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FREFACE

This thesis reports the results of studies on the design and constructio
of an electronic digital computer, achieved particularly through experiences
in designing and constructing the kyoto University Digital Computer KDC-I
under the guidance of Professor Ken-ichi Maeda while the author had been
a postgraduate student of the Faculty of Engineering of Kyoto University
during the year 1958 to 1961, The results are compiled in nine chapters
and appendices.

Develomments in computer techniques are so rapid that the KDC=I which
was at a moment one of the largest computers in this country is considered
at presenE::emedium scale medium speed computer. Nevertheless, various
techniques developed for the KDC~I have been utilized for other computers
and measuring instruments, and the KDC—I%m;?ngtioning daily since ‘ugust
1960 at the computation center of the University. The work thus deals with
almost all phases of the design and construction, but emphasis is laid on
what is beliebed new and interssting. These introductory remarks are found
in chapter 1.

Chapter 2 is concerned vith the system design of the computer, in which
the process of the design of the I'IC=I is explained and the outline of the
system is described.

Chapter 3 is concerned with the instructions of the computer, inwhich a
list of the KDC-I instructions is given first and details of logical and
special operations which are thought new and interesting are described.

Jetails of the magnetic tanpe system of ihe IDC-I are described in
chapter 4, in which a new block mumber system and an instruction system which
enables a simple treatment of the drop-out problem of magnetic tape are

introduced.



Chapter 5 deals with the problem of the initial read-in routines fo{r tle
computer, in which the simplest form of reading the routine is suggesteg.:r:fth
a proof.

The problem of logical design is discussed in chapter 6. 7The logical
properties of the basic logic cireuwit of the computer are described first,
then the algebraic methods of logical design are reviewed. The simplifiction
of a Boolean function is performed by using the Veitch diagram simplificatim
method for obtaining the simplest normal f~>m. A rethod devised by the
author of obtaining the simplest normal form with 2 restriction on the
operation of an input gate in which no more than a s ngle AND gate can serd
binary 1 at the same time is deseribed. Iext, the main features of the
logical design are given, and some arithmetic elements are presented to show

exampl.es of the simplest mMommal function with the gate restriction.

Chapter 7 is concerned with circuits™of the computer, in which aemnphasis
is laid on the performance margin of the KDC~I basic logic e¢ircuit which uses
the dynamic circuitry techniques. A procedure is set up in which the
margin of all basic circuits, i.e., thousands of them, not a few sauples of
them, is measured, and the morgin of several functional blocks is then measured
The adjustment of the computer became much sinpler by aprlying this procedure
together with 2 thorough examination of the results of logical design and
the wiring of the computer. The repetition of a famous ironical sentence
"The computer will be completed in less than six months} every six months
was no more applied, though it was partly true, if not six months, in writing
the thesis. .

ﬁeasuring the performance margin of thousands of basic logic circuits
poses some difficulties. It was conducted peint-by-point, vhich was indeed

troublesome and inefficient. Thus the author devised a unit to display

the performance margin of the basic logic circuit , the details of which
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are given in chapter 8.
In chapter 9 the main points of the results of Lthe studies are
presented as a part of the conclusion.

veveral items relevant to the subject are added in appendices.

Kyoto Shuzo Ya jima
July 1963

iv



COWIENTS

FREFACE = & 8
Chapter Fage
1. INTRODUCTICH a-1 (1)
2, PROPOSED OHRGANIZATICN COF TH:E COLFUTER b-1 (4)

2.1 The Design of the Kyoto University Digital Computer '1C-I b=l

2.2 The Outlire of the Computer b=5
2.3 Forms of Information Accepted by the Computer b-12
1. Input/Cutput (I1/0) b-12
2+ Binary Coded Decimal (BCD) b-12
3. Words b-13
L Fixed-Point HNumbers b-13
5. Floating=Point Mumbers b-1y,
6. Instruction Words b-14,
2.; Registers and Counters b-16
1. Accunulator (AC : UA, Li) b-16
2. Multiplicand- ivisor Register (MD) b-18
3. Order Register (QI) b-19
L. Index Registers (IRs : IR, IR2, IR3) b=19
5. Instruction Location Counter (1C) b=19
6. Storage ftegisters (SRs) b=20
2.5 Error Checks b=23
3. INSTRUCTICONS OF THE COMFUTHR c-1 (28)
3.1 Introduction c~1
3.2 A List of KXC-I Instructions c=3
1. Symbolic Codes c=3
2. The lodification of an ‘ddress C—i
3. The Break Foint c-5
L. 'DC-I Ingtructions
3.2 Main Features of the Instructions c-12
34 Details of Logical and Special Cperations c-14
1. Logical Operations c-15

2. Special Cperations c=19



Chapter Page

Lo MAGNETIC TAFE SYOSTHE: OF THE CGTUTED d=1  (49)
L.l Introducticn %
4.2 Organization of the lapgnetic Tape System d=i
I;.3 Magnetic Tape (MT) a-7

1. Magnetic Tape Character Coding d-7
2. Layout of a Block on the Magnetic Tape d="7
3. Read and Write Operations d-9
L. ¥agnetic Tape Handlers (MTH) d-11
L5 Magnetic Tape Control Unit (TCU) d-11
L .6 Magnetic Tape Operations a-19
4.7 Conclusion d-26

5, INITIAL READ-IN ROUTINES e-l (77)
5.1 A Standard Initial Read-in Routine (RDIN) e=3
52 Various Methods of lleading in the lioutine IIDIN e-5

1. A Primitive Method ous
2. The HH Method e=H
Z. The TK Method e~8
4. Fethods Which Require “ome Special Conditions e~y
5. The SH }Method e=10
6. The SY Tethod e-11
5.3 The Minimum Procedure of Reading the Routine LDIN e=12
1. Relevant Fachine Characteristics e-12
2. The Manual Procedures e-13
3. Oome Theorems e=14
L. The Minimum Frocedures e-18
5. A Minimun Step RN e=25
6. The Uniqueness and the Generality of the . olution e=25

6., 1.OGICAL DESIGN OF THE CQPUTER =1 (102)
6.1 Introduction £=-1
6.2 Logical Properties of the Pasic Logic Jircuit =2
6.3 Algebraic I'ethods of Logical Uesign =3
6.4 §ejteh Diagram Simplification Method -9
6.5 Simplifiestion Including Memory <&l ements £-11

vi ¥



Chapter Page

6.6 Prelininary Design Considerations f-12
6.7 Uesign of Arithmetic Flemerts N
7. CIRCUITS OF THE COLFUTEE g-1 (129)
7.1 Introduction g-1
7.2 Bagic Logic Circuit of the Computer g=2
7.3 Ferformance Margin of the Rasic Logic Circuit =8
7.4 Buffer Amplifier £m13
7.5 Some Other Circuits =13

. A UNIT TO DISFLAY THE PERFORFAICE MASGIN OF THE BASIC LOGIC C¥moyiy

h-1 (145)
8.1 Introduction h=1
8.2 'arginal Checldng Parameters of the Tasic Logic Circuit h=2
8.3 The Principle of Display h=3
84y The Organization of the Display Unit h=6
1. FG: Pulse Generator L=7
. CC: Coincidence 'ircuit h==
. PSE: Power Source for iritter h-9
L. SFG and MSG: Strobing Pulse Generator and ! odulation Signal
Cenerator it
5. A 7e-7sb Raster on the C..I' Screen h=9
8.5 Lrrors in the ! easurement ‘ h-12
8.6 in Example of l.easurement h-12
.7 The Application of the Irinciple h-14
2.8 Conclusion h=14
Q. COMCLUSION i-1 (160)
AC KNOWLEDG EMENT (163)
REFERENCES 1 (161)

vii



viii

DS Fage

ADPEND
A. The Lonsole of the Computer and KDC=I TI/0 Characters pa-1  (167)
B. veiiuticons of the HiX-. Instructions vb=1 (17L)
B.1 Time "equired for Computation phm=y
B.2 I1legal Instructiocns b=/,
R,3 I1leral Address rb=l
bey Dome Votes on the Computer Iustrustions pb=5
1. Switches and Indicators pb-5
2. Instructions Cummonly Used fur Ecth Fixed- and Floating-toint Mumbers
3. The Contents of llegisters after Reading Operaticns pb=5
L. The Unnormalized Torm of a Floating-foint ‘umber rh=b
5,40 and -0 pb=&
Hs5 The Definition of the Cperation of Each Computer Instruction
pb=7
1. The Clear Operation pb-E
2. Fixed-Foint Uperations pb=9
3. Floating-l'oint Operations vh-18
4. Convertion Operations ob~27
5. 3ign Part Operations pb-2-
6. shifting Operations pb=-30
7. .ord Transfer Operations pb=32
8. 'ddress Transfer Uperations pb=-35
9¢ Block Transfer Cperations pk=34
10. Comtrol Cperations nb-29
11. Index Operations rh= 3
2. Logical Operations rh=/5
13. Special Cperations ph—i5
1k. Input-Output Operations and Tape Control Coles ob=ho
15. Yagnetic Tape Operations ph=-54 (73L)



Chapter 1
INTRODUCTION

Alinost all electronic disitsl computers designed and couabructed
today are of the stored program type suggested by the late Jonn von Neumann,
arnd 1o basically new type computer hasaSyet‘:‘:a‘gport.ed. towever, the develop=-
ment of the technicque of the design and construction of conpulers is
extremely rapid by the efforts of scientists and engineers. A new higher
speed and larger scale computercould solve many difficult problams which previsusly
could not be solved. A small-size and light-weight compubc.. .5 surely
an important practical value. It is not too mucligxaggeratim to say that
automation in data handling or information processing has Jjust made a
beginning creditable for an infant. There are indeed many things which
should be developed much further.

Fost theories concerning computing machineries treat 1a-.ct reguirements
for them, e.g., theories on the Turing machine are typicnl examples.
Computers actually built are ruch more coi, lex and useful ones in which
convenience is an im-ortant design fa:tor. Thus the theor; -f the design
for a whole computer has hardly becn developed. However, to 2 tiny well-
defined portion of the logic circuit algebraic rethods can be applied.

I'his thesis is concerned with the results <7 studies on the design
and construction of #n computer, achieved particularly through experience
in desipnins rnd constructing the Kyoto Universityr Digital Computer 1DC-I
(ku 1,2,3),(Ya 1,2). Develop:ents of corputer techniques are so rapid that
the KDC-I which was al a roment one of the lergest computers in this cowdtry
is considered at presenti:emediwn scale mediun speed computer. Ievertheless,

various Lechnigues developed for the «DC-I have been utilizel Tor other
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beey
computers and measuring instruments, and the KDC-I MShfunctioning daily

since August 1960 at the ceamputation center of the University. The work
thus deals with almost all phases of the design and construction, but
emphasis is laid on what is beliewved new and interesting.

The KDC~I is a product of a two year project of Lhe University com-
menced in 1958 aiming to establish a computation center to pranote
research in the University.

The KDC-~I has been developed and built in collaboration with Hitachi,
Ltd. and put into operation since ’‘ugust 1960 at the computation center .
Magnetic tape units have been added to the computer since October 1960 togetle
with a magnetic tape control unit which contains a high speed magnetic core
MEmory .«

The programming group at the University has alreadycompleted a fairly
extensive library of subroutines and very useful assemblers such as
SYCS-1 (Ki 1). Moreover a KDC ALGCOL 60 Compiler is now under develorment(Nal

Several computers had already been constructed at a few research
laboratories in this country at the time of the design of the KDC-I, However
scme of them were reported to be having trouble concerning the reliability of
the computers. .

(me of the design principles was therefore the construction of a
very reliable computer, and at the same time a computer which would enable
users to program very easily and would be {it for use by many University
research workers from various fields.

The actual design of the KDC=I was becun in April 1959. In September
the design had taken definite shape. The assembly had been started in Novemte
At the end of April 1960, computation had become poscible by the main rart
of the camputer. The back panel wiring design of the KDC-I was first done

involving many man-hours of work, and then in April it was redone by the



-mewdy operating KDC-I itself and the results were compared with its built-in
panel viring (Ya 9).

The process of adjustwent was believed promising in which, among
ninety-five varieties of one-and-a-half address instructions, a record has
been established of adjusting thirty instructionc in a day and various
floating=point instructions hawve been rul into operation with almost no
failures in lorics and in wirin- in spite of its beinp 2 new model and a
first product, which we believe has indicated progress in computer desig n
and construction technique.

The adjustment of the marnetic tape units and the margnetic tape control
unit consumed almost three months because of  lack of experience wunti]
various magnetic tape test programs produced by the Lyoto University
Frogramming Croup (Ku L) were operated correctly.

The KDC-I has already performed a vast amount of caleulations on vaious
problems which have Leen submitted by the staff and students of the
University.

ith two years of operating experience, we are gaining satisfactay

results from this computer.

In the subsequent three chapters the system, the instruction syster and
the magnetic tape s tem of the computer are describe’. The problem of the
initial read-in routine is discussed in chapter 5. In chapter 6 the logical
design of the ccmputer is described. The circuits of the computer and the
problem of the performance margin are presented in chapter 7, and a unit to
display the performance marsin of the bas’c logic circuit of the comyuter

is trected in chapter 8. Concluding remarks are given in chapter 9,



Chapter 2
PRCPOS3ED ORCGAMIZATION OF THE CONPUTED

2.1 The Desizn of the Kyoto University Digital Computer TC€-I

Basic factors of the system desicn of a computer arc (1, systen
requirements, (2) characteristics of feasible computer components, (3)
the techniques lmown, e.g., the methods of logical design, etc., (L) the
economics of the situation and (5) policy restrictions, like most other
engineering problems. In the case of designing a special-purpose computer,
syrsten requirements are a very clear factor. Illowever, in the case of
designing a general-purpose computer, the weight of the latter factors
described above increases.
In the case of the KIC~I, the second lactor was serious, since svine
of a not many connuters being constructed in this country were reported
to be having trouble concerning their reliability. The main electronic
circuits of these co-ruters used vecuwn tubes, pararetrons and transistors.
ts could be foreseen, solide-ahate cirenits were shovwinz ~cre favorable
perfomance. Amonr them transistor cireuits have been considered most
promisine with regard to thelr reliability, their sialler vower dissipation,
~heir flexibility in regard to circuit design, their speed of operation,un”
so on, Thud transistor circuits have been chosen for the main circuits of
the ! DC-I.
The most important design princinle wasg therof.re the construction of
a very reliable computer, and at the same time a oo suter wihich would enable
users to wrogran very easily and would be il feor wze b any University
research workers fro. various fields. rhe com'ztion sreed of the commuter
was not necessarily considered of prime immartsancz at the time of designing
since above all a reliable corputer had to be developed.

The important items of the commuter system bad been rouehly decided



by the Iyoto University and the mamifaciturer at the time when the author
joined in the project. !ain items of then were;- (1) that it must be a
decimal commuter, (2) that it performs imternal floating~point operations,
(3) that the instruction system rwst be the one-and-2-half address systen,
(4) that the length of the word is 12 digits including sizn, (5) the use of
the 6,000 rpm magnetic drum as a 4,200 word main memory of the computer
(6) the use of the diode loric and the transistor dymamic circuit which
operates at the clock rate of about 230 ke/s as 2 basic logic circuit, (7)
tine use of the photo-elactric tape reader as an input device, (8) the use
of the typewriter as an output device, (9) the use ol the magnetic tape as
an external mewory, and sc on.

Most of the items were regarded appropriate in view of the technical
level of the computer at that tiie. "he chief reason for a decimal system
was that the wmanufacturer wanted a general-ru- ose computer, thouzli the
author thought a binary system was more advantagecus in case of the
scientific use at the "niversity. The use of tae typewriter s an output
device wes one of the most serious ,roblems because of its low omeration
spead. To solve this problem, a high spesd punching device was plamned to
be installed sone tine in the future.

tne more serious problem to the plan was the relation netween the
one-an’-2-half ad.rz2ss instructinn system anid t he use of the H,ULL rpm
magnetic drum as a sain wewsry of the ca.puter, bec_use of the unbalance
between the operation ti~e =f the instructions an’ the memcry access time.
The operation time of wmost of the instru:ticns were estimated at the order
¢l zeveral hundrac- micro-seconds wiile the average rewory access time was
Sms. The delay line type quicl access r.aiory vliose averas: access tive
was 1.25 ms was added, and the situation had considerably been iLrmproved.
1t was expected that the high speed random access core memory would replace

the drum as a main memory of this comruter in the future. 4 rortign of



this expectation was fulfilled by using the 50-word core matrix memory

to the magnetic tape control unit of the comruter. It was very difficult
toemsiruct a large scale core matrix reuwory by using comeslbic memory
cores at the time of the design, z2nd the memerv cores for the 50 worrd memor:
were imported from the {eneral Ceramic Co. of the lnited States of America.

The most amxicus problem was the desisn of the magnetic tape mencry
because of lack of experience.

Concerning the comruter instructions, it was also very rougily
suggested, but it was slmost made anew and several new and interesting
instructions were added. Letalls are given in the chapter 3.

The main items of the computer system were thus decided and the work
for the detaild design had then been started. The main design principles
of the system are as follows;-

(1) The building-block schere was adorted, in which each unit, the cet ral
processing unit, the magnetic tape control unit, the magnetic tene units,
ete., constituted a building-block.  high speed memory unit and high
spead outout equipmenti, should be connscted to the computer in tihe future.
(2) To ensure the reliability of the computer » Parity checking and validity
checking (a redundancy checking of the 2CD code) were adoptel., Sven
paritr is examined at every storage register and an input register, whereas
validity errors are checked at all re:isters. The odd character parity =nd
the even channel narity are examined for each infor-ction blarlz on the
nagrstic t ane.

(3) To increase the overall processing speed of the computer, the speration
of the outmut and of the magnetic tape units is made concurrent with +hat
of the central processing unit.

(4) The magnetic tape units are coanected to the central processing unit

via a magnetic tape rontrol unit in which a magnetic core : emory is contained

and used as a buffer storage as well ag = high speed rerory to the cen tral
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prcesting unit.

(5) The progrenuing ought to be as slL.ple as vossible for the general users
ir the University.

(6) The speed of the operation of the :loating-poing and shifting instructiens
is made high in comparison with that of other instructions.

(7) At the operator's console,ﬁhe oY~ 1ting condition ol the canputer is
superviced and various contrels are #lso possible.

(8, The adjustment and mainternance of the computer must be si~-lc. Por
exzample a transistor dynamic flip-flo> cireuit ¢ ether ith diode lopic
circaits is mounted on a plug=-in type printed card.

(9) The same code is used for the mazretic tape as for the ;iu:ir bape, thus

keeping both codes consistent.



2.2 The Outline of the Computer

Before describing further details of the computer, the outline of the
computer is presented in this section.
The details of the operation and use of the computer are described

in references (Ku 1,2,3). A view of the KDC-I is shown in 'ig.2.l1.

(1) Type of the computer: A stored program electronic digital computer.

(2) Type of information accepted by the computer: Alphanuierical characters
encoded in 8 unit excess-16 binary number on perroiated paper
tape at the input and output (I/0) of the computer. In the
computer, a series of 12 decimal digits forms a word, and each
decimal rmmber is binary coded and treated in parsilel.

(3) Word: A word represents an instruction, a fixed or floating point mmber
or a character word. In Fig. 2.2 the structure of a word is
1lustrated.

(4) Instruction system: One and a half address. 95 varieties of instructions
including 9 instructions for magnetic tapes. The function to
clear the contents of the ‘ccumulator can be added to all
instructions, if necessary.

(5) Operation r}egisters and counters: A 23-digit double length Accunmulator
(AC, consisting of an Upper Accumilator UA and a Lower Accumilator
LA), a Multiplicand-Divisor register (D), and Order Register (OR),
three 4-digit Index Registers (IR 1, 2, 3) and a L4=digit Instruction
Location Counter (IC), which are all accessible from programmners.
Besides, there are a temporary Iultiplier-Quotient liegister (M),
an Output Buffer itegister (BR), an Input Register (IPR) and an
Output Register (OPR). Fir. 2.3 shows these registers and counters.

(6) Memory: 4,250 addressable storage registers in total, plus magnetic

tape memory,

1) Hagnetic core memorys 50 words with 50 us access time, which alse



Fig.?..l—VieW of the KDC-I.
In foreground fram left to right: the off-line
typewriter, the console typewriter, the operator's
console, the photo-electric tape readers and the
magnetic tape handler.
In background from left to right: the central
processing unit and the magnetic tape control unit.
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Mg ietic
AC: Accumulator,
UA : Upper Accumulator,
SRs LA : Lower Accumulator.
CE 5D Wards! MD: Multiplicand-Divisor Register.
— t_ l l | I I | I ’ I l OR : Order Register.
L : IRs: Three Index Registers:
o : W —&dNads .20 nr'(‘m‘.s‘) . IRL IR2 and ]R3
B = -“L_ l I | | I l l l l I LC : Instruction Location Counter.
= L | N=bancs (4,000 words) SRs : Storage Registers,
— \F— Il] [ [ T ] 1 l [ I CB: Core Buffer Memory,
i Q-bands : Quick access bands
of the drum,
r t F & N-bands : Normal access bands
| Lo of the drum,
‘i‘ m {): Registers not accessible from
| 7 programmers.
R (MQ): Multiplier-Quoticnt Register.
ik (BR) : Buffer Register.
m (IPR): Input Register.
. IRZ (OPR): Qutput Register.
LI ¢ sen v
IR v ¢ : Overflow hit.
DE A : Fixed decimal point.
- ® : Floating decimal point.
) p or v: Kind of checking,
OA p : Parity check,
ST (TTTTTTTTITLT v: Validity check.
v
L | M
——=J LI IIIII])
B v
MD
J=EENEEERERER
v ~
L uc: o4 as LA
I
d lillllllllHHHHH[n
5 v v

0FR

w
J
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Fig.z.,3-Main registers and counters and main information paths.
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serves as a buffer storage for the magnetic tape.

ii) Magnetic drum memory: 4,000 words on 6,000 rpm magnetic drum
with the average access time of 5 ms, 200 words in delay-line
type quick access memory with 1.25 msaverage access time on the
same drum,

iii) Magnetic tape memory: As many as four magnetic tape units can be
connected to the computer, two units have been attached to the
computer at nresent. A standard reel of magnetic tape contains
about 1,100 m(3,600 ft) Mylar base magnetic coating tape, capable
of storing about 7,000 50-word block, or 350,000 words, with the
block-transfer-time from 220ms minimum to 12 minites maxdinmum.

