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[Text] The SM-3 and SM-4 control computer complexes (UVK) developed within the
fanily of small computers (SM EVM) are considered. The configuration characteris-
tics of UVK, the input-output systems interface, the hardware of SM EVM for devel-
opment of complexes and the software are described. Examples of confiquration of
problem-oriented complexes are presented.

The book is intended for specialists in the field of computer technology and auto-
mated control systems.
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- Introduction

Development and serial output of a new family of productive and economical small
computers (SM EVM) open wide opportunities for introduction of autcmatic informa-
tion processing and control systems in new and traditional fields of application
of computer equipment. Solution of problems of qualitative improvement of the
structure of computer complexes, development of the component and design-production
base ensured large—series production of SM EVM. Oriented toward a wide range of
applications (complex automation of production processes, automation of monitoring
and measurements, automation of scientific research, automation of teaching, mes-
sage switching, automation of scientific and engineering calculations and process=
ing econonmic and statistical information), SM EVM become accessible to a large
number of users.

At the present time the SM EVM includes ‘SM-1P, SM-2P, SM-3P and SM-4P basic proc=
essors with productivity from 200,000 (SM-1 and SM~-3) to 400,000 (SM-2) and
800,000 operations per second (SM-4). SM-1P and SM-2P processors continue the line
of domestic M-6000 and M-7000 computers. Therefore, the eM-1 and SM-2 computers
are oriented primarily toward application in those systems where there is already
sufficient completion of the software for the M-6000 and M-7000 computers.

The SM~3 and SM-4 computers, continuing the line of domestic M-400 computers, in-
a clude a large number of essentially new structural solutions directed toward
’ simplification of programming, design of various computer, control, information
and measuring complexes and arranged in an optimum manner to work under specific
conditions.
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The main features of the SM-3 and SM-4 are a wide range of productivity under spe-
cific conditions of application, major structure of the interface with apparatus
realization ©f most input-output information systems functions, simple realization
of multiprocessor and multimachine systems, high speed of processing interrupt and
capability with formats of different length.

The nomenclature of devices (input-output, communicating with objects, external
magnetic carrier memory and so on), traditional for small control computer complex-
es, is supplemented by devices for expansion of the intermachine and interprocessor
communications complexes. Because of this, realization of computer systems with
common and separate field of peripherals and complexes with variable structure is

- provided. The software of the SM-3 and SM-4 is constructed on the basis of multi-
user real-time systems, time sharing, remote processing, dialogue systems and so
on, with a large number of procedure-oriented routines.

The book offered to the reader is the first in a series of books devoted to SM EVM.
The main characteristics of SM EVM (SM-3 and SM-4) are considered in it. The book
provides specialists in the field of computer technology and automated control sys-
tems the main reference data which permit one to select the appropriate computer
and to evaluate the capabilities of the hardware and software of the SM-3 and SM-4
and also examples of configuration of SM-3 and SM-4 complexes.

The following books will be devoted to detailed consideration of programming prob-

. lems on the SM-3 and SM-4 computers, description of hardware and analysis of the
principles of configuration of complexes of different designation, problems of
joint operation of SM EVM with other families of computers and design of automated
control and information processing systems based on the SM-3 and SM-4 UVK.

The wishes and comments of the Institute of Cybernetics of the Ukrainian SSR
Academy of Sciences, the Central Economic and Mathematics Institute of the USSR
Academy of Sciences and a number of plant organizations were taken into account
during preparation of the book.

The comments of the book raviewer, doctor of technical sciences, Professor BA. G.
\ Shigin were especially useful.
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_ Chapter 1.

- SYSTEMS ENGINEERING CHARACTERISTICS AND CONFIGURATION OF SM-3 AND SM-4 CONTROL
COMPUTER COMPLEXES

1.1. Systems Fngineering Characteristics of SM-3 and S4-4

[Text] Systems engineering characteristics are determined bv parameters of both
individual devices and modules of the SM-3 and SM-4 and by generalized indicators
of productivity, efficiency and structural characteristics of the SM-3 and SM-4
complexes. These characteristics permit one to refine the field of effective ap-
plication of the SM-3 and 3M-4 and to provide a general idea of the capabilities of
designing systems hased on the SM-3 and SM-4. The nomenclature of the SM-3 and

SM-4 hardware is constructed on the basis of 16-digit processors (SM-3P and SM~4P)
and includes internal storage modules and a set of external devices and interproces-
sor and intermachine communications devices.

The systems characteristics (speed of information inout-output, processing speed,
functional capabilities, set of external devices, operating efficiency of multiproc-
essor complexes and so on) of the SM-3 are 2 to 10 times greater than the corre-
sponding characteristics of microprocessor computers (for example, the Elektronika-
60). The use of new structural and design-engineering solutions in the SM-4 com-
puter made it possible to increase approximately fourfold the productivity of this
processor compared to the SM-3 and to bring it up to a level close to the productiv-
ity of medium-sized computers (for example, the YeS-1033). The instruction set of

= the SM-3 computer is the instruction subset of the SM-4 computer and therefore all
the routines written for the SM-3 can be processed on the SM-4 without any change.
Most operating systems are common to the SM-3 and SM-4.

One of the most important problems of wide application of modern computers is re-
duction of expenditures for programming and primarily for the more laborious systems
programming, which requires highly qualified programmers. The new structural solu-
tions used in the S¥-3 and SM-4 provide apparatus realization of a large number of
systems functions in the following typical modes:

real time (svstem of priorities of requests for interrunt, processing of in-
terrupts, register and cartridge (stack) memory, information storage system and
problem restart system with brief cutoff of power and hardware-software monitoring);

time-sharing (means of security and dynamic redistribution of memory, hard-
ware-software for dynamic change of priorities);

solution of information retrieval problems, construction and management of
data bases: different format information processing (byte, bit, word and double
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word) with floating and fixed decimal, processing and transmission of information
files, an effective instruction set which provides simple realization of different
data structures (lists, tables and files).

Apparatus execution of complex systems functions in a processor occurs on the aver-

- age an order faster than execution of routine modules with similar systems charac-
teristics. This inturn significantly expands the boundaries of application of the
SM-3 and SM-4.

Strmucturally, these complexes can be made in the form of a set of several modules
(processor, memory, object communications device--USO) built into the control ob-

. ject. Single-column versions of configuration may also include magnetic disc
stores, punch tape input-output modules or internal storage expansion blocks.
Two-column and multicolumn versions of configuration, depending on designation, may
include USO expansion modules (from several hundreds to several thousand input and
output signals, with given metrological and dynamic characteristics), magnetic car-
rier ncnvolatile memory expansion modules, modules for design of two-processor

- systems (hierarchical, distributed, with variable structure, with separate and com-
mon field and so or). The capabilities of using the SM-3 and SM-4 are expanded due
to the devices for communicating with other computer families. The capability of
connecting microprocessor computers to the SM-3 and SM-4 provides design of distrib-
uted information, control and measuring systems in which the SM-3 and SM-4 perform
the functions of a central computer.

During joint operation with the YeS EVM [Unified computer system], the SM-3 and
SM-4 UVK are used as

a remote intellectual terminal;

an input-output processor which provides communications with the ohject in
real time with high dynamic characteristics;

a message concentrator in network structures;

a peripheral orocessor.
An important design feature of the SM-3 and SM-4 is execution of individual modules
in the form of self-contained structural blocks with their own power supply sSources
and so on. They are connected to the complex by the standard method using cables.
This permits the user to configure SM-3 and SM~4 complexes with regard to specific
conditions and to carryv out simple pre-assmebly of systems during operation to

provide new functional capahilities.

The external devices of the SM EVM can be connected both to the SM-3 and SM-4 hy
the same integration modules (controllers and interface blocks).

Let us consider the characteristics of the main devices which can operate in SM-3
and S1-4 complexes.

The external storage devices include:
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cassette-type magnetic disc stores with capacity of 4.8 Mbvtes (the inter-
changeable carrier is a single-disc cassette with capacity of 2.4 Mbytes). Up to
four storage devices (with total capacity of 80-160 Mbytes) can be connected to the
dispatcher. These storage devices are used to design expanded-volume information
files;

floppy magnetic disc storage device with capacity of 1.5 Mbytes. It is used
in systems if smaller dynamic characteristics of space are permissible (approxi-
mately an order lower than for cassette type storage devices). A decrease of the
regirements on storage conditions of the carrier expands the capabilities of using
the SM-3 and SM-4 under more complex operating conditions of the complexes;

cassette-type magnetic tape store with capacity of 0.7 Mbytes. It is used if
storage devices of minimum dimensions are required.

Combination punch tape input-output devices provide entry of information with maxi-
mum speed of 500-1,000 lines/second {maximum perforation speed of 50 lines/second).

Printers include sequential and parallel tyre alphanumeric printers with speed of
100-180 characters/second and 90-1,200 lines/second, respectively (which corresponds
to 9,000 characters/second).

Alphanumeric displays with capacity of 2,000 characters per frame are systems con-
sole devices. They can be used as operator terminals in ASU [Automated control
system] of various types. -

Inclusion of a gravhical display (EPG SM) in the nomenclature of SM EVM expands the
capabilities of working with gravhical information in dialogue modes.

An important feature of the SM-3 and SM-4 is the developed nomenclature of USO dif-

ferent in characteristics. SM-3 and SM-4 comnlexes can use five types of USO which

provide different sets of input (output) signals with given characteristics corre-

sponding to the reugirements of various systems: ASU TP [Automated Control System

for Production Processes], monitoring and measuring systems and scientific research
- automation systems:

USO with "Common bus" interface. This class includes a modular USO which pro-
vides input-output of analog (UVA) and digital (U¥D) signals, including initiative
signals. Self-contained complete blocks (64-256 signals) or USO racks (256~1,024
signals) can be configured as a function of the required signal composition. The
maximum separation of the analog signal input sensors is up to 600 meters from the
UVK.

Moreover, a complex multifunctional USO--a high-speed input-output device (48 dig-
ital signal input channels and 48 digital signal output channels and 24 analog sig-
nal input channels and 2 analoq signal output channels in a single self-contained
complete block) can be used;

USO with interface of 2K from the nomenclature of M-6000, M-7000, SM-1 and
SM-2 computers (expanded set of modules, capability of separation by 1-2 km and
so on). OSh/2K integration-matching devices (USS OSh/2K) which realize two direct
access channels and two routine channels (using expanders to the SM-3 and SM-4 so

6
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that up to 120 interface cards of 2K capacity can be connected) are used to con-
nect these devices to the SM-3 and SM-4;

modules of the international Camac standards system (they are connected to the
SM-3 and SM-4 by means of the Camac controller). The modular nature of this type
of USO increases its effective use in the systems with frequently rearranged struc-
ture (automation of scientific research, monitoring and measuring, finishing exper-
imental processes and so on).

modules from the romenclature-of unit means of electronic measuring equipment
(ASET) which are connected through the ASET controller. Because of the increased
metrological support, these devices are oriented toward use in monitoring and
measuring complexes and in some systems for uvatomation of scientific research;

single-card USO modules from the nomenclature of SM-1800 microcomputers. The
SM-1800 microcomputer with USO modules (and with all its own peripherals) is con-
nected to the SM-3 and SM-4 by means of the SM-1800 OSh/bus interface card. Be-
cause of this, the UVK can cperate with USO of new classes by intellectual and
distributed USO.* The integrated characteristic which determines the effective-
ness of using computers under specific conditions is the computer productivity
when processing specific requests in given functioning modes.

Indicators of productivity depend on a large number of factors: the rate that
elementary operations are performed, the rate of information exchange, the struc-
ture of the central part, configuration of the computer complex, characteristics
of peripherals, structure and adjustments of the operating system, systems of the
priorities of characteristics of the algorithms being solved, selected service
disciplines and so on.

The time required to complete standard instructions and operations which can serve
as input data for calculation of the productivity of SM-4 (SM~3) complexes is as
follows:

. : . Time of Completion, Us

Type of Instruction or Operation M4 =3
Switching 1.2 4
"Register-register" format 1.2 5
"Register-memory" format 3.3 7
"Memory-memory" format 4.7 10
Multiplication (with fixed decimal) 10.8 16*
Division (with fixed decimal) 12.7 19.5*
Addition (with floating decimal) 28.7 320
Multiplication (with floating decimal) 34.0 410
Cycle during word reading operations with regeneration,

s . 1.2 1.2
word recording and byte recording
TFwith arithmetic expander
i

[Table continued on following page]

*
The characteristics of the devices of SM EVM are considered in more detail in
Chapter 5.
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[Table continued from preceding page]

Type of Instruction or Operation Time of Completion, us
B sM-4 SM-3
Cycle during word reading operaticns without regeneration 0.7 0.7
Access time 0.5 0.5
Pesponse to external interrupt through direct access
channel 6 6
Resvonse to interrupt through routine channel (without
- regard to time of completing instruction) 10 10

The speed ¢f SM-4P (SM-3P) processors achieved on examples of information process-
- ing by averaged sets of operations is 130,000 (60,000) for scientific and technical
tasks, 130,000 (30,000) for economic information processing tasks and 320,000
(150,000) instructions per second for operational control tasks.

