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Sumnarx:

The RC 4000 computer which will be developed by Regnecentrslen in
1966 1s & low-cost computer oriented towards process comtrol applica-
tions. The present report deals with the choice of data and Instruction
formats, storage addressing, arithmetic, Input-output control, and spe-
cial multiprogramming features.
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1e sttem RC L4o00.
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11 Introduction.

RC 4000 is = general purpose digltal computer designed and manufac-
tured by Regnecentralen, The basic model is a low-cost computer oriented
towards real-time computation in industrial control applications. An ex-
tended model includes floating-point arithmetic for scientific computa-
tion and high=speed input-output devices for commercisl data processing,

This report is a preliminary description of the programming struc-
ture of the new computer. The rest of section 1 outlines the objectives
that guided the design of system RC 400O. This 1s followed by & short
summary of the system., Sectlons 2 to 7 contain s detailed discussion of
the cholce of word length, storage addressing, fixed-point arithmetic,
input-output control, and speclal multiprograrming features, Section 8
completes the picture of the system with a formal definition of the in-
struction set, ,

The prototype of the RC 4000 is intended for installation in a che=-
mical plant constructed by Haldor Topsge in Pulawy, Poland., Appendix A
gives a brief survey of the mein tasks of the computer in the Pulawy ine
stallation. This 1s included as an example of a typical application of
system RC 4000 in industrial process control,

122, Design Objectives. +)

The structure of system RC L4000 1s based on well-known principles

selected with the followlng objectives in mind:

(1) Efficlent handling of smell integers.

(2) Fixed-point arithmetic with adequate precision for process cone
trol and provisions for fixed=point and floating-point arithme-
tic with double-precision,

(3) Flexible modification of addresses,

(h) Uniform register structure to avoid empty data transfers,

+) The RC L4000 computer may be evaluated in relation to other process
control computers availsble on the market by referring to a recent pa-
per by Edward O. Boutwell: Comparing the Compacts, Detemation, Decem-
ber, 1965,
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(5) Instruction set which 1s conceptually simple without being inef-
ficient,

(6) General input-cutput control with no restrictions on the kinds
of devices that may be connected,

(7) Protectlon features to ensure absolute monitor control of the
system.

(8) Program interruption system providing a constant monitoring of

exceptional Internal and external conditions,

1.3, System Summary.
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Implementation.
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Integrated circults with propagation times of 15 nanoseconds,

Storages
Megnetic core store with 2 microseconds cycle time, Basic modules of 1 k,
b k, and 8 k words of 24 bits each, No upper limit to expansion., Stan-

dard parity check and protection system,

Typical Instruction times 6 to 8 microseconds,

Addressing Facilitles,
Direct addressing of 12-bit bytes and 24-bit words, Indexing and indirect
addressing facllitate table look-up. Relative addressing simplifies pro=-

gram relocation,

Beglster Structure.
4 directly addresssble registers function both as accumulators snd index
registers. This uniform register structure makes the entire instruction

set avallable for index arithmetic and Inter-register operations,

Arithmetic,
Parallel binary two’s complement arithmetic., Standard integer arithmetic
with 12-bit and 2k-bit operands. Optional floating-point arithmetic with

48-bit operands,




Protcetion 3ystern,
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Privileged instructions and read-only protectlion associated with a moni.

tor mede guarantee constant monitor control of the system.

Interrurtlion System,
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Program interruption system with up to ol priority levels controlled by

o mask register, o ptienad
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Trove-outpat Control,
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Standerd dinteridace belween Gvba cronanels oad inpubt-cotpad

y

levices simplle
Tics future expansion of the array of inpul-cutput oguipment. Standard
lowwspeed channel with transmission of single words under prograrn cone
troL. Uptional high-speed channel with trensmissiorn of blocks proceeding

similtaneously with progran execution.

"T)

ui L~time Clock,

The cloclk initiates program Interruptions abt preset tine intervals. It is

set and sensed under program cenbtirol,

St;ndard Peripheralso
Console typewriter - 10 characters per second.
Paper tape reader - 100 characters per second.

Paper tape punch - 20 characters per second.

2. Data Formats.
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2,7 ufo'ﬂﬂe of Bmall Tntegers,

The majority of dota used in process applica*tions rie measured ves
riables delivered by cnalog~to-digital converters. In the Pulawy plant
system RC 4000 supervises sbout 700 process variables of 10 - 12 bits
2ach, In order to handle effectively such wvariables the computer should

De able to 2ddress dirvectly bytes of 10 ©o 12 bits.




