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ESER ES 1020 /31’

LOGICAL-FUNCTIONAL STRUCTURE AND DESIGN
OF THE SYSTEM

Christ Ian Markert’ *

The Model ES 1020 was developed jointly by the USSR and the
People’s Republic of Bulgaria in the framework of collaboration on
the ESER project. The EDP unit 1020 is a universal electronic third

generation computer. Its core, the central processing unit, is one
of the main models of the universal data and program compatible CPUs
of the ESER. The EDP unit ES 1020 Is a computer for the “lower” end

of the performance spectrum and is designed for use by industry and
business, state organizations and administrations, scientific Insti-
tutes and planning bureaus for solving extensive data processing

problems from the area of commerce and science and technology . The
EDP ES t~nit 1020 can be used as a satellite computer for use as a
computer of the “upper” performance range of the ESER. The elec-
tronic data processing system ES 1020 consists of a large number of
Individual components, various units with different functions and
performances as well as programs for controlling the working se-
quence within the installation. In the following, we will give a

brief description of this model.

1. Logical—Functional Structure /32

and Method of Operation of the

Central Unit (CU)

By Central Unit in the following we mean the functional unit

within the computer system which Includes the Central Processing

Unit (CPU), the memory and the general monitoring units which moni-

tor the way in which the channels operate,

In the following, by CPU we mean the components microprogramming

unit and computation unit.

‘Numbers in margin indicate pagination of’ original foreign text ,
“VEB Factory Robotron (East Germany People ’s Factory).
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Technical Data of the ES 1020 Model

Main memory 
-

Core memory with 64 k bytes or
128 k bytes or

256 k bytes

Cycling time 2.0 ~&s

Access time 1.0 i.ts
Call width 2 bytes

Central processing unit
Control principle Microprogramming control

Capacity of microprogramining
memory 8 k words at 64 bits each

Command system 142 commands according to
ESER operational principles

Selected Command Execution Times

Fixed decimal arithmetic

Addition, word (RX format ) 33, 4 — 34.9 us

Subtract ion, word (RX format) 33.4 — 34.9 jis
Logical comparison, word (RX

format ) 33. 4 — 34.9 p5

Multiplication (RX format) 349.0—364.9 us

Division (RX format) 398.0—416.4 us

Decimal arithmetic

Addition (three decimal places) 76.8 — 80.3 us
Subtraction (three decimal places) 76.8 — 80.3 Ps

Mu1tip1icat~on 140.0—300.0 us

Floating decimal arithmetic

Addition, double word (RX format) 93.7 — 100. 3 us
Subtraction, double word (RX
format) 93.7—100.3 us-

Comparison, double word (RX
format) 79.9 — 84.14 ps

Multiplication, double word
(RX format ) - 1113,4—1166,0 us

Jumps 25.3 — 26,5 us

~ 
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I/O System
available selector channels 2
number of device control units
per selector channel which can

be connected 8
Transmission rates of the 

-

selector channels 200 — 300 k bytes/sec .
Multiplex channel
number of unit control devices
which can be connected 8
Number of subchannels
for 64 k main memory capacity 140
for 128 k and 256 k main memory
capacity 104

Maximum transmission rates
for multiplex operation 12 — 20 K bytes/see.
for stack operation 100 — 140 K bytes/sec.

Peripheral devices:
Using the standard SIF ESER connector , a large spectrum of
peripheral units can be connected and a flexible configuration

is possible.

Remarks: I k R~,t..,. — 1024 ~~~I K Ilytri. — 1000 Byte,.

1.]. Main memory (HS)

The main memory Is a ferrite core memory . Its capacity can
be selected at 64 k, 128 k or 256 k bytes.

The byte is the smallest addressable unit of the main memory .

It consists of 8 Information bits (databits) and a test bit. T’qo byte
units are called half—words, four byte units are called words, and

ei.ght byte units are called double words,

Information can either be processed In fixed length fields of
2, 1~, or 8 bytes or they can be processed as variable length fields,
with a maximum of 156 bytes, The storage location of’ the bytes are
numbered starting with zero, Each number Is the address of the

3
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Fig. 1. ES 1020 (configuration segment),

Central unit with operating console, 7070 interrogation
unit, punched—tape punch 7022 (150 symbols/see), punched—
tape reader 6025 (1500 symbols/see), punched—card reader
6012 (500 cards/mm .), exchangeable disc memory 5056 with
large volume storage control unit 5551, magnetic tape

- 

units 5010 (64 kHz) and magnetic tape control unit 5511,

corresponding bytes. The datafield is addressed by the address of the
byte at the extreme left.

The main memory capacity can be selected, by using one or
several 64 k bytemain memory blocks.

Figure 2 shows the ways in w1~~ h the cabinets can be connected,
how the’ main memory cabinets and tl1~ -entral processing unit cabIne~s
and power supply cabinets can be connected ,

Each main memory block occupies half of a standard cabinet
in terms of volume. Therefore, if one cabinet Is delivered it is
possible to install one or two main memory blocks.

Two standardized frames are located In the cabinet of the
main memory block. The frame contains the electronic control units
and one—half of the second frame contains the main memory matrix.
If a second main memory block is installed, a third frame is added

in the cabinet with the electronic equipment. The second main

— — .-- ~~~~~~~~ --- - --——
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Variation 1

Cabinet, Cabinet Cabinet
power central main memory
supply processing 64 K (128 K)

unit

Operating console

Variation 2

System of main
lines

Cabinet main Cabinet main 
-

y K K

Cabinet
central
process—
ing unit

Cabinet
power
supply

— -Operating console -

Fig. 2

memory matrix is installed in the second half of the central frame

(the second frame).

The electronic connect ion of the main memory cabinet s with
the processing unit Is usually done by main lines for both blocks

of a main memory cabinet. Their connectors for the blocks are also

in the cabinet. Therefore, two main line systems are built up for

connecting the central processing unit and the main memory of maxi-
mum capacity. In other words, there is a connection line for each

cabinet.

