
KEY IS dat3 INVALID KEY statl!

Data base macros.

$ OPEN DATABASE!
$ CLOSE DATABASE!

The data base cannot be accessed logically before the OPEN or after the CLOSE.
Note that these macros may appear in different modules as long as they are
executed in this sequence. At execution of the OPEN and CLOSE macro, an
indicator is written in the log file. In this way data-base updates are grouped and
the presence of a close indicator means that a logical set of updates is complete.
This is used to create a ‘“success unit,” which is necessary for the recovery
process. The other database macros are:

$ UNLOCK segl KEY IS keyl [INVALID KEY statl] !

$ OBTAIN [AND LOCK] segl [APPROXIMATE] KEY IS keyl

GENERIC
[INTO datl] [PARTIAL INTO dat2] [KEY INTO key2]
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[INVALID KEY statl][LOCKED ALREADY stat2] !
$ OBTAIN [AND LOCK] segl NEXT
[INTO datl1][PARTIAL INTO dat2][KEY INTO keyl]
[AT END statl] [LOCKED ALREADY stat2] !
$ INSERT segl KEY IS keyl
[FROM datl] [PARTIAL FROM dat2]
[COPY seg?] [KEY IS key2]
[INVALID KEY statl] !
$ REPLACE [AND UNLOCK] segl KEY IS keyl
[FROM datl] [PARTIAL FROM dat2]
[INVALID KEY statl] !
$ DELETE Segl KEY IS keyl [INVALID KEY statl] !
$ COPY segl KEY IS keyl ON seg2 KEY IS key2
[INVALID KEY statl] !

Other macros.

$ ALERT TERMINAL datl!

$ POST datl TERMINAL dat2!

$ FETCH AND DELETE datl TERMINAL dat2!
$ POST datl ON CONSOLE!

These are used to send and receive messages between processes and to send to the
console.

$ START PRINTER datl PROGRAM IS dat2 IF BUSY statl!
$ STOP PRINTER datl!

The START macro is used to start the printer process datl with dat2 as the first
program.

$ START VIRTUAL PROCESS PROGRAM
IS datl ON ERROR statl!
$ STOP VIRTUAL datl!

It is possible to start a virtual process with the START macro.

$ SWAP!
$ NOSWAP!

The intention is that most programs will be of such short duration that it is
advantageous to let them run to the end without swapping. If, however, a program
exceeds a system generation time parameter, it will be swapped under certain
conditions. The programmer may stop a program from being swapped by issuing
the macro NOSWAP. SWAP will again permit TASS to swap.



Case Study 2 303

$ PRIORITY IS datl!

This is used to set the priority.

Other Features of Tass

Format Handler

TASS isolates the application program from the actual layout of the terminal
screens. The application programs only send and receive records consisting of the
variable data items that are to be displayed on the screen or that have been entered
on the screen by the terminal operator. The cursor position may be controlled from
the application program.

The formats normally contain all editing information. There is also a numeric
de-edit feature. The format handler and the way formats are described are based
on the use of 3270-compatible terminals in the network. With this concept the
terminal screen can be seen as consisting of various fields. A field can contain
either fixed information (from the format) or variable information (from the
program). Fields can also be used for entering information from the terminal
keyboard.

Error Handling

TASS simplifies error handling in the application programs with a special error
statement that causes the cursor to be moved to any erroneous input field and an
error text to be displayed. The error text will always be displayed on line 24,
which is reserved for use by the system. This line is always cleared by the system
each time a message is sent to the terminal unless the error statement is used.

The error text is given with the ERROR statement and should be 78 bytes
long, including blanks. If no error text is given in the error statement TASS will
simply display the text “ERROR” on the 24th line. After executing the error
statement the application programmer should restart the input-handling program
from the application program.

Start Up and Close Down

All parameters for starting TASS are stored in the file START UP. The parameters
concern the network configuration and TASS options. The installation may have
several copies of the START UP file with different information under different
names. Before starting the system any of these files may be renamed.