2.2, Arithmetic Precision.
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In a data logging system the processing of most of the process va~
riables 1s very simple (testing against alarm 1imits, printing of log
sheets), In a closed-loop control system the variables are, however, used
in eleborate analysis of the performence of the plent. These computed va~
riables determine the normal arithmetic precision. It 1s estimated that o
precision of 20 to 24 bits will be adequate for process applications, The
corresponding double precision of 40 to 48 bits should also be satisfac-

tory for most commercial and scientific computations.,

2,3, _RC_L000_Data Formats,

The efficlent storage of analog input data points to a short word
length, In practice the lower bound on the word length is placed by the
formet of instructions and arithmetic operands. As a compromise the fol=-

lowing word structure was chosen:

e - double word >

i word St WOPA oo Sim

Enteger byte integer byte!

b
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integer word
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i

integer double word
o .' g

exponent frection
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The baslc arithmetic operand 1s an integer of 24 bits. Small inte-
gers are packed with two bytes per word, The bytes are directly addres-
sable, A speclal instruction LOAD INTEGER BYTE serves to extend a 12-bit
byte towards the left to 24 bits as it is introduced into =a working regl-
ster,

Double words are used to represent integers of double precision (48
bits) and floating-point numbers (12-bit exponent and 36-bit fraction).

b Instrugtion Format.

- - e - U - - -

341+ Address Modification.
The efficiency of computer programs is closely connected with the
handling of address fields inside instructions. The two maln problems to

consider here are program relocation and table lock-up.

2:1ele Progrom Relocation,

The ability to relocate programs in the working store is vital in a
machine where the library of programs is kept on a backing store and only
brought to the working store when they are active. As en example consider
a computer which performs direct control of a plant, In 1dle intervals
the computer may perform other tasks such as translating programs from
the assembly language into machine code. This may at any time be inter-
rupted by an cxception signal from the plant causing the assembler to be
replaced by a process control program. Later the assembler will be
brought back Into the store and resume the translation, Normally it is
not possible to predict the combination of programs and data residing in
core at the time of reloading. The programs therefore cannot expect to be
loaded Into their previous residence areas but must be relocated to sto-
rage areas currently avallable.

Relocation is also desirable In a machine without backing stores,
This allows the machine to be loaded with different sets of programs each
of which can be written independently of the others i.e. as standard rou-

tines,
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Dynamic relocation can be implemented either as base addressing (im-
Plying an address modification with a register contalning the load ad-
dress of the program), or as relative addressing (implying a modification
with the current instruction address). The latter solution is used in the
RC L4000,

-_-—-n NP o -

The purpose of data processing is to transform e set of data into a
result according to certain rules. In a computer with an addressable
store one of the most general ways of specifying the rules of transforma-
tion 1s to use a set of tables. Each piece of data to be transformed is
converted to an address which is used 1o lock-up 2 table to extract a new
date value or the address of a work action to be performed. The require-
ment that addresses can be modifiled by the values of the data being pro-

cessed 1s met efficiently by the use of index registers.

2:2: Beglster Structure,

The motivations for having registers separated from the main store
are! (1) to provide fast access to frequently used data 1tems, and (2) to
save instruction length by having implied or truncated addresses of ope-
rands. In a single-address computer with cn implicitly addressed accumui-
lator these advantages are to some extent illusory. Since all operations
destroy the p.esvious contents of the accumulator the programmer i1s forced
tc meke a lot of storage operations in order to save and restore the ac-
curulator, Such empty transfers also arise in machines where the index
registers can only be modified by the accumulator via a transport to the
store, An analysis of programs written for the IBM 7090 showed that about
30 percent of the load and store instruetions were such superfluous trans-
fers. The experiment also showed a reduction of more than 90 percent of

these transfers when four accurmlators vere introduced instead of one +).

+) G.M. Amdshl, The Structuve of System/360 - Processing Unit Desien Con-

siderations, IBM Systems Journal 2, no, 2 - 3, 1964,
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The register structure in the RC 4000 computer consists of four wor-
king registers of 2l bits each. In each instruction one of these regi-
sters can be specified as the accurulator. Likewise one of them can be
selected as the current index register. By extending the number of accu-
mulators to four and by removing the distinction between accurmlators and
index registers the full instruction set becomes available for irmediate
address modification, and empty transfers of registers are reduced consi-
derably. Also the instruction set is simplified since special instruc-
tions for the handling of index registers are no longer needed, To faci-
litate reglster-to-register operations the working registers are addres-

sable as the first four words of the maln store.

word address

0 Ewméﬁwﬁi£ény? working reglster O
1 T working reglster 1
. MMNMWMTWU~,E woriing regioter 2
3 'f working register 3

3.3« RC 4000 Instruction Format.
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To allow a flexible manipulation of both the operation part and the
address part the following instruction format was selected:

F WMX D

The instruction word is divided into an operation byte and an address
byte of 12 bits each, The operation byte spccifies 64 basic operations in
the F field of 6 bits, One of the four working reglsters is specifled as
the result register in the W fleld of 2 bits. The current index reglster
is selected by the X field of 2 bits, Only working registers Wi, W2, and
W3 act as index registers (X=0 indicates no indexing).

A truncated address of 12 bits (the D field) specifies a displace=
ment of 4095 bytes inside the program which 1s adequate for the majority
of addresses, It is, however, insufficient for specifylng directly the
entire store. A full address of 24 bits is formed by means of the dis-
Placement in connection with an index regilster (X) and the instruction

counter (R). The formation of an effective address A is controlled by the



















































































