(7) Circuit: Diode logic and trasistor dynamic flip-flop circuits using
3 kinds of clock pulses and operating iﬁééingle phase at 230 ke
per second (Ni.1),(Ya 7).

(8) Operation time: (excluding only memory access, the time for the modification
of an address is included)

Addition: 0.5 ms for double length fixed point.

1.3 ms for double length [loating point.
Multiplication: 5.8 ms average for fixed point.
5.2 ms average for floating point.
Division: 6.0 ms averag&™for fixed point.
5.1 ms average for floatiﬁg point.
(9) On-line input-output: Two photo-electric tape readers: 200 characters
per seccnd each.

Console typewriter: 8 characters per second.

High speed punch is scheduled to be installed in near future.
(10) Magnetic tape: The same code as for paper tape. 9,600 characters per
FS second. 6.4 bits per mm., Off-line processors, such as magnetic

tape to high speed printer, are not available at the University

]
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at present.
(1.1) Organization: The corputer consists of the following: (refer to I'iz.2l);-
1. Central processiur unit (containing magnetic drm neory)
2. Uperator's console

7+ rhoto-electric tane readers sees 2 Bobs

4. Console typewriters vees 1 oset
5. 0ff-line typewriters ces. TAY
High speed punch vees (1) set

5. iagnetic tape control unit (containing masnetic core memary)
6. Magnetic tape unite cese 2 (L)% sets
* The mumber c¢f sets scheduled for installation.
The extention of magnetic core wesory and high sneed printer is aur
next objectives to the computer.
Fower is sunnlied to the computer through moter-zenerator vd tage
reculators.

The temperature of the machine roo~ ic kert ak around 20 degree C.

Further information necessary iu the subsecuent chapters is described

in the fcllowing sections.
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Iig. 2.4- Organization of the KDC I.

]

B0 b

N

g Uil

Central processing unit.
Operator’s console,.
Photo-cleciric tape readers.
Console typewriter.
Magnetic tape control unit.
Magnetic tape handlers.
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2.3 Forms of Information Accepted by the Computer

1. Input/Output (I/0) Characters

At the input or the output of the camputer, alphanumerical characters
are used like an english-letter typewriter. These characters are coded in
8 unit (excess=16) binary number.

The input device reads these codes whieh are expressed on a proper
perforated paper tape. Or these characters are read directly fram the keys
of the oil-lino typewriter of the computer,

The output device prints and/or punches (perforates a proper paper tape)

these characters.

These KDC-I I/0 characters and the paper tape character coding are
of Appendix A
listed in Table I and IIhrsspectively.

However, in the computer, only decimal nmumbers with signs are used.
So a conversion takes place when information are read:ipand written out.
Further details are described in the section "Input-Output Operations and
Tape Control Codes" of the next chapter.

2. Binary Coded Decimal (BCD)

The KDC-I is a decimal computer. Every decimal number in the camputer
is expressed in a binary coded decimal form (BCD), in which four bits
(binary digits) constitute a decimal number and each bit has its weight
l, 2, 4 or 8.

Details are given below;-

decimal mumber 01 2 3 L 5 6 7T 8 9
welght 1 01 01 01 010 1
welght 2 00110001100

BCD
weight 4 0000111100
weight 8 0O 0 0 0 0 0001 1

The + or - sign is expressed by O or 1 of a binary number respectively.

A word "set!" is used to place a number 1 (or -) in a bit, while a word

— vy
1
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"reset”" is used to place a number O (or +) ina bit,
3. Words

In the computer a series of 12 decimal digits is treated as a unit in
the memory or it forms a word. Each decimal digit is expressed in the BCD
and treated in parallel.

A word thus represents actually a 1ll-digit number with an overflow bit
(the weight 1 of the BCD number) and asign (the weight 8 of the BCD number).
Two bits in the weight 2 and 4 of the BCD number are not used at all.

Ordinary registers of the computer have the capacity to store a word.
There are 4,250 storage registers and some operation registers in the computer,

An instruction, or a fixed or a floating point number takes the form
of a word, So each is often called an instruction word or a data word
respectively, A data word is usually expressed in a fixed or a floating
number .

Typical usage of a word is shown in Fig. 2.2.

Negative number is not expressed in a complement form, but is expressed
with the magnetude and a minus sign.

L. Fixed-Point Numbsis

A fixed-point number as = data word 1s g ll-digit decimal fraction with
a + or - sign. Beside, a2 word has one more extra bit i.e. an overflow bit,
but it is neglected 1n most of‘_ti_t-xe fixed point operatlons,
Thus a fixed point number represents a.ll-digit number in the range
which is greater than -1 and smaller than -1l. Two kinds of zero, +0 and -0,
exist, but in most cases +0 1s used.
If the overflow bit is carefully used, it is not impossible to expand
the range from (+l, =1) to (42, =2) with a great difficulty.
Ordinary registers have g capacity of a word, but one of the operation registers
Acimﬂator (AC) has 23 digits with the AC sign (an overflow digit 4 11x2

_digits) or a double length of a word,
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The multiple length is performed by programming.

5. Floating-Point Numbers

A flaating-point number as a data word ise 9-digit decimal fraction or
mantissa with a 2-digit and 1-bit (an overflow bit) decimal characteristic
and a 4+ or - sign (which is shown in Fig. 2-Organization of a Word).

So if a mantissa with a sign is m, and an exponent is t, then a nunber x is;-
x=m#10t ; (0,1%) |ml<1 -100%¢ <499

There are two signs i.e. a sign of a number and a sign of an exponent.

To escape from the double sign, a characteristic (C) which is an exponent

plus 100 is used;-

c =t 4100 0€cf199
which needs 2 digits and 1 bit. This bit can be regarded in a sense an
exponent sign.

In the floating point operations, a floating point number is treated in

a normalized form i.e. in which the mantissa has no heading zeros. If the

mantissa is all zeros, a mumber is regarded zero, but its normalized form is
equal to the fixed point form zero, or a word has all zeros, or O * 10-100,
Thus a floating point number x in a normalized form represents a number
in the range; 0.1%x107100 x| < 0.1 x 100 amd |x| = O.
Since the Accumulator (AC) haa 23 digiﬁE?'a double length mantissa is
treated in the operation, and an exponent overflow ow u.n;lerflaw can be treated
to some extent.

65, Instruction Words

There are 95 varieties of instructions which can be decoded and executed
by the computer. The operation of these instructions are described in the
"Computer Instructions”. Only the form of an instruction is described here.
An instruction {8 coded in a number and occupies a word. So an instruction
word and a datea word are same in apperarence, But locations in which these

words are stored are easily traced. The computer traces and executes
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instructions in sequence specified by the contents of the Instruction
Location Counter (LC) as is described in "The Operation of the Computer'.

An instruction has a 3-digit function part (FH, Fps FU), a 2-digit
index part (Xy, Xy), a l-digit break point part (B), and a 4-digit address
part (Ag, Ay, Ap, Ay)s as is shown in Fig. 2-Organization of Words, Other
aigits of an instruction word are neglected in the operation of the
instruction.

The function part decides the type of operation performed and the
address part gives the necessary information in the operation. A number
in the address part can be modified by the contents of the Index Registers
(IR) specified byt he index part of the instruction. In this sense the

\’
instruction system of the computer is called one and a half address system.
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2.4 Registers and Counters

Informations are processed at and/or stored in registers. An register
has ordinarily a capacity of a word. Among operation registers and counters,
there are AC, MD, OR, IRs and LC. The main memory has 4,250 addressable
Storage Registers (SRs). All will be described in turn.

A1l these registers and counters are accessible from the programmers
i.e. the contents can be read and any necessary number of a proper size
can be placed in them by programming. Beside, there are various registers
and counters which help the operation of instructions, but they are not
accessible from programmers. Among these are a temporary Multiplicand-
Quotient Register (MQ, 12 digits ahd a sign) which is used for various
purposes,an Output Buffer Register (BR, 12 digits), an Input Register (IPR)
and an Qutput Register (OPR). These registers and counters behind the
scene are not described here.

1, Accumulator (AC), Upper Accurmilator (UA) and Lower Accumulator (LA)

The AC plays a most important role in t he operation of the computer.
The AC is used for various purposes, For examples, all results by aritlmetic
operations are placed in the AC. The Uoper Accumulator is used for the
storage for the input and output operations and so on.

The AC has 23 digits (an overflow digit and 11x 2 digits) and a + or -
sign (AC sign), while an ordinary storage register has 11 digits, an
overflow bit and a sign. Sinece the upper half (12 digits) and lower half
(11 digits) of the AC are often used separately, each half has its own name,
i.e. the Upper Accumulator (UA) and the Lower Accumulator (LA) respectively.
Accordingly the UA has 12 digits (an overflow digit and 11 digits) and the
AC sign, while the LA has 1l digits. OSince the LA 1s used for the storage
of the remainder as a result of the division operation, ; LA sign and a

LA overflow bit exist only for this purpose outside the LA part of the AC,

The name of each digit of the AC 1s as followsj-

b B
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The LA overflow bit (c')
The LA sign (s!)

LA

1
I
1
L

UA
L]

The AC: D I
s

vm1l098 76 54321 ml09rg71615141312111

8 : the AC sign (4 or -; reset to O or set to 1 respectively)

the overflow digit

<4

m : the most significant digit of the UA

1l : the least significant digit of the UA

m': the most significant digit of the LA

1': the least significant digit of the LA

s': the LA sign (4 or -=; O or 1 respectively)

c¢': the LA overflow bit (the first digit of the characteristic of a
floatin;Lpoint number in the LA)

As is described in the Fixed Point Numbers, the range of a fixed point
number is (-1, 41). Since the AC has an overflow digit, its range is (-10,
+10). The state of an overflow can be detected by various ways, and it
will be described in the Computer Instructions. The decimal point in case

of a fixed point number is therefor between the v and m positions of the AC.

v m l m 1

s
IHI 0/1]2[3]4]5]6]7 89012 3|4/ 5[6|/7[8/9|0|1|2

€

c(AC) = + 0.123 456 789 012 345 678 901 2
In case of a floating point number, the decimal point comes between

the 10 and 9 position of the AC. The length of the mantissa is 18 digits
from the 9 position to the 3' position. Numbers in the 2' and 1' positions
are neglected or reset to zero in most of the floating point operations,
The characteristic (v, m, 10) has 3 digits, but if it becomes 200 or larger
than 200, an exponent overflow is sald to have occured, and is detected by

various ways, and it will be described gh the Computer Instructions,
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€45
s v mlO0 9 1 m'1l0! 312111

[j 1/0/8(1[2]3[4]5/6]7|8|9}H0{1[2|3]|k[5]|6(78
o(AC) = - 0.123 L56 789 OL2 345 678 108 (c=108)

HI lQ 9171908/ 716]5[4 (31211 }0j1]2[3[4 567 glgig]

A

c(AC) = + 0.987 654 321 012 345 678 #* 103 (e¢=97)

When the LA is used separately, the decimal point comes between the
1 and m' position of the AC in case of a fixed point number, or between
the 10! and 9' position of the LA in case of a floating point number. Details
are found in the description of.the instructions DVJ and FDJ.
The 4, 3, 2 and 1 positions of the UA are also called the address part
of the UA.

tv
2, Multiplicand-Divisor Register (MD)

The MD is used for the storage of a multiplicand or a divisor, and for
other varicus purposes such as for camparison, an extractor and a temporary
storage.

The MD has a capacity of a word i.e. 11 digits, an overflow bit and
a. sign bit, quite the same form of a storage register.

The name of each digit and each weight is thereforethe same as that for
a word.
€.2

s m 1
Halz2l3{ulsl6]7lelolola

e(MD) = fx( + 0.123 456 789 0OL)

s m 1

Li2|3l1]2[3|4|5/6]7/8l9

4

¢(MD) = £1( - 0.123 456 789 i 10°2)
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3, Order Register (OR)

The computer reads an instruction word and places it in this Order
Register OR, and axecutes it by decoding each part of the instruction.

The UR has a capacity of a words, The name of the pesitions of digits of
the OR is thereforethe same as that of the instruction word in Fig, 2-
Organlzation of a Word.

It is possible to set manually an instruction in the OR and to execute
it at the console of the computer., This function is used for various ways
such as the insertion of an instruction in the program, setting the proper
number in the location counter LC and so on.

L. Index Registers (IRs3 IRl, IR2, IR3)

The Index Registers (IRs) are mainly used for the modification of the
address of an instruction, counting of the repetition of some operations
and so on.

There are three index registers; IRl, IR2 and IR3. Each has a capacity
to store a 4-digit decimal number without signs. Counting up and down is
made in modulo 10,000 fashion. All IRs can be used equally, but in the
operation of the instruction JXU, the comparison of the contents of the IRs

are made only with the IR1.

5, Instruction Location Counter (LC)

As is described in the Operation of the Computer, the Instru;tion
Location Counter (IC) is used to control the sequence of programs. An
instruction word in the location specified by the contents of the LC is read
and executed. Then one is added automatically to the contents of the LC in
the normal sequence, so the next instruction is read and executed and so on.
The control instructions change the contents of the 1LC conditionally or
unconditionally and the computer takes the next instruction from there and
proceetl from there (or the control jumps).

The LC has 4 digits without sign. If the contents of LC contains a



number other than 0000~4L249, zeros replace the whole contents of the OR
and the computation stops.

The contents of the LC is also used for the modification of the address
of the instruction whose location is specdified by the contents of the LC.
This time, the LC is treated just like the Lth index register or IR4 (to
specify the LC, 4 is used, while the IRl, 2 and 3 are specified by 1, 2 and 3).

6. Storage Registers (SRs)

There are 4,250 5torage Registers in total as a main memory, each of
which has its own address (0000-4,249). A main memory is augmented by an
auxiliary memory or a magnetic tape memory. This item is described in
the Magnetic Tape Memory. Magnetic cores and a2 magnetic drum constitute
a main memory. Ikach storage register has a capacity of a word i.e. 12 digits,
An extra parity bit is added to eaqg decimal digit (even parity) when infor-
mation is stored (a word: 5 bits parallel 12 digits series). The parity
check is made when reading these informations. The access time of each
storage register depends on the type of the memory.

(1) The magnetic drum memory

Information 1s magnetically stored on the surface of the rotating drum
{ca. 6000rpm):§§%§§e out of many Read/Write heads write or read words on
or from the magnetic drum. It needs ca, 10Oms per one revolution of the drum.
The periphery of the magnetic drum under these five heads stores 200 words
(2,400 bits per head), and is called a normal band of the magnetic drum (N-
band). There are 20 normal bands (or 4,000 storage registers). Therefor
the average access time is ca. 5ms.

Beside theve, there are four quick access bands (Q-band). One quarter
of the periphery of the magnetic drum is used for a Q-band, and has the
capacity of 50 words with the agerage access time of ca. l.25ms (total 200

words)s In each Q-band five write heads write words,and five read heads

F8
spaced a quarter of the peripheral length apart from the write heads in the
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dirsection of the revolution read these words. Then five erase heads erase
(or reset all rumber to zeros) all these words. Information read is fed
back to the write heads, so the information recirculates in each Q-band.

To provide an address to each location of these storage registers,
a Drum Location Counter (DL) counts numbers in synchronism with the revolution
of the drum. Since 200 words exist in the periphery, the DL counts from
0 to 199 in modulo 200 fashion per revolution, and for the Q-band the contembs
of the DL is decoded in modulo 50 fashion.,

To access to the storage register of a certain address, the computer
selects a certain band and waits till the DL counts a certain number.

The address (AK, Ay, Ap, Ay) of each storage register is as followes;

»
Normal Bands: (0000 — 3999) (average access 5ms)

N-bard 1 : 0000 - 0199
2 : 0200 - 0399
20 : 3800 - 3999

Quick Access Bands (4000 - 4199) (average access 1,25ms)

Q-band 1 : 4000 - LOL9
2 i 4050 - LO99
3 : L1000 — 4149
L s 4150 -~ 4199

-——

In the N-band, Ay, Ap and the weight-1 of the AHr(or Ay, Ap, Ay in
modulo 200) is used for the coincidence with the contents of the DL. Other
information is used for the selection of the N-bands,.

In the Q-band, Ap and Aj in modulo 50 is used for the coincidence with
the contents of the DL in modulo 50. Other information is used for the
selection of the Q-bgpda.

(2) The magnetic core memory

Ir has a capacity of 50 words and is a random-access memory with 50us
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access time. Information are storéﬁ in the magnetic cores arranged in
matrix in one bit per one core basis. Just the same way as of the drum
memory, parity bit is added to each digit of a word. The | rity of infor-
mation are checked whenever information are read.,

The address isj 4200 - 4249.

The usage of the core memory is suspended during the most of the
magnetic tape operations. Detainls are described in the Magnetic Tape

Operations.
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2e¢5 Error Checks

Two kinds of checks are employed in the computer; a parity check and
a validity check.
(1) The parity check at the Input

A code of each I/0 character has a (even) parity bit, which makes the
nunber of 1ls in the code even. If an odd number of ls in the code is detected,
the computation stops at the end of the operation of the current instruction,
and sets on the HALT lamp and the INP PARITY CHECK lamp on the console.
(2) The parity check at the Storage Registers

Bach decimal code is coded in the BCD form with four bits. An e:ﬁ.ra.
bit or a even parity bit is added to this four-bit code. When reading
information fromt he SRs, a parity is examined. If an odd number of 1s in
the code is detected, the computation stops at the end of the operation of
the current instruction, and sets on the HALT lamp and the DM or CORE
PARITY CHECK lamp on the console dpending upon the type of memories in
which the error has originated.
N.B. In Q=band of the drum memory, the parity is constantly examined,
(3) The validity check at all the reglsters and counters

In the BCD, 10 out of 16 states of a 4-bit number are used, and other
6 states are therefor a forbidden combination of a 4-bit number., This
forbidden combination is constantly check by the computer, and this check
is called a wvelildity check. This check is made in all the operation
registers and counters and-the storage registers. When this kind of errors
is checked, the computation stops & the end of the operation of the current
instruction, and sets on the HALT lamp and the VALIDITY CHECK lamp on the
console.
(4) The dual parity checks of the magnetic tape memory.

This item is described in the Magnetic Tape Memory.

(5) These check lamps are extinguished by depressihg the START or SS button

-
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>4
on the console which at the same time starts the operation of the next

instruction in sequence, -But if a parity error is being checked at the
Q~bands of the drum pemory, or a validity error is being checked at the
operation registers, and since these checks are constantly made, the compu=-

tation stops once again by these checks unléss these error should be removed.



Chapter 3

INSTRUCTIONS o THE CCYPUT N

21 Introduction

The nost suitable set of instructions te the cor puter used - the
staff and students of Kyoto University cznnot be decided uniouely. *t
Tirst Hitachi, Ltd. suggested the onc which iwias based on a set of instruc-
tiens developed for the ETL Kark V cozputer of “lectrotechnical Laboratory
cf Japan. Tt became the basis of discussion betireen Fyoto Universi'; and
Hitachi, Ltd. at the begimning. However, it was pointed out thot there iire
ey ambignities in definitions of the instructions, and roreovar thers were
too nmany arithr ~tic onarations in comwerison with non-nrithi=t ic operetions
such an shifting, transfer, control, index ~nd logical operaticns.

The original plaa was composel of aobout 13C instructions, =nd zfier

series of joint Adiscussions it became zlmogt a ne’ set eof instructions.

Frofessor T. Szlii of Kyoto University erphacsized the inperisnce of
¥
lopical operaticsns in comnection with the problen of pattern recozaiti-ns.

The author analysed the sugrestiecns ~n? resched to a conclusizn that not

)

only the cperaticn between words or between decival disits bubt =2lzo th

9]

[

o g1 I

Sl M

(1]

operation between munber: of different weichts snd hetween bits are n
in gpite of the decimal structure of the machine. The instructi=ns which
perforr lorical opecrations irere thus developed. The author who had to
perforn lorical desl~n of the couputer and for that purrose was sent to
Toruka {Jorks of Hitachi, Ltd. fron the University had nade a final draft of
the FDC-~I instructions for Hitachi, Ltd.. znd the draft was then surreoied
by Hitachi, Ltd. to ¥yoto University and it was finally approved by both
with some corrections.

The instruction syster: of the commuter is one-ancd-a-half addrags op

)
0]

ingle address with the address modification function by the contents of

o
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the IRs. Ninity-five varieties of instructions irncludin~ nin~ instructions
for rasmetic tapes was finzl’y adopted. The funetion Lo clear the contents
of the £C can be added to all instructions, if necessary.

By providing a rather rich rcpertory of instructions and a decimal
structure to the machine, the pro;raw ing for the commuter is expected to
become much ecsier than for existirg machines.

and

In this chapter nain features of the instruections, a list of ¥Ki'-I
instructions are prescnted in the first place, znd then the details of
logical and specisl instruetions, which arc thourht nev and interasting,

will be described. The details of the definition of 211 ¥IX'~-I instructions

vwill. be given in Appendix B.



3.0 & List of KDC=-I Instructions

Refore presenting a list of instructiions, necessary iaforaticn is
viven foir the convenience of describing the corpubter instruction as con-
sicely a.: nossible.

1. 3ymbolic Codes

(1) The s:vbolic representation of an instruction
As is described in the instruction word, the necessarr information in
crse ~f describing its operation are a function nort (?“, Fps ?U), an index
part (%, %), and =n addvesa part (Ap, Ay, &y, Ay). A brez point has
rather an independent function, so it is enocugh to describe it once separately.
Every instruction has its own 3-alphabet mnsmonic symbolic code, e.g.
the "subtract! operaticn has its gy—bolic code 3UB, andhts nunerical code
is 104 or the function part of this instruction muszt be 104. The address
“
part are described by a symbolic address °, and if the modification of the

address is —osszible by the IRI and J, the instruction is written as SUB IJ

A, ete. (Pt ., =; in the op=rction of this instruction, the numbers in the

rcdaxr parts are neslected in the onerstion.)

[

address and the
(2) Symbols concernins the index part of an instruction

The inide:x part (XX, %q} of an instruction is used for various ways.
But mainly this pert is used to specify the index registers in question.
The 171 is specified k¥ 1, IR2 by 2, and IR3 by 3, or syrbolically IRJ is
specified by J,and so on. 3ince this part is used for various puryoses, the
following symbols are often used according to the usase of the part, though
the usase of any symbols I3 zcllowed;-

I,J 1+ In case of the modification of an address.