5
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In addition to the capacity given, there is another memory

in each system which cannot be addressed directly by the program.
Its size depends on the size of the main memory . For a main memory
capacity of 64 k bytes,its size is 1 k bytes. For a main memory of
128 k and 256 k bytes, Its capacity is 2 k bytes. /33

The additional memory Is again divided into local memory and
the multiplex memory. The size of the local memory Is always 256
bytes. As Fig. 3 shows, the local memory contains the equipment re—
quired for the system, buch as universal register and sliding decimal
register, as well as regions for the varIous other control tasks.

The size of the multiplex memory depends on the main memory
size. For 64 k bytes lt is 76B bytea;and for 128 k bytesor 256 k bytes.
It Is 1792 bytes.

The multiplex memory contains the memory regions for the indivi-
dual subchannel words required -for operation of the multiplex channel.
Section 2.3 gives details about this.

Just like any core memory, the main memory of the ES 1020
model operates in continuously repeating cycles. This includes the

read—in of stored data and its secondary storage because during read—

ing the content of the addressed regions is falsified. The duration
of such a cycle Is called the cycling time. In general, It is the

minimum time interval between two subsequent reading/writing opera-

tions and amounts to 2.0 us. For each access, an information amount
(call width) of 2 bytes is accessed. For this access width, an access
time of 1,0 us is required. The addressabillty of each individual
bit in the main memory Is not considered in this technical version.

The distribution of the available main memory cyc les among
the individual components of the system (ZVE) (Central Processing

Unit and I/O) is done dynamically. The I/O system has priority over

the CPU. Within the I/O system, the selector channels have higher

priority compared with the multiplex channels.

6
- £ .  - - - - -- -~~~~~ ---~~~~~~~~~——------ -rn- -—__~~~~ __& _ ~~~~~~ - - -~~~~~~ —



~~~~~~~~~~~~~~~ 
- -  -~~ - • ~~~~~~~~~~~~~~~~~~~~~~ - . - —---- --~~~~

IF -
~~~~~

i6 Universal Registers
with 32 bit length each

4 Floating—decimal Registers
of 64 b-it length

Controlling programming status word (SPSW )
(64 bIt length)

Command buffer (8 bits) for storing the
operational codes
of the running command

Interrupt ion buffer
(8 bits)
storage information for I/O Interruptions

Working memory of the ZVE
(16 re~ i sters, 32 bits each)
which Is used for storing various information for micro—
programs, for which the execution cannot be handled by
the Internal registers of the ZVE (CPU)

Channel range
6 regIsters , 64 bits each, which is supplied with infox’ma—
tion from the internal registers of the CPU when the MPX
channel is dormant due to selector requirements ,

Fig. 3

1.2. The Microprogramming Control Unit

The control signals required for controlling all of the
registers and the connection networks of the CPU at a suitable time

and in the correct sequence is done by the mioroprograminlng control
in the Model ES 1020.

From the structural point of view, the mIcroprogramming control
can be compared with the subprogram control technique , For often re—
petItive program parts, Individual routines are developed which are

-. ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ..—~ 
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developed by means of a frame program. The type of organization
can be applied in various steps. In other words, a subprogram can
represent a frame program for additional subprograms . A consequen— -

tial continuation of this principle finally leads to dividing the

individual machine commands of a program into sequences of sub—
steps so that the processing of indIvIdual machine commands Is
followed by the callIng of individual subroutines. —

This technique, however, is realized no longer within the
framework of the organization of a program, but already within the

- 
I framework of organization of a computer Itself. Such type of in—

- - ternal organization allows the execution of even complex main pro—
gram steps with subprogram steps of-arbitrary simplicity. In this

way , it is possible to simplify the structure of the data flow
enormously when there is a high degree of complexity of the main
program steps.

All of the internal operations can systematically be divided -

into elementary transport functions and control functions. If the

corresponding signals are made available in stored form, one arrives
at the microprograinming control mode. All of the elementary func-
tions which always run in parallel are now summarized into a micro— -

instruction. Several microinstructions then make up a inicrocoxnmand ,
which contains all of the control signals which must be given within

a prescribed time interval to the central processing logic. An asso— /3 14
elated sequence of microcommands Is called a microprogram.

The component units which are used for realization of this
task are called microprogranuning control units. It controls the

operation of the computation part, access to the Information and re— -

cording of information in the memory, it analyzes the interruption

requirements and also carries out the interruption process. The

microprograrnining unit connects the central processing unit and the

channels, tests the position of the switches on the operating con-
sole and provides transfer from the central processing unit to the

individual operating processes, These functions are associated with

mlcroprograms, which are contained in the special memory, a so—called

8
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fixed value memory. The structure and working method of the fixed
value memory are different from those of the main memory by a sub-
stantial degree. In contrast to the core memory matrices used for
the main memory In its method of operation , the mlcroconunands can
only be read during normal operation from a fixed memory, but they
cannot be written in. For this reason, one calls them “read only
memories.”

The fixed value memory is the main part of the microprogramming
control unit. The microprograms of all 1142 machine connuands, those of -

the interruption system, the multiplex selector Interruptions, micro—
programs for evaluation of the manual operations on the operating con-
sole installation, those of the error test, etc., are all stored in
it.

The capacity of the fixed memory Is 8,192 words. The word
length is 614 bits inëludlng a test bit . Cycling time of the fixed

value memory is 1.0 Ps. An inductive fixed value memory is used as
a microprogram memory for the model ES 1020 with a capacity of
500,000 bits(8,l92 x 64 ) .