The degree of conformity of SM-3 and SM-4 structure to the complex and contradictory

a requirement of real-time information processing may be indicated by the fact that
the speed of SM-3P and SM-4P processors in the operational control modes is essen-
tially at the level of completing elementary instructions of the "register-memory"
format. Some problems of estimating the productivity of sM-3 and SM-4 with regard
to the operating characteristics in multitask modes are considered in [10].

The intrasystems interface of the SM-3 and SM-4 is realized in the form of a uni-
fied "Common hus" (OSh)* main channel.

In this case all devices, including the internal storage, are connected to the Osh.
A large number of ‘mportant systems functions (on realization of the priority sys=
tem, multilevel interrupt system, high reactivity, information exchange and so on)
is realized hv apparatus in the OSh interface. Let us consider a number of the main
systems engineering characteristics of the 0OSh interface.

Depending on the capabilities contained in the dispatchers (control devices), the
- 0Sh interface can provide the following information exchange modes:

direct access--extraprocessor exchange realized at a sneed of 700 kwords/seconi
(comparable to the memorv cvcle). High-speed devices (magnetic disk and magnetic
tape stores, object communications devices, machine communications adanters and so
on) operate in this mode. Information files can he recorded on magnetic carriers
in SM-3 and SM-4 using tuis channel without loading the ovrocessor;

the routine channel of information file exchange realized with loading of the
processor at speeds of 30 kwords/second (for the SM-3) and 300 kwords/second (for
the SM-4). It is used for medium productivity devices with simpler control
devices;

routine channecl with interrupt of the background routine with entry of each
word (or byte), which provides an exchange rate of 16 kwords/second (for the SM-3)

*
The OSh interface is considered in more detail in Chaoter 2.
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and 33 kwords/second (for the SM-4). It is used for low-speed devices (for exam-
ple, input devices with perforation carrier).

An important systems characteristic of the OSh interface is the asynchronous prin-
ciple of communications which provides effective operation in a single complex of
devices with different level of nroductivity and simole replacement of modules of
the same type by more productive modules.

A significant increase of the affected speed of information processing in real-time
modes can be achieved in the SM-3 and SM-4 due to the presence of internal storage
cells in the registers of external devices and realization of active addressing of
external devices (the devices report their own address upon interrupts).

All the systems characteristics of SM~3 and SM-4 complexes noted ahove provide ef-

_ fective joint operation of them with special orocessors of different classes, which
expands the capabilities of using SM-3 and SM-4 in such fields as scientific and
technical, engineering calculations, programming automation, comolex signal process-
ing and economic and statistical information prncessing.

The capability of using SM-3 and SM-4 to automate various functions in corplex con-
trol systems simplifies to a significant degree combination of UVK into unified
control systems, reduces prograrming expenditures and simplifies introduction and

- operation of the svstems.

To provide delivery of SM-3 and SM~4 which correspond to the maximum degree to the
diverse requirements of a wide range of customers, the following types of complexes
- are realized:

basic complexcs. The minimum set of devices is the processor, two-three uni-
versal input-output devices, one or two external storage devices and software (in-
cluding one or two general-purpose operating systems). These complexes are a serial
product of the manufacturing plants;

specified complexes. They are produced by the manufacturing plant by corders
(specifications) of users and include one or several bhasic SM~3 and SM-4 complexes
and additional modules from the SM EVM nomenclature (expansion of the 0ZU [Internal
storage] to 22K words for the SM-3 and to 124K words for the SM-4, sets of periph-
eral devices and interprocessor and intermachine communications devices). The
software corresponds to the basic complex and is supplemented by drivers of con-
nected devices;

problem-oriented complexes. They are develop2d for a specific set of applica-
tions combined by the unity of information processing technology. These complexes
are constructed on the bhasis of specified complexes and may include additional non-
standard modules, devices from the nomenclature of other families of computers,
modules of operating svstems and applied problem packs which provide information
processing in specific given modes for a specific set of objects.*

*
The principles of configuration of SM-3 and SM-4 complexes are considered in more
detail in Chapter 5.
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The systems engineering characteristics of complexes are determined to a signifi-
cant degree by computer configuration.

1.2. General Data on the Configuration of the SM-3 and SM-4 UVK

Computer configuration is understood as everything that the machine offers to the
= program working at the level of machine jnstructions: the structure of the memory,
addressing mechanisms, functional diagram of the processor, instruction formats,
means of controlling peripheral devices, interrupt system and so on [3]. The
efficiency of executing different tasks depends on the specific configuration prop-
- erties of computers.

The configuration of the SM-3 and SM-4 UVK considered in this chapter provides the
highest efficiency when solving problems of processing large information files
structurally organized in the form of stacks, tables and queues, information gather-
ing and processing and control in the real-time mode with high response of the sys-
tem to interrupts from external devices, byte processing and information transmis-
sion. These problems are typical for many areas of application of computer equip-
ment and primarily for systems where automation of scientific experiments and
production processes and for automated production control systems and information-
measuring systems.

The SM-3 and SM-4 UVK have unified configuration* and are compatible "from bottom
to top." This compatibility means that an arbitrary routine in machine code exe-
cuted on the SM-3 can also be executed on the SM-4 since all the configuration
characteristics of the SI1-3 are retained in the SM-4 UVK, which has more complete

- productivity achieved by use of additional configurational capabilities of the
central processor of the SM-4 (compared to the gM-3) and also higher speed in the
main instruction set (similar to the SM-3). Henceforth, when describing the con-
figurational properties of the SM~3 UVK, it will mean that these properties are
also related to the SM-4 UVK, The additional capabilities of the SM-4 complex will
be especially stipulated.

The configuration of the SM~3 and SM-4 UVK differs significantly from that of most
| small computers. One of the typical features of any computer is the method of ad-
- dressing the internal storage device (0ZU). There is the problem of addressing

a large volume of 0ZU for small computers, which usually have a 16-digit instruc-

tion format. This problem is solved in many small computers by means of indirect

addressing through the "zero" memory page [1]. The capability of direct access to
addresses of the "zero" page is provided in the instruction format since its ca-
pacity is usually small (256-2,048 words). The disadvantages of this method are
obvious: two access cycles to the OZU are essentially required for each access to
the operand; moreover, even with a small volume of the "zero" page in 16-digit in-
struction format, double-address instructions reonired to perform two-place opera-
tions of the addition, comparison and other types cannot be realized. Of course,
these instructions are realized in computers which utilize the "zero" page prin-—
ciple. However, an internal register-storage device in which the result of the

*
This family may also include the Elektronika-60 computer and the previously pro-
duced M—400 complex.
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operation is stored is used as the second operand in this case. An additional in-
struction is used to refer to the contents of this register in the OZU.

Another method of addressing is used in the SM-3 UVK: addressing through one of
the general purpose registers (RON) of the processor. The number of this register

- is indicated in the instruction format and essentially no time is expended on ac-
cess to it when executing the instruction. The contents of the register are inter-
preted as a function of the addressing mode which is also given in the instruction
format. There are eight of these registers and three digits are required for ad-
dressing any of them. This provides the capability of realizing single- and double-
address instructions with 16-digit instruction format, which considerably facili-
tates programming at the machine instruction level.

- Another characteristic feature of the SM-3 UVK is the use of a unified “Common bus"
interface in which information exchange (addresses, data and control signals) be-
tween the processor and memory is accomplished by the same principle as between the
processor and external device (VU).

Becanse of using this interface, special input~output instructions of the processor
are no longer necessary; direct access to the 02U is simply realized, i.e., infor-
mation exchange occurs without the participation of the processor between the VU
and memory block or between two VU; the operating flexibility of the processor with
the VU is enhanced since all the address instructions can be used to transmit and
process information in the VU registers. A total of 4,096 old words of the ad-
- dressed memory is allocated for addressing the VU registers, addressed the same as
OZU cells. Thus, the configuration of the UVK (if the physical restrictions of
the load capability of the "Common bus" lines are not taken into account) permits
connection of a practically unlimited number of VU to the processor.

General-Purpose Registers of the Processor

- The processor has eight 16-digit universal general-purpose registers (RON): RO-R7.
These registers can be used both as storage devices, index registers, address dis-
plays, table displays, list displavs and so on and also as memory range displays
for temporarv storage of data (stack). The specific use of the registers depends
on the selected addressinc mode.

Among these registers should especially be allocated R7 and R6 registers. The R7
register is used as an instruction counter, i.e., it contains the address of the
next instruction to he executed, which permits several additional addressing modes
to be achieved.

The processor utilizes the R6 register as a stack display during execution of some
instructions which require temporary storage of data (for examnle, the return ad-
dress during access to the subroutine). The programmer should determine the memory
zone allocated for this stack (the address of the top of the stack is established).
The programmer can use this stack for temporary storage of data.

The Word of Processor Status

Information about the current state of the processor (the word of processor status)
is stored in a 16-digit register which is located in the processor (Figure 1.1).
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The 0-3 digits of the SSP (word of processor status) are the conditional codes
which contain information about the result of the last operation in the processor.
The method of establishing the conditional codes depends on the instruction being
executed and is given in the description of it. However, conditional codes are es-
tablished in the following manner during execution of most instructions:

4 1, if the result is equal to zero;

]

N 1, if the result is negative;

C =1, if transfer from a high digit occurred as a result of the
operation;

v = 1, if arithemtic overflow occurred as a result of the operation.

~N

15 413 a2n 5 4

3 2 1 0
L | l i I IR | 1 | I T‘l N l z l v lc_l
ey ——— — .
(1) mym}m' pmﬁ .

(2) Mpeddyeud S
DEWUM .. *

(3) fipuopurer

() Pasprd ' - ' . e -
WCNBHCEHUR :

(5) K020t 13

Figure 1.1. Word of Processor Status

Key:
1. Current mode 4, "Addition" digit
2, Previous mode 5. Conditional codes
3. Priority

The programmer may assign one of eight priority levels to the processor. To do this,
he sets the corresponding code (0-7) in digits 5-7 of the SSP. If code 7 is set,
not a single one of the external devices (VU) can interrupt the current routine.

Digit 4 of the SSP is the "addition" digit set or rejected by the programmer. If
this digit is set before execution of any instruction, internal interrupt occurs.
This property permits one to "track" the routine being executed and is used in dif-
ferent debugging routines (for example, in the "Debugger" routine in the DOS SM
(Small computer disc operating system]).

The higher digits of the SSP are used only in the SM-4 processor. Digits 14 and 15

contain information about the current mode (user or systems) of the processor, while
digits 12 and 13 contain information about the previous mode.

12
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Organization of Memory

The minimum addressable unit of the OZU is the byte (eight binary digits) in the
SM=3 UVK. Since the address network of the SM=3 is 16-digit, the address field of
the 0ZU is equal to 0-64K bytes.* However, the instructions of the SM-3 UVK can
perform operations both with bytes and with words consisting of two bytes. The OZU
is a linear sequence of 8-digit cells (bytes) with addresses 0-157777 (older 8K
bytes of the field being addressed with addresses of 160000-177777 are related to
VU registers). Moreover, from the programmer's viewpoint the memory can bhe repre-~
sented (Figure 1.2) in the form of a sequence of two-byte words with addresses
0-157776. An even address always corresponds to the lowest byte in the word and an

- odd address always corresponds to the highest byte. Word addressing is accomplished
by even addresses.

(1) cnobo *(16 paspadp8)

> — . (8) N
6AHT (o)  BAHT :  6RAT (8 paspadob)

000001 Cmpwuu'JlL 'M/mﬁwm? 000000 0(5) Mngdwuir  |po0oop
nofo

000003\ Cropwud | Mrodwud | opooo? Crapuwud | 000001
000005 | Crapwud | Mnadwuid | 000004 Mnadwui | 000002
Cnobo ”
. Crapwud 000003
\ 000004
P unu __—
et )

_ /

Crapuud  |157778

157773 | Cropwwi | Mapdwui | 157772

P —

157775 | Cropwui | Mogduuid 157774 Mhadwud  |157776
157777 | Crapwui | Mnoduwui 157776 Crapwua 157777
g. b)

Figure 1.2. Organization of Memory

Key: .
1. wWord (16 digits) 4, Lowest
2. Byte 5. Word
3. Highest 6. Byte (8 digits)
- As already pointed out, the highest BK byte (or accordingly 4K words) of the ad-

dressed field is carried to the VU vectors. The lowest 2565 words of the OZU are

*
- K is a symbol used in data processing systems as a measure of the capacity of

storage devices or the speed of information transmission equal to 1,024 (210) units.
For example, the capacity of an OZU equal to 16K means that it contains 16°1,024 =
= 16,384 cells. )
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carried to the interrupt vectors (see Section 1.2).* This 02U zone is an ordinary
memory and can be used by the programmer for any routine, but the systems routines
are not guaranteed upon execution.

The SM~-4 UVK processor contains hardware for addressing of 256K bytes or 128 K
words. The 16-digit address formed by the instruction is convered by the memory
dispatcher of the SM-4 to an 18-digit address displayed on the "Common bus" inter-—
face. If the memory dispatcher is switched off, this conversion is prohibited and
the processor operates the same as the SM-3 processor. It should be noted that

the "Common bus" interface contains 18 address lines. The SM-3 or SM-4 processor
(if the memory controller is switched off) automatically prints out ones on the

two highest "Common bus" address lines upon formation of addresses of the VU regis-
ters (160000-177777) by the instruction. Thus, the VU registers actually have ad-
= dresses of 760000-777777.