Start TASS by typing “TASS” at the console. During the execution it is
possible for the computer operator to intervene with the normal running of TASS
in several ways. Using the background console it is possible for the operator to
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insert and remove program module overlays. By this technique it is possible to
remove an erroneous program module and replace it with a copy of the
“nonexistent module” program. Using the foreground console it is possible to
interrupt any process, whatever state it is in. The process will return to the state it
had at start-up.

It is also possible for the operator to immediately stop TASS. A “soft
touchdown” closing procedure is provided whereby the processes are stopped
when they return to system level. After this command has been given TASS will
indicate which processes are still on the air.

Comment

TASS is an example of how an enterprising software house has taken full
advantage of the price/performance benefits of a conventional minicomputer
system and enhanced the system software to meet its own specific requirements.
As a result the system is ideally suited to developing applications programs,
mainly in COBOL. The various communications problems involved and the desire
to use a relatively large number of 3270-compatible terminals means that a
straightforward system like the DEC RSTS/E system previously described was
unsuitable.

(The authors would like to thank Jan Jagerstrom of Minfo Konsultgrupp for his
permission to use the material in case study 2.)

CASE STUDY 3
A Distributed System

Overview

This case study reports on the feasibility study, system design, and acquisition and
implementation phases of a commercial terminal-based system. In the early
phases of the project no commitment was made to any style of networking. The
development team did not set out to design a distributed network; a systematic
evaluation of the alternatives led to the conclusion that such an approach would
provide a most beneficial combination of cost/performance, flexibility, and
failsafety. However, the conceptual end product of the design exercise is not
without its problems when it comes to translating it to a real-life, operational
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system. Such problems are likely to be encountered by other data processing
systems designers when they get involved in the distributed processing approach.
We do not believe we have all the answers, but we can certainly indicate where the
pitfalls lie.

Background

The company concerned is a large retailing organization that needed to service
some 600,000 customer accounts by the time the new system was fully
operational. The accounts were previously handled by clerical staff working in
four regional administration centers. For various reasons, it was desirable for the
regionalized structure to continue. The offices were organized on a work-group
basis, each group looking after some 7500 accounts.

The functions that required a computer system (regardless of its configura-
tion) were:

—High-volume data input (about 60,000 transactions per day)
—Inquiries

—Input exception handling

—Account exception handling

Each of the 80 work groups required three terminals for the last three functions.
An initial objective was for the data input function to be carried out by the work-
group staff. However, since the input documents arrive singly, by mail, the cost of
sorting them into groups and the time it would have taken dictated that a
specialized team of terminal operators would be required. This would add 30
terminals to each site, giving a total of 360 for the whole system.

The dialog design work suggested that the terminals should be visual units
with:

—1600-2000-character screens

—Forms mode capability

—Alpha keyboards with a numeric keypad
—A price of about $1500 per unit (1979)

The dialogs are highly interactive. In the case of the input transactions, much of
the data to be entered will already be held within the system and displayed on the
VDU screen for the operator’s confirmation. This dictates that response times
need to be fast (1-2 seconds in most cases) and the displays must have a minimum
screen-fill rate of 480 characters per second. When an error occurs in the input, all
relevant details are passed across to the appropriate work group for correction.
The posting of the account file (600,000 X 900 byte records) takes place
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overnight and includes input from both the terminal system and an associated
batch processing system (already operational). After posting, each account is
examined for irregularities. Reports on these irregularities must be sent to the
controlling work groups, who will then use terminals to make adjustments and
initiate remedial action (automatic production of a letter to the customer, for
instance). Printers installed at the remote sites must have the following
characteristics:

—1000 lines per minute (total net rate for each office)
—Upper and lowercase printing
—High print quality (for letters)

For failsafety reasons at least two printers are needed in each location.