1.3. The Computation Unit

The computation unit of the ES 1020 model has a wide variety
of elementary operations. There is a possibility that the computer
can realize all 1112 commands of the operational principles of the
ESER. The computat ion unit carries out the corresponding operations
and transforms the information between the Internal registers of the
CPU. It allows the following to be performed :

—— binary fixed decimal arithmetic,
—— decimal arithmetic,

—— floating point arithmetic , and
—— logical operations.

Arithmetic operations with binary fixed decimals are performed
using the binary fixed decimal arithmetic. The operands can be

~ 
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addresses, index numbers , or fixed decimal data.

A binary , 32—bit word with a sign is the basic unit for data

using fixed decimal arithmetic. In order to better exploit the

main memory and to increase performance, 16—bit half—words can also

be used as operands.

For commercial applications, decimal arithmetic is preferable.

In the processing, only a few calculations are performed between

input and output of the data, so that there are no time advantages -

in converting into the binary representation. Decimal arithmetic
is a pure memory processing, that Is, both operands and the

result are stored in the main memory . The decimal arithmetic In—

cludes the operations: addition, subtraction, multiplication, divi-

sion, and comparison.

Decimal numbers are considered as fixed decimal numbers with

a sign In the variable fIeld length between 1 and 16 bytes. For a

condensed storage, this is 2 digIts per byte, and up to 31 digits

with a sign.

In binary fixed decimal and decimal arithmetic , whole numbers

are processed and represented as magnitudes and with signs. For clar-

ity, the position- of the commas and, therefore, the appropriate proc-

essing with the correct position of the decimal must be received by

the programmer,

In the case of complicated problems, in particular for scien-

tific and technical calculations, the order of magnitude of inter-

mediate results cannot always be determined beforehand. In order to

avoid inaccuracies, another representation Is selected , floating
point representation as well as floating point arithmetic for the

processing.