The Stack

The stack is a method of organizing a file of memory elements in which the elements
are recorded or sampled by the principle : the last recorded element is sampled
first from the file. The address by which the element is sampled or recorded is
called the top of the stack.

The configuration of the SM-3 and SM-4 UVK permits easy organization of stacks with
sliding top. Any of the RON (except R7--the instruction counter) can be used as
the indicator of the top of the stack and the automatic increase or automatic de-
crease modes permit regulation of the position of the top of the stack. Register
R6 uses some instructions as the stack index to which data for temporary storage
are carried. Therefore, R6 is called the index of the hardware stack and is de-
noted by US. The memory zone in which the hardware stack should be located is se-
lected by the programmer. If there are instructions in the routine which utilize
the hardware stack, the programmer should set the initial value of the address of
the top of the stack in the US. The processor reduces the contents of the US by
one-half upon recording to the hardware stack (when executing the corresponding

- instructions) and then records the new element by the address contained in the US.
Upon sampling from the stack, the processor selects the element by the address con-
tained in the US and then increases the contents of the US by two. The programmer
can also use the region of the hardware stack for temporary storage of data. He
should observe the following rule in this case: the contents of the US should be
reduced by one-half prior to recording in the stack and it should be increased by

- two after sampling from the stack. The hardware stack is used only for word stor-
age. The programmer can organize stacks consisting both of words and of bytes by
using the remaining registers.

The System of Interrupts

Two types of interrupts from external storage devices (external interrupts) are
possible in the S!M-3 UVK:

* .
The interrupt vector is two OZU cells in which the programmer writes the routine
address: for interrupt processing and the SSP upon execution of the routine.
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extraprocessor interrupt in which’the external storage device exchanges data
directly with the 0OZU without participation of the processor (this operating mode
is frequently called direct-memory access);

routine interrupt in which control is transferred to a special interrupt proc-
essing routine.

There are four levels (by priority) of routine interrupts and one level of extra-
processor interrupt in the UVK.

Two lines each correspond to each level in the "Common bus" channel (Figure 1.3):
the interrupt request ZPk (ZPD for extraprocessor interrupt) and interrupt author-

ization RPk (RPD--for nonprocessor interrupt). The letter "k" corresponds to the
number of the level.

- 304
pn
an

! !-—_--PM
1) - 3ne _
Q
Q
g
s —_—— P
, g 2 ans
<
N5
3n4

P4
Figure 1.3. Diagram of Interrupt Request and Authorization

Key:
1. Processor

The devices which display the request to the 2ZPD line have the highest absolute
priority. After one of these devices displays the request, a signal appears on the
RPD line which authorizes the interrupt even if the processor has not completed
execution of the current instruction. An exception are the cases:

if the processor transmits information over the "Common bus" at the moment of
the request. The signal is displayed on the RPD line after completion of the trans-

mission, i.e., at the end of the next "Common bus" cycle (there may be several cy~
cles during execution of the instruction);
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if less than 8 microseconds remain prior to completion of the execution of
one of the long instructions with floating decimal in the SM-4. The signal on the
RPD line appears after execution of this instructijon.

The RPD line passes sequentially through all the devices located at this level. If
several devices display a request simultaneously, the request of the device first
connected to the RPD is satisfied since it should block further passage of the sig-
nal through the RPD (if it displayed the request). Thus, the device which is first
connected physically to the RPD line has the highest relative priority among de-
vices of this level.

Upon receiving a request through one of the ZP4-2P7 lines, the processor compares
the priority of the line (line ZP7 has the highest priority) with the priority of
the processor indicated in the SSP. If the priority of the line is higher, the
processor transmits a signal over the corresponding line of the RP after execution
of the current instruction and begins to execute the interrupt procedure.

An interrupt does not occur if the priorities of the line of the ZP and the proces-
sor are equal.

If several devices display a request on the same line of the ZP, the request of the
device which was first connected to the corresponding line of the RP is satisfied.

After receiving the RP signal, the device displays the address of its own interrupt
vector over the lines of the "Common bus"” data.

Upon receiving the address of the interrupt vector, the processor

stores the current SSP in the stack (i.e., in the memory cell whose address
is in the Us, first reducing this address by one-half);

stores the address of the next instruction of the interrupted program in the
stack;

records the address of the subroutine of interrupt processing (the first word
of the interrupt vector) in the instruction counter;

records the second word of the interrupt vector in the SSP register.

We shall call the described procedure interrupt bv vector n (n is the address of
the first word of the interrupt vector).

In some cases the descrihed procedure of interrupt is fulfilled as a result of
factors determined by the status of the processor (internal interrupts) rather than
by request from the VU. The following types of interrupt are possible in this case:

interrupt with odd addressing--it occurs upon an attempt to execute an in-
struction in which an odd word address is indicated. The interrupt vector should
be in cells 4 and 6;

interrupt upon loss of power supply~-it occurs when the voltage of the AC net-
work decreases below the normal level. The interrupt vector should be in cells
24-26. A total of 2 microseconds is allocated to execute the program whose address
is recorded in cell 24.
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Control is again transferred through vector 24 upon restoration of power supply to
normal level;

interrupt during addressing of a nonexistent memory--it occurs upon an at-
tempt to address a memory cell whose address is greater than the upper bound of the
addressing of the 0ZU block. The interrupt vector should be in cells 4 and 6;

interrupt due to.incorrect instruction--it occurs upon an attempt to execute
an instruction with operation code not included in the instruction set. The inter-
rupt vector should be in cells 10 and 12;

interrupt due to an addition digit--it occurs if an addition digit is set
prior to execution of any SSP instruction. The interrupt vector should be in cells
14 and 1l6.

1.3. Addressing Modes

Addressing is accomplished in the SM-3 UVK by eight RON registers. This addressing
is indirect from the programmer's viewpoint. However, this is not actually true
since the registers are inside the processor and essentially no time is expended on
access to them. The format of the address instructions, besides the operating code,
includes the address field which determines the addressing of one or two operands
(Figure 1.4). The address field of two-address instructions is the source field
and the reception field. The address field of single-address instructions consists
only of the reception field. The source field (the same as the reception field)
contains the number of one of the RON (three digits) and the number of the address-
ing modes (three digits). The addressing mode determines the method of interpreta-
tion of the contents of the selected register. A description of the main addressing
modes is presented in Table 1l.l.

15 55 a
[ . , S [ 2yeeme (3) PEr 1
1 . L | 1 1 | L L 1 1 1 P B
S (1) Kod %paquu (4) llpue;mun'
. a)
15 7R 65 0
[ PEH FEF J PEMC PEr I
. I Il 1 1 ] [ L 1 il . ’L 1 i
(1) #od onepauur (5) HeTouHuR TpumHuK
b)

Figure 1.4. Formats of Single- (a) and Two-Address Instructions (b)

Key:
1. Operating code 4, Receiver
2. Mode 5. Source
3. Register

To use the contents of the register as an address (or the address of an address in
indirect modes) of the operand, this address (or the address of the address) must
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first be entered in the given register. Since additional time is required for
this, the indicated method is used only when processing information files when the
set register can once serve multiply to address sequential memory cells. In this
case the work is carried out with automatic increase or decrease of the register
contents by one or two after execution of each instruction with access to a given
register. Thus, the address of the next byte (with an automatic increase or de-
crease by one) or of a word (with automatic increase or decrease by two) is pre-
pared in the register. It should be noted that an automatic ‘increase (or decrease)
is always by two when using indirect modes 3 and 5 since the register contairs the
address which is always a 16-digit (two byte) word rather than the operand in this

case.
Table 1.1. Main Addressing Modes
Indirect Modes
Direct Modes (Address of the
(Operand Address Operand Address R R
Is Formed) Is Formed) Description of Mode

Number of | Mnemonic |Number of | Mnemonic
Mode Code Mode Code
I S

0 R, 1 @Rp

i
i
|
i
i
| .
| The contents of the register are the oper=
i and in mode 0 and the address of the oper-
i and in mode 1
2 (Ry)+ 3 @(Rp)+ | The contents of the register are used as
l the address (or the address of the address)

of the operand and is then increased by

= ] one or two (in mode 2) and is always in-
creased by two in mode 3
4 -(Rp) 5 @-(R,) | The contente of the register are reduced

by one or two (in mode 4) and are always
reduced hv two in mode 3; it is then used
. as the address (or the address of the ad-
dress) of the operand

6 X(Rp) 1 7 @X(Rp) The contents of the register are added to
those of cell ¥ following the instruction;
the sum is used as the address (or the ad-
1 ‘ dress of the address) of the operand

Note. n is the number of the selected register.
> e e - -

Examples of using addressing modes in the instructions of the SM-3 and ©M-4 EVK are
presented in Table 1.2.

Register R7 (the instruction counter), which we will subsequently denote by SK, is
used as the RON for working with individual cells of the 0ZU. This counter always
- contains the address of the cell following the executed instruction. Thus, if the
_ SK is used as an RON in the addressing field, preliminary setting of the register
(SK in the given case) isnot required. Although the SK can be used in any of the
main addressing modes, work with the SK is practically feasible in only four of
these modes. From the programmer's viewpoint, four additional addressing modes
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absolute, relative and indirect-relative) are possible, although these

(direct,

say differ with respect to apparatus from the corresponding modes with

modes in no v

al

Addressing modes using the SK as a general-purpose regis-

ter are presented in Table 1.3.

use of other registers.
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Let us consider the features of absolute and relative addressing. Relative ad-
dressing is used mainly when writing so-called position-independent routines (which

) are not dependent on position in the 0zU). If the routine is designed for transfer

_ in the memory, absnlute addressing cannot be used in most cases since the direct
address of the operand, which changes its value upon transfer of the routine, is
contained in the second word of the instruction. The difference between the cur-
rent position of the instruction (i.e., the contents of the SK) and the actual ad-
dress of the operand is stored in the second word with relative addressing. If the
entire routine is transferred to another position of the 02U, this difference is
stored and consequently the operation will be executed correctly. However, there
are special cells which have fixed addresses not dependent on the position of the
routine (for example, addresses of interrupt vectors and registers of devices).
Absolute addressing must be used upon access to these cells, otherwise access to
these cells will be incorrectly executed when the routine is transferred.

Table 1.3. Addressing Modes Using SK as General-Purpose Register

Number of Mnemonic
Nddressing Mode | Addressing Code Description
Direct 2 #N Contents of N cell following the first
word of instruction is the operand
Absolute 3 Q#a Contents of A cell following the first
_ word of instruction is address of operand
Relative 6 A Contents of cell following the first word
instruction is added to contents of SK;
the sum A is address of the operand
Indirect- 7 A Contents of cell following the first word
relative of instruction is added to contents of SK;
sum A is address of address of operand

Examples of using addressing modes with the instruction counter as the general-pur-
pose register are presented in Table 1.4.

When executing the instruction presented in example 1 (the direct addressing mode),

the following occurs. After the instruction is sampled, the SK in the processor is

always automatically increased by two. Then, since mode 2 is being used, the con-
a tents of the SK arec interpreted as the address (2002 in the given case) of the oper-
and, i.e., the operand is the second word of the instruction. Thus, this mode per-
mits one to be given constants in the routine by storage of this constant in the
second word of the instruction and by using the register mode with automatic in-
crease of reqister SK. BAn automatic increase is necessary since otherwise the
constant is interpreted as the next instruction.

The operations are executed similar to the previous mode in the absolute addressing
mode (example 2). However, the contents of the SK are interpreted as the address
of the operand address, i.e., the address of the overand is the second word of the
instruction.

The processor again turns to the memory for the index word by the address contained

in the SK in the relative addressing mode (example 3) after selecting the instruc-
tion and increasing the contents of SK by two, after which it again increases the
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contents of SK by two. Since the addressing mode is index type, the processor
adds the index word to the contents of the selected register, which the SK regis-
ter is in the relative mode. The sum (74 + 204 = 300 in the given example) is the
address of the operand.

The indirect-relative addressing mode (example 4) is similar to the previous one,
only the sum of the index word and the contents of the SK are interpreted as the
address of the operand address.

1.4. The Instruction Set

All the instructions contained in the instruction set of the SM-3 and SM-4 UVK are
separated into groups (single-address, two-address, transfer instructions and so
on) and into subgroups. This separation is purely arbitrary in some cases and is
made for purposes of convenience of outline.

Formal description of the instructions is given in Tables 1.5-1.10. The name,
mnemonic notation (used in writing routines in Assembler language), the formal al-
gorithm and the verhal description are presented in these descriptions. The follow-
ing notations are used in formal description of the instructions:

(XXX) --contents of XXX > --"becomes"

ist -~-gource address 4 -~-selection from stack

prm --receiver address ¥ --recording to stack

& --"aAND" function (logic Z --digit of zero character in
multiplication) word of state

! --"0R" function (logic N -~digit of minus character in
addition) word of state

® ~-"EXCLUDING OR" function c --digit of transfer character
(addition modulo 2) in werd of state

- —-feature from top--"NOT" \'% --digit of overflow character
function (inversion) in word of state

This formal description is quite adequate to understand the word of some instruc-
tions. However, let us consider more instructions in more detail. Special atten-
tion should be turned toward methods of setting the conditional codes. In the
general case conditional codes are set according to the definitions given in 1.1.
However, when executing some instructions, the conditional codes are set in a
special manner. In these cases the method of setting the conditional codes is
stipulated especially in the description of the instruction.

single-Address Instructions

Formal description of single-address instructions is presented in Table 1.5. Their
format is shown in Fiqure 1.4, a. Six digits of the instruction code are allocated
for the address field, which contains the number of the addressing mode and the
number of one of the RON which determines the address of the operand according to
the rules considered in 1.3. The remaining 10 digits in the instruction format are
allocated for the operating code.