System Design Alternatives

The system schematics shown in figure 10.7 are examples of the many alternatives
considered (only one regional office is included for reasons of clarity). Option 1
was designed and costed to provide a base system to which the other (more
serious) options could be compared. The system required substantial duplexed
mainframes if the target throughput and response times were to be achieved.
Option 2 was designed to minimize costs by using proprietary clustered VDUs
and key-to-tape systems. Although the approach was the cheapest evaluated, there
were still performance problems and the key-to-tape arrangement was not an
attractive way of getting data into the system (because it failed to make use of the
data already in there).

Option 3 involved the use of either general-purpose or special-purpose
programmable remote controllers in the regional offices. It was a requirement of
this configuration that the local system should have direct-access storage facilities
and should be able to perform a substantial amount of the processing (if necessary
on a freestanding basis). This made it possible to reduce the central site to one
less-powerful mainframe system.

Option 4 was the ultimate in decentralization; a separate medium-scale
computer installation in each regional office. The road transport of magnetic tapes
would be used for interchange of data with the present system. This was by far the
most expensive system and was ruled out for reasons of cost, flexibility, and
failsafety.

Although option 3 was not as cheap as option 2, it did offer significant overall
operational and performance benefits. It was decided, therefore, to develop the
system along those lines.
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The Regional-Office Configuration

Once the overall approach had been agreed upon, the team then looked at the ways
in which the remote-site systems could be configured. A set of design objectives
were specified:

1. The processors needed to have the right capacity. Too little capacity and
the number of processors required gives configuring problems and additional
expense on the overheads; too much capacity means an excess of unused
power in the minimum duplexed configuration

2. High degree of failsafety. The hardware and software must be intrinsically
reliable, but it should be possible to configure a duplexed system

3. Each terminal must have access to all file records held locally

4. The 9600 bits-per-second link to the CPU should be functionally full
duplex (FDX). Otherwise two such links would be needed from each location,
thus doubling communications costs at a rate of over $30,000 per link

5. The display terminal specifications should be met
6. The printer specifications should be met

Although at first sight these requirements may not seem too unreasonable,
difficulties were encountered. In figures 10.8 and 10.9 you will see two
alternative ways in which a duplexed configuration may be organized. System A
(figure 10.8) involves the connection of half the displays to each processor. The
processors are both programmed to handle all transaction types. Should one of
them fail, the other could handle all the messages but at a somewhat reduced rate.
The major problem with this configuration is that the processors must share files.
Sharing disc storage is not possible on most of the special-purpose controllers
currently available, and although this can be done on most minicomputers, it is a
function not normally supported by the software.

One way around this problem is illustrated as system B (figure 10.9). In this
case the split is not by volume but by function; one processor looks after file
handling and the other handles the terminals. Some form of processor-to-
processor connector is needed to implement this. If one processor should fail, the
other will have to undertake its functions at a reduced rate of throughput. Once
more, interprocessor links are unusual on special-purpose remote processors but
fairly common on minicomputers.

On the problem of capacity, it was found that many of the special-purpose
controliers were designed to handle far fewer terminals (16-32) than would need
to be attached in this case. Once you get above two processors at each site the
problems of interconnection get significantly worse. At the moment we are in the
ridiculous situation where full duplex communications facilities (lines, modems,
and adapters) are easy to obtain, but there is hardly any software/protocol to
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support it. The few suppliers that have developed HDLC/SDLC support have
tended to envelop it in a “network product” such as SNA. It seemed, at the time,
that the client would need to develop special software to support FDX working
either at the remote site or the central site (or, heaven forbid, both sites).

It is still difficult to obtain good commercial VDUs at less than $3000 (the
rapid descent of terminal prices in recent years seems to have been blocked by
inflation or something). However, Teletype-compatible displays are becoming
increasingly sophisticated. It is possible to obtain 2000 character-screen units with
forms mode capability and maximum 9600 bps transmission rate for one-off
prices of between $2000 and $2500. Quantity discounts should get this signifi-
cantly lower, by up to 30 percent or more. The terminals can be connected to
minis using V24 or 20-mA current loop circuits. It is generally not possible to
connect them to the special-purpose devices that come with their own terminals.