Floating point numbers appear in two formats with a fixed

length, as follows:

~~~ -~~~~ -~~~~~--~~~~~~ - —~~ -- - - ~~~~—~~ -~~——-—-~~~~~~~ .- —--—~~~~~~~ -- —~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Floating point numbers with simple and double
accuracy.

These formats only differ by the length of the mantissa.

Logical Information can be processed as data with a fixed
or a varIable length. The logical operations include the following:

—— comparison commands —
—— bit test commands —
-- processing commands —
—— displacement commands.

Within every machine cycle (1.0 ps), one information byte is
processed. The result of this elementary operation is recorded In
an internal register of the central-processing unit.

16 universal registers with a capacity of 32 bits each and 11
floatIng point registers with a capacity of 64 bits each are asso-
ciated with the computation unit, which can be used by the user.

As already mentioned, the command list of the system ES 1020
has 143 commands. The length of a command can be one, two or three
half-words. It depends on the number of memory addresses required
for the operation.

One can distinguish among five command formats. These five
basic formats are characterized by the abbreviations RR (register’-
register operan~~, RX (register—induced memory operand), RS (register
main memory operand), SI (memory direct operand ) , and SS (for memory—
memory operand).

1.4. Control of the Program Run /35

1.4.1. Controlling Program State Word (SPSW)

The information required for executing a program are contained
In an 8 byte double—word , the program state word (P3W) . It contains
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Fig. 4.
1 — system mask; 2 — protection code; 3 — interruption
code; 4 — program mask; 5 — command address; 6 — multi-
plex channel; 7 — selector channel 1; 8 — selector chan-
nel 2; 9 — external interruption; 10 — code selection;
11 — machine—error mask; 12 — waiting state; 13 — prob-
lem status; 1~4 — command length code; 15 — operating code.

the command address, a condition code, and other fields which fix
certain states of the system (see Fig. 11). In general, the program
state word has the purpose of controlling the sequential processing
sequence of the commands and to indicate the changing state of the
system during program execution . The active or running program state 

-

word is indicated as a controlling program state word (SPSW). By
storing the running program state word, the state of the central unit
is fixed for further evaluation during an interruption. By setting
corresponding bit positions In a P5W equal to zero, it can be communi—
cated to the central processing unit that certain interruptIons should
not be effected at the present time or in general. In this case we
speak of the possibility of masking the corresponding interruption.

The controlling PSW in the ES 1020 model Is located at a fixed
memory location In the local memory unit. Part of the information
contained in the SPSW is stored in the internal registers of the cen—

tral processing unit . For example, this is to reduce the tIme expendl—
ture for carrying out operations In the computer, the realization of
which often requires introductory information contained in the SPSW.

If the entire SPSW were only located in the local memory , In this

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~
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case this would lead to a nonproductive time expenditure if control

information were required from the local memory .

1.4.2. Interruption Control

Interruptions are caused by system conditions or machine con—

ditions, or by commands.

The following five types of interruption classes can occur:

I/O interruption
Program error interruption
Supervisor call interruption
External interruption and
Machine error interruption

Each of the interruption--classes are associated with two pro—
gram state words, an old word (APSW ) and a new word (NPSW ) , and these
are associated with a fixed main memory region. In general, interrup—

tions consist of the exchange of program state words. When an inter—
ruption occurs, the active program state word is stored in the posi-
tion of the corresponding old program state word and is made into the

corresponding new active program state word . The processing then
continues with it. Before continuing the program sequence using the
new program state word, operations in the form of microprograms are
executed which are used for storing the information in the APSW and
for later evaluation of causes which led to the interruption. The

treatment of an interruption In general is done using a special com-

ponent of the operating system, which records a large amount of in-

formation about the interruption conditions from the program state

word.

The method of operatIon of the interruption system using the

ES 1020 model completely corresponds to the operational principles

of the specIfications for the ESER. Special features of the model

vary within the permissible limits fixed by the operational princi-

ples of the ESER.

_ _
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1.4.3. Machine Error Interruptions

Machine error interruptions allow a reaction to computer fail-

ures to take place and to establish the location of the error. If
an error signal occurs , the execution of the current command is In-
terrupted by the control switches of the computer. At this time the
microprograms for solving the machine error interruption start to run.

After execution of these microprograms, a program for process-
ing machine errors can be started by changing the program state words.

According to the principles of organization of a continuous

control method, certain points of the central processing unit, in-
ternal registers, address registers and data registers, and the chan— /36

nels are selected, within which there is continuous monitoring (usu-

ally for parity).

Every point of the central unit to be checked is coupled with

one bit of an 8 bit error register, which has 8 indicator lamps. This
reflects its content and the lamps are located on the console. There -

are also indicator lamps on the console which give the content of the
channel inner registers. Using a switch on the console, it is possi-

ble to switch off the control system of the computer if operation is

not desired for any reason.

The sequence for carrying out the microprograms for processing

machine errors depends on the operation of the channels and the central

processing unit (autonomous or common) and also on the location of the
failure (ZVE central processing unit or channel).

Depending on the error location in the computer, a variable

amount of time is required to execute the microprograms until machine

error Interruption occurs. The maximum time is 1500 p

Failure of the central processing unit which occurs In the

time interval between the beginning of computer control and the end

of the microprogram for storage of the NPSW (repeated failure) re-

sults in an immediate stop. Channel errors which occur during the

114
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initial program loading also results in an immediate stop. An immedi—
ate stop also occurs when an address error is detected during the ini-

tial program loading (IPL).

In the stopped state of the central unit, the machine errors
are not processed but instead are stored in the error register and

indicated on the console. The processing of these errors is done
after transfer to the central unit in the operational state.

The adjustment of the error indications in the error register
is carried out only if there are no machine error masks in the SPSW.

1.4.4. I/O and External Interruptions

The I/O interruptions means that there is a possibility for -

the central processing unit to react to signals from the peripheral
units.

The external interruptions allow the central processing unit

to respond to signals which are Input by the time clock, the inter-
ruption key on the console and other peripheral units.

Input/output interruptions and external interruptions can only
be executed when they have not been masked. However, they remain
“act ive”, that is, after a change of the masking, this leads to an

Interruption. In general, however, I/O interruptions and external
interruptions are only accepted after execution of a running command.

If there Is a requirement for a I/O interruption, then the
running of the microprogram for I/O interruptions starts, This micro-

program allows the determination of the channel which has formulated
the condition. It also allows the formation of the channel state

word, which contains additional Information about the reason for the
interruption for the corresponding component of the operating system -

and also results In the formation of the Interruption key.

If the requirement exists for an external interruption , then
the microprogram for treating the external interruption Is executed

and thIs forms the interruption key for the external interruption.
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1.4.5. Program Error Interruptions

When executing programs there is a test for the correct execu-
tion of commands, address data and ~ither data. This control allows
one to establish errors In the program and to distinguish these from -

machine errors. All the program errors with the exception of errone— 
-

ous address errors and memory protection, which are detected using
the unit logic, are found using microprogram traps. The existence
of a program error results in the execution of a program error inter-
ruption. The microprograms of the program error interruption produce
an interrupt ion key.

For the interruptions which can be masked, a test is made to
determine whether the program mask has been adjusted . If this is
the case , then there is no interruption and access to the next machine
command occurs. If there Is no program mask, then transition to the
mlcroprograms takes place , which then changes the PSW.

The existence of logic in the unit for detecting errors in
addressing and for memory protection is a consequence of the neces-
sity to make the time for command processing as small as possible and
also to reduce the volume of memory required for this. Every word
for addressing and memory protection taken from the main memory or
the multiplex memory must be checked.

The address of the main memory is considered erroneous when a
certain part of the data,commands or control words exceed the limits -

of the memory which have been specified for the corresponding computer
Depending on the installation, the capacity of the main memory of the
ES 1020 model can be 64, 128 or 256 k bytes. If a 64 k main memory
is used, then the address is considered erroneous If its length ex-
ceeds 17 bits. False access to the main memory whose capacity exceedi

256 k bytes is not determined (modu].o calculation).

In the operation of the memory protection device during wrItin~
protection, we have the rule that an error occurs when the memory key 

—

for the associated memory location Into which Information is being re-

corded does not agree with the protection key of the controlling PSW,
or If the latter is zero.
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1 — Bit for internal ‘

control; 2 — storage . . 
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code; 3 — type of
protect ion 
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When the “read
protect ion” protection
device is in operation,
then for any arbitrary Fig. 6. Central processing unit ES 1020

with operating console and 7074 interroga—memory access there tion unit, displayed at the National Exhibit
will be a disturbance of the People ’s Republic of Bulgaria in 1972 - -

in Dresden.
in the memory protec-

tion in the case when the memory key and the protection key do not
agree.

1.4.6. MaIn Memory Protection Device

The main memory is protected in two ways:
1. reading and writing protection, or
2. writIng protection.

The second kind is distinguished from the first by the fact
that reading of information from protected memory regions is allowed

without any restrictions. The type of memory protection which Is
used is specified by the fifth bit of a memory key. A “L” in a bit

means “write and read” and a “0” means only “writing protection.”

The main memory is divided into individual 2 k byte blocks.
A 6 place memory key register is associated with each of these blocks
and each of these blocks can be protected in two ways.

Overall, 128 six bit memory key registers are ava~1able, assum—

ing the maximum volume of the main memory (256 k bytes), The struc—

j ture of a memory key register Is shown in Fig. 5.
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The protect ion key for the running program is in the control
PSW. Before access of the addressed main memory regions, the content
of the memory key register and the protection key are compared. If
they do not agree and if the protection key is not zero, a protect ion
key error is indicated and there is a program error interruption.

The protection key for the I/O region provided for I/O opera—
tions is indicated in the channel address word (CAM) and is used for
this in order to control the response of the main memory for informa—
tion transmission between the I/O device and the main memory . A pro—
tection key error occurs and this is stored in the state word (CSW),
when an attempt is made to address data from or into a protected
region.

1.5. The Control Console

Switches and lamps are located on the control console which are
required for processing with the control system and the system.

The system can be placed in the initial state using the con-
trol console. Information can be read and the registers of the central

processing unit or of the main memory can be stored. Primary informa-

tion can be input.

The operating console of the system contains indicator lamps -

for checking the system and control elements for triggering the corre—

sponding mIcroprograms and electronic control circuits.

2. Input and Output System

2.1. Structure of the Input and Output System

The input and output system of the ES 1020 EDP system consists

of multiplex channels and selector channels as well as peripheral in-

put and output devices which are connected through control units (GSE)

to the channels. The channels are Independently operating functional

units which carry out I/O operations. The program of the central

processing unit only specifies the I/O operation to be executed and
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the channel required for its realization. Operations of information
transmission between the main memory and the input and output devices
are included among the I/O operations in the narrower sense. In the
general sense , in addition operations for controlling the channels, -

Input/output units and their control units, as well as the execut ions ,
are included among the I/O operations.

Using a standard connection diagram (SIF ESER ) , device control 
-

units are connected to the channels. The device control units have
— : logical capability which provide the operation of the input and out-

put devices. The control of the units can therefore be independent

of their characteristics using the device control units in a standard—
ized manner. In order to guarantee this, all of the device control
units are designed so that they correspond to the standard set of sig—
nals which arrive from the channel or which are to be transmitted to
the channel.

Such a connection between the device control units and the
channel is called the standard connection or the standard connection
diagram. Physically the standard connection is a set of cables with /38.

which one byte of information between the channel and the device con— -

trol units can be transmitted to both sides. In addition, lines used

for identification of information on the data lines also belong to
the standard connection, and those which provide data transmission.

Electrical parameters must be identical for all of the device
control units connected to the standard connection, in terms of signal

- 

level and the signals to be transmitted along the lines as well as the -

time characteristics. They are formulated in corresponding ESER direc-

tives for all models (SIF ESER).

The individual peripheral devices are connected to the device

control units. Each devIce control unit can operate only with the

peripheral device designed for it, Peripheral devices include punched

card, punched tape devices, magnetic tape devices, disc storage units,

printers, typewriters. This also Includes remote data transmission

units and televIsIon console screens, etc.