Special attention should be turned toward the rules for setting the transfer and
overflow digits in the arithmetic instructions (understanding of this problem is
also important when using two-—address instructions and transfer instructions).
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Let us consider methods of displaying numerical information in the SM-3 UVK.
Numbers can be displayed in two forms in the SM-3: with and without a sign._ Num-
bers with a sign are displayed in a supplementary code and have ranges of ~27-27
(when operating with bytes) and -215-215-1 (in operations with words). If the re-
sult of the operation goes beyond this range when executing arithmetic instructions,
the overflow digit V is set in the SSP. Display of numbers without a sign has
ranges of 0-28-1 (in operations with bytes) and 0-216-1 (in operations with words).
If the result of the operations goes beyond this range during execution of arithme-
tic instructions, the transfer digit C is set in the SSP. Thus, when executing
arithmetic instructions, the transfer digit is actually the overflow index for
representation of numbers without a sign. Single-address instructions can execute
operations both with bytes and with words. An exception are SWAB and SXT instruc-
tions (the SXT instruction is realized only in the SM-4 UVK), for which operations
with bytes are meaningless. The feature of byte operation is a one in digit 15 of
the instruction code. The letter B is added in the mnemonic notation of the in-
struction in this case.

Arithmetic instructions. There are three single-address arithmetic instructions
INCREMENT (INC), DECREMENT (DEC) and CLEAR (CLR) in the instruction set of the
SM-3 UVK.

The operand always contains a zero after execution of the CLR instruction. There-
fore, digit 2 is set to one and digit N is dropped to zero. Digits V and C are
also dropped to zero.

i The INC instruction adds one to the contents of the operand. Let us consider the
case when the operand contains the number 077777 (or 177 for operations with bytes),
which is the maximum positive integer in character representation of numbers,

prior to execution of this instruction. As a result of adding one to this number,
tiie number 100000 is found, which is negative (i.e., overflow occurs). Therefore,
digit V is set to one in this case.

The DEC instruction subtracts a one from the contents of the operand. The condi-

tion of reset when using this instruction occurs if the number 100000 (or 200 for

byte operations) is contained in the operand, which is the maximum negative number.

H It is natural that subtraction of a one from this number leads to the sign repre-
sentation of the numbers leaving the range and digit V is set to one.

The INC and DEC instructions do not change the status of digit C even if carry oc-
curs (i.e., arithmetic overflow with display of numbers without a sign). This is
determined by the fact that the lowest (or highest digit of the shifted word (byte)
= which should be used in the next shift cycle is recorded to digit C in the instruc-
tions of the cyclic shift. Thus, instructions (for organization of program cycles)
- ‘which do not change the state of digit C are required when organizing a multiple
cyclic shift.

Logic instructions. Only the corresponding setting of digits Z and N occurs as a
result of executing the TEST (TST) instruction. Digits V and C are dropped to zero.

the contents of the operand do not change in this case. This instruction is usual-
ly employed to determine the carry conditions at points of program branching.
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The NEGATION (NEG) instruction changes the sign of the operand, i.e., the operation
of conversion of the number to supplementary code is carried out. If the operand

is equal to 100000, digit V is set to one upon execution of this instruction. This
A occurs because the number 100000 (~215) is the maximum negative number to which no
positive number corresponds (modulo) in the supplementary code. This means that
the result of the operation goes beyond the range of the sign representation of the
numbers. Digit C is always set to one with the exception of the case when the oper-
and contains zero. The negation operation carried out on any number (except zero)
means an attempt to find a negative number which does not exist in representation
without a sign.

The INVERSION (COM) instruction executes digit by digit inversion of the operand,
i.e., the operation of transfer to reverse codes. In this case digit V is always
dropped to zero and digit C is set to one.

shift instructions. The arithmetic shift instructions ASR (ASL) accomplish the oper-
ation of shifting the operand by one digit to the right (or to the left). 1In this
case the "expelled” lowest (highest) digit of the operand is written in digit C.
Upon a shift to the right, the highest digit of the operand retains its value which
it would have prior to execution after execution of the operation. Upon a shift to
the left, a zero is written in the lowest digit of the operand. The operation of
the arithmetic shift instructions is illustrated by Figure 1.5.

3 £noba (1)
Eﬂjl Nsrui EENT U T TS U R A ST U
[
. 6adT(2)
[L”I T B T JA,F;III[jEJ N I T T R T F*II
Hewernsii  adpec (3)8 2) Yerusd odpec (4 0
tnobo :
| IS W S ST U SNS N S NN S T l_]‘——o
baar
| TR BT | }‘0 TR G A S N N }‘_U
5 yewernsi  adpec 0 Yerwerd adpec

Figure 1.5. Execution of Format shift to Right (a) and to Left (b)

Key:
1. Word 3. 0dd address
2. Byte 4. Even address

The cyclic shift instructions ROR (ROL) also accomplish the operation of shift of
the operand by one digit to the right (or left). 1In this case the contents of
digit C are recorded in the highest (lowest) digit of the operand. The "expelled"
lowest (highest) digit of the operand is written the same as in the arithmetic
shift. Thus, the cyclic shift of a 17-digit (or nine-digit with byte operations)
register consisting of an operand and digit C is accomplished. When organizing
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a multiple cyclic shift of the operand, the programmer should not use instructions
which change the state of digit C. The work of cyclic shift instructions is il-
lustratad by Figure 1.6.

Cnabo (1)

badrgy T : -
l | I-/c"lleTHf/ﬂgj)‘ N | r L f’e",""’dﬁ’). ) ]

Er E _Ta 7*|' n ]0

o)
S Cnobo o v ~
le [N KNS W UNNN NN UM TS IS S W | ‘| _llgl
i bodr
l | I TS VO R | IJ - L | T N | 1_01
15 8 7 . o
———

Figure 1.6. Execution of Cyclic shift Instructions to the Left (a) and to
the Right (b)

Kev: .
l. Word 3. 044
2. Byte 4. Even

Instructions for working with increased accuracy. The 16-digit format of a machine
word places restrictions on the range of represented numbers. If this range must
be expanded, the operands are represented in the form of several words (or bytes).
Arithmetic operations are executed separately on the highest and lowest parts of
the operands. If a digit C is set above the lowest parts during the operation,
this means that the result exceeds the range of the lowest part of the operand and
this should not be taken into account during operation on the highest parts of the
operand. The ADDITION WITH CARRY (ADC) and SUBTRACTION WITH CARRY (SBC) instruc-
tions are used for this purpose.

For example, if two numbers with double accuracy, one of which is recorded in
registers Rl and RZ and the second of which is recorded in registers R3 and R4
must be added, the following sequence can be used:

ADD R1 AND R3; add the smallest parts;

ADC R4: add the value of carry to the highest part;
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ADD R2 AND R4; add the highest parts.

The SIGN DISTRIBUTION (SXT) instruction is used to facilitate working with negative
numbers. It permits transfer of the number contained in the word to an equivalent
word with double accuracy (with regard to sign), consisting of two words. Digit Z
is set to one if the initial word is positive (since the second word is filled with
zeroes in this case). Digits N, V and C are dropped to zero. This instruction is
realized only in the SM-4 UVK and does not execute operations with bytes.

The SWAB instruction. The highest and lowest bytes in the word change places as a
result of executing the BYTE PFRMUTATION (SWAB) instruction. For example, if the
number 123456g was in register RO prior to execution of the SWAB RO instruction,
the number 0272478 will be contained in it after execution. conditional codes 2
and N are set according to the contents of the lowest byte of the result. Digits
V and C are dropped to zero. This instruction is convenient in packing (or unpack-
ing) of data which represent a byte file entered (or read) from the VU. It is ob-
vious that this instruction does not perform operations on hytes.

Two~Address Instructions

Arithmetic-logic instructions. Formal description of these instructions is pre-
sented in Table 1.6. The format is shown in Figure 1.4, b. As can be seen from
the figure, the instruction code consists of two address fields and an operating
code field. Each address field is formed the same as the address field of single-
address instructions. The address formed in digits 5-11 is called the source ad-
drass ano that formed in digits 0-5 is called the receiver address. The result of
the operation is always transmitted through the receiver address. Digits 12-15 of
the instruction code are allocated for the operating code field. Two-address arith-
metic-logic instructions can perform operations both on words and on bytes. An ex-
ception are ADD (ADD) and SUBTRACT (SUB) instructions. The feature of byte opera-
tion is a one in digit 15 of the instruction code, the same as in single-address
instructions. The letter B is added in the mnemonic notation of the instruction.

The TRANSMISSION (MOV) instruction is found more frequently than others in programs
written in the instruction codes of the SM-3 UVK. The conditional code digits Z
and N are set according to the contents of the operand-source during its execution.
This permits one to avoid in some cases the use of the supplementary test instruc-
tion (TST) at points of program branching. Digit V is dropped to zero and the con-
tents of digit C do not change. The operation is performed in similar fashion dur-
ing byte transmission. Recording is performed in the lowest bvte of the register
upon transmission of a byte from the memory to the register of the processor, which
has a 16-digit format, while the sign of the operand-source is "distributed" in the
highest byte. For example, if the number 350g is contained in the byte by address
1001, the number 177750g will be recorded in register R3 after execution of the
instruction MOVB 10101, R3.

When executing the instructions ADD (ADDITION) and SUB (SUBRTRACTION), the result of
the operation is stored by the address of the second operand, i.e., the receiver.
The previous contents of the receiver are lost. These instructions do not perform
operations orn bytes. Setting the conditional codes corresponds completely to stan-
dard definitions of these codes. This means that digit V is set to one if the
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result of addition (or subtraction) goes beyond the range -215.215.7, Digit C is.
set if the result qoes keyond the range of a representation without a sign. Over-
flow can also be determined by another method. During addition, digit V is set to
one if both operands had identical signs and the result had an opposite sign. Dur-
ing subtraction, digit V is set to one if the operands had different signs and if
the sign of the result coincides with that of the source. Digit C is set to one if
the result goes beyond the range of the representation without a sign. In other
words, during addition, digit C is set to one if there was carry from the highest
digit of the result and during subtraction digit C is set to one if this carry was
not present.

The instruction COCOMPARISON (COMP) subtracts the contents of the receiver from those
of the source. In this case the contents of the source and receiver do not change
since the result of subtraction is not stored anywhere. Therefore, the only result
of this operation is setting the digits of the conditional codes. These digits are
set the same as when executing instructions SUB if the difference in setting the
overflow digit V is not considered. Since the contents of the receiver are sub-
tracted from those of the source when executing the instruction CMP (the contents
of the source are subtracted from those of the receiver when executing the instruc-
tion SUB), digit V is set to one if the operands had different signs and if the
sign of the result coincides with that of the receiver rather than the source. The
instruction CMP 1is used to compare the contents of two elements (registers or mem-
ory cells) at the points of program branching.

The instruction DIGIT SETTING (BIS) executes the operation of logic addition of
the contents of the source and receiver. This instruction is used to set a specif-
ic combination of digits (indicated in the source) in the receiver. All the digits
previously set in the receiver remain in the same state. Digit V is dropped to
zero and the value of digit C does not change.

The instruction DIGIT CLEAR (BIC) executes the operation of logic multiplication of
the contents of the receiver and of the inverted contents of the source. This in-
struction is used to drop the specific combination of digits (indicated in the
source) in the receiver to zero. All the digits previously set in the receiver re-
main in the same position, Digit V is dropped to zero and the value of digit C
does not change.

The operation of logic multiplication of the contents of the source and receiver oc-
curs by the instruction DIGIT TEST (BIT). Only the conditional codes are set as a
result. The contents of the source and receiver do not change. The instruction is

- used to check the setting of a specific combination of digits (indicated in the
source) in the receiver. This check is usually accomplished at the points of pro-
grammer branching. Digit V is dropped to zero while the value of digit C does not
change.

Supplementary arithmetic-logic instructions of the SM~4, Formal description of
these instructions is presented in Table 1.7. These instructions are also related
to the group of two—~address instructions, but have a different format (Figure 1.7).
As can be seen from the figure, the processor register is always indicated as one
of the operands. The source-operand is formed by the same rules as the operand in
single-address instructions.
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Figure 1.7. Format of Supplementary Arithmetic-Logic Instructions of
SM-4 UVK

Key:
1. Operating code 4., First operand
2. Register 5. Second operand
3. Mode

When executing the instruction MULTIPLICATION (MUL), the register indicated in the
instruction code is used as the recei\;er—operand. Since 32 binary digits are re-
quired to represent the results of multiplication of two 16-digit numbers, this
result is carried to two registers: indicated in the instruction code and in the
one following it by number. For example, if register 4 is indicated in the instruc-
tion code, the result will be found in registers R4 and R5 after execution of in-
struction MUL. If the number of the register or the receiver is odd, only the low-
est part of the result in this register is stored. The digit is dropped to zero and

ﬁi%ét C ]1; set to one if the result of the operation goes beyond the range
-2+2=-2]17+9-1.