2. T or Jd can be 1, 2, 3 or L (e(1C) is used). But in some
. situwation I, J, K and L are used for IR1, 2, and LC respectively

1 : In case of the Index Operations where the IR cn which the operation

)

is rade should be specified by the Xx part (H= 1,72, 3. -



¥ : In case of the instruction TLU vheres the location to vivich the control
right jump should be prenared in the c(IR17) (8 = 1, 2, ..

@ : In case of the instructions LDk, ST.,where the number of a cuicl: band
should be specified by the Xx part (& = 1, 7, 3, 4; irrelevant to the

IRs).

1em

S ¢ In case of the instruction JSK where ocn: ocut of fivc_,@;_switches on
the console should be specified hr the ¥x port (S=1, 2, 3, L4, 5

<3

irrelevant to the Ils).

—
-—
e

In case of the l'agnetic Tepe Operations there one out of four rrarnstic
tape handlers should be specified (N =1, 2 at prescit: irrelevant to
the IRs). :

(3) Symbols concerning the address part of an instruction

4 : a symbolic address (actually four digits)

E : an effective address or modified address (actually four disits)

n : a symbolic mmber which specifys a number of shift, & nwibsr of
characters, ete. This n is written in the address part of an
instruction, but it Jdoes not specif’ an address.

w ot oa type of a character and & number of multitude in the instruction [SPF.

2+ The llodification of an Address

‘A murber in the address part of an instruction can be rodificsd by the
contents of the I51,2,3 and/or the 1C specified by each muiber in the
two-digit in”exr part of an instruction. The index part of an instruction
is use! for warious ways as iescribed in Llhe previous pararrerh.

In the description of each cornputer instruection, the symbol T =nd/or
J are used when the index part is used to snecify the Ills or IC for the
modification, and the symbol H is used when the index part is used to specify
the one of the IRs on which the operaticn is made. The modified address is
often called the effective address, denoted as L.

The modification is made just before the execution of the current

- -
— -
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instruction at the OR, The c¢(I:!) or ¢(IC) specilied Ly th~ swirbol J is
added to the address rart of the instruction in .odulo 1C,000 and then the
c(IR) or c¢(IC) spocified by the syrbol I is added to the sddress part of
the instruction in medule 10,000,-

If the wnodification is unnscessary, zero shoul! be written in esch of
tha XH or ix position. I the sprbol I or J =1,7,2 ov 4, tie IR1,2,3 or the

LC is gnecifind respectivell .

e.v. ), AUND LT A SeaIdi= (Il +c(d) + )
ADD 17 & e c(lil) ¢ c(IN2) ¢ A
ADD 30 A Tz efIv3) «c(IC) & 2
ADD 22 A e 2%(l'2: 44
ADL 01 & BE c(IRl) ¢ A
ADD CO A E= A

SLS IJ n $Idn = c(I) #c(J) +n

Guitss,  JEL HI A& L= BJAS eld) ¢+ A
JYL g A b= e(I2) ¢4
JiL T A Lz e(It) A
JXL HC A E= A
S5 HI n #n

43
-

The Preal- Foint

The Dresl: toint part of sn instructi-n is used when “he cormitation

cf a prosrron shodd be storred at the pre—deter ined instruction for con-

1

ventenece of a rrorron cnecli.

The computation is stop»d at thz end of the on rotion of the instruection
vhose frealk Point port his an oad nurber, only vhen the B button on the
console is sat on, & the hALT lamp on the console Iz turnsd on. If the
START button on the consele is denresse~, the noxt instruction in sequence

is started.

- - .



Thus if the B Button is not set, the computation is not stopped

regardless of a2 number in the Break Point part.

4. KDC-T Instructions

In Table 1 a 1list of the KIX-I instructicons is presented. The mmerical
operation code, the symbolic code, thz operation time cnd the explanationof
each instruction are described in the ascendin~ order of the numeric:l
opzration codes. The details of the definition of all £DC=] instructions

will be given in Appendix B.

.y,



TABLE 1. KDC-1 INSTRUCTIONS

| SODE | INSTRUCTION | TIME (ms) | TITLE and OPERATION
| 100 | ADD IJ A | 050+AitAa | Add.
i I c(AC)pUA f-ct#IJA ) —c(AC.
i 102 ‘ ADA 1J A 050 FAL| Aa [ Add Absolute.
| ’ c(AC)pUA | [c(#IJA)| -c(AC).
, 104 SUB 1J A 0501 Ai - Aa ; Subtract.
| L ¢l ACpUA-¢ 2IJA)--c/ AC).
I 106 SBA 1J A 0.50 + Ai+ Aa | Subtract Absolute.
| c(AC)pUA—|e(#1JA)|—-c(AC).
110 ADM 0.50+ Ai l Add MD.
ct AC)pUA +c(MD) —cl AC ).
114 SBM 0.50+ Ai Subtract MD.
¢ AC )pUA-c(MD) —ct AC ).
I 120 MPA 1J A 58av At Aa Multiply and Add.
! c(AC) +c(MD)#c(21JA ) --c(AC).
| 122 MPS 1J A | 58av+Ai+fAa | Multiply and Subtract.
; c(AC)—c(MD j+c(#IJA) —+c(AC).
{130 RAA IJ n 0.50 - Ai Raise Address.
| c(AC)pUAad + #1Jn —c( AC .
134 | LWA IJ n 0.50+ Ai Lower Address.
' c(AC)pUAad-#1Jn —c(AC).
138 | RND IJ n 0.50- Ai Round.
: c(AC)rnd —c(AC).
140 | ADR IJ A | 69av+Ait+Aa | Add, Divide and Round or Halt.
; [{c(AC)pUA+c(#1JA)},c(MD Jrnd —c(UA);
| 0—c(LA), or Add and Halt.
150 | DVY 1J A 6.0av-+Ai Divide or Jump. .
! c(AC)/c(MD)—c(UA); Rem—c(LA), or Jump, [R].
152 DRJ 1J A 6.6 av-+Ai Divide and Round or Jump. .
{c(AC)/¢(MD) yrnd—c(UA); 0—c(LA), or Jump. |
160 ADL 1J A .55+ A1+ Aa Add to LA.
c{ AC )pLA 4 c(#IJA) —c[AC).
162 AAL IJ A 055+ Al Aa Add Absolute to LA.
| c(ACIpLA + |c(#IJA)|--c{AC).
164 , SBL 1J A 055+ Al Aa Subtract from LA.
| C(AC )pLA-c(#1JA) —c(AC).
166 | SAL I1J A 0.55- Ai + Aa Subtract Absolute from LA.
' c(AC)pLA-|c(#1JA)|--clAC).
[ i
200 ' FAD 1J A 134 Ai4 Aa | Floating Add.
; = | clAC) | a#IJA) —ct AC .
202 1 FAA 1J A 131 Ail Aa Floating Add Absolute.
i clAC )+ |c(#IJAY|-~cl AC
204 | FSB 1J A | 134 AitAa Floating Subtract.
} c(AC) - c(#IJA) -+ i AC),
206 1 FSA 1J A 1.3+ Ai +Aa Floating Subtract Absolute.
| clAC) Jel#IJA)| ~c(ACH.
210 | FAM 1.3+ Ai Floating Add MD.
‘ | c(AC) {e/MD) -ct AC).
214 | FSM .. 1.3 +Ai . Floating Subtract MD.
: ¢l AC)—ctMD) - ~ct AC .
J
221 FMP/1J A | 52av | Ai4 Aa | Clear and Floating Multiply.
] cMDi+c #1JA) - ¢(AC).




NUM.
CODE
223
238

240

250

252

300
302
304

e

502

510

512

TABLE 1.

INSTRUCTION TIME (ms)

FMC/ 1J A

FRD IJ n

FAYV 1J A

FDJ 1J A

FDR 1J A

STO IJ A

SLA 1J A

STM 1J

>

STA 13J

>

STL 1IJ A

PAM -

LDM 11J

.

LDA 1J

CMP 1J

FSL 13J

TLU M)

Lre QJ

F I S

sSTQ@ QJ

FFL . -

FFX 1J A

EAD IJ A

ERE IJ

Ssp -

CHS -

52av+Ai+Aa
0.55+ A1

6.7 av+ Ai+ Aa

S.1av-tAi

5.6 av+ Ai

035+ Ai+ Aa
035+ Ai+ Aa
0.35+ Ai+ Aa
0.35+Ai+-Aa
035+ Ai+Aa
0.35+Ai

035+ Ai+ Aa
035+ Ai+Aa
055+ Ait+Aa '
0.95av + Ai+ Aa

55av+Ai+Aa

i 29+Ai+Aa

29+ Ai+Aa

0.80+ Ai

0.55+ Ai

055+ Ai+Aa

0.35+Ai+Aa

0.30 + Ai

0.304- Ai

(Continued)
TITLE and OPERATION
Clear, Floating Multiply and Change Sign.

~c{MD)#c(#IJA) — c( AC).

Floating Round.
¢(AC)rnd —c(AC).

Floating Add, Divide and Round or Halt.
[{c(AC)+c(#1JA) }/c(MD)]rnd — c(UA) ;
0-+c(LA), or Add and Halt.

Floating Divide or Jump.

c¢(AC)/c(MD)—c(UA); Rem—-c(LA), or Jump,[R].

Floating Divide and Round or Jump.

{c(AC)/c(MD)}rnd—c(UA); O—c(LA) or Jump.

Store.

c(UA) —c(#IJA).

Store LA.

c(LA) —c(41JA), N.B. R-ind.
Store MD.

c¢(MD) — CQF’IJA).

Store Address.

c¢(UA)ad —c(#1JA)ad.

Store Location.

c(LC) —c(#IJA)ad.

Place UA to MD.

¢(UA) —c(MD).

Load MD.

c¢(#1JA) —c(MD).

Load Address.
c(#IJA)ad — c(UA)ad.
Compare.
c(LCY+1,2,3—c(LC), if c{MD)Sc(#¥IJA).
Floating Store LA.

¢(LA) —c(#IJA).

Table Look Up.

loc(e(MD)) —c(OR)ad, [P], or ¢(M) —c(LC).
Load Quick Access.
c(#JA), -+ —c(Q#JA), -
Store Quick Access.
c(Q#JA), -+ —»c(#TA), -

Fixed to Floating.

fx(c(AC)) to fi(c(AC)).

Floating to Fixed or Jump.
fi{c{AC)) to fx(c(AC)), or Jump.

Extract and Add.

c(AC)pUA +c(#IJA) & c(MD)odd —c{AC).
Extract and Replace.

c(UA) & c(MD)even U c(#IJA) & c(MD)odd
—c(UA).

Set Sign Plus.

|e(AC)|—c(AC).

Change Sign.

-c(AC)—c(AC).

e

c-8



514
516

518
520
522

|- 530
532
534
536
538
550

552

630

632
634
636
638

710
712
714

750

752

I 754

‘NUM.
CODE |

i

NOP
NOT

AND

IOR

SLS

LLS

LCS

SRS

LRS

WAN

WOR

SEL

RIN

WRT

WSsP

FWR

HIM
JSW
JMP
JMI

JUN

JINZ

..

1J

1J

1J

13

iJ

iJ

IJ

1J

1)

1]

IJ

SJ

IJ A

13

IJ

IJ

A

INSTRUCTION | TIME (ms)

0.35+ Ai

1.4 av+ Ai
035+ Ai+Aa
0.35+Ai+Aa

0.55+Ai
0.55+Ai
0.55+ Ai
0.55+ Ai
0.55+ Ai
0.35+Ai

0.35+Ai

0.35+ Al
PTR; 200ch/s
0.35+A1;

8ch/s

035+Ai;
8ch/s

0.35+Ai;
8ch/s

0.35+ Ai
0.35+ Ai
0.35 - Ai
0.35 | Ai

035 A

TABLE 1. (Continued)

0.35 + Al

-9

TITLE and OPERATION

No Operation. |

NOT. 3

c¢(UA) & ¢(MD) U c(UA) & c{MD)—c(UA);
0—c({UA, 8). .
Shift and Count, o
LLS until 1st non-zero appears in UAm, and shift
count — c(OR)ad, [P].

AND. - m
{c(UA) & c($1JA)} & c(MD) U c(JA) & c(MD)
—¢c(UA); 0—c(UA, 8).

Inclusive OR. _—
{c(UA) U c(#1JA)} & c¢(MD) U ¢(UA) & ¢(MD)
—c(UA); 0—c(UA, 8).

Short Left Shift.

left shift of c(UA) by (#IJn);,, places.

Long Left Shift.
left shift of ¢(AC) by (#IJn);, places.

Long Cyclic Shift.
cyclic left shift of c(AC) by c(#IJn),,, places.

Short Right Shift.
right shift of ¢(UA) by (#IJn),,, places.

Long Right Shift.
right shift of c(AC) by (#1Jn);, places.

Weighted AND.
c(UA, 1) & c(UA, #1Jn) —c(UA, 1); 0—c(UA, 2, 4, 8).

Weighted OR.
c(UA, 1) U c(UA, 41Jn)-+c(UA, 1); 0—c(UA, 2, 4, 8).

Select Component.
select I/O Component specified by #IJn.

Read-in.

read (#1Jn),,, char. into c(IJA) ‘
in mode specified by (#1Jn},. :
Write. !
print and/or punch (#1Jn),, char. from c(UA) l
in mode specified by (#1Jn),. i
Write Special.

print and/or punch a char. specified by

(#1Jm), 5 (#IJm),,, times.

Floating Write.

print and/or punch fi(c(UA)).

Halt and Jump.
halt and #IJA — c(LC).

Jump by Switch.
#JA —c(LC), if Switch-S is on.

Jump.

#IJA -+ c(LC).

Jump on Minus.
#IJA-+c(LC), if ct ACY-T -0,
Jump on UA No Zero,
FIJA —c L.C), if c(UAYF=0.

Jump on No Zero.
#ITA -~ ciLC, if ¢[AC)Z0.



|

NUM.
CODE
756

758

820
822
830
832
834

850

852

854

856

860

910

912

914
920
922
930
932
934

936

950

952

TABLE 1.

| INSTRUCTION | TIME (ms)
| JOV 1] A | 035:Ai
JEO IJ A | 0354Ai
| |
|
LXA HJ A | 035+Ai+Aa
!
STX HJ A | 035+AitAa
]
 SEX  HI n | 035+Ai
RAX HI n | 0354 Ai
| LWX HJ n | 035+Ai
|
S IXT, HY A | na5+Aj
|
| JXR HJ A | 035+Ai
|
| JXU HJ A | 035+Ai
|
| |
l JSX HJ A | 035+Ai
PSX IJ A | 035+Ai+Aa
| BTP NJ A 045+ Ai; 220
TPB NJ A | 17.0+Ai; 220
BLS NJ A | 045+Ai;
100*n - 120
DMB -J A | 290+AitAa
|
BDM -J A  290+Ai{Aa
| , ;
RWD N- - | 045-+Ai; 20;
| av.ca. 450cm/s
BST N-: - | 0.45-+Ai; 220
TTP N- - | 045+Ai; 220
ETP N-: ‘ 0.45 - Ai ; 220
| I
i] TG -3 A 1‘ 045 + Ai
| JTE NI A | 045+Ai

)
hal

|
P
|
!

I

(Continued)
TITLE 2nd OPERATION

Jump on Overflnw.
#1JA —c(LC), if c(UAW==0.

Jump on Exponent Overflow.
#I1JA —c(LC), if c(UA)v =2.

Load Index from Address.
c(#JA)ad — c(H).

Store Index.
c(H)—c'#JA)Ad.

Set Index.
#Jn—c(H).

Raisc Index.
¢(H) - #]n »c/H.

Lower Index.
¢(H)—#]Jn—c(H).

Jump with Index Lowered.

if ¢(H)==0, #JA —c(LC), and c(H)-1 —=c(H),
or if c(H)=0, normal seqg., and 9,959 —c(H).

Jump with Index Raised.

if c(H)=0, $JA —c(LC), and c¢(H)+1—c(H),
or if ¢f#) =0, normal seq., and 1 —c(H).

Jump with Index Unequal.

if c(H)==(1R1), #JA—c(LC), and c(H)+1-+c(H),
seq.,, and c¢{M+1

or if c{H)=c(IRl), normal
—c(H).

Jump after Set Index from LC.
¢(LC) -»c(H), and #JA —c(LC).

Set Pseudo Index.
c(%#1JA)ad —c(OR)ad, [P].

Buffer to Tape.
¢(CB) and #2JA —»c(MT, N; #JA)
Tape to Buffer.

¢(MT, N)—c(CB); if block No.=#JA, skip next

instruction, [TC].

Blook Scarch.
c(MT, N; #JA)}--c(CB), [TC].

Drum to Buffer.

c(#IJA), -+ —c(4,200), -
Buffer to Drum.

c(4,200), «+ —c{%IJA), -
Rewind.

rewind (MT, N) to its load point,
Back Space Tape.

test ¢/MT, N) in backward direction, [TC.

Test Tape.

test c(MT, N) in forward direction, [TC].

Erase Tape.

erase onc bleck length of (MT, N) in forward

direction.
Junip on Tape Good.

if TC~ind. is off, #JA-—c(LC), or if on, normal seq.

Jump by Tape End.

if No. N TE-ind. is on, #JA -~ c(LC),

or if off, normal seq.

c-10



TABLE 1. (Continued)

Notes

The operation time i1s unchanged whether or not the modification of the address oi an instruc-
tion takes place. The time for the modification s included in the operation time.

For the instructions which permit concurrent operations, the time needed for the central
processing unit is written first, and the time needed for the output unit or the magnetic tape
control unit second and so on.

Symbeols and Abbreviati-ons

Ai instruction access time.
Aa : data access time.
— the replacement.
# the modification of the address of an instruction by the index registers,
eg. #IJA=c()+c(])+A (in modulo 10,000).
& @ logical AND.
U : logical OR.
— : logical NOT.
rnd . round off.
Rem: remainder.
P-ind.: if the P-ind. is on, the address part of the next instruction in sequence is modified
by the result in c(OR)ad of the former instruction, or if off, normal.
R-ind.: remainder indicator.
TC-ind.: magnetic tape check indicator.
[P], [R] or [TC]: the type of an instruction which affects P, R or TC-indicator.
c(X): the contents of the register X, e.g. c(AC), c(#IJA), etc.
c¢(I), ¢(J) or ¢c(H): the contents of thc index register IR I, J or H.
c(Y)ad: the contents of the address part of Y,
c(AC)pUA : the contents of the AC, on the UA part of which the operation is made.
c(UA)v: the content of the 12-th or the overflow digit of the UA.
c¢(E) & c(MD)odd: the extracted ¢c(E) by the odd numbers in each digit of the MD.
c(CB): the contents of the core buffer memory.
UAad: the address_part of the UA.
UAm: the 11-th or the most significant digit of the UA.
(#IJn)i: the number of the i-th digit of #IJn.
loc(m/2): the location of a data word whose contents are m/2.
fx(x): a fixed-point number x, e.g. fx(x).
fily): a floating-point number y, e.g. i(n).
Q#JA: the address in the quick access band No. Q which satisfies Q¥JA—#JA (in modulo 50).
c(UA, i): the contents of 11 bits specified by the weight i of the UA excluding the UA
overflow digit.
(MT, N): magnetic tape in No. N magnetic tape handler.
c(MT, N): a block on (MT, N)
c(MT, N; #JA): a block whose block number is #JA on (MT, N).
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(10) Control Cperations: Fourteen kinds of control operation. Since the
AC 4is a double length register, the state of not beirg zero should bte ex-
pressed in two ways i.e. "the c(UA) are not zero" and "the c(AC) arc not
zerc'. Two control instructions which can test each of the above states
are erployed (JUN and JEZ). The instruction JSV can test the state of
switches on the operator's console. The instruction JSX is particularly
useful for the linkage of subroutine since the ¢(IC) is stored in ore of
the IRs and at the same time the control Jjunps to a specified location.

The instruction CMP is designed to perform the following operation;-
the c(MD) are compered with the c(E) (E=the specified location). If the
c(}2) is greater than the c(E), the control is in normal sequence, if
equal, skivs the next instruction, or if smallcr, skiis the next two instruc-
tions and proceeds fron there. Furthermore this instructicn can be used
forg;ormalized floating=point numbers as well as for {ixed-point mumbers,
since the charzeteristic of e floating-point mumber is placed at the head
of a word and a mantissa is placed next to it.

(11) Index Operations: The c(IR) can be replaced, increased, decreased or
stored. Brief functicns of the IRs are;-the direct indexing by the IRs,
while the indirect indexing is performed by utilizing the instruction FPSX.
The modification of the address part of an instructien can be done twice

by the c(IR) and/or c¢(LC). The instructions concerning the index operations
can be also modified by the ¢{IR) or c¢(IC).

(12) Logical Oper-ticns: Since these operctions have interesting properties,
full details will be given later. Brief operations are: digitwise extrzct,
bitwise extract, AND, OR and NOT operations.

(13) Special Operaticn: New instructions which are difficult to classify
hav; been gathered, and since these instructions exhibit also interesting

properties, depeils are fully described later.

— - -

(14) Input-Output Operations and Tape Control Codes: Selection of one or
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several combinations of various I/0 components. Alphamusericsl and
nunerical I/0 instructions and a floating-point form output instructicns.
A single read-in instructicn RIN can read an instruction, a fixe!-point or
a floating-point number by using some speclal charecters on paper tzpe,
which are called Tape Controcl Codes.

(15) Magnetic Tape Operaticns: Briefly the instructions perforn: writing,
reading, testing, erasing, rewinding and exanining the tape end and the
parity error. By the operations, the magnetic tape is moved forward or
backward, or is rewound, or is not moved. Any four-digit block number can
be written. The block number can be used for the search and the confirma-
tion of a bleck. Defective portions of the magnetic tape can be detected

and slkdipped by suitable prograrming.