~~~~~~~~ -- 
_ _  
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2.2. Channel Types

The model ES 1020 has two channel types as follows:

-— the multiplex channel, and
—— the stlect~r channels.

The Multiplex Channel

The multiplex channel allows connection of a series of input
and output devices with a relat ively low and average transfer rate ,
for example, punched card devices , punched tape devices , typewriters,
etc.

Depending on the capacity of the main memory, the multiplex
channel has up to 1014 subchannels. Each subchannel is represented

by a subchannel word. Each subchannel word contains and provides
the entire logical information required for controlling an input and -

-

output device.

Input and output operations can be time shared with several
subchannels for controlling several input and output devices at the

same time. This method of operation which is only possible using
the multiplex channel is called multiplex operation, byte operation

or interval transmission of data.

In this method of operation the individual Input and output
device is only logically connected with the channel over the time
which is required for transmitting an information byte. The input/

output device is logically separated from the channel between the
Individual information bytes. The channel then is available for data
exchanged with another device. In this way it is possible to simul-

taneously carry out several I/O operations using the multiplex channel,
where the individual bytes are transmitted by different Input or out—

put devices during intervals.

The second method of operatIon using multIplex channels Is

called stacked operation. During this type of operation, an input/

- - 20
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output unit is logically connected wIth the channel for the entire
data transmission interval, and no other input/output device can
carry out data transmission in this time.

The transmission rate of the multiplex channel is 12 k bytes/sec
for multiplex operation. Under certain conditions, this transmission -

rate increases 20 k bytes/sec. For stack operation, the transmission
rate can be as high as 140 k bytes/sec. When the selector channels
operate simultaneously, the transmission rate is reduced to 100 k
bytes/sec for stack operat ions and to ~ 12 k bytes/sec for multiplex
operation.

Input and output devices which have a data transfer rate of
more than 12 k bytes/see, such as, for example, magnetic tape units,
can therefore only operate with the multiplex channel for stack opera-
tion (magnetic disc devices cannot be connected to the MPX channel).

The transmission rate of 12 k bytes for multiplex operation

indicates the maximum data transmission rate of all simultaneously
executed input and output operations.

Physically, the multiplex channel does not exist as an inde—
pendent functional unit. Instead, microprogramming of the central
processing unit is used for controlling the operation of the I/O
units, data transmission, modification of address fields of data

and the byte counter. Therefore, the input and output operations of
the MPX channel cannot occur simultaneously with the processing of

other operations in the central processing unit. During multiplex
operation, the operation of the central processing unit Is inter-

rupted every time when a I/O unit:
a) is selected based on a I/O command, or
b) offers a data byte or requests one, or
c) the operation is ended and the device state byte is

presented.

When the channel operates In the stack operation mode, the
peripheral device is logically connected to the multiplex channel

over the entire data transmission interval. The central processing
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_ .
unit cannot carry out other commands during this period, nor can it
meet the demands of- other devices. In this case the subchannel word
Is located in the internal registers of the central processing unit
and operation of the device includes the data transmission, modifica-
tion of address fields of the data and operation of the byte counter.

In contrast to this, during multiplex channel operation in the
multiplex operating mode, a signal with the requirement for prepara-
tion of the logical connection for transmitting the following data
and state byte Is formed as soon as the peripheral device for informa-
tion absorption or transmission reports that it is ready. The multi-
plex channel then represents a logical connection with the device re-
quiring the data exchange. Using the corresponding microprogram, it
performs data transmission. If several devices send requests at the
same time for the establishment of logical connections with the multi-
plex channel, these requests are processed In the order of connection
of the peripheral devices to the multiplex channel.