Two registers are also used in execution of the instruction DIVISION (DIV). Thus,

- the 32-digit dividend contained in registers Rp and Rp4+) is divided by the 16-digit
divisor which is found in the source-operand. The result of division is transmitted
to register R, (the quotient) and to register Rp4+] (the remainder). The number of
register R, should be even. Digit V is set to one in two cases: if the divisor is
equal to zero and if the absolute value of the highest part of the dividend (i.e.,
the contents of the register) is greater than the absolute value of the divisor.

In this case the instruction is not executed since more than 15 digits are required
to represent the absolute value of the quotient. Digit C is set to one if the
divisor is equal to zero.

The instruction MULTIPLE SHIFT (ASH) shifts the selected register to the right or
left by K positions. The number of K positions is stored in the supplementary code
in the six lowest digits of the source. If capital K is less than zero, a shift
to the right is made and if K is greater than zero, a shift to the left is made.

- Thus, the contents of the register can be shifted by 32 positions to the right and
by 31 positions to the left when executing a single instruction ASH. 1If K is equal
to zero, the contents of the register. Digit V is set to one if the sign of the
digit of the selected register changes during the shift. The value of digit 15
(with a shift to the left) or zero (with a shift to the right), which was in the
register prior to the last shift, is carried to digit C.

The instruction COMBINED MULTIPLE SHIFT (ASHC) is used when working with double

accuracy. The double word consisting of the register indicated in the instruction
and the register following it by number is shifted when executing this instruction.
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The number of shifts and setting of digits V and C are determined the same as in
1 the instruction ASH.

The instruction EXCLUDING OR (XOR) fulfills digit by digit addition modulo 2
(otherwise the operation "EXCLUDING OR") of the source and receiver operands is
executed. Digit V is dropped to zero and the value of digit C does not change.

- Floating arithmetic instructions of the SM-4 UVK. Instructions for executing all
four arithmetic operatious over numbers with floating decimal (floating arithmetic
instructions) are provided in the SM~-4 UVK. Formal description of these instruc-
tions is presented in Table 1.8.

The exponent (eight digits) separates the mantissa from the sign of the mantissa.
The mantissa is always normalized, i.e., the decimal point is located to the left of
the most significant digit. The most significant digit of the normalized mantissa
- is not stored in the memory since it is always equal to one in positive numbers and
’ it is always equal to zero in negative numbers. The exponent changes accordingly

R upon normalization of the number. The exponent is stored by a value increased by
2008 (12810). The sign of the exponent is stored in the 14th digit of the highest
half of the number and is considered as a one for a positive exponent and as a zero
for a negative exponent. Thus, the exponent may vary from ~128 to +127. The re-
sult of the operation with floating decimal is always distinct from zero. If the
exponent is equal to zero, the number is considered equal to zero regardless of the
sign digit and value of the mantissa. In this case zeroes are formed by apparatus
in all 32 digits of the number.

Table 1.8. Floating Arithmetic Instructions of SM-4 UVK
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4 + bTAT, - nyaye »
(6) +6§ ecnu p(?esls Ta kN
2 Bil;:EHTA- FSUB| 07501 [(§)+4 (R)+6] [(R)z+3' (R)+6]“R[)(m. 2531
HHE + =>9-! 4
(7) Te ._%CJIH( 6(54¥J'lh‘l‘aT ?iif
3 |YMHOME- [FMUL| 07502/ (R) +4. (R)+6]~[(R)+4, (R)+6]X§(R). (Ry-+.
HHE (g). +2], ecan pesyabiat>>2-'%8, uuave [(R)+4, (R)+
+6]+-0 0) (11) .
4 |JIENEHKHE |FDIV | 07503{[(R) +4, (R)+6]+[(R) +4, (R)+6]/[( .(R)
(9) +2], ccan peaynbrat=2-'%, ml.me [(R)+4, (R)+
+6]<-0  (10) (1)
Key:
1. Number of item 3. Mnemonic code
2. Instruction 4. Operating code

[Key continued on following page]
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[Key continued from preceding page]

5. Algorithm 9. DIVISION

6., ADDITION 10. If the result
7. SUBTRACTION 11. Otherwise

8., MULTIPLICATION

Digits 3-16 are shifted under the operating code in the floating arithmetic instruc-
tion format. The three lowest digits indicate the register which serves as the op-
erand stack. The operands in the stack are arranged in the following manner (the
addresses of the memory cells are indicated from the left):

(R) --highest half of operand B;

(R)+2--lowest half of operand B;

(R)+4--highest half of operand A;

(R) +6--lowest half of operand A.
The result of the operation is stored in cells (R)=4 and (R)+6. The stack index
contains the address of the first word of the result after execution of the instruc-
tion. Digits V and C are dropped to zero.
Carry Instructions
Formal description of the carry instructions is presented in Table 1.9. The highest
byte of the instruction contains the operating code and the lowest byte contains the
eight-digit shift, which is a number with sign which determines the carry address.
This address is calculated by the processor in the following manner:

the sign digit of the shift byte is copied in digits 8-15;

the result is multiplied by two;

the result is added to the value of the instruction counter to find the carry
address.

The assembler carries out reverse conversion of the carry address to form the shift
byte.

The eight-digit shift permits carry by 200g words (or 400g bytes) of relatively
current value CK backward and by 177g words (376g bytes) forward. :

When executing the carry instructions, the processor analyzes the logic expression
in which digits of the conditional code of the SSP are used as the Boolean variables.
Transfer of control by the address determined by the shift value stored in the in-
struction code or carried to the following instruction is accomplished on the hasis
of this analysis.

All carry instructions can be conditionally divided into four groups. The first
group includes a single instruction~--UNCONDITIONAL CARRY (BR). Transfer of control

3k
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Table 1.9. Carry Instructions

Number Mnemonic | Operating Carry
‘_c_)f Ttem Mame of Carry Code Code Condition
1 UNCONDITIONAL BR 0004
2 BY INEQUALITY TO ZERO BNE 0010 Z =0
3 BY EQUALITY TO ZERO BEQ 0014 zZ =1
4 BY PLUS BPL 1000 N=0
5 BY MINUS BMI 1004 N=1
6 BY ABSENCE OF OVERFLOW BVC 1029 V=0
7 BY OVERFLOW BVS 1024 v=1
8 BY ABSENCE OF CARRY BCC 1030 c=0
9 BY CARRY BCS 1034 c=1
10 BY "GREATER THAN OR EQUAL TO
ZERO" BGE 0020 NDv=o0
11 BY "LESS THAN ZERO" BLT 0024 NPv =1
12 BY "GREATER THAN ZERO" BGT 0030 2t (n@v) =0
13 BY "LESS THAN OR EQUAL TO
' ZERO" BLE 0034 2t (N vy =1
14 SIGNLESS BY "GREATER THAN
ZERO" BHI 1010 ctz =0
15 SIGNLESS BY "LESS THAN OR
EQUAL TO ZERO" BLOS 1014 clz =1
16 SIGNLESS PY "GREATER THAN OR
EQUAL TO ZERO" |  BHI 1030 c=0
17 SIGNLESS BY "LESS THAN ZERO" |  BLO 1034 c=1

is always made when executing this instruction regardless of the state of the con-
ditional code digits.

The second group comprises "simple" conditional carry instructions. This name is
related to the fact that the operating algorithm of these instructions depends on
"simple" conditions. For example, when executing the BEQ instruction, transfer of
control occurs if the digit Z = 1 and when executing the BRL instruction transfer
is made if digit N = O.

The third qgroup contains instructions of sign conditional carries. They are used
when working with numbers in the range -21 -215.; (or -27-27-1 for operations with
bytes). In this case transfer of control depends on a more complex logic function.
For example, transfer of control by the BLT instruction is made if the condition
N@®V =1, where @ is the operation "excluding OR," is fulfilled.

The instructions of the fourth group are similar to those of the third group. How-
everé they are used only when working with numbers in the signless range of
0-216-1 (or 0-28-1 for operation with bytes).

Let us consider an example to understand the difference between the instructions of
the third and fourth groups. Let us assume that the number 177777g is located in

_ register RO and that the number 000001 is located in register Rl. In this case,
- upon =zxccution of the routine fragment
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cMP RO, Rl ; compare the contents of RO and R1,
BHI A ; carry by greater than

Transfer of control by address A does not occur since the number 177777 correspbnhds
to -1 in sign representation, which is naturally less than +1.

If BHI instruction is used, the routine fragment is written in the following manner:
CMP RO, Rl ; compare the contents of RO and Rl,
BHI B; carry by greater than.

In this case transfer of control is made by address A since the number 177777g is
creater than +1 in signless representation.

Remaining Instructions

The instructions, each of which has its own features and is unrelated to any of the
groups described above, are described in this section. Formal description of these
instructions is presented in Table 1.10.

The instruction of absolute unconditional carry (JMP) is intended for unconditional
transfer of control within the program. The instruction format is similar to that
of single-address instructions (see Figure 1.4, a). The control transfer address
is determined by the same rules as the address of the operand in single-address in-
structions. Thus, transfer of control to any memory cell is possible (unlike the
BR instruction). It is obvious that mode zero loses meaning upon formation of the
address. Therefore, internal interrupt by vector 10 occurs in the given case.

Instructions reversion (JSR) and return from subroutines (RTS). The following main
operations must be executed when organizing work with subroutines: transfer of
control to the subroutine, storage of the return address in the main routine and
return of control to the main routine.

These operations are executed in the following manner in the SM-3 and SM-4 UVK:

a) the control transfer address is formed in the subroutine reversion in-
struction (JSR) by the same rules as the address of the operand in arithmetic-logic
instructions. The same as for the JMP instruction, the use of mode zero in forma-
tion of the address is meaningless and causes internal interruption by vector 10.
The format of the instruction is similar to that of the supplementary instructions
of the SM-4 UVK (see Figure 1.7), but the register does not contain the operand
but the return address (see paragraph b);

b) when executing the JSR instruction, the return address, i.e., the current
value of the instruction counter, is stored in one of the RON (the programmer se-—
lects the register and indicates it in the instruction code), the contents of which
are in turn stored in the stack (the contents of the US are first reduced by one-
half);

c) when executing the subroutine return instruction (RTE), a procedure in-
verse to that described above is carried out and namely: the contents of the
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selected register are carried to the instruction counter and then its initial con-
tents are carried to this register from the stack. After this the stack index is
increased by two, i.e., it is returned to the state in which it was prior to sub-
routine reversion.

The format of the RTS instruction consists of the field of the operating code
(digits 4-15) and the field in which the number of the communications register
(digits O-3) is indicated. The same register should be used in the RTS instruction
as in the JSR instruction, by which reversion to the given subroutine is executed.

If register SK is used as the communications register, the return address (the cur-
ront: contents of the SK) will be stored in the stack upon reversion to the subrou-
tine and this address will be restored from the stack upon return from the subrou-
tine by the RTS instruction. The use of other registers simplifies the task of

the subroutine independent variables.

- The described structure of working with subroutines provides an essentially unlim-

- ited depth of embedding of subroutines intc each other (it is limited only by the
size of the memory =zone shifted to the stack), repeated entry of subroutines and
convenience of assigning the subroutine independent variables. An example of
working with the routines is presented in Table 1.11.

The subroutine independent variables are arranged directly behind the JSR instruc-
- tion code in the given example. Therefore, the address of the first of the inde-
) pendent variables rather than the return address is stored in register R5. The
subroutine should be written in the following manner to use the independent vari-
ables . (for example, to registers Rl and R2):

SUBR: MOV (R5) +, Rl
MoV (R5) +, R2
PTS RS

Thus, the independent variables are transferred to registers Rl and R2 inside the
subroutine while register R5 contains the return address as a result of execution
of two instructions in the autoaugmentation mode.

The subroutine return with stack clear instruction (MARK) is realized only in the
- SM-4 WK. It permits automatic return of the stack index to the initial state if
- the independent variable of the subroutine is transmitted through the stack.

Let us consider an example of using the MARK instruction. Reversion to subroutine
is written thusly:

MOV R5, -(SP); the contents of R5 are recorded in the stack;
MOV ARGl, - (SP); W independent variables which should be transferred to the
subroutine are recorded in the stack;
MOV ARGN, - (SP)
MOV # MAPKN - (SP); the MARK instruction is recorded in the stack;
N MOV SP, RS5;:; the address of the MARKN instruction is carried to R5;
- JSP PC, SUBR; carry to subroutine.

The contents of the stack at this moment have the form:
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(1) Coamepxumoe RS
ARGI
' _ARG2
ARGN
MARK i
(2) Anpec Bo3spaTa " <—| (3Vxazaters creka ) |
Key:
1. Contents of RS 3. Stack index

2., Return address

Control is transferred to the subroutine SUBR, which should be completed by execu-
tion of RTS instruction of R5. The return address is carried to register R5 and
the address of the MARKN instruction, which will also be executed in the next step
of the routine, is carried to register CK. The stack is reduced by N cells after
its execution and then the contents of R5, i.e., the return address, enter CK from
R5, while the current cell of the stack in which the o0ld value of register RS is
stored enters R5. Thus, complete exit from the subroutine is accomplished with
_ restoration of the contents of R5 and of the initial value of the stack index.