Summary

Figure 10.10 illustrates the operational configuration of this system. The major
suppliers chosen were IBM for the central mainframe; DEC for the remote
minicomputers; Newbury Laboratories for the visual displays; and Racal-Milgo
for the 9600-bps synchronous modems. The following comments will illustrate
some of the difficulties encountered in translating the system from the drawing
board to the operational set-up shown.

Interprocessor Communications

It was originally intended to link the PDP-11s to the 370 using DEC’s 2780
emulation package and a 3705 communications controller at the center. Two major
factors turned the development team against this approach. First, the 2780/BSC
protocol is half duplex only, and second, when running, the 2780 emulation
package absorbed some 30 percent of the PDP-11’s processor capacity, a loss that
could not be afforded.

The problem was solved by moving the interfacing problem somewhere else.
An additional front-end processor was installed at the computer center so that
intersite transmission could take place using DEC’s standard (and much more
efficient) DDCMP link control. This created the requirement to connect the FEP
directly to the IBM 370 block multiplexor channel. Fortunately, DEC already had
the hardware needed for this (the DX-11), and the company bought a package
from a software house that made the FEP look (more or less) like two magnetic
tape units, one for the incoming data stream and another for the output. A custom
monitor (written by one of the authors) provided a multitasking environment and
support for networking via the FEP.

DDCMP is also employed on the 1 M-bps link between the remote PDP-11s.
A specialist software house was commissioned to write the software needed to
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control the flow of data among the various systems. (DECNET was not used
because it provided much more than was needed and, at the time, lacked
maturity.) It has been in this area of networking, however, that most software
problems have occurred.

Transaction Processing Software

A package was bought to provide a full transaction-processing environment on the
remote PDP-11s. This was based upon the RSX-11M multiuser operating system
and provided screen formatting facilities, file handling, and restart/recovery
support. The package included a high-level structured programming language.

Distributed Files

A particularly interesting feature of the system is the successful application of
some innovative file-handling techniques. For example, in order to take advantage
of the fast response times possible on the remote-site systems, copies of the master
records for which there are transactions that day are retrieved from the central site
and held on the PDP-11 disc. This facilitates a very high level of verification of
input data, which is then added to a transmission queue file for sending to the
mainframe. The local files are for reference only and are scratched at the end of
each day. In the meantime, the central master file is updated in batch mode
overnight.

The performance of the system is really put to the test when inquiries are
made across the network to the central file. This can take 5 to 20 seconds,
depending on the time of day. Since the inquiry responses can fill many screens,
they are stored locally on disc and flipped through quickly by the terminal user.

Comments

This system combines the best capabilities of mainframe and minicomputer
architectures. Because of the pioneering nature of many of the techniques used, its
development has been far from trouble-free. However, a steady program of tuning
and enhancement sees the system moving toward impressive levels of perform-
ance and reliability.



CASE STUDY 4
Use of Microprocessors
in Special-Purpose Data Communications Devices

Overview

The problem with communicating between two independent computers is nearly
always compounded by the fact that each was developed seperately and seldom are
the I/O interfaces truly compatible. Similar problems can occur with connecting
nonstandard terminals to an existing system.

The advent of the microprocessor has provided a flexible means of adapting
interfaces and line protocols in low-volume situations, avoiding the problem of
redesign in the computer. The line adapter is essentially a simple front-end
processor. A box is built with two I/O ports, one obeying the protocols of device A
and the other of device B. The actual data from A is buffered in the adapter and
retransmitted to B using the appropriate protocol. The adapter will normally
contain its own power supplies and a printed circuit board (PCB) for the two I/O
systems, the microprocessor and its support circuitry, some RAM for the data
buffers, and sockets for EPROMs. The amount of RAM depends upon the size of
the buffers and the amount of EPROM on the complexity of the control program
and the size of any translation tables. The adapter is in fact a programmable
device, but only in special cases is it possible to down-line load the program into
RAM. The program is normally developed in a laboratory using a microprocessor
development system (MDS), which provides software development aids supported
by VDUs, discettes, and printers. The MDS also supports a ‘“‘prom blaster” for
transferring a program developed in the MDS RAM to an EPROM which can be
physically transferred to the adapter hardware.