The following sequence occurs for data transmission using

t multiplex operation (Fig. 7).

This cycle requires 8~ ps , which corresponds to a transmission
rate of the multiplex channel of 12 k1~ytes/sec. If in step 6 an operat-

ing request is detected from another unit , then steps 3, ~L , 5, etc.
are carried out again. In this way the transmission capacity of the
multiplex channel can be increased to 20 k bytes/sec, because in this
case the operations of storage and reestablishment of the contents of
the internal registers of the central processing unit are not needed .

If the multiplex channel and one or two selector channels oper-
ate simultaneously, then the rate of data transmission of the multi-
plex channel is reduced below 12 k bytes/sec.

The Selector Channel

Selector channels provide the connection of I/O units with a

relatively high data transmission rate, such as, for example, magnetic

22 
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Fig. 7
1 - Requirements for operating a unit with the MPX
channel; 2 — transfer of the content s of the Internal
registers of the central processing unit to the local
memory ; 3 - read-in of the sub-channel words of the
address device Into the internal register of the
central processing unit e 14 — execution of data ex-
change, modification of the address fields of the data
and the bit counter; 5 - feedback of the modified sub—
channel word into the multiplex memory ; 6 — test of
whether additional operating requirements are present
from other units?; 7 — reestablishment of the contents
of the Internal registers of the central processIng
unit; 8 — continuation of the work of the CPU; 9 — yes;
10 — no.

tape units, magnetic disc memories , etc ,

Each selector channel has only a single subchannel. In other

words, a single I/O unit operating with a selector channel is logic-
ally disconnected during the information transmission period but

remains connected with the channel (stack operation). The channel

_ _ _ _  - -  - 
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can work together with -another I/O unit during this time, because
its control functions for data transmission of this I/O device are
required. H-owever, this only refers to the information transmission
itself. If the channel triggers control Information in one I/O unit,
such as, for example, a position operation in a disc storage unit or
a reverse operation in a magnetic tape , then only the control command
for the device unit is transmitted by it. After this it is again

available to operate with another I/O unit .

With the ES 1020 model , a maximum of 2 selector channels can
be operated. Each selector channel is physically an independent
functional unit. The entire information required for controlling
the I/O operations (subchannel word) are contained in the internal
registers of the channels. The control of the information transmis-
sion between the selector channel registers and the central process-

ing unit is mixed.

Data transmission is controlled in sequence . In all other
cases, the control is done by microprograms. In this way the selector
channels can operate almost independently of the central processing
unit . Only the main storage is required for data transmission. Con-
sequently, the effect on the operation of the central processing unit
during operation of the selector channels is small. The maximum trans-

mission rate of a selector channel is 300 k bytes/sec. If both selec-

tor channels In the multiplex channel are operating, then the maximum
data transmission rate of the selector channel is reduced to 200 k

bytes/sec.

2.3. Operation of the Input and Output System

Beginning of a I/O Operation

In general, the execution of an I/O operation is triggered by

a machine command of the central processIng unit. For I/O operations,
a total of 14 machIne commands are available In the command list of the -

ESER models.
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These are the following:

-- Start input —output
—— Stop input—output
-- Test input—output
—— Test channel.

When the command “start input-output” (Sb ) is given, the

channel starts execution of an I/O operation. The following opera-

tions are carried out in this case:

1. Determination of the address of the unit with which /40

I/O operations are to be performed.

2. The channel address word (CAW) is obtained from a

fixed storage location (hex 48). This contains the
protection key of the main storage region which is
determined for the I/O operations and indicates the

address of the memory location where the first chan-

nel word (CCW ) is located.

A channel command word is a double word which can be

can be stored at an arbitrary main storage location
(its address must be divisible by 8) and all the in-

formation contained for executing the corresponding

I/O operations Is contained in it.

3. A single or several sequential chained command words
are called a channel program. The channel programs

control the operation of the channels. With them, the

I/O operations are carried out by the channels Inde-

pendent of the program of the central processing unit.

Channel Addresses and Unit Addresses

The channel address associates an I/O command with a certain

channel through which I/O operations are to be performed. The device

address determines the appropriate device for the channel. The follow-

ing correspondence Is used :

- - -  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~



5- ‘5-  --—~~~~~~--_ - - -- - ‘  ---- -‘~~ ~~‘- --5-’ - ‘—-
-  

-
~~~ 

- - - -

- _5_.__ - —-‘-5 ‘— ~~--5,- -”------ - - 
_ 

- - - -

Channel device Assoc iation

00 XXXX XXXX Addresse s of the I/O
devices on the multi—
plex channel

OL. XXXX XXXX Addresses of the I/O 
-

devices for selector
channel 1

L 0 XXXX XXXX Addresses of I/O de-
vices for selector
channel 2

The first six bits of the channel address contain zeros. Bits
• 7 and 8 specify the channel type. The 8 remaining bits of the device

address can theoretically be addressed for 256 I/O units. This ap-
plies for devices which are connected to the selector channel.

In multiplex operation the subchannel is included in the address-
ing. One distinguishes between divided and undivided subchannels.
Only a single I/O device can be connected to an undivided subchannel.
Therefore, only a single devIce address is associated with each sub—
channel.

A division of the device address for undivided subchannels for
main memory size of 64 k bytes is done as follows: Fig, 8.

The first bit of the device address characterizes the type of
the subchannel (0 = undivided subchannel). The second bit contains
the zero, the third bit contains an L. The remaining 5 bits are
available for addressing the I/O devices. Therefore, 32 devices can

— be addressed. The ES 1020 EDP installation with 128 k and 256 k bytes

of the main memory has three times the number of subchannels. In 
—

addition to the ones mentioned above, we obtain the following numbers
by dividing the device address: Fig. 9.

This means that for a main memory size of 128 k or 256 k, there
is the possibility of addressing 96 devIces through undivided sub—
channels.
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Several devices can be con-

nected to each divided subchannel.
A group of devices is associated 2 W I

- ~~ 
S--t5.- r tue, ~Iwith each subchannel. Division of 

L 
___

the device addresses for dividided
subchannel: Fig. l0~ 

2 LXX XXXI 
-

The first bit characterizes ~~~~~~~~~~~~~~~~~ 2

again the type of the subchannel __

CL = divided subchannel). 
J 

I 
~~~~~~~~~