The processor change of state instructions (EMT, TRAP, IOT and BPT) are actually
interrupts which are induced by the programmer himself inside the routine and have
their own interrupt vectors. When executing these instructions, a procedure is
accomplished similar to that described above for interrupt processing from external
devices. The operating code of the EMT and TRAP instructions occupies the top byte
of the instruction code.

The lowest bytes of the EMT and TRAP instructions can he used by the programmer to
enter any code. Thus, a routine which will analyze the lowest byte of the instruc-
tion and which will transfer control to one of 256 possible subroutines can be
entered in the cell to which control is transferred upon execution of the
instruction.

Compared to the JSP instruction, the EMT and TRAP instructions have the following
~ advantages: they alvays occupy one cell of the OZU while the JSR instruction usu-
ally occupies two cells. Using these instructions, the programmer can establish
the word of state (the priority of the processor is especially important in this
case) which is required when executing the subroutine. This capability may be sig-
nificant when writing real-time routines.

However, a disadvantage of these instructions is the significantly greater time of
execution,

Note. The EMT instruction is used extensively in standard software systems. There-

fore, use of it in user routines is not recommended since corract execution of sys-
tems routines is not guaranteed.
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The values of the lowest bytes are not given in the IOT and BPT instructions;
therefore, they are used for access to a single subroutine. Like the EMT instruc-
tion, they are reserved for systems use.

The interrupt return instructions (RTI and RTT) accomplish a procedure opposite
with respect to that which was described above for interrupt processing. There-
fore, the interrupt processing subroutines induced by external devices and internal
factors and also the subroutines, control to which is transferred after execution
of EMP, TRAP, IOT and BPT instructions, should be terminated with these instructions.

.

The difference between RTI and RTT instructions includes the following: RIT pro-
hibits interrupt through the following digit of the SSP. This interrupt can be
realized only after execution of the first instruction following the RTT and upon
execution of the RTI instruction this interrupt is possible immediately after com-
pletion of execution of the RTI instruction. The format of the RTI and RIT in-
structions consists only of the field of the operating code.

Note. The RTT instruction is used only in SM~4 UVK. The RTI instruction is exe-
cuted in the SM-3 UVK the same as the RTT instruction in the SM-4 UVK.

The counter carry instruction (SOB) is realized
venient for organization of cycles. When it is
the registers RO-RS (the programmer selects the
the value of the register is not equal to zero,
dress which is determined by the value of shift

only in the sM-4 UVK. It is con-
executed, the contents of one of
register) is reduced by one. If
control is transferred by the ad-
in the six lowest digits of the

instruction. If the value of the register is equal to zero, then control is trans-
ferred to the next instruction. Thus, to organize the cycle, the programmer has
only to enter the number of repetitions of the cycle in the register and to place
the SOB instruction at the end of the cycle.

Note. The SOB instruction is used to transfer control only with a reduction of the
addresses, i.e., the shift is always subtracted from the instruction counter.

The conditional code set~reset instructions have the format shown in Figure 1.8.

Digit 4 indicates that the following should be executed by the instruction: set-

ting (one) or reset (zero) of the conditional code. The digits 0-3 indicate

which of the digits of the word of state should be set to one or reset (ones are

written in the corresvonding instruction digits and zeroes are written in the dig-
- its for which no action is necessary).

5 4 3 2 .1 0

) 15
oftfN]z]|V|C
A WS NS AN SRS NN ST TR W -
_ (1)  Kod onepayuu
Figure 1.8. Format of Conditional Code Set-Reset Instructions
Key:
1. Operating cnde
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The mnemonic notations of these instructions are presented in Table 1.12.

Table 1.12.
E8) 2) 3
MHEMOHHKE KOMSHAH Onepauns Kox onepaunu
cLC Cépoc C (4) 000241
- CLV Cépoc V (5) 000242
CLz Céopoc Z (6) 000244
CLN Cepoc N (7) ) 000250 ..
. SEC - Yeraonka eguniuy 8 C (8) + |oco261
SEV Ycranoska emumnun B V{9) © |aoo262
- SEZ Veranoska' eQHHRUN B Z 210; : 000264
SEN Veraroska ennnuun 8 N (11 000270
—_ . |C6poc Bcex pa3psios KoAa ycaosuh (12){000257
t— Ycranoska eiiiHUL Bo BCEe pa3padnl KOAa 000277 |
yeaosup (13 ] .
- Hyab-onepauns (14) ) 000240, 000260
Key:
1. 1Inscruction mnemonic code 9. Setting of one in V
2. Operation 10. Setting of one in 2
3. Operating code 11. Setting of one in N
4, Reset C 12. Reset of all digits of conditional
- 5. Reset V code
6. Reset Z 13. Setting of one in all digits of con-
7. Reset N ditional code
8. Setting of one in C 14, Zero operation

The RESET (RESET) instruction. When executing this instruction, a common reset
signal is formed on the INIT line of the "Common bus" interface which can be used
to set the VU to the initial state. This signal is completely similar to that
which was generated when the "Start" key on the processor console was pressed.

The INTERRUPT anticipation (WAIT) instruction stops execution of all operations by
the processor. A way out of this state is possible only upon interrupt from the
VU. The address of the instruction following WAIT is stored in the stack upon in-
terrupt and execution of the main routine is restored after completion of work of
the interrupt processing routine. Since the processor has no access to the "Comnmon
bus" interface during execution of the WAIT instruction, the interrupt from the VU
is serviced at maximum speed. The STOP (HALT) instruction also stops execution of
all operations by the processor. Interrupts from the VU are prohibited. The "Con-
tinuation" key on the processor console is pressed to get out of this state.

1.5. Characteristics of Organizing Work With Memory in the SM-4 UVK

The Stack Limiter

One of the configurational characteristics of the SM-3 and SM-4 UVK is the apparat-
us capabilities of organizing the stack memory. The programmer usually sets the
stack index to the beginning of its routine. The lower bound of the stack con-

stantly changes value and may he below the permissible value during access to sub-
routines, during interrupt processing and when using the stack by the programmer

L2

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100038-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100038-6

FOR. OFFICIAL USE ONLY

himself for temporary storage of information since the lowest addresses of the
memory in the developed programming systems have been shifted to the interrupt vec-
tors. Therefore, equipment security of the interrupt vector zone is provided in
the SM-3 and SM-4 UVK, If the value of the stack index (R6) is equal to or less
than 400, internal i?iterrupt by vector 4 occurs.

If the stack must be arranged in an arbitrary memory zone rather than in the ini-

tial zone, distribution of the stack to another memory zone in which the routines -
are located is possible. The apparatus stack limiter, which sets the lower bound

of the stack by the routine, permits one to avoid this in the SM-4 UVK. An inter-

nal interrupt occurs if this boundary is violated.

The lower stack boundary can vary with discreteness of 200g words and the informa-
tion about it is recorded in a special register of the stack limiter. Access to
this register can be gained from the routine by the address 777774. -

Digits 8~15 of this register contain information about the stack boundary. These
digits are dropped by pressing the "start" key on the processor console or by the
RESET instruction. The eight lowest digits are not used.

If access by the stack address, which exceeds (becomes less than) the boundary set
in the register of the stack limiter (0S),is executed in the instructions, the vio-
lation of the stack boundary is recorded. A so-called "yellow" zone of 16 words
located below the stack boundary exists. Violation of it is recorded upon access
to this zone. In this case all operations in this zone are prohibited and inter-
rupt of the routine by vector 4 is then induced. This interrupt in itself uses the
stack, automatically leading to a second violation of the boundary, but it is exe-
cuted without recording of the additional violation if only the stack address did
not indicate the '"red" zone.

Violation of the "red" zone is prohibited during access to the stack (an odd stack
address or nonexistent address are other uncorrectable stack errors). The opera-
tion which induced this violation is rejected and interrupt is executed by vector 4.

The contents of the stack limiter register are compared to the stack address to
determine violation of the stack boundary.

The "red" and "yellow" zones are determined in the following manner: the "red"
zone < (08) + (337)g and the "yellow" zone = (0S) + (from 340 to 377)g.

If the contents of the stack limiter register are equal to zero, the "yellow" zone
occupies cells with addresses from 340 to 377, while the "red" zone occupies cells
from 000 to 377.

The Memory Dispatcher

Another piece of equipment of the SM-4 UVK is the memory dispatcher, which is used
to increase the volume of OZU up to 124K words. The 16-digit format of the word
does not permit addressing of the memory with volume greater than 32K words.
Therefore, expansion of the memory is intended mainly for internal storage and to
execute several tasks, each of which occupies no more than 32K words, rather than
for storage and execution of a single task with volume greater than 32K words
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(although this capahility exists). The control routine which distributes the
memory among tasks and which performs dispatcher functions upon transfer of control
of one or another task is required to perform several tasks. Therefore, two oper-
ating modes--user and systems--are provided in the SM-4 UVK. The mode in which the
processor is at a current moment is determined by digits 14 and 15 of the SSP.

when the mode changes, it may hecome necessary to exchange information hetween the
current routine and that which was executed prior to the change of mode. This ex-
R change can be accomplished through the stack memory zone. There are two stack
equipment indexes in the SM-4 UVK., One of them operates in the systems mode and
the other operates in the user mode. Moreover, the index is denoted by R6 both in
the systems routine and in all user routines. One of the indexes is selected dur-
ing execution of the routine as a function of the current mode. Thus, two stack
zones--systems and one of the user zones--exist simultaneously. The stack limiter
can be used to prevent intersection of these zones. Special instructions: TRANS-
MISSION FROM MEMORY ZONE OF PREVIOUS MODE (MFPI) and TRANSMISSION TO MEMORY ZONE
OF PREVIOUS MODE (MTPI) are used to exchange information between these zones.

The principle of memory expansion includes addition of the value of the address
formed by the instruction to a specific 18-digit shift. The extent of the shift
varies upon transition to another problem. Thus, several routines encoded in the
same addresses may be located in the memory simultaneously. Any 16-digit address
coming from the processor is first entered in the memory dispatcher, where it is
converted to the actual 18-digit address of the OZU which prints it out to the
address lines of the "Common bus" interface. Let us subsequently call the addres~
ses formed by the processor instructions virtual addresses and the addresses issued
by the memory dispatcher to the address lines of the "Common bus" interface physi-
cal addresses.

A virtual address is converted to a physical address in the following manner. The
_ three highest digits 13-15 of the virtual address are interpreted as the number of
one of eight shift registers. The contents of digits 6-12 of the virtual address
are added to the contents of digits 0-11 of the selected shift mode. The derived
12-digit sum and the remaining six digits of the virtual address (0-5) form the
physical address. The entire field of virtual addresses is divided into eight
pages, each of which can be arranged at any point of the memorv.

Formation of the physical address is illustrated by Fioure 1.9. The shift register
contains the 12-digit field of the page address. However, this field can be re-
garded as an 18-digit field in which the lowest six digits are equal to zero.

Thus, one can control the position of the page in the memnry with discreteness of
32 words. This file of 32 words is called a block. Therefore, digits 6-12 of the
virtual address may be regarded as a number while digits 0-5 may be regarded as a
shift inside the block. The sum of the contents of the selected shift register
and of digits 6-12 of the virtual address forms the number of the physical block.

A page description register, which contains information about the method of access
to the page, length of the page and the indicator of recording to the page, corre-
sponds to each shift register of the page.

The accessibility of the pace is provided by corresponding setting of a two-digit

code in the page Gescription register. The page may be accessible for recording
and readout, only Ffor readout and completely inaccessible for both recording and
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Figure 1.9. Diagram of Formation of Physical Address

Key:
1. vVvirtual address 5. Register of page shift
2. Field of active pages 6. Address field
3. Number of block 7. Physical address
4. shift in block 8. Number of physical block

readout. The latter means that the address field corresponding tothis page cannot
be used in problem solving. This permits the memory to be protected against the
influence of one task on others. For example, if a storage capability equal to
20K words is allocated for the task, the access code which prohibits access to
these pages will be set in the description registers of the sixth, seventh and
eighth pages. If the task forms access to one of these pages through error of the
programmer or due to the effect of external factors (in real object control tasks),
this access is not executed ard internal interrupt occurs.

If the system contains information which immediately uses several problems, a page
(or part of it) is allocated to each problem in the address field, upon access to
which the problem achieves access to the required information. Since this informa-
tion may be required after completion of work of the given problem and transition
to the next problem, an access code corresponding to the mode in which only readout
is possible is set in the page description register.

The length of the page (in the blocks) is determined in the description register
if a memory whose capacity is not a multiple of 4K is allocated for problem solv-
ing. The length of the page varies from 1 to 128 blocks, i.e., from 32 words to
4K words.

The page description register also contains the page recording indicator. The

page recording indicator permits a saving of the time which may be expended on re-
recording to the external memory of unmodified memory zones (from the time of their
last callup to the internal storage) required for other purposes. This zone can be
used immediately and the routine is not spoiled in this case since an exact copy of
it is still available in the external memory. If at least one recording to the
given page is made during probleéem solving, the indicator is set to one.
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Still another set of shift and page description registers is provided for working
in the systems mode in the memory dispatcher. The memory dispatcher selects the
required set of registers as a function of the code set in digits 14 and 15 of the
SSP. Thus, a systems routine may also be divided into pages and arranged in any
point of the memory.