3.4 Details of Logical and Special Operatiocns

Since the instructions concerning the logical and special operations
have various interesting properties, the full details of these instructions

are described. The same symbols and abbreviations used in the previous

sections will be used.
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Logical Qperations

-

The following instructions are described; FRI, AND, ICR, NOT, WAN, WOR,
The instruction EAD is explained in the Fixed Point Arithmetic Operations.
(in Appendix B)
The logical operation is made by regarding a zero or one of a binary
nunber, four of which can constitute a binary coded decimal number (BCD code),

as a false or true value of a logical wvariable respectively. The truth tables

for the logical AND, OR and NOT (whose symbols are &, U, ~ ) are as follows;

X v x & ¥y x U ¥y x X
0 0 0 0 0 1
0 i 0 L 1 0
1 0 0 1
L 1 1 1

Each bit has a weight in BCD code, i.e. 1, 2, 4 or 8 and 2 bit is called
a bit of the weight 1, 2, 4 or 8 respectively. A particular bit in a register
is specified by a number of the digPt position and a number of the weight.

The symbol c(UA,1) is nsagohahgz; contents of 11 bits specified by the
weight i of the UA excluding the AC overflow digit. The c(MD) can be used
as a digit-by-digit extractor for ERE (and EAD), or =& a bit-by-bit extrector
for AND, IOR and NOT. Numbers in a particular weight can be extracted by

#AN or WOR.

502 ERE IJ A "Extract and Replace! (0.35 + 41 + Aa)

¢c(UA) & c(tD)even U ¢(E) & c(2L)odd =+ c(UA).

The least significant digit of the UA as well as of the register of
loc. B (=#1IJA) corresponds to that of the D, the second digit to the second,
and SO On.

A decimal number in each digit of the UA whose corresponding digit of
the FD contains an odd number is replaced by a decimal number of the corresponding
digit of the register of loc. @, and remains as it is if the corresponding
digit of the }D contains an even number. The c(¥D) are in this

F -3



o
.sense a digit-by-digit extractor.

N.B.l. The AC sign and a number in the AC overflow digit are unchanged.
The ¢(L4), c(¥D) and c¢(E) are unchanged. )

2. Both a sign and a number in the overflow bit of the VD are neglected.

3. An odd number has 1 in the weight 1 (BCD code), while an even number

has 0O.
@] ﬁ'.‘r i
oug. mE (CLA0): = L(ﬂr123i+5|678901 OEEGREBRGE
c(E) : EEEBEEUEEE
c(¥D): 1{1{1] 1] 0] 0j0[3[3[3]3]
I

=3
O~
Tt
fEL)
N
'_J
o
—~

53]

o= FEEEEEERENKERE BB
\

20 \ A "AND™ (0«35 4 Al + Aa)
{C(UA) & c(E)} & c(MD) U c(UA) & c(MD) —» c(UA); O —» c(UA, 8).

The AMND operation is made only between a binary number in each of the
particular bits of the UA whose correspording bits of the 1'D contain 1s ard
a binary number in each corresponding bit of the registsr of loc. £ (=#IJA).
The result is placed in each of the corresponding bits of the UA., The
contents of bits of the UA other than the above remain unchanged, except
that numbers in the weight 8 of the UA are made zeros. The c¢(MD) are in
this serse a bit-by-bit extractor.

I{.B.1. The AC sign and a rmumber in the AC overflow digit are unchanged.
The c(LA), e¢(lD) and ¢(E) are unchanged.
522 I0R IJ A "Inclusive OR" (0.35 + Al + Aa)

{c(UA) U C(E)} & c(MD) U c(UA) & c(HD) =+ c(UA); O —» c(UA, &).

The OR operation is made only between a'binary number in each of the
perticular bits of the UA whose corresponding bits of the }'D contain ls and
a binary number in each of the corresronding bits of the register of loc. =
(= #IJA). The result is placed in cach of the corresponding bits of the UAs
The contentsof bits of the UA other than the above remain unchanged, except

that numbers in the weight 8 of the UA are made zeros. The ¢(MD) are in
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this sense a bit-by-bit extractor.

N,Bele The AC signand g number in the AC overflow digit are unchanged .
The ¢(LA), ¢(MD) and ¢(E) are unchanred.

2. The following formulze =re equivalent to the above;
c(UA) U c(E) & c(MD) = c(UA); O —» c(U4, &),

516 NOT .+ = "NOT"  (0.35 ¢ Ai)

c(UA) & c(¥D) U c(UA) & c(¥D) —»c(UA); O —» c(UA, 8),

The NOT operation is made only on a binarv number in each of the
particular bits of the UA whose corresponding bits of the YU contain Ys, and
the result is placed in the same bits of the UA, The contents of the
bits of the UA other than the above remain unchanged, except that numbers in
the eight & of the UA are made zeros. The ¢(MD) are in this sense a
bit-by-bit extractor.

N.B.l. The AC sign and a number in the AC overflow digit are unchanged.
The ¢(LA) and the ¢(MD) are unchanged.

2. Numbers in the index and thehddress part of this instruction are
neglected in the operation.

3. In other words, the above operation is the "Exclusive OR" between the
c{UA) and the c¢(MD).

550 WAN IJ n  "Weighted AND" (0.35 + :i)

c(UA, 1) & c(UA, #IJn) —>c(U, 1); O = c(UA, 2, L, B).

The AND operation is made between z binary number in each of the bits of
the weight 1 and 2 binary number inﬂ_each of the corresponding bits of the
weight specified by #IJn of the UA, ar;:l the result is placed in the same
bits of the weight 1 of the UA. Numbers in the weight 24 4 and & of the UA
are reset to zeros at the end of the operation,

M,B.l. The AC sign and a number in the :C overflow digit are unchanced.

2, The #IJn should be ordinarily 2, 4 or 8 which corresponds to the
weight <, 4 or 8.

3, If #IJn = O or 1, the ¢(UA)m ... 1 are reset to zeros.
If #IJn = 3, 5 or 9, equivalent to #IJn = 2, 4 or 8 respectively,
M #IJn = 6 or 7, the result is equivalent to the CR between the
resultsof /AY 00 2 and WAN 00 L.
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552° WOR IJ n  "WeightedOR"  (0.35 + Ai)

c(UA, 1) U c(UA, #IJn) — c(UA, 1); O = c(Ua, 2, 4, 8).

The OR operation is made between a binary number in each of the bits

of the weight 1 and a binary number in each of the corresponding bits of the

weight
of the
teset to
N.B.l.

e

specified by #IJn of the UA and the result is placed in the same bits
weight 1 of the UA. Numbers in the weight 2, 4 and 8 of the UA are
zeros at the end of the operation.

The AC sign and a number in the AC overflow digit are unchanged.

The #IJn should be ordinarily 2, 4 or 8 which corresponds to the

. weight 2, 4 or 8.

3.

If #IJn = O or 1, the ¢(UA)m...1 are reset EB ZETOS.

If $IJn = 3, 5 or 9, equivalent to#IJn = 2, L or & respectively.
If #IJn = 6 or 7, the result is equivalent to the UR between the
result of “/OR 00 2 and WOR 00 k.
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Spacial Operations

-

The feollowing instructions are described; I'sX, SCT, TLU.
They perform rather complex operations and moreover as 2 result of the operations
they modify the address part of the next instruction in secuence
when the next instruction is read. To distinguish thes= situastions,the
P-indicator (also P-indicator lamp on the console) is set on. The P-indicator
is set off after the modification of the address part of an instruction and

at the beginning of the execution of all kinds of instructions.

860 PSX IJ A "Set Pseudo Index" (0.35 + ALl ¢ ta)

Numbers in the address part of the register of loc.#IJA are read and
reserved in the address part of the OR for the modification of the address
part of the next instruction, and for this purpose the I-indicator is set on.
N.B.l. Numbers which modify the next instruction are not #IJA, but the address

part of its contents., This is just the same situationaswhere the number

of an index register is referrdd to, but its contents are used for the
modification.

e.z. 1. PSX IJ A
ADD I'Jt A

The effective address R for ADD; B = c(#IJA)ad +#I'J'4' (in modulo
10,000).

e.gs 2 PSX IJ A
JKR HJ' A"

If c(H) ¥ 0, the control jumps to B = c(@#lJA)ad + #J'A' (in nodulo
10,000).

518 SCT .. - "Shift and Count" (l.hav + i)

The ¢(AC) are shifted to the left until a non-zero number appears in
the m position of the UA. The number of places shifted is counted and
reserved in the address part of the CR for the modification of the address

part of the next instruction, and for this purmose the P-indicator is set on.
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N.B.l. The c(UA)v is reset to zero at the beginning of the operation.
2. If c(UA)m & O, it should be regarded as a zero-place shift.

3. If the c(AC) except the c(UA)v are all Zeros, the 22-place shift takes
place, so 22 is used for the modification,

L, The AC sign is unchanged.

5. Numbers in the index and the address part of the instruction are
neglected in the operation.

6. This instruction is especially useful for the heading-zero suppression

of the out”ut routine, or for the search of positions of a certain
pattern.

360 TLU MJ A "Table Look Up"

The |c(MD)| (the absolute value) are compared with the |c(E)], ...,Ic(E + i
eves|c(BE)| successively (E =#JA, BE = 199 in modulo 200, 0 $ "E - E 200,
1 =0, 1, «u., BE - E), If the condition, ;c(E + i)| € |e(¥D)|, is detected for
the first time, this % + i (not the ¢(E 4+ 1)) is reserved in the address part
of the OR for the modification of the eddress part of the next instruction,
and for this purvose the I'-indicator is set on. The loc. - must be in the
norral access me or of the drum i.e. 0 & @ $ 3999,

If the zbove mentioned condition is not detected, the conlrol jumps
the

to the c¢(l.)s At this time,P-indicator is not on.

point .
N.B.l. This instruction can be used for both fixecand normalized
floating-point nunbers.

2, The contents of any register , including the e¢(Al), ¢(L), ¢(E)s oes,
c(BE) are unchanged.

3. For comparison, the fixed poimt subtraction |c(E4 ij| -|c(D)] is
made (at the MQ). The sign of the difference d-ci ‘e=the above condition.,

lio Special care should be taken for the inclusion of a number in the

over{low bit of the 1D as well as of the register «f loc. I in the
subtraction.Thus |c(iD)| or [c(E ¢ i)} < 2. This r kes possible the
camparison of two normalized Floating~-point v mlers by the

firxed-point subtraction.

5. A table should consist of 200 words or less, and should be stored in
a band of thenormal access memory of the drum (whose locations are;
0 - 199, 200 - 399, ..., or 3800 = 3999; 20 bands).

6, In a table, words should be ordinarily arranged in ascending
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7. The M should be 1, 2 or 3 which corresponds to the iRl, 2 or 3.
IfM =4y «vsy 9, O and moreover it is not the case the P-indicator
is on, then the operation is equal to NOF.

€+2.1s A word in a table contains an argment x in its upper half, and f(x)
in its lower half.} (An argument x is calculated »nd is placed in the
VD for comparison);  The location of the table begins from #JA.
TLU MJ 4 loc (x) = ¢(OR)ad
ADD/00 O x, £(x) ~»c(Ua)
Both x and f(x) are read and placed in the UA,

2. A table of arguments x and a table of functions f(x) are made separately.
The location begins from #JA for the arguments, and from #JA 4 B for
the functions;
TLU MJ A loc (X) —» c(OR)ad
ADD/0OO B c(loc (x) ¢ B) = f(x) —»c(UA).

3. A word 1n a table contains an argument x at its upper half, and the
location of f(x) in its address part.
TLU 1dJ A loc (x) =» c(0OR)ad
PSX 00 O loc (f(x)) —> c(OR)ad
ADD/00 0 f(x) =» c(UA)
The f(x) is re~d and placed in the UA. -

L, TLU MJ A
RAA/0O O loc (x) -» c(UA)ad
The loc (x) is re~d and replaces the c(UA)ad.

5a TLU MJ A
3=X HO O loc (x) -~ c(H)
The loc (x) is read and replaces the c(H).



Chapter L

MAGNETIC TAPE SYSTEM  OF THE CUMPUTER

4.1 Introduction

In this chapter, the details of the magnetic tape system which is
connected to the main part of the Computer are presented with emphasis on
design features and problems (Ya 3). A brief descripticn of the subject,
however, was given in a previous chapter in connection with the descrip-—-
tion of the computer (Ya 2,3).

The magnetic tape system as well as the central processing unit was
developed and built in collaboration with Hitachi, Ltd. The author contribut-
ed mainly to the system design and the logical design of the magnetic tepe
systen, while the constructin of the system was made by the manufacturers.
The author also co-operated in the adjustment and testing of the system,
and is now helping in the maintenance of the system.

The magnetic tape of the KDC-I is used for the storage of intermediate
results and is also used for permanent storage of progrmas and data. .t
present the magnetic tape cannot be used as an input/output medium. The
system includes magnetic tape hadlers and a magnetic tape control unit
which gontains a2 high speed riagnetic core memory. Up to four magnetic tape
handlers can be connected to the magnetic tape control unit; this umit is
connected to the main part of the camputer. At present twe magnetic tape
handlers are connected and utilized (Ki 2).

The magnetic tape system has been attached to the main part of the
computer since October 1960. The adjustment of the tape system consumed
almost three months owing to laclk of experience until various magnetic
tape test programs produced by the Kyoto University Programwsing Group (Ku L)
were operated correctly. Thus the adjustment ended in December 1960. How-

ever, some faults were found afterwards and werecorrected in ¥ay 1961.
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Since then the magnetic tape system has been in constant use. The high
speed magnetic core memory in the tape control unit is fully utilized since
the merory of the main part of the computer is a medium speed magnstic drum
memory e

The system design of the tape system was cerried out as a part of the
design of the whole system. The logicel design of the tape system was
completed by October 1959. Owing to lack of experience and because the
mamufacture of the system should have been officially completed by March
1960, the functions of the system were not made too complex. levertheless
various trials were made. The main features of the tape system can be said
to be the concurrent operation of the tape and of the main part of the com-
puter, a new block number system which was named a variable block number
system (Ya 4) and an instructicn system which enables a simple treatment of
the dropout problen of magnetic tape.

The magnetic tape system of the KDC-I is believed, so far as the authar
is aware, to be the first successfully operating tape system in a damestic
computer. In Fig. L.l a view of the magnetic tape system of the IIDC~I is
showne.

The magnetic tape system of the KDC=I is at present a secondary memory.
Since the output capability of the computer is weak, it is strongly hoped
that theﬂnz?g:ﬁetic tape can serve as an input/output medium. However, this
plan has not been reaJtized mainly for economic reasons.

The following abbreviations will often be used in this chapter:

CPU : Central Procescing !'nit or Main Fart of the “omputer.

TCU : Magnetic Tape Control Unit.

MTH : Magnetic Tape Handler.

I'T : Magnetic Tape.

CB : Core uffer or l'agnetic Core Matrix i emory.

LP Loadpoint of the :'agnetic Tape.

TE : Tape Znd.
i\ Tape (Parity) Check.

e



Fig.4el-View of the magnetic tape system of the KDC-I.
From left to right; the central processing unit and
the operator's console, the tape control unit, and
the two magnetic tape handlers.

KDC~I TCU MTH #1

CPU \
gy ———— ‘\:\ MTH #2
- - :
M. LETH %3 |
A

— v ——

Fig.he2-Block diagram of the magnetic tape system.
Dotted lines show the units scheduled for installation.
CPU: Central Processing Unit, TCU: Tape Control Unit,
CB; Core Buffer, WNTH: Magnetic Tape Handler.
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4.2 Organization of the Magnetic Tape System

Various tape systens were suggested. However, the following system was
proposed and constructed. The main points will be deseribed in tum.
(1) The use of the magnetic tape (IT) whose width is ca. 1.7 rm (1/2
inches), with length aporox. 1,1.0 m (3,600 feet), and which is capable
of storing as many as 7,000 50-word blocks.
(2) The use of the magnetic tape handlers (MTH) whose magnetic tape opera*
Lion speed is ca. 150 cn/sec (60 inches/sec) in both forward and baclkward
directions, and whose nagnetic tape sterting and stoovning time is approx.
7 ms. The ¥TH has an E—channcl read/write head and an erase head which is
situated approx. 6 mm apart from the read/write head. The main controlling
mechanism is composed of an electro-mechanical control mechanism and a
pneunatic one. Up to four MTHsnay be connccted to the computer; two of them
were act¥ally made.
(3) The biggest problem with regard to the design wac the use of ' T as an
input/output medium. This plan has not been realized mainly for economic
reasons .
(4) The next important problem was the selectin of the type of a buffer
storage. Two plans were suggested. (ne was the use of a portion of the
drun memory for buffer storzge. The other was the use of the magnetic core
matrix memory. The former plan was apparently more economical than the latter.
Nevertheless the latter plan has an important merit. Since the instruction

— -

systen of the computer is one-and-a-half address system and the memory of

the main part of the computer is a medium speed magnetic drwn, the problem of
the access time of the memory was very serious, even thourh a delay-line typa2
quick access memory was made. Thus by installing a high spred core matrix
memory, even if the capacity were small, the processing speed of the computer

could be expected to become much faster than in the case of the former plan.

The latter plan was finally accepted, and a 50-word core matrix was decided
&
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upon for construction. The capacity of 50 words is alriost a ninimum feasible
limit for this type of computer and was chosen mainly for economic reasocns.
(5) The block diagram of the system was thus decided unon to be the one shawn
in Fige 4.2 Up to four MTHs can be connected to the TCU, which is then
connected to the main part of the computer. It present only two I'THs are
connected. The TCU contains a 50-word magnetic core matrix buffer storage or
core buffer (CB).

(6) The CB is used not only as a buffer storapge, but also as high speed
storage registers, whose addresses are from 4,200 to 4,249, and whose access
time is 50 ps.

(7) The concurrent operation of the magnetic tape and of the main part of

the computer should be possible. Thus the processing speed is expected to
increasc.

(8) The rewind operation should be done concurrently with other tape
operations.

(9) The magnetic tape code should be the saime as the paper tape code,

though for the time being only numerical characters are used. Thus the design
of various off-line units is expected to becoune girrler.

(10) Information is written on LT as a 50=ord block mainly bacause the
capacity of the core buffer is 50 words.

(11) To ensure the reliability of the magnetic tape syster;, an odd parity hit
is added to each character code {"in the case of the magnetic tape systen the
sprocket is counted as a bit while in case of¢paper tape it is not counied)
and an even parity bit is added to the end of each channel of a block. The
former will be called a char:schter narity, and the latter a chamnel parity.

In case of reading, both parity bits are examined. If a parity error

is detected, a Tape Check indicator (TC~indicator) is turned on, but the
computation does not stop. The state of the TC-indicator can be examined

by an instruction. Thus by programiing various treatments for this situation
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become possible, e.g., try to read once again, or erase that portion of
'T and so one

In the TCU, the parity and validity checks are made. In the core
buffer, every digit has an even parity bit. They are examined when reading
and writing.
(12) A new block nunber system which is named a variable block nwiber systen
was adopted. Any four-digit block number can be written at the head of a
50-srord block during the writine operation on the magnetic tane. Thus the
block number is not fixed on the MT beforehand like other systenms.
Flexibility concerning the use of the bloclk number is expected to incrsase.
(13) Nine computer instructions are added for the operatisn of magnstic tapes.
Two more instructions are also made for the block transfer of information
between the core memory and the drum memory. PBriefly the operations of these
tape instructions are: Writing, reading, testing, erasing, rewinding, and
detecting the tape end and parity error. Under tl.is instruction syster:, it
is possible to avoid defective portions of the magnetic tape, to detect the
file end by using the block number, and so on, by suitable progra&iiing.
(14) The control panel is attached to the TCU, which is used for the local
supervision of the operations of the TCU and of the MNTHs, the TCU check and
local adjustment, though most of the magnetic tape operations can be supear-

vised at the operator's conscle.
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L .3 Magnetic Tape (MT)

Various length of ! T whose width is 12.7mm(1/2") can be used. Roth

ends of the T are perforated for the purpose of sensing the load point

and the tape end. The speed of the i'T is 150cm/sec in case of reading and

writing. On the MT, a 50-word block is written as a unit. The block length

on the *'T is ca. llcm. The inter-block gap is ca. /cri. The read/write head

is expected to be situated in the micddle of the inter-block rap when the | T

is stopped (2% 0.2cn from the end of a block or from the beginning of a bleock).
A standard reel for the TH contains 1,100m(3,600 ft.)of MT, which can

store as many as 7,000 blocks or 350,000 words.

1. Yagnetic Tape Character Coding

The same codes as for paper tape are used; however, the arrangement
angd the wgriety of codes used are different. The position of the character
parity is at the edge of the 1'T. All these codes are written megmetically
by the instruction BTP. Since the magnetic tape is used only as an awdliary
meriory, not as an input/output at present, 16 varieties of codes are used.
In Fig. 43 the magnetic tape characler coding is shown.

2. Layout of a Block on the lapnetic Tabpe

A 50-word block is written on the ' T by the operation of the instruction
BTF. A brief drawing of the layout of a block on the !'T is shown in Fig.h.h
The information is written in the following way:
(1) four block beginning codes. .
(2) one no-effect code.
(3) four munerical codes as a 4-digit blocl number.
(4) one no-effect code.

42
4

(5) 50 words of information, the arrangement of which is shown in Fig. 4.5.
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(each word is temminated by the word ending mark ").
(6) one no-effect code.
(7) a channel parity code; in each channel, the number of 1's is made even
by this code.
(8) after these seven kinds of codes, four block ending codes are written at
the end of a block.

The block beginning codes and the block ending codes are used for
controlling the movement of the MT.

The block number and the sprocket bits are not written beforehand, but
are written at the time of the operation of the instruction BTP. Any 4-
digit block number can be written. 'The block number is used for the search
and the confirmation of a block in programming.

3. Read and Write Operations

An €-bit code of each character is written simultaneously through an
8—channel read/write head of an “TH with a density of 64 characters per cm
by the biased MRZ (Non= ‘eturn=to-‘ero) method. The principle of this method

-0 is illustrated in Fig. 4.6. The erase head erases the i'T and sets its magnetic
flux - @#; the current in the read/write head flows as shown in Fig 4.6 (1).
Then the magnetic flux of tic ''T becomes as shown in Tig. 4.6 (2); the flux
is chenged only when "1" is writbten, and is unchanged when'(r is written.

when reading information from the ! T, the derivative of the flux is
detected at tlie read/write head, the polarity is rearranged, and the wave-

=7 " Torm is rsshaped, as shown in [ig. 4.7.