• Su*Ws’ob*~~~

BIts 2 to 14 address the sub— _ _ _ _ _ _ _ _ _

•~~I~ A Suè~~nei
channel. Therefore, there are 8 Fi’gs. 8—10
divided subchannels. Accordingly, 1 — subchannel address (equal
one can connect 16 devices to each unit address); 2 — undivided

subchannel; 3 — subchannei
of these subchannels corresponding addresses; 14 — unit address;
to the 14 bits of the device address. 5 — subchannel address;

6 — characteristics of the
divided subchannel

With this division, a total

of 160 devices can be addressed for a 614 k main memory capacity (128

divided plus 32 undivided subchannels). For 128 k or 256 k main memory 
-

capacity, 224 devices (128 divided and 96 undivided subchannels) can

be addressed. The number of presently available subchannels therefore -

is as follows:

—— for a main memory capacity of 64 k bytes ~ 140;
-— for a main memory capacity of 128 k or 256 k bytes ~ 1014.

The divided subchannels are primarily used for device control

units which can be connected to several units. It should be realized

that such devices cannot operate in the multiplex mode among them-

selves, because all these devices only have a single subchannel word
available.

Only a single OSE (device control unit) can be connected to

a divided subchannel of the mult iplex channel, i.e., the addresses

27
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7 of the subchannel cannot be divided among several GSE’s and the
connected devices.

The Multiplex Memory

In order to carry out a I/O operat ion, the channel forms the
subchannel word and places it in the storage location of the corre-
sponding subchannel.

The single subchannel word for each selector channel is lo-
cated in the internal registers of the channel and in the local
memory.

The subchannel words on the multiplex channel are located
in a memory location of the additional memory unit, which is called
the multiplex memory.

The number of subchannels of the multiplex channel depends
on the capacity of the multiplex memory, which in turn depends on
the size of-the additional or main memory unit (see Table 1).

In order to make direct addressing and response by the ZVE
as simple as possible for the additional regions of the - additional /141
memory, the additional memory was divided up according to Table 2.

In the model ES 1020, one subchannel word consists of 16
bytes.

The information of the subchannel word comes from various

sources as Fig. 1]. on p. 112 shows. During execution of an I/O

operation, they are continuously modified or completed .

Execution of Data Transmission

If an I/O device has started an I/O operation which includes

data transmission, then the subchannel gives a further control to

this operation, which consists of a change in the main memory ad-

dresses, reduction of the number of bytes in the byte counter dur-

ing transmission of each byte, and in corresponding microprograms

for the conclusion of input or output.
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Table 1