The routine operating in the systems mode can utilize all capabilities of the sys-
- tem. There are certain restrictions when working in the user mode. Use of one of
the user routines which may affect the state of other routines is prohibited. The
user routine cannot execute some instructions (for example, HALT and RESET). If
one of the impermissible instructions is encountered in the user routine, this in-
struction is not executed and internal interrupt occurs. Moreover, it cannot per-
form input-output operations, which is provided in the following manner. Access to
the VU is accomplished by addresses 160000-177776 (the highest 4K of the address-
able field) with the memory dispatcher switched off in the SM-3 and SM-4 UVK.
Actually, the VU have addresses in the range of 760000-7677776. Therefore, upon
access to the lowest addresses, the processor automatically displays ones on the
two lowest address lines of the "Common bus" interface. If the memory dispatcher
is switched on in the SM-4 UVK, the state of these lines depends on the page shift
registers. A value equal to 760000 is usually set in the eighth systems shift reg-
ister. Thus, the systems routine permits access to the VU.

Upon transition to the user task, the user set of shift registers is filled by the
values which were determined during distribution of the memory for this task. If
the total possible storage capacity (32K words) is not allocated for solution of
this problem, access to the virtual addresses is usually not possible in the range
of 160000-177776. If the complete storage capacity is allocated for solution of
the problem, the eighth shift register is loaded with a value which physicallv cor-
responds to the beginning of some memory zone rather than to the beginning of the VU
registers.

[Excerpts] Characteristics of the line groups. The level of the logic one in the
active state on the lines of the first RP [Transfer authorization] [7:4] and RPD

- [Direct access authorization] group corresponds to high voltage (+3, 4V), while
they themselves are at a low level (< 8V) in the passive state, which corresponds
to a logic zero.

The signals of the lines of the first group also terminate on the ends of the
matching resistor dividers (see Figure 2.12, b). The resistor parameters are the
same as those of the lines of the third group.

A schematic diagram of realizing the lines of the third group of the OSh [Common
bus} is shown in Figure 2.12, a.

The parameters of the matching resistors are the following: Rj = 150 ohms + 2 per-
cent and Ry = 300 ohms + 2 percent. The output of the resistors is 0.25 watts
each.

The lines of the second group have one each matching resistor of 300 ohms + 2 per-

cent (0.25 W) on the ends, connected in parallel to a 0.001 YF capacitor to voltage
of +5 V.
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The ASP [Power supply emergency] (ACLO) and AIP ([Power source emergency] (DCLO)

H signals should maintain the corresponding lines at the low level (< + 0.8 V) even
if the voltage in the device signalling the loss of power supply completely
disappears.

The presence of matching dividers on the resistors on both ends and a certain num-
ber of load units (up to 20 pairs of IST [Source] and PRM [Receiver]), distributed
along these lines, is typical for the lines of the third group (see Table 2.4).
Arrangement of the PST and PRM along the lines can be arbitrary (cluster, uniform
or mixed), determined by the configuration of the system. The outer IST and PRM
can be arranged behind the matching divider on resistors at a distance of not more
than 60 cm. If the divider is located at the end of the line, no special require-
ments are placed on the minimum distance between the matching divider and the IST
or PRM. The length of the lead connecting the IST or PRM to the bus line and exe-
cuted by printed circuit or a twisted pair should not exceed 60 cm. In this case
the total capacitance which shunts the line should not exceed 30 pF.

All the matching resistors (with the exception of the resistors of group 1) are
structurally assembled on a printed circuit card, called a common bus choke (ZOSh).
The 20Sh dividers are powered from the sources of the devices in which they are
installed.

The RP and RPD lines of group 1 do not always pass from one physical end of the OSh
to the other (the source is the processor arbitrator). Any of the lines of this
group can be interrupted in each device located at a given level of priority on the
0Sh and propagation of an RP or RPD signal along it may proceed further if the
given device is not a request source. Since the signals on the RP and RPD lines
are relayed in devices having their own power supply sources of +5 V, variation of
the voltage of +5 V (within permissible limits) on the ZOSh resistors in no way af-
fects the state of the equilibrium levels on these lines.

u To measure the equilibrium level of the voltage or to follow the shape or front of
the pulse on the RP and RPD lines, a check must be made at the specific points of
interest of the OSh directly on the devices.

Interface amplifiers specially designed for mainline transmission (sources--IST)
and reception (receivers--PRM) of information are used to connect the devices to
the "Common bus" lines. IS [Integrated circuits] of series K559: K559 IPl--four
mainline transmitters, K559 IP2--four mainline receivers and K559 IP3--four re-
ceivers and four transmitters with common control, are used as the interface ampli-
fiers in devices of the SM3 and SM4 UVK.

Integrated circuits with electrical and time parameters presented in Table 2.5 are
used as the standard signal receivers from the "Common bus" which meet common
requirements.

Integrated circuits with electrical and@ time parameters no worse than those given
in Table 2.6 are used as standard sources which meet the requirements of signal
transfer through the "Common bus."

The total value of the maximum output current of the logic one for the source

(Ilvy = 120 pA) and the maximum input current of the logic one for the receiver
(11 Xh = 200 UA) connected to a line equal to 320 YA with capacitive load not ex-
ceeglng 30 pF is taken as the load unit for direct current for a "Common bus" line.
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A diagram of the load unit is shown in Figure 2.13.
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Figure 2.13. Diagram of Load Unit on OSh

Key:
1. Common bus line 3. Receiver
2. Source

Requirements on the main cable. The communications mainline which connects the de-
vices to the system consists of a combination of series-connected segments of flat
multiconductor cable and groups of wiring joints directly on the general wiring
panels of the blocks and devices.

The cable has printed circuit pieces on the ends designed for installation in a
standard interface disconnect and connects the contacts of the pieces of the same

type.

Cable of different length--0.6, 1.0, 1.5, 2.5, 3.3, 5.0 and 8.3 meters--is used as
a function of the location of the devices.

when additional devices are connected, one should take into account th;t the total
length of the mair. communications line should not exceed 15.0 meters (without using
interface expander devices).

Flat cable which meets the following requirements is suitable for realization of
the "Common bus": wave impedance should be 100 + 20/10 ohms, the signal propaga-
tion delay time should not be more than 5.2 ns per meter and electric resistivity of
each signal and shielding (ground) conductor should not he more than 0.4 ohms per meter.

The signal conductors should alternate in the cable with the ground conductors to _
shield the signal conductors against crosstalk.

The interface disconnect. A two-row disconnect of the "Socket 03.094.01.30.21"
type (TU-77/801-805/265) is used to install the printed circuit pieces of the "Com-
- mon bus" cable in SM~3 and SM-4 complexes. The Unitra-Eltra Company of the Polish -
Peoples Republic is the manufacturer. The designation of the disconnect contacts
in application to the "Common bus" is presented in Table 2.7.

The maximum permissible cable length (for all transmission lines) with regard to
the permissible length of the leads from the lines to the source and receiver has

- been established at 15.0 meters. This length was selected with regard to the pa-
rameters of the main amplifiers and realization of the main line by an exceptional-
ly flat cable with parameters indicated above.
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Table 2.7. Structure of "Common Bus" Disconnect
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—CiI A2 BVUS A2 L 37 1 37 |—oul Al3 BUS AI3L
—OlI Al4 BUS Al4L 38 | 38 |-Ol Al5 BUS AISL
—OLI Al6 BUS Al6 L 39 | 39 |--OHI Al7 BUS AI7TL
PE3EPB (P) RESERVE}R 40 | 40 |PE3EPB (P) |RESERVE (R
PE3EPB (P) |RESERVE 41 | 41 |PE3EPB (P) [RESERVE (R
PE3EPB (P) RESERVE(R) 42 | 42 [PE3EPB (P} |RESERVE (R
—OWI Y0(1g){8US C 43 1 43 |—OW Y1 (24)|BUS CIL
EMJI ROUND “4 | 4 GROUND
—OlI CX3(1°)BUSMSYNL 45 | 45 |-—-OW CXH(25)B'S SSYNL
3EMJISA GROUND 46 46 [3EMJIS ROUND )
PLE3EPB (PXS)RESERVE(R) 47 | 47 |PE3EPB (P) |RESERVE (R]
TTXTAHHE + 58 POWER+4-5B 48 | 48 |NMUTAHHE+5BIPOWER+-5B

The Latin letters

“a" and "b" denote the series of

Notation of signal
In Russian langu=ae

[Key continued on following page]
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while the numbers "100" and "200" denote the corresponding sides of the printed
circuit pieces of the bus cables or interface cards installed in these sockets.

In English language
Number of contact on side of




APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100038-6

FOR QFFICIAL USE ONLY

[Key continued from preceding page]

- 5. Power + 5V 16. Power system emergency bus
6. Reserve (R) 17. Common bus A__
7. Ground 18. Control bus 0
8. Common bus interrupt 19. Dispatcher synchronization bus
9. Common bus D__ 20. Preparation bus
10. Operating code bus 21. Checking bus K1
11. Selection confirmation bus 22. Engaged bus
12. Direct access authorization bus 23. Power source emergency bus
-- 13. Direct access request bus 24. Operation control bus
_ 14. Transfer authorization bus __ 25. =xecutor synchronization bus

- 15. Transfer request bus __

The load capacity of the bus is limited to a maximum of 20 load units. This limit
was established on the basis of the condition for providing an adequate noise re-
serve at the given source and receiver parameters.

Means of expanding the interface capabilities. It is recommended that a special
device--a signal relay (one or several), called an interface expander OSh SM EVM
(RIF SM)--be used when it is required to transmit signals over interface lines hy a
distance exceeding the maximum permissible length of 15.0 meters or to increase the
load units above 20. Each of these devices loads the main segment of the bus with
a single load unit, but provides the capability of additional connection of up to
19 load units and a length up to 15.0 meters. The RIF SM can be used every 15.0
meters or less. Tt divides the entire main communications line of the complex into
a number of independent segments (sections) with identical capabilities. The use
of an expander circuit does not affect the operating algorithm of the interface,
but introduces an additional delay (not more than 350 nanoseconds per RIF) during
propagation of signals over series-connected segments of the bus.

Each additional section of the bus should begin and end with matching dividers on
the resisters (located on the 70Sh), the equivalent resistance of which is equal to
the wave impedance of the interface cable.

- Chapter 5.
DESIGN OF CONTROL COMPUTER COMPLEXES

5.1. Classification of Complexes
SM-3 and SM-4 complexes are hardware complexes (KTS) of the SM EVM with "Common
bus" interface, the configuration and software of which are determined by SM-3P and
SM~4P processors. These complexes are program~compatible “from bottom to top" and
have a unified nomenclature of external devices. SM-3 and SM-4 complexes are con-
ditionally divided into basic, specific, standard and problem-oriented as a function

- of the makeup, consideration of user requirements and so on.

Basic complexes are hardware and standard software complexes of specific composi-
tion (fixed, determined by specifications) designed for use as the computer nucleus
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(Key continued from preceding page]

10. Real-time disk operating system 25. Presence of multipgroram
11. Real-time onerating system 26. No
12. Multiterminal time-sharing 27. Yes
dialogue operating system 28. Number of simultaneously executed
- 13. Time~sharing disk operating routines
system 29. 127 + 1 background
14. Type of UVK 30. 1 operational + 1 background
15. sSMm-3 31. 250 priority levels
16. SM-4 32. Presence of remote processing
17. System carrier facilities
18. Punch tape 33. Number of connected terminals
19. Magnetic disc 34. Programming languages
20. Minimum internal storage 35. Dialogue language of dialogue
capacity, K words system
B 21. Maximum internal storage 36. Assembler
capacity, K words 37. Macroassembler and Fortran-IV
22. Servicing capability 38. DIAMS dialogue language
23. Single-user 39. Basic-plus

24. Multiuser

in design of information, measuring, control and computer complexes of different
composition and designation.

specific complexes are general-purpose complexes whose composition is determined by
the customer's specifics according to the coordinated technical assignment. The
composition of the delivered equipment usually includes a basic or standard complex
supplemented by the necessary equipment from the KTS nomenclature of the SM EVH
(devices, blocks and modules). A specified complex is supplied with standard soft-
ware and minimum general systems documentation developed by the manufacturing plant
or user with the consultative assistance of the manufacturing plant. The complex
has no delivery specifications and therefore the manufacturing plant (supplier) con-
ducts no additional tests of the specified complex in assembled form. All individual
devices and units are checked for conformity to specifications at the manufacturing
plants; the given overating system is generated to the corresponding configuration
of the complex by the supplier.

All the specifications included in the specified complex (additional devices,
structural components, cables and so on) are nomenclature articles with a confirmed
price. The selling price of a svecified complex is determined by agreement for de-~
livery by the total prices of the constituent parts.

Standard complexes (standard specified complexes--TSK) occupy an intermediate posi-
tion hetween the basic and specified complexes. Documentation for them is worked
out by the head organization for computer technology and the manufacturer to sim-
plify ordering and Adevelopment of specified complexes by customer orders. The
functional capabilities of TSK are considerably wider than those of basic complexes
and it is simpler to construct specified complexes for specific applications on
their basis.

5L
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A typical specified comnlex, in addition to the selected basic complex, includes
devices, modules, dispatchers and bays. For example, interface matching modules
for connection of communications devices with the object are from S$M-1 and SM-2
nomenclature (USS NSh/2K) or for communications with machines of series YeS EVM
(USVM) , USO bays with variants of sets of modules for design of control complexes,
common bus switch (PSh) devices,. interprocessor communications adapters (AMS) for
creation of multiprocessor complexes and complexes with variable structure for sys-
tems of enhanced viability and productivity, remote communications adapters (RS ADS)
for remote processing comrlexes and so on.