The information density per ehsnnel is thus 6.4 bits / mn, or 3.2
pulses/im, while the speed of » rend, write operation is 3,600 characters/sec.
Since these operations are perflorn.ed through one read/write head and one

erase head, simultaneous read =nl write operations are not possible.
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L« Magnetic Tape llandlers (MTHs)

An MTH is a mechanical device in which a reel of . T is placed and used.
The main parts of the I'TH are a controlling mechanism, a read/write head,
an erase head, a tape-end (TE) detector, a load-point (LP) detector, the
file protector, and the ready indicator. The controlling mechanism is
composed of electro-mechanical and pnewnatic contrcl mechanisms.

The position of the MT is shown schematically in Fig. L.8.

The movement of the !'T is controlled automatically by the computer,
but if necessary it can be controlled menually at the MTH. Both ends of the
I'T are perforated for the purpose of sensing the tape-end and the load-point
of the ! T, and are detected by the TE or LP detector, and if detected, the
movement of the !I'T is automaticglly stopned in any case.

Tn either forward or baciward motion of the MT, the MT is driven at
the constant speed of 15 cm/sec except for a few milliseconds while ;;art-
ing and stopping. In the case of the rewind wmotion of the MT, the MT is
rewound to its load point, and the motion cannot be interrupted if once
initiated. The time needed fgr tle rewind depends upon the length of the
MT to be rewound, hut roughly, the average speed of the rewind is roughly

assumed to be three times faster than the ordinary 150cn/sec.

L o5 hagnetic Tape Control Unit (TCU)

A1l megnetic tape operations are controlled mainly by the TCU. The
magrietic core memory in the TCU is used as a high speed menory whose loce—
tionare from 4,200 to 4,249, and also as a buffer storage for reading and
writing operaticns of the mefmetic tape.

If an instruclior. concerning the magnetic tape operaticn is decoded
by the rwain part of the computer, it will be transnitted to the TCU, and
the execution begins under the control of the TCU; the computer takes the

next inetruction in sequence end proceeds from there .concurently if the
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instruction does not refer to the TCU or the MTH under operation. If this
is not the case, the execution of the next instruction is delayed until
the execution of the former instmctgj;u?mﬁ;h’?‘}s]erefore by suitable programming
it is pessible to increase the processing speed. In progremming, however,
instructions shoulc be regarced as executed one after another in sequence.
In Fige 4.9 a block diagram of the TCU is shown. FEach small block
in the diagram is classified according to the functicn it performs. Thus
the name which is given to each block represents cne of the following:
the name of a function unit, a register or an indicetor, or the function of
2 blocke.
The details of the TCU are now expleined; most of the functions of
the blocks are also described.
(1) The same type of transistorized dynamic flip-flop circuit vsed for the
»
CPU is also used for most of the circuits in the TCU, because it is simple
to connect the TCU to the CPU, the logical design can be done in the sare
way, and moreover there was little time evailable for developing a suitaldle
static circuit. However it was foreseen that the use of static circuits far
the whole TCU would have simplified the logic circuits.
(2) The CB has the capacity of 50 words with 50ps (or one-word time) access
tire. One word(or 12 decimal digits) has 60 bits since each digit has a
parity bit. The actual CB is of a current coincidence type and consists of

——

100 30-parallel-bit words with 17ps access tire, and for 60 bits of
information two cycles are used. The structure of the core matrix is of
L% 25 (address) X 30 (parallel bits), with five 4 X 25 matrices constructed
in each plane; thus six planes are used in all. The $S-1 type ferrite cores
of thé General Ceramic Co. were used since domestic cores did not fully
satisfy requirements at the time of the design.

(3) The selection of & particular MTH out of the four I'THs is made by using

reed relays whose operation tine is of the order of a ferr zilliseconds.
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Fig.4.9-Block diagram of the ¥CU of the KDC-I.
CPU: Central Processing Unit,

MTH: Magnetic Tape Handler,
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At present there is no problem concerning the noise and life of the relays.
However, the use of an electronic switch would be better from the standpoint
of the above mentioned factors though the use of mechanical relays for this
circuit are more econamical even at present.

(4) There are two important registers in the TCU, i.e.,a Distributor

Register (DR) and a Core Address Resister (AR). All information read from
r vritten to the magnetic core memory or the magnetic tape memory is stored
temporarily in the DR. The DR has 12 digits, the capacity of a word.
lorecver each digit has a parity bit. The main function of the DR are the
series-parallel conversion and the buffering action between the tape and the
CB. The even parity and the validity of the code are examined &t the R,
and since all informatien flows in the DR, error checking for the operation
of the CB is made by this checldng circuit.
The AR is used to specify the location of the core memory. Since it
is used only for the 50-word core memecry, the AR has a 2~digit capacity, and
the two least significant digits of the core location are stored in the AR
The validity checking is also made here.
(5) The output format is controlled in the T€U. The NRZ (Non-ieturn -to-
Zero) signal is generated by flip-flops in the TCU, transmitted to the I'TH,
amplified and reshaped in the MTH, and written on the T,
The even charmnel parity code at the end of a block is made by reset-
ting the final state of the flip-flops since the flip-flops are modulo 2
———.
éounters., The odd character parity on the even channel parity is realized
by arranging the mumber of characters in a block. A1l these check codes
are examihed in the case of resding. Characters are written at ile rate of
95&00.characters/sec., that is, in every 104 ps (in every two-word tire) =
character is written.
L0 (6) In Fige 4.10 the input circuit of a channel in the 7CU is shown. There

are eight such input circuits in all. The read-out signal from the read/
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A
write head is amplified and reshaped in the MH, and then transnitted to the
TCU by a coaxial cable (RG 58 A/U and less than 10 meters long). After pass-
ing the relay KTH selector circuit, the signal is aprlied to the basic logic
circuit of the computer. Then the duration of the signal or pulse is measured
by the counter or the logic circuits SAi and Ski. If the pulse count is
greater than 4 or the duration of the pulse at the ocutput of the amplifier
exceeds approX. 17.4ps , the pulse is recognized as s signal and temporarily
stored in IRi, otherwise it will be recognized as a noise. The circuit is
a sort of a digital integration circuit used for the suppression of noise.
Since there would be a time displacement error among the timing of signals
in each channel, and skewness of the T would probably cause a great deal of
error, the output signal from the sprocket channel which is in the center of
the I'T is used as a reference.

Since the signal comes approximately once §n every 1lO4ins , and the signal
at the IBL must be read into the DR in synchronization with the timing of the
DR,the signal temporarily stored in the IRl should be tranferned to another
temporary storage TRi which functicns as a synchronization tuffer. The
transfer timing BTR is given 50ps after the sprocket signal is detected at
the output of the noise suppression circuit. Thus the permissible time
displacement error is A4Ops with reference to the sprocket signal. !ore-
over the permissible limit concerning the instantaneous cormpression of the
timing of the signal is approx. 60ps . Any degree of ewpansion of the
timing is permissible so far as the tiﬁe desplacement error is within
this range. The signal in the TRi is transferred into the DR with the
necessary timing, say, Tx as is shown in the figure.

(7) Parity checking 3s made on all information which is utilized. For example
in the case of the instruction BLS or Block Search, the character parity of
al). block munbers tested is examined in addition to the parity check of the

object block. If parity error is detected in case of reading, the 1C-indica-
&
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tor is turned on, but.the computztion does nct stop.

"If parity or validity error is detected at the DR at the time of reading
information fram the I'T, the TG-indicator is also turned on. Fxcept in the
above crse, the error will cause the computation to stop.

The chennel parity is examined by the same flir-flops which are used
for making the IIRZ output signal, i.e.qcounting the input signal in modulo
2 fashion.

(8) The concurrent operation of the CPU and the TCU is performed by

introducing two kinds of busy-indicators, i.e.,a TCU busy-indicator and

No.N MTH busy-indicators (N=1,2,3,4). By most of the tape operatiocns,both

TCU and IMTH busy-indicators are turned on. But in the case of rewinding the
}T, only a particular MTH busy-indicator is turned on.
(9) Ssince the TCU has rather an independent control function, it was easy
to add an adjustment dircuit. In the main control circuit of the TCU there
are several flip-flora which receive the tape instructions.from the CFU.
It was made possible to trigger these flip-flops manually at the control
panzl, Thus in case of local adjustment, most of the magnetic tape instruc-
tions can be executed by depressing the corpesponding buttons on the panel.
The CB adjustment circuit was also attached to the "CU. The function
of the circuit is to res<t the contents of all core nemory, read all conternts
repentedly, write all zero, all ones, or else two of the very unfavorable
patterns into the core memory (when reading, the 3/N ratio is believed to
become low). - o
Thus most of the adjustment of the CH and the tape operations can
be done at the TCU control pancl. This function of the "CU has actually
been utilized since the 'CU was constructed and it had to be adjusted with-

out the CPU after the CPFU was installed at the 'niversity.
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li o6 Magnetic Tape Operationsa

The reliability of the MT was +ill an unknown factor at the tirve of
the design. However it could easily be forseen that there would be sore
defective spots on the MT and that the mumber of such spots might increzse
durirg use,

Thus after writing, the information on the T should be tested (parity
checlking), and, if error is detected, that portion should be rrased.

Nine instructions are added to the computer for the operation of the
MT. Two rore instructions are 21lso mede for the block transfer of information
betwreen the core menory and the drmm memory.

Block number

A new block number syster was ado-ted in which any 4-digit Dblock murber
can be written at the time of wriding information on the "T, Since block
nunber is not fixed on a particular portion of the I'T anc cen be changed if
necessary, this block number syster. was called a variable block mmber system.

This system can be applied in the followdng way:-

(1) Secuential rmberine is rossible.

(2) Index number of data or a mmber converted fron the originsl index muber
ig used as a block number. Tor exarnle the storage of subroutines can be
made in this war.

(3) The use of the ¥T as an addressahle metiory can be performed hy writing
suit:;Ble block numbers on the T beforehand. The sequence of the nunhers
can be selected arbitrarily.

(L) The use of a certain number as & special control code is possible,

(5) ¢ quick nccess memory can be realized by storing the sare informotion
with the sare hlock numbei* on several portions of the "T.

() If a portion of MT becomes cefective, it 1s rossible to rewrite the
s=re informaticn on znother rocd portion cf the MT without chenging the

b.
blocle nunber.
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Details of the operations of the megnetic tape instructions

The definition of the operations of the magnetic tape instructions
is now given. The mmerical code, the symboiic code, the title of an
instruction, and the operation tiwe in ms are written first. The instruction
system of the KDC-I is one-and-a-half address, consisting of a 3-digit
function part and a two-digit index part (which is used not only for the
specification of an index register, but also used for the specification of
the number of the iI"TH), and a 1-digit breakpoint part, and a 4-digit address
part..

The operation time is unchanged whether or not.the mod ification of the
address of an instruction takes place. The time for the modificatian is
included in the operation time. For the instructions which permit cacurrent
operation, the time needed for the CPU is written first, the time neeled
for the TCU second, and the time needed for the MTH third. Al stamds for
the instruction access tire, and ‘a2 the data access time. The symbol # is
used to show the modification of an address. Cther syabols and abbreviatims
used are connonly accepted one, however, full details can be found in the
previous chapter.

Then the definitions follow, and sone notes are added if necessary.
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910 BIP NJ A "Buffer to Tape" (045 + 1ij 220ms)

The erssure of the MT of the MTH specified by N begins, and the }T is

started forvard. A block number#JA and 50 words in the core meumory are
written as a block on the successively ercsed portion of the 'T.
Mext the MT is stopped and the erasure is also stopped.

N.B.1 . The execution of the insbruction is delayed until the TCU and the
l'o«lf MTH busy-indicators in the '"on" state by previous instructicns
are restored to the "off" state.

2. After 0.45 s frow the beginning of the execution, the next in-
struction in sequence becomes cperative concurrently. During the
operation, the TCU and the No.N MTH busy-indicaters are on, i.e.,
for 220ms.

2, If the No.lN TE-indicator hes been on, the operation is ecuivalent
to 1/OF. If the No.l TE-indicator it set on during the write oper-
ation, the I'T stops only after finishirg the operaticn.

Lo If the MT starts fronm its load point, the writing of information
begins after the !'T leaves the load point.

a .
936 ETP Ne - "Er-se Tape" (0.45 4 Ai; 220ms)

This instriction erases the I'T for the length of a tlocksand an inter-
block gap.
I'.B.1. The same operation as thet of BIP is done except that this instruction

does not write on the MT. Thus only erasuvre takes place.

12 TPB NJ A "Tape to Buffer" (17. + Ai; 220ms)

The }T of the MTH specified by Ii is started forward. The necrest block
is to be read. A bleock number iz read and corpared vith #JA, and if it is
equal, the control skips the next instructien in secuence; if it is ot ecwl
the seauence is nornal. The next instructicr Ir. seduence becomes operative
concurrently from this tire on (ap-rox. 17 ms fros the beginning of the
execution). A block of informaticn is read and stored in the core nemory.
ttext the ¥ is storped. uring the opersation, the TCU and Ho.N MTH busy-
irdicators are or i.e. for 220ms in the usual case.

if errors in the craracter parity and the c hannel parity are detected,
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the TC-indicator (and the lamp on the conscle) is set on, but the tempute -

tion does not stop.

N.B,1. The execution of the instruction is delayed until the TCU and the
[lo«N MTH busy-indicators in the "on" state by previcus insiructions
are restored to the "offn state.

2« If the No.N Th-indicator has been on, the operation is ecuiwalent to
NOT. If the No.N To-indicator is set on during the read orveration,
the operation is still performed as usual.

2s If no block can be found, the computer searches until the tape end

is detected, and the operation becomes IQOF.

91/, BLS NJ A "Eloclc Searcht (Ouk5 # Adl; 10C-m # 120ms)

The }'T of the HTH specilied by N is started forward. 1 block whose
block number #JA is searched for reading. -ach bleck muber is successive-—
ly read and compared with #JA, and when a block nunber equals #JA for the
first tire, this block of information is read and stored in the core memory.

Next the MT is stopped.

The character perity ic examined for 21l the block nucbers which are
read and corpared. The character parity and the channel parity are examined
on the block information whose block muber is #JA., If parity error is
checked, the TC-lindicator (and the TC-indicator lanp on the console) is set
on, but the coriputation does not stop.

17.B.l. The executicn of the instructicn is delayed until the TCU and the
No.N MTH busy-indicators in the 'on" stzte by previous instructicns
are restored to the "off" state.

Z. After 0.5 ms from the beginning of the opernation, the next instruction
in sequence becomes operative concurrently. During the operati on,

the 7CU axd the No..! MTiI busy-indicators are on. "The time needed
depends upon the rlace of the bleel, and ic rouglly equals to (10Gus)*
(a nunber of blocks passed under the esding head) + 120ms.

3, If the TE-indicator has been on, the operation is equivalent tc .CF.
If the TE-indicator is set on during the readirs: of the object blocl,
FLS is performed as usual.

4. If no object block can be found, the instructicn searches until the
TE is detected, and the operation becomes NQF. If the conpuler
fails to detect the hleock, it is often usefwl to depress the HALT
buiion and the TE-button on the console, then the current pp s overa-
Hon becomes TIOF and the conmpuialion stops.
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934 TTP N« = "Test Tape" - (0.45 ¢ Ai; 220ms)

The MT of the VTH specified by N is started forward. The nearest block
is read only for checking the character parity and the channel parity without
storing the information in the core memory. The MT is then stopped. If
parity error is detected, the TC-indicator (and the lanp on the consale)
is set on, but the computation does not stop.

v.0.l. The same notes as for TPB (N.B.l,2,3) are appliczble.

2. After O.45ms from the beginning of the execution, the next instruc--
tien in seauence becones operative concurrently. UDuring the operation,
the TCU and No.N }7H busy-indicators are on (ordinary ca.22(ms).

932 BST N. - "Back Space Tape"  (0Q.L5 + Ai; 220mns)

The MT of the MTH specified by 1T is started backward. The nearest
block is read baclkward only for checking the character parity and the
channel parity without storing the information in the core memory. The

‘# - -
MTH is then stopped. If parity error is detected, the TC-~indicator (and
the lamp on the console) is set on, but computaticn does not stop.
1.B.1. The execution of the instruction is delayed until the TCU and the
No. MTH busy-indicators in the mon" state by previcus instructions
are restored to the "ofin state.

2. AMter 0.45 ms from the beginning of the execution, the next instruction
in sequence beccmes operative concurrently. [uring the operati on,
the TCU and the No.i MTH busy-indicatcrs are on (ordinary approx. 22ms)

3, If the T is at load point, the operaticn is equivalent to NOP-

During the BST operation, the load point is rever detected (c.f.
N.B.5 of BTF) in the usual case.

L. If no block can be found, the computer searches until the load point
is detected, and the operation becomes !OF.

5, As a result of the beckward motion, the ll'o.N TE-indicator is turned o f.

930 D N. = “Rewind" (O.45 + Ai; 20ms; av. approx. 1,50cm/ sec )

This instruction causes the lI'TH specified by N to rewind the I'T to its

load point.

11.B.1. The execution of this instruction is deleyed until the TCU and
Lio«N MTH busy-indicators in the "on" state by previous instructions
are restored to the "off" state,
&r
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2. If the MT is at loed point, the operation is equivelent to MNCF.
2. As a result of the backward motion, the No.N TE-indicator is turned off.

L. After O.45ms from the beginning of the execution the next instruction
in sequence becomes operative concurrently. After aporox. 2Qus (= time
for TCU busy) fron the beginning of the excution, MTH other than No.N
can be used concurrently.

5. The timc needed for the rewinding of the T (= time for lo.N KTH busy)
depends upon the length of the I'T to be rewound. 1s a very rowh
estimate, the speed of the rewind is about three tiwes faster on the
average than the ordinary 150cry/sec.

950 JTG «J A "Jump on Tape Good"  (0O.45 + A1)

The control jumps to loc,#JA if the TC-indicator is off (the I'T is
supposed to be good), otherwise in normal sequence. The TC-indicetor is
turned off at the end of the operation.

17.B.l. The execution of this instruction is delayed until the TCU busy-
indicathr in the "on" state by previous instructions is restored to

the moffnr state.

2. The time needed for the execution is C.L%ms.

952 JTE NJ A  "Jump by Tape End" (0.i5 + Ai)

If the TE-indicator of the MTH specified by I is on, the control jumps
to#JA, otherwise in normal sequence. The TE=-indicator is not aflected by
this instruction.

".B.l. The execution of this instruction is delayed until the TCU busgy -
indicator in the "on'" state by previous instructi-ns is restored to the

Moffr state.

2. The time needed for the execution is O.45 ms.



d-25

920 DMB .J A "Drum to Buffer" (2.90 4+ Ai + Aa)

c(E)y eesy ¢(EL) >c(4200), +.., c(4200 & UL - E).
S=#JA, 0<EL = EC 50, and UL = 49 in modulo 50.
The ¢(%) replace the c(4200), ..., and the c(EL) replace the ¢{4200 + L
- E). Thus a group of words is transferred to the core merory from the drum
mezory (both normal and quick access bands).

N.B,1. Contents of registers other than the c(4200), +.., c¢(4200 + EL - £)
are unchanged.

2. If 4200 £ E £ 9999, zoros replace the c(4200), +.., c(4200 + AL - ).
3. A number in the Xx part is neglected in the operation.
L. If the core memory has been busy with some tape operations, tle execution

is done after the busy-indicator is off.

G22 BIM «.J A "Buffer to Drum" (2.90 + AL + Aa)

c{4200), e.ep c(4200 + FL - E) —> c{E), o.., c(EL).
E=#JA, 0 < EL - E { 50, and FL = 49 in modulo 50.

The c¢(4200) replace the ¢(E), ..., and the c(L200 ¢+ EL = ) replace the
¢(EL). Thus a group of words is transferred to the drum necory (both normal
and quick access bands) from the core remory.

N.R.L. Contents of any registers other than the c(E), ..., ¢(ZL) are uncharged.

2. If 4200 £ 3 £ 9999, the operation equals !OP (514).

3. A mmber in the “x part is neglected in the operation.

L. If the core merory has been busy with sore tape operations, the exe-
cution is done after the busy indicator is off.
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L«7 Conclusion

The details of the magnetic tape systen. of the FDC-I have been describ-
ed with emphasis on design features and problens.

In spite of the diffieculties at the time of the design of the sy tenm,
the conirleted magnetic tape systen is satisfying the recguired functions and
is utilized almost daily at the Lyoto University Computation Center. &
large scale proble. was solved by using the magnetic tape systen for more
than one hundred hours.

Several comninents obtained fram the experience of designing and the
operation of the systen should now be added.

(1) The time displacement error is corrected to a satisfactory desree in
the input circuit of the TCU; thus it did not create any trouble.

{2) The variable block number is utilized in various ways.

(3) The repertory of tape instructions is not wvery rich, however, it is
almost enough for this type of computer.

(L4) Since the iiTH has an erase head and all portions of the VT are erased,
high tolerance of the deviatirn of the relative position of the read/write
head and the 1T can be permitted, thus a better 5/N ratio for read-out
sigrals can be expected. T

(5) In actual operating experience, parity checkigg hasbeenfound to be
very relizable.

(6) A two-gap head in wnich cne gap of the head is for writing and another
for reading should be used for better operation. In case of this system
informetion is written in forward direction of the MT and tested baciward,
and so on. Thus the operation of the system sometines very such resenbles
a life tegt of the MT and the MTH in many cases.

(7) The block beginning eénd ending codes are used as an informtion for
stopping the ! T« But it would be better to use the infor.;ation, "the MT is

storted!, and "information is no longer read out", for this iurpce.
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(8) The number assimned to the ¥TH cannct be chanzed by the switch in

this system. But is has become clear that this is more inconvenient than
was foreseen,

(9) The length of the T between the read/write head and the tape-end
sensors is not constant since there is a pneumatic tape buffer between them.
It would be more convenient if this length could be kept constant.

(10) The MT is stopped ca. 200ns after the tape end is detectad by the

use of a time-delay relay circuit. Thus it is possible to write normally
if the tape end is being detected during writing operations. But it would
be better if the ¥TH could detect these two stages of tape end in relation
to a certain fixed position of the »T. This and the former items are, how-
ever, not so important since tage ends are rarely used because of 2 strong
probability of damage during handling of the tape.

(11) A large percentage of the starting and stopping time of the MTH (7ms)
consists of the operation time of the relays in the MTH. It would be
possible to achieve a much higher operation speed of the VMTHe.