capacity in bytes Number of sub- Remarks 
5-

- channels
Main AddI 

~~~~h1óh - (potential ones)memory tional Local Multiplexy memory memory

84k 1024 258 188 48 aye.. - -

128k 204$ 256 ‘ I7~2 112
258 k 2141 25* 17,2 112 — -

Table 2

Addresses of the additional memory

Decimal Dual

from 0 from os ~~~ 0000

to 255 to ~~~ LLLL LLLL 
Local memory

from 256 from Range for divided subchannel for

to 38 OOL 0000 0000 I/O units with the
OOL OLLL 1.1.1.1. Addresses LXXX XXXX

from 3811 from 001. 1.000 0000

to 511 to 001. LLLL LLLL Region not occupied

from 512 from 01.00000 0000 Range for undivided subchannels
to 102 ~ 

OLL LLLL LLLL for I/O units with the addresses
from OOLO 0000 to OOLL LLLL

from 10214 from~~~0000 0000~ Range for undivided subchannels

to 20117 to ~.LL LLLL LLLL f’or l t addresses

(for a main memory capacity of 128 or 256 bytes ,resp.)

Each request for the operation of an I/O unit connected to the

multiplex channel leads to an interruption in the operation of the

machine program being processed In the central unit at the end of the

main memory cycle. A number of microcommands for processing the re-

quests of the multiplex channel for data transmission is then carried

out.

29

~ 

“ ,~-‘5 - “‘----5’ 5 5 • ~~ 5.~~~~~ _-~,_ _ _____ -5___5 _, ~~~~~~~~~~~~~~~ . ,  , -,,.~~~ k ~~~~~~~~~~~~ —~-—--S.~- s~~
_ 

__________ , ,__~ - -



-— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~“ — ~~~~ ,~~~ ‘r “5-’ ~~‘5’~~’ -‘- - -~~~~ - -“ --5 - - 

_ 
-

‘—S.--- - -- - - I

After this operation, the machine program which had been inter-
rupted can then be continued .

In contrast to this, the selector channels do not interrupt

the operation of the central processing unit during data transmission.
For reading or writing of 2 bytes each from or into the main memory,
they require one main memory cycle. Since the device control units
only receive the information in byte serial form or transmitted in
this way , it is necessary to divide or concentrate to 2 bytes. There—
fore, the corresponding data collection registers are available in
the selected channels which provide this function.

Conclusion of the I/O Operation

The central processing unit is informed of the conclusion of
an I/O operation by means of an I/O interruption. At the same time ,
one channel state word (CSW) is stored at a fixed storage location.
The channel state word (CSW) is used to give the control program de-
tailed information about the state of the I/O device and the channel

and the conditions for which I/O operations can be terminated. The
control program then can evaluate this information and start activi-

ties or it can transfer this Information to the user program which
has requested the I/O operation.

A CSW can be stored If when an I/O operation is started, cer-

tain conditions are noticed , In this case, only the bit positions

of the CSW are stored which refer only to the I/O unit to which the

command was directed.

3. Conclusions

There is substantial programming support in the form of two

commonly developed high performance operating systems available in

addition to the peripherals, which is made available to ESER users.

This is the DOS/ES operating system (see this publication, Vol.

11/12/71) which will primarily be used as the operating system for

smaller medium—sized models. There is also the OS/ES system (see /142

this publIcati~on, Vol. 10/11/72) which is the most extensive and
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Fig. 11

1 — Command “510” address of the subchannel word;
2 — Channel command word (CCW); 3 — Channel address
word (CAW ) for first CCW ; 14 - Channel command word
(CCW); 5 - Command decoding; 6 — Flags ; 7 — Address
of the next following (CCW); 8 — Channel state bit;
9 -Counter; 10 — End of channel; 11 — main memory
address; l2’—byt~ counter; 13 — Protection code;
114 — not used; 15 — Characteristic of the program;
16 — not used ; 17 — Address of the I/O unit; 18 — from
the channel; 19 — Device state bit; 20 — after execu-
tion of the channel command from the unit.

most comfortable operating system, primarily used for larger ESER
models.

For the Model ES 1020, both operating systems can be used.
The application and the performance data will be the main criteria
for selecting the operating system.

The purpose of the operating system is not only to economic-
ally use the components which make up the peripheral system, but
also they should make an effective use of them possible. It must
complement the safety features of the peripheral system according
to its design. It takes over tasks for the user which are more re—
liably executed and faster executed by the machine. --

Both operating systems have a high degree of modular structure
and can be specified for a large variety of configurations, depending

3].
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MODEL

ESSER—Chiffre ES 1020 ROBOTROM ES 1030 ES 10140
Main memory 21
capacity:

611 k bytes x x
].28kbytes x x
256 k bytes x x x
5l2 k bytes x x

10214 k bytes x

Main memory
cycling time
~~sec] 2.0 0.875 1.25 1.35

Calling width
• [bytes] 2 - 2 It 8

max . data rate
[megabyte/see] 1.0 2.3 3.2 17.7

Central
processing unit

Control
principle: mlcropro— micropro— micropro— Combined

gramming gramming gramming following
control control control and micro—

programming
control

Projected opera-
tional rate
[op/sec] accord-
ing to ESER—mix 9,000 114,000 60,000 380,000

I/O system

Number of connect—
able selector
channels 2 1 3 6

Transmission rates
[K byteø/seôJfor
stiector channel 

~ 
) 200—300 1100 ) 600—800 1300

3 ) 550—1100

) 300 900
6

Number of available —

MPX channels 1 1 1 1
Transmission rates
[K bytes/see]
f o r  NPX operation 12 —20 13—20 — 110 20—25
for batch operation 10O~lll0~ 250—1400 200—300 180—720
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on the functions required of each of the DV (data processing) sy-
stems. Compared with previously known program support, we must
also mention batch processing as a qualitative improvement . This
can be done by both operating systems. This allows a mostly auto-
matic transfer from one program to another, and therefore allows
the processing of a large number of program sequences instead of
individual programs.

We should also like to stress for the user that program

operation is very convenient. The waiting time of the central proc-
essing unit is effectively used during I/O operations.

Finally, we would like to mention the extensive list of
programming languages, so that all of the best known applications
are covered.

In the DOS/ES system there are language translators for machine
oriented assembler languages, language translators for problem
oriented languages RPG, FORTRAN and PL/l. In the OS/ES operating sy—

— stem, the problem oriented languages ALGOL and COBOL can be used in
addition to the ones mentioned above.

The extensive list of peripherals of ESER countries and there—
fore peripheral devices produced in East Germany can be connected to

the ES 1020 model. This collection of peripherals includes disc
storage units, magnetic tape units, punched tape devices and punched

card devices, parallel printers, terminals, automatic plotting de—
vices, as well as an extensive data processing system. Usually,
several devices with different performance parameters are offered
for each type. Based on the special requirements of the user, it is

possible for him to select the peripherals needed from this large

family.

The following are the requirements for the connection and the

operation of the peripheral devices in conjunction with an ESER model:

—- standard connector pattern SIP ESER for all devices
-- conformance with the maximum data transmission rate of the

channels
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—— existence of a component which supports the units for the
5 operating system used.

The table given shows several characteristic parameters of the
ES 1020 model and selected models of the ESER and ROBOTRON 21.
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DISTRIBUTION LIST

DISTRIBUTION DIRECT TO RECIPIENT

0 ORGANIZATION MICJ~!ICH~ ORGANIZATION MIC~~FI~HE -

A205 DM7~TC 1 E053 AF/INAICA 1
A210 DMAAC 2 E017 AF/RDXTR-W 1
B344 DIA/RDS-3C 9 E403 AFSC/INA 1
C043 CSAI4IIA 1 E404 AEDC 1
C509 BALLISTIC RES LABS 1 E408 AFWL - -

~ 3.
C510 AIR NOBILITY R&D 1 E410 ADTC 1

— 

LAB/FIO
C513 PICATINNY ARSENAL 1 rr~C535 AVIATION SYS COMD 1 Cal 

- 1
C591 FSTC 5 ASDI’FTD/NXIS 3
C619 MIA REDSTONE 1. NIA/PHS 1
D008 NISC 1 NIIS 2
11300 CSAICE (USAREUR) 1
P005 DOE 3.
P050 CIA/CRS/.A~O/SD 2
NAVORDSTA (50L) 1
NASA/KSI 1 ,,

APIT/LD 1 -

T,LL/Code L-389 1 - ‘ 

-

‘7f~7’/12I3/~’DL 2 - 
,, -

4 ~$ -

A

FTD-ID(RS)T-0545-79 
-
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