The adapter hardware can take a variety of forms. There are boxes on the
market with I/O systems that can be partially programmed by switch selection,
specially made for the job and with type approval from the PTT. Others use
programmable USARTS and clocks set to a specific baud rate, number of bits, and
so on, by executing an initialization routine from the EPROM on power-up or
reset. Alternatively use can be made of the standard cards supplied by micro-
processor maunufacturers; typically a single-board computer has sufficient RAM
and EPROM, which is then coupled to an I/O card. Often the I/O card may need to
be specially designed and will not have PTT approval. Another approach is to use
one of the manufacturer’s single-board-computer kits, which have an area on the
board reserved for wire-wrapped circuits that is used for the I/O.

Debugging of special communications devices is a major problem. Seldom is
the programmer’s interpretation of the two-line protocol specifications exactly
correct, and detailed modifications are usually needed. The real communications
system can never be taken into a laboratory; the installation must take place on-
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site with minimal engineering facilities. The adapter is only reprogrammable via
EPROMs and a laboratory MDS, there being no surplus memory or other facilities
to enable program development on the installed hardware. The programs can be
laboratory tested to a degree by the use of simulators, but a device known as an in-
circuit emulator (ICE) provides a real-time debugging tool. The microprocessor is
unplugged from its socket on the communications device and an umbilical cord
that links into a full MDS is substituted. Now, temporarily, the full facilities of the
MDS, including VDU, spare RAM, trace facilities, symbolic debugging,
program development software, and so on, are available. ICE, however, only
debugs the microprocessor itself; it does not debug errors on the data communica-
tions lines or inside the new complex interface chips (for example the Zilog Z80/
SI0, which can be initialized to support asynchronous, synchronous, or HDLC
data link controls). It consequently is not the complete answer, and additional
tools such as the Hewlett-Packard logic and serial data analyzers can be used.

Once debugged the program can be committed to EPROM and plugged with
the microprocessor into the final system. One further feature required is automatic
start on power-up for the adapter, since it has no console.

The following sections briefly describe some typical applications, all of which
were developed and commissioned by Hoshi Kalami, a research fellow at
University College, Cardiff.

TELEX to V24 Line Adapter

An international company needed to link its message-switching system in Hong
Kong into its European system. The European system is built on a PDP-8 based
Business Master sited in London, the Hong Kong system on a Cable and Wireless
unit. The Business Master uses 7-bit ASCII codes (plus parity), at 1200 bps with a
CCITT V-series interface. The Cable and Wireless system uses TELEX at 50
baud, quarter-rate (to use lower tariffs), 5-bit Baudot code with no error checking.
Both systems have a defined header and trailer message, including one source and
multiple destination I/D codes and a sequence number. Both systems use different
headers and trailers. The TELEX is full duplex by virtue of a four-wire system;
the Business Master could be constrained to half duplex mode by hold and free
messages forming a simple handshake protocol (see figure 10.11).

The line adapter employed was a general-purpose data communications
device known as a DATAMAX. This 19-inch rack-mounted unit fits into the
Business Master cabinet along with the Post Office’s TELEX data communica-
tions equipment. The DATAMAX has a Post Office-approved interface. The
DATAMAX uses a Motorola 6800 microprocessor with two 1-KB EPROMs and
three programmable USARTSs. The processor runs a subprogram on power-up that
initializes the USARTS, one to 5 bits, the other to 7 bits plus parity. The 5-bit
USART 1is run at 50 baud, the 8-bit one at 1200 baud, and the third one as a
dummy at a quarter of 50 baud for control of the one-in-four-character TELEX
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transmission. On TELEX transmission both USARTS are loaded, but only the 50-
baud one is transmitted; the status for transmission complete, however, is read
from the quarter-speed USART. Incoming characters are checked for header codes
and the data messages are translated by software using table look-up for code
translation, remembering the letter-shift/figure-shift characters in the Baudot
code. Further tables define the header identifying codes used to reform the
ongoing headers.