(12) Mary relayes are used in the MTH, some of them at a rather high current
level. The micro-relays at the pneumatic tape buffers are operated very
often; moreover the life of the relays of Gthis type is not very long.

most of the difficulties eccurring during the operation of the system have
been caused by malfunctioh of the relays. Tt is strongly recommended that
an electronic cireuit should replace them.

(13) It is true that almost all kinds of presently available MTHs are not
satisfactory from the standpoint that the MT should not be damaged by the
malfunction of the NTH, though this is rare. There are indeed many cases
where an ¥TH handles an !'T whose contents are hard Lo reproduce.

(14) The shielding of the read/write head and the relay circuits had to be
done well beforehand. It can be said that the adjustme?lt of the system

began with the work of suppressing noise and ended with the same work.



(15) The use af suitable static circuits would have been more econcirical
than the use of dynamic flip~-flop circuits in the TCU. The main reason
for this comes frou the difference between the operation time needed for
the control of the MTH from the operation time of the dynamic flip-flop

circuit.
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Chapter 5
INITIAL READ-IN ROUTINES

There are various types of computers concerning the methods of loading
programs. Some computers load programs by a built-in function of the
machine, while others by the aid of an initiel read-in routine which has
been stored in the memory in some special way. The KDC-I is that type of
computer which loads programs by using an initizl read-in routine. Various
routines for this purpose can be considered. However, a 7-word routine
has been selected as the standard routine. Input Routines of much complexity
such as assemblers are read into the computer by this initial read-in
routine.

Since at the very beginning an initiel read-in routine can not be read
by another initial read-in routine, it is read and stored mamnually at the
operator's console. In the case of the KDC-I, this manual procedure of reading
the initial read-in routinéﬂis not very simple, requiring about twemty to
thirty button-pushings. Various procedures have been suggested, and at one
time Professor T.Kiyono who is 2 head of the computation center suggested
offering a prize to the one who succeeds in minimizing the steps of his
procedure. The author had suggested a somewhat simpler procedure. Professor
T.Kiyoné then has devieged a much simpler one. Assistant Professor S.Hoshino
also presented a simpler procedure. Finally the author has suggested the
most simple procedure and gave a proof that it is a minimum one,

The initisl read-in routine, though its proceeure of loading might be
tedious, is retained in the Storage Registers if it is once stored unless
someone destroys it with a faulty program. Thus there might not be an
important practiczl meaning even if one could devise a simpler procedure.
Moreover the author does not fully grasp what meaning exists in a thorough

investigation of this problem, but still thinks it would be important in the

'd



studies of automata.
In this chapter, the standard initial routine is explained first.
Various procedures of reading the initial read-in routine are then given.

Finally the minimum procedure is presented.
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At thre time of the desien of the comnuter vwrisus initial pesd=in

routines were corsi‘ere:. Howvever, the following initi<l read-in routine

is currently use. as a standerd routire;-

Instruction Sy bclic Instructicn Instructions in the
Loc~tion Function Indey. Avuress otorave ‘evislbers
0UOD Rl 0o 14 652 COC C JCL4

UUOL 3TO Q0 2 FUo 00 0 LOC2

0002 ( sny ) ( any )

00073 JVF 00 0 714 000 0 -0000

0004 RIN/ o 14 633 000 0 0014

0ous 3TO 10 0 300 100 O COCOo

0006 JLR 10 L 852 100 0 0004

Asthe name of this routine, NIk is often used in this chapter.
3ince at the wery besinning an initi-1 read-ii routine connot be read
by another initial reagin routinre, it is read ant storec jwenually at the
cperstor's console. Prosrajmers can surrose thet the standard initi-l1
resd=-in routine is a wpart of th e computer ~nd has been stored in ths 3torare
registers (3hke) vhose locations are from O to 6.

The instruction from which the col cutztion starts can be decider from
the contents of the Inctruction Location Counter (LC,;. Any nuiber can
be placed in the IC by the execution of the instruction JMP at the censcle.
If zero is placed in the LC and the commut~tion is started, *he propraom

—
procceds from there. There are variocus w=ys to utilize this routine.

3ince this is 2 readdin routine, this rcutine reads =ni stores scme other
prograr.

The following situation is considered;- A program should be read and
stored in the 5Rs whose locations stert from 5, and the program should be
instantly stertes from loc. T. The rrograr tane should be vrepared in the
fellowing way;-

(1) od

(2) 830100w 5 " (SEX 10 3)
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(3) &bd
(L) The program
(5) T4

The computation of the initi-l readdin routine bepins from loc.O, or
by the instruction RIN/, since Od is read, the control Jumps to loc.0 in
any case.

(1) By the instruction in loc.0, the instruction "SEX 10 S" is read into
the UA.

(ii) By the instruction in loc.l, this instruction in UA is stored in the
loce2.

(iii) By this newly stored instruction "SEX 10 S", S is placed in the IR 1.

(iv) By the instruction in loc.3, centrol jumps to loc.C zgain.
(v) By the instruction in loc.", 4d is read, and control jumwps to
loc.k. '

(vi) By the instruetion in loc.4, the first word of the prograi' is read
into the UA.

(vii) By the instruction in loc.5, this word in UA is then stored in the
location specified by the c(IRLl).

(viii) By the instruction in loc.£, the c(IRl) is increased by one and the
control jumps to loc.L cnce afain.

(ix) This process is repeated until all of the words in the prograrm are
re=d and store: in consecutive locations.

(x) By tie instruction in loc.4, Td iz res~d and control jumns to loc.T.
(xi) The program then starts from there inst-ntly.

From the above discussion, the first part cf the initial read-in routine
in leoc./’-3 is a routine which: - performs the conputation of
instructions on paper tape. The second part of the routine is thus the core of
the read-in routine by the aid of the IR 1. Since the instruction -IN can read
an instruction, a fixed or a floating opoint munber by the aid of the special

characters or the TCC, the core of this routine requires only three instcuctions,

whien ean be considered one of the simplest routines of this kind.
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5.2 Various hethods of feading the Routine XDIN

Belore describing verious nethoris, it ie necesssry to describe tl'ose
functiongof the onerator{s console vhich have a relation to this problen.

Any instruction of the computer c2n be set ~ni execute manually at tie
oper-teor'!s conscle. An instruction vors is prepared by setting the RAEGISTER
SET buttons (or switcﬁes) in the middle of the panel of the console. But
before setting »n instruction in the (R (Order Register), the comouter must
be in the state of HALT (confirm that the HALT lamp s on). By depressing
the OR CLEAR button and next derressing the OR SET button, the
instruction con be set in the QR. If the 33 button st the loweg richl nf the
parel is tnen devpressed, the execulion of the instruction takes nplace,

Lfﬁshe STALRT button is depressed, the conputer takes the nert instruction
frow t.z Storage Hegister (Si) whose location is specified by the c(LC), and
proceeds from there.

Therefore it is nossible to read 2ny instruction to the UA by the
ranual execution of the instruction "RIN/". It is also possitle to store
the c(UA) at amy position i the 3Rs by the ramual execution of the instruction
nETON.,

l. &4 Primitive ! ethod

1

since any instruction c=n be rend and stored in any position inthe
% . . B ——— 5
;88 by the —anual execution of the proper instructions, esch instruction
in the st-ncésrd initial read-in roubine 9DIN can be rerd and storec in each
corresponding locestion by repeating the above process. “hus the detailsof

this netrnod is as follows;-

The necessary progr-=r t-pe

The followin nrocrsm tape should be pren~red and place in the input

unit.

(a) 633 000 w 14 "  (®RIN/ OO 1k )
(b) 300000w 2" ( STO OO 2 )
(¢) 7400w 0Ot (P U0 0)



(e)

(d) D0 1CO v O
52 10C w 4 n

( sTO 10
( JXR 10 &4 )

0)
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Next the following instructions should be executed ranually 2t the

console: Instructions are written

The manual operations and remarks

(1) RIN/ OU 14
(2) sTO 00 O
(3) STO OO 4
(4) RIN/ CO 14
(5) sTO 00 1
(6) RIN/ OU 14
(7) sTO 0C 3
(8) RIN/ CO 14
(9) STO 00 5
(10) RIN/ OC 14
(11) sTO 00 6

c(UA) = (a)
e(0) = (a)
c(4) = (a)
c(l) = (b)
c(3) = (c)
c(5) = (d)
c(6) = (e)

using the symbolic codes.

This method recuires therefore eleven steps of manual execution of

instructions. Thus this methed 1s obviously tedicus. To reduce the trouble,

has been

the following method had been suggested and , used at the Computation

Center for sciie time..

2. The HH Method

Since thnis method was suggested by Frofessor H.Hagiwara,

name is given to this rethod.

the above

The necessary progran tape sand the ranual operstions required for the

loading of the routine ADIN are as fcllows. Remarks are also given for

convenience in understanding the operations.

The necessary prograr tape

(3) 633000 w 14
(b) 300 010w O
(z) 852 100w 4L
(d) 7L 000 w 4
(e) €30100w O
(f) 714 000 w L
(g) &

(h) 633 000 w 14
(i) 300 000w 2
(3) 710 000w O
(k) 714 000w O
(1) =2d

M

"
n

1"
\

n

n
n
]

RIN/
STO
JXR
JMP
SEX
JMP
8d )
RIN/
STO
HJM
JMP
24 )

P " TN T N NN

00
a1
10
]
10
0.0]

00
00
00
00

1/

'—J
coonE MoEForl
L L L N - N N N o N
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The mrnual cper-tions and remarks

(1) SEX 10 6 c(IRL) = 6

(2) RIN/ 00 14 c(ua) = (a)

(3) STO 00 4 c(L) = (a)

(4) RIN/ 00 14 c(UA) = (b)

(5) S8TO0 GO 5 ¢(5) = (b)

(6)  Jvp 0O &4 Jurp to leoc.4 and the computer takes control

and proceeds from loc.h.

At the end of the step (5), the contents of the drum 2re;-
c(h) = RIN/ 00 14 , end c(5) = STO Ol O. Furthermore the c(IRl) = 6.
Aftervards the c¢(LC) is set to 4 and the camputer takes control and
proceeds from there. By carefully tracing the steps, it can be understood
that the routine RbIN is stored in the drum.

This method has greatly simplified the forrer piimitive methed.
However, care should be taken thnt at the end the c(7), c(8) and c(9)
are replaced by ( JMP 00 4 ), ( SEX 10 O ) and ( J¥P 00 4 )

respectively.



3. The Tk method

This melhod was surgested Ly rof. T.Kivono, who has named this nethod

a YK method in which ¥ is taken from the author's ns:e, in spite of my

very little contribution to this method

Thus the author should be zllowed

tco call this rethod theTK i ethod. The manusl crerstions, the necessary program

tape &nd rerarks are as follows;-

The moriual operationz znd rerarks

The necessary progr:

(1L, RIN/ 0O 1C
(z) sTC 00 O
(3) sT0 0O 3
(4) RIN/ GO 11
(5) sTo 00 1
(6) RIN/ 0O 1

e

read (a)

c(t) = RIN/ 00 14
c(3) = RIN/ 00 14
read (b)

c(l) =sT¢c 00 2
read d

tape and remarks

(a)

(b) STO
(c) d

(d) SEX
(e) Od Lk
(f) ¢©&d 31t
(g) 0Od 3T¢
(h) Od PA"
(1) od sT
(3) 4d  JXR
(k) od 35T
(1) 4d  JQF
(m) Od ST
(n) Ad 3TO
(e) 0d 3T
(p) 1nJr:

4t the end the

let unch=nred.

00

10
00
00

QU

U
10

0
JO
00
10
{10

I
w“

RIN/ 00 14

2

ok G

OV OWOoOONE W\

Il

stored in loc.O
stored in loc.l.

e(Iid; =1
c(kD) = RL/ WO
c(L) =

c(b) =
c(bl) = FAL
gl5) = ¢
saved In  D.
c{b, = J{K 1U
c¢(3) =P 00
c(5) = 3T7C O
¢e(2) = H GO

nd 3.

is store  in loc.0-6 and all other registers are



4. Methods Which Require Some Srecial Conditions

If the CLOCK button on the panel of the console is resel an set again
before aprlyins the methods, it can he expected th-t the c(IC) = O,
c(IRs) = 0 and so on. Tt is possible to sirnlify the manual nrocedures
recuired in applying the wethnds by utilizine these conditions. (ne example,
suprested by the sutq r, is 2s follows:

The necessary conditions c(LC) =0 and ¢(IRl & 2) = 0.

The manual cperations and remarks

(1) RIN/ 00 20 re~d (a)

(2) s8TO 00 © c(0) = RIN/ 00 14

(3) SsTO 0O 2 c(2) =

(-) ss depress §S button; execute c¢(0) & jurp to loc.2.
(L) STO 00 1 c(l) =3T0 20 2

(=) 33 depress 55 button; execute c(2) & jurp to loc.l.
(5) sTO0 00 3 c(3) =Jvp 00 O

The necessary progran tane and remarks

(a) RIN/ 000 w 20 v read by (1)

(b) STO 200 0 0002d read by c(0) and jurp to loc.’.

(¢) JvP 0UO O 0000d read by c(2) and jump to loc.O.

(d) JXB 200w O

(e) JMP 000w O

(f) RIN/ 000 w 20 v rend by Footstrap in loc.0=3 by IR2.
(g) sSTO 100w O

(h) JXR 100w L

(1) JMP 000w O "

(3) &d

(k) RIN/ 000 w 20 read by Bootstrap in loc.4-7 by IRL
(1) sTO 000w 2

(m) HJM 000w O

(n) juro to loc.2, or HJM.

-

At the end thc RDIN is stored in lee.C-6, and in leoc.7 (JVP 00 4)
is stored.

This «ethod requires a somewhol simpler manual procedures then thet of the
TK method, though some speciali conditions are needed. The ider of this methad
lies in the steps (b) 2nd (c¢) in which instructions and the code d are
suitatly combined.

The Modified TK Method

Inthe case of the TK methed, Prof. T.Kiyono sugpeste that it was also

possible to reduce the manual procedure if the condition ¢(LC) = O were

fulfilled. P}oreover the same prorr~r tape c2n be used.
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“The necesgary condition c(LC) = 0.

The manual procedures

(1) RIN/ 00 10
(2) stroc 00 O
(3) sTO 00 3
(~) ss depress 12 button; excute c(0).
(4) sTO 00 1 (START).
Since

it is not teo difficult to trace how the routine RDIL is produced,

an explanation is omitted.

5. The SH Method

Assistant Profess.r s.Hoshinc suggested this rethod. ‘The method does
not require any special conditions znd requires only four steps of manual
operations.

The manual orperations

(1) RIN/ 00 13

(2) STO 00 3

(3) STO 00 4

(4) RIN/ 00 14
h

The necessary progror tape

STQ LOOw 1 n
RIN/ 440 O 0004
SEX 100 O 0003
STO 100 O 0003
JXL, 100 O 0004
LWX 140 © 0003
STO 140 © 0003
JXL 100 w v
STO 100 w 13
RIN/ 000 w 14 " d

JX 100w L v

STO 100 w

RIN/ 000 w 14 "

JYP 000 w

SEX 100 w1l " 4d =
STO 000w 2 " d

Hdd 000 w

ZE HRNe o ke 20 ogw
S e M N N S e N e e N e A N N
cafpAQ

PN I P, I P, P PN N P, TN P, I P P, P P

O3 05

At the end the RDIN is storec in loc.0-6, all other registers being

The
left unchanged. main features zre the usage of HIN/ 4L4LO 0004d, and so on.



e-11

6. The SY Methad

Finally the suthor suggested this method. Until now many methods have
been suggested and most efforts are exerted in simplifying the nmanual
procedures used in each of their methods. The maznual operations require 11
steps at the beginning, next 6 stevs ancd finally 4 steps in the 3H method.

The author's method requires 3 steps, moreo:er the author succeeded in proving
that this is the winirum procedure. By this way the probler of simplification

has finally been settled.

The manual operaticns

(1) RIN/ 00 10

(2) st0 00 ©

(=) ss depress the 38 (Single Step) button.
(3) RIN/ 00 10 depress the START button.

The necessary progran tape

(a) 2TO0 4OOwW 1 d loc.0 3TO 40 1
(b) RIN/ Q00 w L4 ™ loc.l STO 40 1
(¢) LI 000w 2d loc.2 RIN/ 00 14

(d) S™ 000w
(e) PAM 000 w

i d loc.4 RIN/ 00 14
d
(f) ©STH 000 w 2
9
5

loc.3 FAM

d
(g) STC 100 w 9999 ®
(h) ST 000 w 5 d loc.5 GTO 10 9999
(i) 100 w 4
(3 g;i 000w 6d loc.6 JXR 10 L
(k) SEX 100 w1l 4 by using the progrsm in loc.h=6, the
(1) 44 rest of the tape is to be read and stored
() RIN/ 000 w 14 " into the loc.0-5.
(n) STO 000w 2 ™
(o) HJ 000 w ™
(p) ' &P 000 w
(g) RIN/ 000 w 14 "
(r) STO 010w "
(s) =24d

At the end the HDIN is stored in loc.0-6, and all other registers
The
are left unchanged. No specizl conditions are required.ﬂmain features are the

us2ge of the codes w and d, etc. These will be fully discussed in the proof.
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543 The Minimurn Frocedure of lieading the Routine RDIN

The purpose of this section is to give 2 proof that the 3Y method

is the sole mininum procedure (unigueness; among various procecdures of

reading various types of KDC-I initial read-in routines (abbr. Ril) (generality),

includins the standard routine (abbr. RDIV) now utilized, 2nd a2t the sane

time to present a minirwm ster 1L

The definition of the minizum procedure of reading the ¥l which is
employed hers and considered apprropriate is te produce the 7l on the Storsge
Registers (whose locations are fror loc.” to 6 in the case of "DIN) with

a ripirwr mumber of ranual button-pushings at the co culer console under

the assunption that all buttons are in reset conditions at the beginning
excect the TUHER, DR, CLOCY, TDDW, and TTR 3elect, and that the computer
is at the HALT stage. At this tire the couplexity of the paper tanve
wrecraing is not taken inte account. The number of button-pushings

for the uY 'ethod is 7 % 7 + 1 = 22, which is a minivme-.

The proof +ill be given according te the following precedure:
(1) The rachine characteristics relevant to this probler are explained.

( Parasraph 1)

)
o

The rmanu2l vrocedure isc then formalized.(Paragroph 2)

(3) i'ext sore theora:s are set up. (Paragrarch 3)

(4) 3tortir- from the sivplest for of the vsnurl procedurc, more corvlex
ones ~re investignte’ step by step until a pinirws procedvre of reading the
Rl is reached.(Paragraph L)

(5) A pini-ws stern "I} is shown. (Faragraph 5)

(6) The unicueness =n! the generality of the soluticn is proven.(Parcgraph 6)



1. "elevant ! achine Charecteristics

(L) mIw The characteristics of the tape control code could be utilized.
For example :
(BY RTe/) Ad : A4 is read to UA and conbrol Jumps to loc.A.
wAd @ A is read to UA and control jumps to loc.m,
not loc. A.
w: 5 digit left cyelic shift at UL and next
character A ig read to!: temporerily.
d: Jjup to O=c(UA)ad & A is added to UA from
1. & sense the end for RIN/.

(BY 21/} 300 COO O 0006d is read - jump to loc. 6.

. all will
200 000 wréd iz read 7 juap to loc. O.
i result in
K Arrbd is read & jump to lecc. O,
the ssre c(UA).
e il is read & normal secuence.

—_
I

p—_
(2]
=3
]
=
|_J
-

f this 1s in UA ancd if stored and executed repentedly, all
3P are filled with this information.
(M.D0.) Some combination of STO 4 1, ST 4 1 and SLA 4 1 shows also
sone such properties.
(3) PAL PAI. in U4, if stored and executed, will treble itself in YD,
Sh and ordiginal UA, whereas cn ordinary instruction does or
doece nct double, cr vanishes by the same procedure.

(iI'..) It vi-zhl be said that the degree of amplification of information

(=
d

5 in FA', 2 or 1 or O in the ordinary case ctc. Furtherrore,

if allowed, the generative power of 3TC 4 1 cculd be scid Lo be
infinite, etc.

(4) Compound instructicns They are soretimes very useful.

2. The nanuzl Frocedures

The I'~nucl Procedures are described by utilizing the following symbols:-
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o= (MNOTSEN SET, CR CLEAT, OR SiT and SS are executed at

the ecnscole.) I.e., on avccuvtion of o manuzally set instruction.

n = (388 iz executed.) TI.c., an executinn of a stored instruction.
s = (START is executed.) T.e., ~n execution of a stored rrogsrar.
(N.W.l.) A1) wamial procedures could he described as & scruence of the

ab-ve stens, e.~”. 'a, Tals, etc.
(7. B ) The scequence ‘'as" is equal to "snh.

i

gl P as 2, afsased 8 , GG,

3. Sor:e Theoreas

Theoren 3.1 It is necessery for N to contain explicitly

or implicitly » sct of crders which 1alies rossible the transfer

of inforr ation fro- the inrubt device to the storage register (S7).
e.”: TN must contain; 9IN & ST, (a minirur set of orders)

or RIM & TAM & 8T,

or "IN & shift © SLA (FSL),

eic .
Froof: Self-cvident.
(17.B.) "Innlicitly* means that a program which can zenerate »n order

such ea RIN but does not centain RIN explicitly, still can be an 1.
(".n.) fThere is indeed n cuce Lhat only an instructfion 870 in loc .0

can penerate N¥ if ST is in UA and RIN is in 1 D.

Next., so.ie other theorwic are set up through the investigation of the
possibility of producing an RN by only one instruction in the 3R.
However, the following cenditions are ag=urad: -
1) in instruction X is in loc. A. (C£AL6 in case of =DIN)

2) Any other registers and paper tape exept 1 and OR contain necessory

o o
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information.
3) At the beginning, the START button will be pushed, which means
c(lC)=A is assumed.

(3.1) The property of X in loc. A

Since X is a single instruction in the 3R and automatic computation
must be donej-
case
The property of X must be § do (something) & jump to loc. A (Self)...(i)
H Avl(Vext)...(ii)
l B (%A or Atl)

saa(111)

Theorem 3. 2. X carmot be a 'do ¢ jump to self" instruction.

(case (1)),

Proof: Jump orders (JNP, FFY, Non-div, JXL, etc.) do nothing.

RTN(& Junp by d) only changes the c(UA). QED.