TSK are divided into standard specified computer complexes (TS VK), standard speci-
fied control computer complexes (TS UVK), standard specified nonprocessor complexes
or standard subcomplexes (parts of complexes) and standard bays (TSS) as a function
of the composition of the hardware and standard software. The main characteristics
of standard specified complexes are presented in Table 5.1.

Nifferent configurations of standard specified complexes based on the SM-3 and SM-4
are illustrated by Figures 5.1-5.3: remote processing TS VK with four remote
terminals which includes two magnetic tape stores and two magnetic disk stores
(Figure 5.1), TS UVE which utilizes object communications devices with 2K interface
connected through USS 0Sh/2K communications-matching devices (Figure 5.2) and

TS UVK which utilizes object communications devices (UVA and UVD) with OSh inter-
face (Figure 5.3).

Problem-oriented complexes of the SM EVM (POK SM EVM) are sets of hardware, soft-
ware, methodical, »nlanning and organizing solutions on realization of a agiven set
of problems of automation of a specific class of objects combined by a common in-
formation processing technology and unanimity of information processing modes and
operating conditions.

N

o )

—
il [
oup-£h [5: /7/1:! 'ﬁ/wc] !ﬁﬁ/ﬂ
(4) 4 !

apsawan|  Vepmusan) L] leomunan

3r-340( |87-340 i 8I-340
iephunan)  epmunan|
87-347 87-340

Figure 5.1. Standard Specified Multiterminal Comnlex of SM-4

Key:
1. Processor 3. NML monitor
2. NMD monitor 4, Terminal
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Notations: + --used in the main version; X--use in different versions is possible;
g--floppy and k--cassette
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1.
2.
3.

26.

- 27.
28.
29.

30.
31.

32.
33.

34.

35.
36.
37.
38.
39.
40.

Notation of complex
Main designation

Type of carrier for software
generation

Main characteristics of information
processing

Punch tape

Magnetic disk
Magnetic tape

Real-time processing

High-response real-time processing
Time-sharing processing

Remote data processing

Data base management

Dialogue mode

Graphical information processing
Single-task mode

Two-task mode

Multitask mode

Multiterminal processing

Increased reliability mode
Processor redundancy

External device redundancy
Multimachine processing

Operating system

Paper tape operating system and
dialogue prograrming system
Time-sharing paper tape operating
csystem

Disk operating system

Time-sharing dick operating system
Basic real-time background-operat-
ing system

Time-sharing operating system
Multiterminal time-sharing dialogue
operating system

Time-sharing disk operating system
Disk operating system plus remote
data processing system

Disk operating system of automated
operator's position

Comments

SM

General-purpose basic disk (variant)
Minimum composition basic disk
Minimum~composition hasic disk
Rasic

{Key continued on following pagel

6L

41.

42.
43.

44,

45.
46.
47.

48.
49.
50.

51.
52.

53.

54,
55.

56.
57.
58.

59.
60.
6l.

62.
€3.

64.
65.
66.
67.
68.

Magnetic tape TSK (cassette,
minimum composition)

Floppy magnetic disk TSK (variant)
Expanded general-purpose TSK
(variant)

28K words, punch tape, magnetic
disk storage (2.4 Mbytes)

Two bays

One bay

16K words, punch tape, magnetic
disk storage (2.4 Mbytes) one bay
16K words, punch tape, one bay
8K words, punch tape, one bay
32K words (28K), punch tape,
multiple magnetic tape storage
(2 X 100 Kbytes)

16K words

28K words, floppy magnetic disk
storage (2 X 250 Kbytes)

Punch tape and multiple magnetic
tape storage

No punch tape UVV

28K words, magnetic disk storage
(2 X 2.4 Mbytes), magnetic tape
storage (2 X 20 Mbytes), alpha-
numeric printer, arithmetic
expander

TSK with USO

TSK with USO-2K (variant)
Multiterminal remote information
processing TSK

Graphical TSK

Basic disk

28K words, magnetic disk storage
(2 X 2.4 Mbytes), magnetic tape
storage (2 X 20 Mbytes), punch
tape

USO variant

28K words, magnetic disk storage
(2 X 2.4 Mbytes), magnetic tape
storage (2 ¥ 100 Mbytes), punch
tape

Two USO bays

One USO bay

One USO bay and UVB-100

Eight remote terminals

Four remote terminals
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69. 28K words, magnetic disk storage
(MMD) (2 X 2.4 Mbytes), magnetic
tape storage (NML) (2 X 20 Mbytes),
punch tape (PL), floppy magnetic
disk storage (GNMD), alphanumeric
printer (ATsPU), EPG and SM

70. 28K words, PL, NMD (2.4 Mbytes),
two bays

71. 32K words, PL, NMD (2 X 2.4 Mbytes),
two bays

72. Basic general-purpose magnetic tape

73. Minimum composition basic

74. Floppy magnetic disk TSK

75. US0-2K TSK

76. Multiterminal TSK with remote
processing for multimachine
complexes

77. 32K words, PL, NMD (2 X 2.4 Mbytes),
NML (20 Mbytes)

78. 64K words, PL, NMD (2 X 2.4 Mbytes),
NML (20 Mbytes), ATsPU

79. 32K words, PI, NMD (2.4 Mbytes), one
hav

80. 32K words, GNI'D (2 X 250 Kbytes)

81. Punch tape

82, 32K words, PL or GNMD

83. NMD (2 X 2.4 Mbytes)

84, NML (2 X 20 Mbytes)

85. KNMD (2 X 100 Kbytes), OZU of 64K
words

These complexes have the following main features:

86.

87.

88.

89.

90.

9l.

92. -

93.
94,

95.
96.

64K words, PL, NMD (2 X 0.4 X

X 2.4 Mhytes), NML (2 ¥ 20 Mbytes)
or KNML (2 X 100 Kbytes), 4-8
terminals, integration with YeS
EVM

Graphical TSK for multimachine
compiexes

Two-processor redundant TSK with
US0O-2K

Two-processor redundant TSK with
USO-~-0Sh

EPGSM, 96K words, PL, NMD

(2 X 2.4 Mbytes), NML and ADS
USVM A71118 (or two EPG SM),

BS ADS

128 (124)K words, PL, NMD

(2 Mbytes) or GNMD, NML

(2 X 20 Mbytes) or KNML

(2 X 100 Kbytes)

Variant of USO

32K words, PL, NMD (2.4 Mbytes)
or GNMD, NML (2 X 20 Mbytes) or
KNML (2 X 100 Kbytes)
Communications through PSh
Variant of SO

besides standard facilities of the SM EVM, complexes, devices and software,
they include nonstandard devices, specially developed modules of operating systems,

applied routine packs and so on;

the complexes are usually developed by the leading systems organization with
participation of SVT developer organizations with regard to the characteristics of
application of the given complex in a specific set of objects;

the composition of ‘the hardware and software of the POK is refined when de-
signing a user complex for a specific object on the basis of the FPOK, generation
of the applied program packs of the POK, parametric adjustment of the software
A user complex based on a POK is de-

modules of the POX and so on are fulfilled.
signed by its methodical materials.

A multiple user coriplex can be designed on the basis of several POK. Examples of
POK are ARM [Automated operator's position] and IVK [Measuring computer complex]
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Figure 5.2. Standard Specified Complex of SM-4 With Complete Standard Bays
of USO Based on USO SM-1 and SM-2 Modules

B Key:
1. Processor 3. NML monitor
2. NMD nonitor 4, To object
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. Figure 5.3. Standard Spacified Complex of SM-3 With USO SM EVM
Key:

1. Processor 3. NML monitor
2. NMD monitor

complexes (see Chapter 6). A nonstandard operating system SOD ARM and applied
proqram packs was developed during creation of the ARM and connection of such non-
standard devices as semiautomatic graphical information input devices, graph plot-
ters and magnetic tape storage devices to the SM-3 and SM-4 was provided. The
CAMAC dispatcher, a number of CAMAC modules, a CAMAC monitor and applied program
packets, ASET dispatcher and IVK-7 and IVK~8 monitor were developed during creation
of the POK IVK.
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[Key

Number of connected storage devices 1-4, information exchange rate 10 Kbytes/s,
carrier compatible with YeS EVM, capacity of 10 Mbytes

Transmission speed of 64-126 Kbytes/s, capacity of 40 Mbytes, 4 magnetic tape
stores informationally compatible with YeS EVM

Cassette magnetic tape external storage device (UVPK)

Capacity of 5.6 Mbits, recording speed of 4 kbits/s

Cassette capacity of 400 Kbytes, data transmission speed 0.5 Kbytes/s
Wwide-format designer graphical screen console (ShGEPP2)

Display processor

Memory block

Display device

Keyboard block

Permits connection of two devices, size of operating field of screen 350 X

X 350 mm, number of addressable points 2,048 X 2,048, capacity of buffer
storage 16 Kbytes, time of symbol formation 35 microseconds

A5122 graphical information to digital code converter (UPGI)

Console version

Size of operating field of plotter 850 X 600 mm, speed in digital conversion
mode 4,800 points/s, speed in analog conversion mode 100 points/s

Systems expansion hlock (BRS)

Remote communications adaptor (ADS)

Installation cassette .

Output to two data transmission channels: modem-modem, modem-VT-340 display,
modem-T-63 teletype, operating speed of 50-9,600 bauds

SM-4501 bus switch

signal transmission cycle delay through PSh 500 ns, PSh load: two load units
through input, 18 load units through output

Analog signal input-output device (UVA)

Maximum number of channels 1,024, contact commutator interrogation rate 200
channels per second, contactless commutator interrogation rate 600 or 2,000
channels per second

Digital signal input-output device (UVD)

Maximum number of input-output channels 3,072, counter capacity 16 digits
UVD-200 high-speed input-output device

48 digital input signals, 48 digital output signals, 24 analog input signals
and 2 analog output signals (200 kHz)

CAMAC crate

Crate

Crate controller

Modules

Contains analog and digital signal input-output subsystems, initiative signal
input subsystem and timing pulse and constant generator subsystem

SM-4101 BE9402 interface expander (two)

Increase of length by 15 meters, readout delay by 0.35 ms, recording delay
by 0.25 ms

USS-0Sh12K integration matching device

Control block

Interface block

continued on following page]
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100. Number of 2K devices connected to program channel 16, number of 2K devices
connected to two direct access channels 16; connection to 120 devices is
possible when using eight expanders

10l. A71118 computer integration device (USVM)

102. Interface block

103. Pedestal

104. Floor

105. Distance between integrated computers 50 meters, data transmission speed in
analog mode 40,000 bytes per second, data transmission speed in direct ac-
cess mode 800,000 bytes per second’

106. SM-4301 universal programmable dispatcher

107. SM-5410 fast Fourier transform special processor

108. kv-A

109. Internal timing frequency 5-10 MHz, size of transformable file 4,096, width
of signal band 500 kHz.

USO Configuration Based on Devices Having 2K Junction Output
The presence of OSh interface and 2K-USS 0sh/2K interface matching devices in the
nomenclature of the SM-3 and SM-4 permits the use of all the nomenclature of de-
vices and modules of the ASVT-M (M-400, M-6000, M-7000) and SM-1 and SM-2 having
output to the 2K interface as object communications devices.

- 5.4. Operating Conditions of the Complex
Complexes configured from SM EVM hardware should be operated under conditions cor-
responding to GOST [State standard] 20397-74 for articles of group 3B having direct

contact with the external medium.

- The maximum operating conditions of the complex are +he following:

Maximum Variations of Factors
B Climatic Factors Lower Upper
}Temperature, °C +10 +35
elative humidity at +30°C, percent - 20
tmospheric pressure, mm Hg 735 785

A single-phase alternating current industrial system (220 V, 50 + 1 Hz) is used as
the main primary power supply. Smooth and intermittent variations of voltage of
- +10 + 15 percent from the nominal value are permitted.

The complexes should be installed in dry heated buildings. The height of ceilings
in the building is not less than 3 meters. The ceiling and walls should be faced
with sound-absorbing materials of light tones. A whitewash coating is not
permitted.

h
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ILouvers or blinds should be provided in the window sills.

The use of fuel and flammable materials is not permitted during construction and
finishing of buildings. Automatic fire signalling devices should he provided.

- Lighting is fluorescent or incandescent lamps with diffusion device. Lighting is
not less than 150 luxes at a height of 0.8 meter from the floor. The lighting of
operators' positions and keyboards is 350-400 luxes. Emergency lighting from a
separate power source must be provided.

An area of not less than 15 m? is required for arrangement of the SM-3 and SM-4
complexes and not less than 10 n2 is required for the auxiliary equipment.

An insulated production floor which prevents accumulation of static electricity
should be provided if possible. The degree of static charge capacity of the coat-
ing should provide a charge leakage time of not more than 30 seconds.

The production floor is designed for loads of not less than 300 kilograms per panel.
The recommended size of the panel (nonmetal or metal) is 650 X 650 mm. The space
between the production floor and the main floor is not less than 208-250 mm in
height. If a production floor cannot be provided, cable channels protected on top
by wooden shields must be provided.
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