Since the TELEX line has no error-checking capability, a corrupted character
in a header could cause extreme confusion. To improve this the header was
checked by a block rather than individual characters and recognized if most—but
not essentially all—characters were matching. The DATAMAX program was
developed on a SWTP 6800 discette-based D-I-Y computer using the resident
DOS operating system and Assembler with a simulator to aid debugging.

On-line TELEX System

A wholesaler in London uses a systems-house-developed minicomputer similar to
the one described in case study 1. The firm has fourteen sales outlets spread
around the United Kingdom which need to make occasional on-line references to
the stock file. Since the traffic rate is unlikely to exceed 5 to 20 inquiries per
locality per day, the cost of fourteen VDUs and modems was considered too high.
Each remote site already uses the normal Post-Office-switched telegraph system
and each has its own TELEX terminal. With the low-volume rate it therefore
makes sense to put up with the poor quality of the TELEX keyboard and its low
speed and to use it for both normal messages and as an on-line terminal. At the
central computer site a rack was installed mounted with four Post-Office-supplied
TELEX data terminal equipment units, type DCE3A. This type accepts incoming
calls but cannot originate calls. The signals from the DCE3As are V24-compatible
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voltage levels, but in Baudot code format. The Baudot code has fewer printable
characters than the ASCII set, but the applications programs are written to avoid
using non-Baudot characters. It would have been possible to write either a
BASIC-PLUS program to translate ASCII to Baudot or to modify the line handlers
in the RSTS/E operating system. Both are undesirable because of maintenance,
compatability with further upgrades, and possible bugs affecting the smooth day-
to-day running of the other systems. The same inquiry programs may also be run
from local VDUs as well as the remote terminal.

The solution used was to build a microprocessor-controlled box (see figure
10.12) that accepted the I/O from the four DCE3As and buffered, code-converted,
and retransmitted the data so that it looked like four Teletypes coupled to a
standard low-speed asynchronous I/O multiplexor in the PDP-11. The micro-
processor was programmed to trap and ignore echo-back of characters fed to the
PDP-11, since the TELEX system is half duplex and will double-print the
character if it is echoed. The TELEX runs at 7 cps (50 baud); the minimum speed
on the PDP-11 was 7.5 cps (75 baud). This could cause overrun, particularly if the
PDP-11 transmitted a continuous message of alpha, numeric, alpha, and so on,
since the Baudot code would have to send double the number of characters due to
figure and letter shifts. Thus the PDP-11 was set to send 5 nulls at the end of each
line which were trapped out by the micro.

The system was built using an Intel 8080 SKD development package and a
special board for the four input and four output UARTSs. A zener diode barrier unit
was included to meet the Post Office requirements, and the box was granted one-
off rather than full-type approval. The 8080 proved fast enough to handle the four
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DCE3As, using input character polling, with ease. It was programmed on an
INTELEC 8 MOD 80 MDS in Assembly language.

Synchronous Line Protocol Controller

It was necessary to connect a Texas Instruments 990/10 minicomputer running
under the DX10 operating system to an ICL 1902 for batch mode data
communication. The 1902 scanner supported only ICL 7020 protocols; the Texas
Instruments system supports only an IBM 2780/3780 emulator package. The user
did not like the 3780 emulator because of its lack of an operator console, and the
ICL scanner was therefore upgraded to a Digico FEP, emulating the ICL 7902.
While this machine still supports 7020 protocol the supplier, unlike ICL, was
prepared to modify line protocols to suit. This could possibly have been 3780-
compatible to allow use of the Texas Instruments software package, but this was
not considered progressive enough. Further, software emulation on minicomputers
consumes a large percentage of processing time.