From case (ii1i) follows that an instruction must te stored in B and

Junp to B (or self). But such X does nolb azist.

Theoran 3. 3. There is no instruction which stores and jumps.

~==fheorem 3. 4. The X, which is a single instruction in the SR,

must be at least a "store next" inst.ruc*tion,

i.es STC, STM, or SLA (FSL) Next.

Proof: Cases(i) and (iii) do not hold, and the meaning of case (ii)
is thal some instruction must be stored in loc. A+l and the program

sequence must be normal. CED.

By Theorem 3.4., an instruction, say Y, is stored in loc. A+l by X.

(3. 2) The property of Y in loc. A+1
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‘“he property of ¥ must be doj(something) & juup to loc. A amat L)
r1 A + l L 2 '( ji)
= A4 2 seel 3% )
o B(#4,4+1,42)...(dv)

Cace (iv) does not hold by Theorem 3. 3.
Case (i) and (il) are also impossible since ju p orders do nothing
at all, and there is no "store A + 2 and jup to A, A ¢+ 1 or B" order.

Tyven Y =DIN will be impossible.

Theorem 3. 5. 5T0 ilexi and RIN in consecutive locations can

i.e. loc. A oMy dlext
Joc. A 4+ 1 Il ‘d

Iroof: If RI7 is effectively a '"read and Jump to A ¢ 1", refer to
Theore: 3. 2.
If RIN is a read aud junp t. &, the sare procedure is on'y reveated. (ED.

For the case (iii), the same situation exists as for X.

Theorem 3. 6. The % in loc. A and the Y in loc. 4 # 1 wust be
‘both "store next" instructions.
Jy this, an instructi«i, sapa s stored in loc. ! + 2 by Y.

(3.3) The property of % in loc. A + 2

The rronerty of ! will be ocutlined as folloirs:
A

do(something) and jump to loc.{ A + 1 | . . i

+3 ... 24 nmust be again store next,... dii)

"B (=45..., i ¢ 3) ——— Dmpossible
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Theoren 3. 7. 2 could be either RIN (i) or store next (ii).

Proof: In (i); o "store and jurp" orders, jump orders do not
rrools 3 1 s Jump

accomplish anything. “ose (ii) is clear. QED.

Theorsm 3. 8. It is kmown that the followins can be an !N (2 is RIN) .

loc. © 570 text
loc., A ———
loc. 2 Il one word ( stert from loc. 2.)

It can be said, in other words, that this is a ninimun form of "N.

Froof: The above is the core of the 7Y method. And indeed, the above
situ~tion exists.
e.”. The Tirst condition ¢i0) =870 liext, c¢(UA)=3T" Mext and
¢(1D)=RIi one word. QED .
If 2 iz 5 "store next" instruction and by it, say, U is stored in
loc. & 4 3 by Z, in cxactly the same wvay U must be either "I or a store next
instruction. "his fact is consistent with '"heorem 3. 1.

(3.4) BUD and 510 in the 3N

The following situation is asscumed : there are I and STO in the I,
the same STO in UA, and no other inforration is available in the computer,

o

and the execution by -TALT begins from RTi! or STO.

Theorem 3. 9. The followrings cannot be an "1l

loc. A nLIu

A +niT0 (n21)

Proof: fny instructdion next to JTO must be a jump tyve. Junp orders
do not acconrlish anytihing 2t this stase. ‘'lHead-ir and Ju ' alse

accorplishes nothin~ {or Rl (ED .
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The following cannot be an "il.

Theorem 3. 1
loc. A 3TO

o

!

A +nRIN (nd4)
Proof: Whether one begins with 3TO or RIN (after RIN, 3TO must be executed ),
STO must be STO next type (or X is read and stored in loc. " 4 1 and will
be executed). X cannot be a store next, but must in any case bhe a jump
type. If X is an ordinary jump type, it acconplishes nothing. 1 f X is
RIN & d jump, the next step must be taken from loc. % or A # 1, or A ¢ n,

all of them having no effect. WED.

L« The Minimum Procedure

Starting from the simplest form of the manual procedure, more complex  ~

ones are investigated step by step until a minimum procedure of reading
the "N is reached.

(4. 1) ¥s: since no instruction can be stored in 3R, no possibility for

any RIi.
Fa ' ... ebc. t a should not be used.

(4. 2) ¥Ms: One instruction can be stored by ., but no possibility for

any RN by Theorem 3. . (an instruction in SR must be STO
Next) and Theorem 3. 1. (... in any case RIN is necessary).
(4. 3) }MMs: The consideration of the following tio cases is necessary
and sufficient.
(case 1) Three instructions of the same type can be in the cormter
(by 112.).,
je2. Cne in UA, the other two in SR, or each in UA, 33
and in MD or LA respectively.

(MMMs = RIN. STO. STO. s. etc.)

(case 2) One instruction in 37 and a new instructi.n in UA.

(177 8 = RIN. STO. #1l'. s.)
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Again no nossibility is expected for any RN.

Proof: Three instructions cannot be stored by !ilf.

(case 1) Any two stens of the same instruction cannot produce both

RIN & STO. (refer to Theorem 3. 1.)

(case 2) Refer to:-

Theorem 3. L4.(a single instruction in SR must be STO Next),

Theorem 3. 1.(...c(Ud) must be RIN) and

Theorem 3. 5.(STO Next & RIN in consecutive locations will never produce
any EN). (ED.

(L. 1) ¥MaMs: Only the following cases should be exardined:-

(case 1) RIN. 3TO. aP. RIN. s.
(case 2) RIN. sT0. aP. sTo. s.

(p>1)

Proof: Ia must be .1IN. STO. a., because of a.

If an instruction other than RIN or STO is read, stored and executed
by 11a, it is not possible to have both ! IN and STO in SR by the third
M explicitly or irplicitly (Theorem 3.1.).

If STO is read, stored and executed by llla, then RIil must be read by
the third M (case 1).

If RTN, STO must be read and this must be stored by the third M

(case 2). QED.

Theorem 4. 1. RIN. STO. a. (IN. s. can be a procedure for RI,

and a sole rminimum procedurs of this type is the 3Y method.

Proof: STO Next should be read and stored and executed by monual
RIN. STO. a. So the form of the 3TO Next must be ;-
(i) 300 400 w 1d (if read, will jump to loc. 0. so in this case

it must be stored manually in loc. 0. )

.
% g
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(i1) 300 4LOO O Ad (it must be stored in loc. A and also must be
STO Next, so 24 = A # 1 or A = 1)

(iii) 300 40 O 24 ( impossible, since 34 + LA 4+ 1)

From case (i) the SY method is derived,

i.e., HIN/10 . STO O . a . RIN/10 . s . (22 button-pushings).

It cannot be 'IN/9 or less, since it must read somehow "IN/ 000 w 14 "

(10 characters). If it is RIN/ 11 or 14, etc.. it is also possible to

be a procedure for an N, but the number of button-pushings will become

& + 5 +1 4+ 8 =25, vhich exceeds 22.

The case (ii) will not be fully exemined if it could produce any "N,

but apparently it is less simple than the 2Y method, since it must be

RIN/ 12 . STO 1 . a . RIN/ 11 . s . ete. (8 « & + 1 + 7= 2, button-pushings).

QED .

Corollary: The 5Y method would be simpler than 2Ii. STC. a . RIN. =.,
even if these cases arise.

Froof: The above proof can be applied; so if these caces would arise,

the number of button-pushings would exceed that of the above by at

least one. QED .

(L., 5) The case "MMaMs = RIN. STOQ. a. STC. s",

-

By Theorem 3. 1., RIN is read, stored and utilized {RIN & jump to self)

and STO is read and stored (STO is also in UA). So paper tape begins

with TN, STO, «v. &

So the following five cases must be examined.

loc.
(1) o RIN one word.
(2) 1 RIN 44 1 : RIN 3 characters max.
8] 2 & 2 : no6 "
(4) 3 "3 s & 9 "
(5) A(24) oA : " 3A or one word.
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(1) Not possible by 'heorem 3.9
(2) Not possible since RIN 3 characters can only read
STO O (3ww) and "STO O & RIN 3" has no effect.
(3) It can read STO as 3wwAd which jumps to zero.
And STO must be STO next type, so A=1.
l.2. loc., O STO 00 L
1 e—m———
2 RIN 44 2
Since RIN 4 2 reads instructions as IwwAd form, ADD(100), FAD(200),
STO(300) and DAD(500) could be read, but “AD(500) cannot be used (MD
cannot be referred to.)w, And RIN 4 2 must be "IN/ L4 2, since
w is a five digit cyelic shift. If RIN 44 2 is used, mamual ~Ji. STO.
will leave the c(loc. 2) and the c(UA) as %3 632 L47, 730002 (% is
arbitrary). Hven if loc. 2 is executed by manual a and if paper tone
is prepared in any wvay nossible, it is not mossible to read as a result
7300 00? ? 0001 in UA. (e.g. % =3, 73=0, and w" is read, it
becaves 430 0 000 2 632. 4.)
Because RIl/ must be used, ADD & FAD orders becore meaningless (they
will be executed at loc. 1).
Now it has become. clear it is not possible.
(¢c.f.) If w were not a cyclic shift, but a short lsft shift, it
would be possible for this case to be a "N.
e.g. Under the following case :
Paper tape 632 L48 6 0uU2d 3wwld 3wwhd
lww2d wd 830 10U wid
lww2d wod 8730 200 99994 etc.
(4) STO must be read by RIi 9 characters, STC mus® be read as :
(i) 3wwid (and jump to loc. 0) by RIV/.

(1i) 00r0Ad (and jump to loc. ') by 632 44 3 C 0x3 and its result is

. e



4 300 003 O O0CA. Since jump to A, STO A must be stored in loc. A.

Then it is clearly not possible.

From case (i) follows : loc. O STO A
l P
2 oy
3 nIN/ 44 3

A must be 1, then the program stops.

50 case (4 ) is impossible.

(5) The RIN in loc. A (2 4) can read one full word, and it must read 3TO
(Theorem 3. 1.). But this STC must be stored mamelly at leagt in
loc. A-1, A-2 or A-3. (Theorem 3. 9. 2nd 3. 10.)

Fram this, STC on tape cannot be 300 000 wBd (juups to O and must
be stored in loe. 0), or 300 ......". So it must contain d but not w.
And clearly it can't be 300 000 O A d. Then after the execution of
RIN. STO, a. STO, newly stored STO in loc A-1, A-2 or A-3 must be
executed. If 300 000 O A-1(or /-2 or A=3) d, which must be stored
in A-1(or A-2 or A-3 respectively), or STO 5elf is read and utilized,
the prograr stops in case of STO A-2 or A-3, and even STC A-1 is not
useful. (Since next step RIN might read some specifié instruction,
and it might be stored in loc. A-1l, but STO type instruction already
in loc. A-1l should not be destroyed, then it must again the same
STO A=1.)

So only possibility now is either 300 40O O A-l(or A=2 or A-=-3)d

or 300 4,0 0 A-1( " ). 8

The following three cases for each should be studied;-
(1) STO in loc. -1  (ii) STO in loc. A-2  (iii) STO in loc. A-3.

In each case the effective address of 5T0 is 2(A-1) or 3(A-l) and etec.
(1) loc. A-1 STO 2(A-1) or 3(A-1) , (A 2 &)

-,

A RIN one word i
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After the execution of RIN and STO, RIN will read an instruction
(X) and jump to loc. 2(A-1) or 3(A-1). (Jump to A or A-1 is norsense.)
X must be a "do and jump" instructicn, which does not contrilute
for RN. (even if it is a RIN and jusp by d). So the case (i) is impossible.
(ii) loc. A-2 STO 2(A-2) or 3(A-2) (A 2 4)
Al ——-
A RIN one sord
‘fter the execution of STO, the program stops, since 2(A-2) can't
be A-1 or A §3(refer to case (4) ), and since 3(A-2) can't be A-1 or
A%5/2.
(1ii) loc. A=3 STC 2(A-3) J¢ 3(A-3)
A2 ——-
A<l ——-
A RIN one word
STO must be STC next.
So 2(A-3)=A-2, then A=/,
but 3(4-3) A-2, or A*i% .
Then it becones;-

loc. 1 S8TO 4 1

- -
i
L TIN L4 4

But since program begins from loc. 1 and S5TO 4 1 will rerenerate
itself (Sectionl.(2).), then it is impossible.

From the above discussicn follows;-

Theorem L. 2. Manual procedure "IlN. STO. a. Sf%. s. Wwill not

produce any tyve of RN (, whose number of butten-pushings might

have eventually become as small as 7+7+1+L =1G),

L
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(L. 6.) The case "iaf Ms = RIN. 5TC. a¥. 870. 5. (p22)

Again 71N must be read and executed p-tires by mamiel a . and, by this,
STO must be read. So the sitvation differs, if any, from that of L. 5.
by the case in which NIl can't be RIN/ (1f RIN/ , the situation becories
the same as L. 5.) With referrence to /. 5., the folleowing cases should

be examined: -

loc.
(1) 1 RIN 44 1 p-times : RIN 3p characters max.
(2) 2 " 2 t : " bp 1
(BJ 3 " 3 n ¢ 9p it

(N.BR.) Both loc. O case and loc. A(2 L) case are the sare as L. 5.
(N.B.) With RIN(not RT'/), w rmst be carefully used.

(1) It is not possible to read STC instruction by RIN3 twice or more.

(because w can't be used from the first time.)

(2) Less then 6 characters are read by each manual a, and must jump

to self i.e.,to loc. 2., but it is not possible since 300 002d

can't be read.

(3) STO A could be read under the tape form such as

e.g., 300 0003 dd000Ad  (p =3) and program step juips to A. So it
‘must be stored in loc. A. Next, store self operates. After reading
sever~l digits, w could be used. With w the conixol jumps to zero, which

still accomplishes nothing.'hen no possibility can be envisaged.

So together with Theorem 4. 7.;-

Theorem L. 3. Manual procedure ['Iil. STO. a7 . sTC. s (pz1)

will not produce any type of RI.

Theorenm 4. L. In all three or less than three !’ cases,

RIN. STO. ae RIN. s. is a scle solution for RIN.

(Le 7.) MMMMs.

Theoren Le 5. RIN. STC. a. RIN. s. is siipler than any other
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possible procedures such as !'1%'s, thus is a sole minimum procedure

for EN.

Proof: The simplest foim of the four M case is, if possible, ''I}, STO. 3.
STC. 8. (RIN is necessar:, if S7C is not used, at least three kinds of
instructions are necessary in four Mb.), whose mwber of buttor-pushings

might becore as small as 7 + 7 + 4 + 4 =22, the same as of :IN. STC. a. RIN. <.
Put this forr cannct read any N, since three instructions but of the

same type which will be stored under this case cannot produce both RIN and

STO in SR (refer to Theorem 3. 1.) and other four M case needs more button-
pushings.

So frvcxn theorem 4. 4. it is now clear.

5. A miniman Step RN

From Theorem 3. 1. and 3. 8., a miniman step 2N is as follows;-
(The uniqueness is not yet examined, but probably a sole one.)
loc. O STO  Next
I
2 RIIl one word (start from loc. 2)

6. The Uniqueness and the Cenerality of the Sclution

From Theorer 4. 1. and 4. 5., il is c¢lear that the .EX:Eethod is a _s_gka;
miniium procedure (uniqueness) amorig various procedures of feading various
types of KDC-I initial read-in routine RN (generality), inecluding the
standard routine RDIN.

But it must be said again, the conplexity of the paper tane programming
is not taken into account. Much simrler paper tazpe programring for the
5Y method than that sugrested might exist. Iut so far it is not yet
exariined. 2

It is interesting to note that the minimm procedure read the ninipum

step BN of parasgraph 5., and by this "N, the RDIN is read.
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Chapter 6

LOGICAL DESIGN CF THE COMFUTER

6.1 Introduction

The performance of an aritlmetic and a control unit depends chiefly on
the performance of each basic logic circuit of the units and the metlod of
logical desipgn which derends largely on the logical properties of the basic

logic circuit. Boolean algebra provides a mathematical framework for
describing the logical design of the computer. It is however onlv aprliczble
to tiny well-defined portions of a computer, e.z., such as adders, counters,

etc., in most practical cases. Most theories concerning comruting
machineriec treat least requirements for tham, e.g., theories on the Turing
machine are typical examples. Computers actually built are much more conplex
and useful ones in which convenience is an important factor of the design.
Thus the theory of logical desiig for a whole corruter has hardly been
developed. The design of the KDC=I was confucted as described in the
previous chapters.

In this chapter the logical properties of the basic logic circuit of
the comruter is deseribed. first, then the algebraic methods of logical
design are reviewed. The simplificafion of a Boolean function is perforued
by using the Veitch diagram simplification method for obtaining the simplest
nermal forwr. The author devised a method of obtainins the simrlest normal
form with = restriction on the operation of on input gste in which no more
than a sinsle AND gate can send binary 1 at the same time, which was for the
time being necessazry to cover a defect of the eloctri:al properties of the
basic logic circuit. Next, the main features of the logical design is given,
and some arithmetic elements are nresented to show the example of the simplest

norral function with the gate restriction.



6.2 Logical Properties of the Basic Logic Circuit

The whole logic circuit of the conputer is composed ¢! . .ny stanmlardized
basic logic cireunits. The basic logic circuit of the “DC-T L1z a diode logic
and transistorized dynamic circuit whose details will be given in chapter 7.
In this section only its logical properties are presented.

The logical properties of the basic logic circuit of 'he caapuler are
of the delay menvorv elevent or the D flip-flop with input gates which
perform logical operations (Ph 1). The D flip-flop has a single input
and an output (both "ON" and "NOT" or negated output) equa’ . the immut me
bit-time earlier. The truth table for this memory element :l..wing its

~
state at time (n + 1), (""" ), as a function of its input line at tire n,

(D ), is given:

Dn Qn+\
0 O
1 1

The corresponding characteristic equation for the flir-flop is, of

course,

Since the applicatien equation is | -
B = (g1Q + SQEE )“:
where g, ancd g represent Boolean functions of whate-rer variables deterr:ine
the state of Q, although neither g; nor g, contains .| itself.
Then we can imediately write 0 in teirms of 15 O3 s ana
D=gQ ¢+l
If g,= 83 s then D=g .
To perform the functiofi of the application enuaticn, ‘lode-logic
circuits which perform "AND-OI" pyramid or second-order logic are attached
to the input of the ' flip~flop. Thus it can perform the oneration of
sum of products of logical variables. In actual electric circuits,

-

LY
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however, limits are placed on the available mmber of variables both for the
product and sum (fan-in limit). There are also limits on the side of the
"ON" and "NOT" outputs (fan-out linmit), Not only the availdhle number of
ther, but also the length of them is restricted. The latbter lindit was not
considered in the case of the logical design of the commter, it was
considered at the time of allocating the positions of circu’‘ packages.
Logical diagram symbols of the bzszic logic circult and its j<.ckages are
shown in Fig. 6.1 together with the values of Fan-in and Fan-out limits.
lectrical properties of this circuit in connection with the logieal
properties are given in chapter 7. By connecting pins of the % and D type
packages properly, it is possible to construct a logic eircuit of various
conplexdity. The logical design of the computer was conducted by using

these five kinds of packages.

Tn addition to the basic logic eircuit described above, a buffer

amplifier which is logically an invertor without a time delay was developed.

It has an input which accepts either ON or NOT output signal (a basic logic
circuit can drive ten tires as many inputs of buffer amplifier as that of
the basic 105;‘1-; circuit.), and has two equivelent outputs, each of which
can drive no greater than ten inputs of basic logic circuits. In Fig. B
the logical diagram symbols of the buffer amplifier are shown. 3ince this
circuit was developed when the logical design by using only basic logic
circuits ﬁas roughly completed and moreover it had not encugh proven
characteristics, this circuit was not extensively used. However, in é.
timing logic circuit or in a circuit whose NOT output should be transwit ted
beyond the limit of the permissible wire length, the buffer amplifiers were

effectively used.

6.3 Algebraic Methods of Logical Design

As is well-known that Boolean algebra provides a methematical
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\ Tout

AND,OIlt;D(delay) flip~flop

(* The output has actually two separate lines, however,the above
convention is used.)

gj:'_—:hfﬂ F“iﬂ

7 |
2 18011) i: == ¢ 190037)
% 103 (finT, = siter)
] 1
Lo | 1
Type A6 package Type A7 package

(Both ON and NOT outputs are connected to ijil=-gates.)
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-

Fig.6.l1-Jogical properties of tiie basic logic eircuit of the NI

and dits logiccl diagram symiols.
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CelL CClA(IMcknare) FiL 1AM (Mielnae)

‘'he NOT output ou the o {lip-~fleop The Ol output of the D fla:=Tlop
is connected to the input of the in corrected to the input of tre
invartor; thus its output is invertor: tlhus its output is
logically emuzl to the CN oubplt, lorically equal to the 0T outrit.

Fiveh,l<Logical cizpgrarn smbols of tne bulfer anplilier
which is logically an invertor withoul tine
delav,

This circuit is also assembled on a 1€-pin 90-
by 11C-mm printed card witl metal irame. 1'in
maurbers are written in Llhe diagrovs.
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framework for deseribing the design of computer: utilizing " 'nary comput er
elements. An algebraic statewent of the interrelation of birary variables

a

is a gwitching function. * function or set of functions is complete if

all other functicns can be forred frow ther. The sheffer £ ction (|)
and Peirce function (¢) are of themselves coplete. There ~: 2 indeed such
elements which perform these functions. Fairs of functione . dch are
complete are AND (1) and NOT (7), O (V) and NOT, AMD and e ~lusive OR (@),
and OR and exclusive CR. The basic logic cireuit of the ¥ - I perfomms
AND and OR operations at its input gates and provides both ON and NOT out-
put. Thus this decision element is logically complete with its storage
cepacity.

Mritching functions are frequently derived from equivslent tabular
or diagrammatic representations. The binary wvalue of a suitching function
for each combination of binary variables can be tabulated i~ a truth table.
Zach row of a2 truth table is made to corresron. to a minterr. The general

form for the representaticn of a function 7 of n variable= by minterms is:
2™1
F= Ua‘ my o,
=0
where a; s are the functional values which can be obtained from a truth

table corresponding to a minterr, m;. A function expressed in this

manner is in canonical for.. A gwitching function composed of terns with

an OR, each term being composed of factors with an 'ND is in nomal form

or disjuntive form.