The solution was to provide micro-based dedicated front-ends to the Texas
Instruments and Digico minis, connected through 9600-baud asynchronous
interfaces as local terminals. The Digico, serving as an FEP to the 1902, was
specially programmed. The Texas Instruments 990 used a modified Teletype
driver (largely eliminating the trapping of special characters) with a simple
COBOL program to dedicate a VDU as a console and to spool incoming data to
disc and transfer outgoing data from disc. No communications software was
needed, only an application program. A simple mini-to-micro handshake was
implemented to stop overflow of buffers, particularly if the micro is involved in
transmission problems. An end-to-end protocol was defined to allow the Texas
Instruments and Digico programs to request actions and send and receive error
condition reports in addition to direct data transfer. The line protocol was
completely controlled in the microprocessor systems (see figure 10.13).

The microprocessor systems use a Zilog Z80 processor, 3-KB RAM (double-
buffered, 512-byte, full duplex), 2-KB EPROM for the control program, a
USART for the asynchronous link to the minis, and a Zilog SIO chip for the line
I/0. Full modem control, switch-selectable speeds, indicator LEDS, timers, and
some special test aids are all included in a self-powered box, together with barrier
diodes for modem protection. The SIO chip is a programmable super-USART
which provides the synchronous HDLC full duplex line protocol employed. It
checks CRC codes, controls bit stripping and stuffing, checks parity and the like,
reporting errors through status bits to enable the Z80 program to control its
buffers, initiate retransmission, encode error messages for the minis, and control
the handshake and transmission between mini and micro. By using this system the
minicomputer is able to use remote communication while running standard
applications programs suited to local terminals. While the system has been
implemented as a local Teletype emulator, a paper-tape reader would have been
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better if available. This is because the standard device driver would have a
handshake inbuilt to control the mechanics of the paper tape handlers.

The Z80 has been programmed using a Zilog MDS in Assembler language.
An ICE has been used to aid debugging. Serious problems were encountered with
the SIO chips which fell far short of its specification. Only by extensive trial and
error have tricks been devised to overcome the chip errors; an upgraded version of
the device is now available.

Paper-Tape Punch for IBM 3790

The IBM 3790 does not normally support a paper-tape punch, but one user wished
to send confirmation messages to dockside by TELEX. The solution provided was
to build a microprocessor-controlled box that emulated an IBM 3284/86 matrix
printer at line level. This captured ‘“printed” data in a RAM buffer, code-
converted from EBCDIC to Baudot, and punched it on 5-track paper tape. When
the buffer was emptied, the ready status was returned, as with the printer. The
3791 controller to 3277 VDU and 3284 printer uses the same 1 Mbit-per-second,
pulse-width modulated, 13-bit character, polled half duplex protocol as in the
3270 system.

The microprocessor was built on an Intel SKD kit using the wirewrap area as
a mounting point for the rather complex interface circuitry to the 3790. It was
extremely difficult to get the system to work properly due to the differences
between the 3790 and the IBM’s supporting literature. In the end the literature was
abandoned and the protocols determined by logging the data on the coax link
connecting a working 3284 printer. The programs were developed on the Intel
MDS in Assembler language, with specific hardware aids to emulate the 3790. An
ICE would have been of little help in this case, since the problems encountered all
lay in the 3790 protocol, not inside the microprocessor.
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Conclusion

The foregoing examples show how microprocessors can be employed to link
together systems with noncompatible I/O. It is also interesting to see how a
relatively cheap microprocessor system can be employed to reduce the heavy
loading of communications software on a standard business computer system.
Since there is freedom at each end of the line, the most effective protocol available
can be used. The technique is being adapted to enable the mini to communicate
via the micro using standard emulations such as the 3780, so that they can be
coupled into existing systems. A parallel, preferably DMA, interface between the
micro and mini would be more efficient than a V24 interface, since there is direct
control of status bits. However, this would then be minicomputer-specific and
would lose the advantage of a standard interface.
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