Veiteh Jiaprars (Ve 1, Ka 1, Gr 1, th 1)

A very useful for of the truth table has been devisos by 7eitch
(which was a special form of Venn diagram), and a modi fied form w's proposed
by Karnaugh. These diagrams, wirich will here be called Veitch diagrams,

contains all the information of a tabulated truth table in a more conpact



form, and provide 2 very quick »n’' ensy wsy for finding the implect
expression of » function by reometrical relationships. Thi. Veiteh
diagram simplification method was extencively used in the case of logical
design of the KiC-T,

The Veitch diagram has a unit square for esach - inter the binar-
variahles.

3ince the number svster of the KDC-I is a binary coded decimel (BCD ),
the Veitch diagram for functions of four variables was usec s a basis.
The author prepared diagrax s shown in Cig. 6.3, in which d.  ~ams for
four, five and six variables are illustr-ted. Tn each squere is entered
the number of the minterm represented by thet simare, e.=z. £ the nwber
is 7, it is Ol1l, ther ng= OCBL . Usually Tq represents ©®  Fh 1);
however, the author chose the above convention since it is possible to
obtain a better correswondencr b-tween 4, B, C,... and weir " 1,2,4,... of
binary mumbers, an! a clearer arrangement of mmbers in the ~iagroms.
A set of diagrams (1b - 3b) in the {isure is used when redundancy of the

BCD (wkich corresponds to 10-15) should be considered.

Simplification of Roolean Functions

A Boolean function may often be simplified; that is to say, some
other expression may be found which renresents the same function but
may be constructed with less equipment. The input gate of the D flip-flo
of the KDC-I permits the operation of functions.of second order AND-OR
e¥pression or of normal form. It is then possible to count the mumber of

diodes which perform the above operaticn. Thus as a measure of simplicity

the number of diodes necessary is used under the restriction that all

simplifications would be in the form of second-order expressions or in the

normal form.

The simplification is made by inspection, by Quine simplification
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1
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method (Q 1, 2), by Harvard sinplification method (Ha 1), or by Veifch

diapram simplification method (Ve 1). The last method was intensively

utilized in the course of the logical design of the computer.

6.y Veiteh Diagram Simplification Method

This method presents a convenient means for the simplii_cation of
functions because many of the rules of simplification can bes deduweed by
geometrical consideration. Three important advantages are (Ph 1) : the
function to be simplified may be attacked directly, witlout -eing expanded
into minterm form ; the process of finding prime implicante 3 simplified
by making them correspond to patterns familier to the eye; an. the ease
with which essential terms may be identified makes it possitle to reduce
the labor inwvolved in seeldng prime implicants. kg

The systematic approach to obtain the simplest form resvlts in a
two-step procedure (Gr 1):

Step 1. Find the essential terms.

(a} Any minterm which is gecmetrically
unrelated to any other minterm is an essentinl term.

(b) Any minterm which is geometrically relat=d to mly one other
minterm or group of minterms has the largest such groups as an essential
term.

Step 2. Find the best representation for the minterms which are mt
included in the esszential terrs. Finding the besh representation of
minterms not included in the essential terms is sometimes obscured lLecause
often there may be mor~ thar one egually simple function.

(Each square at the edge should be rezarded adioint to the smare at the

ornosite edge.)
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B
Redundancies
For Veitch diagram simplifications, all minterms whirs! e redundant

will have an X placed in their minterm scuare; all other squares will lave
functional values of 1 or 0. I‘edundancies are utilized as 1's whenever

their use will simplifyv a term, or they are ipnored otherwi.. .

In the case of the logical design of the KDC-I, onc more step was
added at the first stage of the desism because of the elect- cal character-
is;,—ivc:-s of the input gate. The performance margin (chapter /, 8) of the
basic logic cireuit of the orieinal type (the diode Dg in Fig. 7.1 was not
inserted at the testing stage of the circuit) deviated cons' erably due
to the operating states of a OR gate. The perfoimmance marg. : when only me
of AND gates sends binary 1 to the OR gats differs from that when nore than
one ‘ND gates send binary 1 slgnals to the OR gate. The autlnr devised a
procedure which solved this problem logically.

"It is possible to construct any AHD-OR input gate jn which no more

-

than a single AND gate can send binary 1 at the same time".

Froof : The inout gate materializing a function in the minterm
canncnical form is such a gate. Any function of n variables can te

‘expressed in the minterm camnmonical form.

Next it may clearly be possible to simplify the above gete, e.z., the
function 4BC V AR which is a cannonical form can be simplified as AB.
However, the function ARC V ABC V ABC should not be simplified as iC V BC,
since the minterm ABC is included in both iC and BC, or if A, B and C egual
1, both AC and BC are 1 at the same time.

Thus the procedure of obta?,ning the simplest normal form with the

abiove restriction can be stated as follows:



Restriction to Step 1 and Step 2 (it will be called Gate Res!riction)

(a) When finding suitable terms in accordance with Jtep 1 and Step 2,
the restriction imposed shovld be that the same minterm shld not be
taken move tham once,

(b) However, any redundant minterm can be utilized man; times, (since

signals corresponding to redundant minterms never appear).

The next vproblem was to what dezgree the complexity of lsric circuits
of the computer was increased by this restriction. The aut r performed
in two

the logical designhways, i.e., with and without this restri: .on.

The author was surprised that there was not so much differemce of .
complexity in logic eircuits. lost control legic circuits '?es ented no
difference, since the job of controlling gate is hardly overlazapped arong
each definite function. lNoreover in arithmetic logic circuit s it was
found that only a few diodes were required extra in materializing the above
restriction. This will be showvn in section 6.7.

However, in the course of legical design this gate restriction became
unnecessary due to the advance of the basic logic circuit. (The diode D7 in
Fig. 7.1 was inserted, and it has the effect of preventing thr deviation
of margin even if no more than a single gate operate simultaneousl—.) Since
it was at the time when the logical design was 2lmost compoleted, a part of
the wiring design was being prepared and there was not much diiference of
complexity of logic circuits, most parts of the KIC-I logic circuits were
constructed under this gate restriction, and some portions were without

this restriction.

6.5 Simplification Including Memory Elements

Systematic procedures of finding the minimum number of memory elements
for a given logical network were not applied in the case of the logical

design of the computer, since practically they are only applicable to

b -
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tiny well-defined portions of the computer and the effect o the sinnlica-
tion is not so appreciable in nost forseeable examples, and since the
structure of the computer is serialﬁecimal in which most proilens cowld

be reduced to the problem of it gate structure and not the rioblem of the
number of memorv element (e.q., a one=word register of the computer must
have at least 48 memory elements, and by adding proper inpub gates to
then various functions could be performed without the memorv elenent

simplification problem).

6.6 Preliminary lesign Considerations

The algebraic methods so far described are practically ocily applicable
to tiny well—defined fortions of a computer. Fost theories concerning
computing machineries treat least requirements for them, e.c., theories
concerning the Turing machine are typicsl examples. Computers actually
built are much more complex and useful ones in which convenience is an
important factor of the design. Thus the theory of logzical design for
a2 whole computer has hardly bsen develored. The systerm desien of the
computer was verformed as described in chapter 2. 11 instructions was
defined as described in chapter 3 and in ‘ppendix B. The magnetic tape
systemn was also described in chapter 4. Jinee-the required capabilities
of the cozputer have been specified, the logical design can begin. A
computer is usually made up of a mmber of subunits, the relations of which
are investigated early in the design considerations.

The process of the logical design of the KDC~I was divided into several
gstages.

(1) In the first stage the irportant scheme of the lozical design was
decided mainly f%om the definition of the system, e.g., the type of registers,
information paths, the place of an adder and a complementer, the main thning)

and so on.
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(2) At the same time the logical design of basic arithmetic =lements such
as a decimal adder, a complementer, and so on was made.

(3) Next the logic of each instruction and the relation amcn:s each of them
were analysed. The flow chart was made to show a schematic diapram of
the logic of instructions.

(4) The logical design was ther; made piese by piese from the basic
instructions.

(5) Time charts were drawn in the course of the design to show the exact
time relation of each circuit.

(6) The result of the logical design had been re-exarined -5 wuch 2s
possible before the adjustment of the corputer began.

Before perforwing detailed designs, a further framewor:. was decided
as a result of investigations in which several alternatives were conmrad
and abandoned. The main framework which is at the same time the main
features of the logical design will now be presented.

(1) In the floating-point operaticns, nc special exponent register is prepared.
The MQ is used for the calculation of an exponent of a floating=-point

mmber in the operation.

(2) In all arithmetic opcrations, the serial addition is used, and 3ll
results are placed in the double length 23-digit AC.

(3) In case of an overflow in either fixed-point or fleating-point arithretic
operations, no erroneous results will be originated.

(L) When division operation is impossible, the dividend is u-chenged, out
the control of the sequence is changed.

(5) The operations of the instructions CMP and TLU are made chiefly at the
MU register which is hidden from programmers. These two instructions

can be used for both fixed-point and floating-point numbers.,

(6) In case of the operations of the instructions 1'SX, TLU and SCT, the

address part of the Crder Register OR is used effectively.
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(7) From the eonsideration of timing the logic circuit of th: AC has 2
digits. However, the instruction LCS is performed in the 2 ~lizit AC by
making a suitable compensation.

(8) In division the non—restoriﬁg method is used to get a cuotient.

(9) The shifting at the AC is performed quiclkly by introducizz a high speed
shifting circuit. This feature is especially useful in shifting and the

floatiné-—point operations.



6.7 Design of Arithmetic Elements

The algebraic methods ao far described finds its best application in
the design of arithmetic elements. Before describing the details of the
arittmetic elements, 2 block diagram of the arithmetic unit of the camputer
is shown in Fig.6. by referring Fig.2.3 in which main registers and
counters, and main information paths are illustrated. The main arithmetic
elements are thus adders, subtractors, a complementer, and so on. Some

results of the logical design of these circuits will now be presented.

1. 10's Complementer (Fig.6.5 (1),(2),(3))

The subtraction is performed by the addition of an complemented number.
In the case where a complementer should be ingorporated in a input gate of a
register or in a register, the complementer is required to pass a number as
it is, to take a 10's complement, or to take a 9's complement. To distin-
guish these three conditions two memory elements (denoted as E and F) are
required. At first both E and F are triggered, and 10's complement is
taken until first non-zero digit is detected by the F which as a result is
reset, and 9's complement is then taken. (The least significant digit comes
first to the input, the second digi‘h next, and so on.) When the most
significant digit appears, the operg:tion should be finished, i.e., both
E and F (regardless of its state) should be reset.

In Fig. 6.5 (1) is shown the truth table, in which (E,F) = (0,1) is
redundant. In Fig.6.5 (2) Veitch diagrams are drawn for obtaining the
simplest normal form with the gate restriction. The number of terms is
not increased, and only three extra diodes are added to the one (61 diodes)
in the simplest normal form without the gate restriction. The logic circuit

diagram of this comlementer is shown in Fig.6.5 (3).

bl
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coincidence ——————+ add-1, sub-l nization with the
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g complementer shifting |
Shifting Control || | — -
l=bit-tine ! ST
modulo 24 0y | -
decimal add-l | |' |
counter, v b———— MD (12d)
1-bit-time || e —
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properly linldng - and end of operation is
outputs with inputs} | [ sensed )

Fig.b«4-Block diagram of the arithmetic unit of the KDC-I.
(12®),(4x3d),ete.: (12 digits), (43 digits),ete.
IG : input gate. IC : input complementer.
adder : BCD decimal adder. add-l : a decimal mumber
can be increased by 1 in one-bit-time. sub=-l : a
decimal mumber can be decreased by 1 in one-bit-time.
A portion of the control unit is also shown.
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Stop Compl ementing

BT — Take Complement {
| 0 !
T O O 077 | TP
B — Complementer — B! OFF | ON | OFF | OFF : ON
w b o oL
D — — D 10's ! 9's ; % X
= tput ! |
e k F ouRd a of of | & | vedan-
C ompl ememnt \
step  — (A1BICDY) | |
Complementing a | & l | dancy
,"\ H
E, F : Memory elements Non-zero digit detected
1
# EF EF EF EF
v | Inpat
actual 0o i 10 =
decimal [ 3 redan- 91s of a 10!'s of a
2 i dancy DIC'B'A! DIC'BIA!
i
o | 0 X 1001 0
1] 1 | x 1000 1001 |
\ i i I
2 1 2 | X 111 {1000 Il
3 3 1 x 110 © 111
; L ! A X 101 110
5 5 | 5 |« 100 101
6 6 X | 11 100
7 ; 7 X 10 13
8 1 8 1 —=t~. 10
9 9 X 0 1

¥ The least significant digit comes first, the second
digit next, and so on.

Fig.6.5 (1) - 10's Complementer; truth table.
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\ 39| 1:-|3 31 29 21 \\ 39 kk! 13! 29 2;/
38 331 30 28 22 \ 131 30 28 21
C( 1|6 144 16 4 C 16 14 & 4
1!7 IS > 1-: 5) t )
A Tl IS Sl A
|19 1!3 " 9 13 1 19 13 11! 19 3 {
18 111 10 8 11 0 18 12 110 13 2] o
- o amEs R p——
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BCF ~ ABDF IZOrle =
i R NP
_ Terms with! ]: correspond to ( 36| 3 287 34
E‘dl:z.ld F are both F(C ’ l"}’i pE\A
\ 39 31 y_j
Variables with !’ : added as a result \ 38 321 30| |28 2
of Gate Hestriction ~
to the simplest 6.' 4 A
normal form. C
\7 IS i 5 A
19 il 9 3 1
8 [ T 18 2] o
~——— S
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Fig.6.5 (2) - 10's Complementer; Veitch diasrams to obtain both
the simplest normal forms and the simplest normal

forms with the gate restrictione.

v W g



Stop T
Comple-
menting £ =
Take B %) ' 3 'T
Complement '
A
%) . t
B
76 r
2 B
3
—34
C
Y
C =y
— ,
c
3 k~(:>———
4
— —15
- b
B -
2 D
T
Load or number of <
fan-outs : 3
t'4>.~

&

Fig.6.5 (3) = 10's Complementer; logic circuit
’ materializing the function in the
simplest normal form with the gate

restriction.

(actually used in the KDC-I)
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2. 1-bit-time Modulo 2 Decimal Add-1 Counter (Fig.6.6 (2.),(2:3),(2-2){2.3):(3))

This counter is used for control of the right shift of the 23+l digit
AC, since n-digit right shift can be performed by 24-n digit left shift.
Again the gate restriction causes only a slight increase of the numbar of

diodes, and no increase of the number of terus.

3, Range Detector (0¢le1$17) (Fig.6.7)

There are many logic circuits which are difficult to follow its logic
at a glance. The circuit shown in Fig.6.7 is not very triclzy, however, it
would be an example which belongs to the above category. This circuit is
used to detect the range of the difference of characteristics in the case

of floating accumulation operations.

Jhen the primary design was completed, the destribution of the number
of D flip~flops of the KDC-I vhen the number of their ON and NOT fan-outs
are taken as variables was surveyed. These data together with the final

ones are shown in Fig.6.8.

¥ N e
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Add1l|Actual | F E D CB A
G Sum. \"‘rtljm(zém1 X,) S
o 1 | |
! 2 1 0
2 3 [
3 4 1 00
4 5 I O 1
5 6 I 1 0
6 7 | I
4 7 8 Il 0 0O
8 9 1 0 01
9 10 I 0
10 1 1 [
11 12 1 I 0
12 13 1 [ 1
13 14 1 1 00
14 15 ! I 0 1
15 16 1 1 10
16 | 17 ! 111
17 18 1 I 000 e
18 19 ! 1 0 0 1
19 20 1 0 0]
20 21 | O 1
21 22 | 0 1 0
22 23 I 0 11
23| 1 0 0

Fig.6.6 (1) - Modulo 24 decimal Add-l counter; truth
table. This counter is used for control
of the right shift of the 23 + 1 digit 'C,
since n-digit right shift can be performed
by 24-n digit left shift.
Add=l counter: the contents can be increased
by 1 in one-~tit-time.
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Fig.6.6 (2.2) - Modulo 24 decimal /dd-1 counter; Veitch diagrams.
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( difference of

Three—digit information
characteristics) or v, m and 10 appears at
MQ flip—flops in the following way;
| L | T | .
MQIA~D| m v -
MQ2A~ DJL 10 ™ v

OOes o ¢ COOOY » ¢» ODOODODO
HHes a o RO o o O000O0O
N 0he s ¢ DHOW: « ¢« FPWRNHO

Ti.mi!lg: TO Tl Tzoo‘ T]lTO LR
thus Tjcomes every one-word-time.

(every one-bit-time),

A,B,C and D correspond to the weight 1,2,4 and 8
of BCD mmber.

FE4

Fig.6.7-Range detector (0 $ I€! £ 17). This circuit is used
to detect the range of the difference of characteristics
in the case of floating accurmulation operations.



(1) Data when primary design was completed (July 31,19 59).

i #*
No |04 67 34 3% 33 33 41 32 57 55 67 94
Nn 35 19 17 12 15 L A, 7 2 19 2 52
# D flip~flons of the timing
1 3 pulse generator logic
circuit (TIMER).
10 ## Since No and Nn of TIMER
1 are large, their data are
? listed above separaltely.
8 3 1
1 3 2
- 7
T 6 2 1l 3 5 4 4
5 1 2312 § 2 1 4 3
L 2 2 23 723 5 5 4 821 X
3 31 6129 9 5 2 1 2 2
2| 3 81431381 6 6 1 ;8 2 1 2
1] 175236 23010 2 6 2 2 2 3 1 4 1 51 23
0 304 BLEY960 50 44y 2815 14 12 517 5| 2 L 2 3 10

01 2 3 4 5 6 7 8 910111213 14151617181 20 21-¥%

— No

(2) Date when design was finally completed (October 12,1959; afterwards
there was a slight change of data due to correcticns of logic circuits

during the adjustment).

7
Mn 6
T5 1
Ll 4
3 Z
2| 4
&
0

)

2

9

1 4 7

1 3 6
3 11 2
512 312
7 25 36 19

9 44 5L 35 25 14
535305 ¥ 89 €6 68 39 33 13 21 17 14 27 2

N
N
=

i
L 3
3 2 1

L 10 &4

# D flip=flops far borrow
of sub-1 counter at MQ
and IRs.

2

3

# Nwenher of D flip~flops
whose outputs zre solely
connected to buffer amp-
lifiers. Fan-outs connected
to buffer amplifierfare
not counted in No and Mn.

5

-

01 2 3 &4 5

6 7 8 91011 1213

— No

Fig.6.8 Distribution of the mmber of D flip-flops of the KDC-I when the
mrbers of their ON and NOT fan-outs (No and Nn respectively)
are taken as variahles. '
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Ghapter 7

CINCUITS OF THz CC- PUTIR

7.1 Introduction

The oprecrating performance of electrenic circuits, especinll;” of basic
lorle circuits, used for a comuter plays =n Zortant role F= the ovarall
nerformance of the coriwter. Characteristics of basic lorie circuits
provide 2 limit of the perforance of a systen which uses thea. A drastic

S

improverent of the corputation spee’ could only be =chieved by developr ents
of new basirc loric cirecuits. A basie logic circuib of the KDC-I opermtes

at 230 kcfs, while today a neu element at the develeprental ctare is reperted
to owverate st several hundred }c/s, which hints a possibility to construct a
very high speed couvuter.

Another irportant factor is reliability, since rany basic logic
circuits are used for a commuter and the commter must evhibit very high
reliability, e.g., 2 sincle failure could introduce erzérs vhich invalidate
the finsl solution.

At the tine of the desisn of the EIX-1 several comivuters which used
vacuum tubes, parsnetrons or Lransistors bad already been constructed at
a few research laboratories in this country. However, sore of them were
reported Lo be having trouble concerning the reliability. There was not
enough time to develop a better bssic logic circuit at that time, and
decislon was made to use an element which had proven characteristics and
reliability. A transistorized basic logie circuit develoned by the
Slectrotechnical Laboratory of Japan (ETL type lozic circuit)(li 1), which
is a transistor version of the basic loric circuit used for the SEAC computer
of National Bureau of Standard (M.7.5.) of U.S.A. which uses the dynamic

cireuitry techniques (E1 1), was chosen as a basic logic circuit of the

KDC~-I after comparing the operation speed, flexibility in logical design,

-



and so on with those of parametrons.

The overall operstionsl reliability of o dirital computer depends
upon design techniques, operatinc and maintenance techniques. The achieve=-
ment of reliability was a goal that was persued from the very beginning of
the desien. Characteristics of the ©TL type loric circuit was fully studied,
and some modification to the circuit was made to inprove its characteristic.
Next, efforts were exerted to minimize the devietion of characteristics of
each basic lojric circuit. The rerformance marzin of all basic logic circuits
used for the computer was neasured and the output pulse vidth of each circuit
was adjusted. !Noreover, the same kind of =warrin was measured on a group of
lopgic circuits vhich forms each registes of the computer. After the comple-
tion of the computer, marginal checking is periodically done to wverity the
-
performance of the computer. A new unit to display the performance margin
of the basic logic circuit which was suggested by the author was constructed,
the details of which will be discribed in cgapter Es

About 5,000 transistors and 20,000 diodes hzve been put into use.
Various electronic circuits were designed. The main circuits are: the
transistorized basic logic ecircuit, clock pulse suoply circuits, buffer
amplifier, read and write circuits and band decoder circuits for the
magnetic drum, circuits to connect the I/0 components, lamp circuits, switch
circuits, circuits related to mametic cores, circuits related to mametic
tapes and power sun~ly circuits.

In this chapter, the basic logic circuit of the computer, the performance
margin of the basic logie circuit and of a group of basic logic circuits will
be described in the first place. Next, a buffer amplifier and some other

circuits which are thorght interesting will be describsad.

”
7.2 Pasic Logic Circuit of the Computer

—

The dynamic circuitry techniques was first adopted by the National -~
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Bureau of Standards (N.E.S.) of U.S.i. for its SEAC and DYSEAC computer,
though the idea was suggested in the prelirinary report on the UNIVAC (E1 1).
Although this is a wvacuwum tube version, its principle is very attracdive as
a basic logic circuit. A transistor wversion was reported by J.H.Telker in
1952 (Fe 1). Another transistor version was suggested by S. Takahashi
et al. of Blectrotechnical Laboratory of Japan. After carefully studyiné
the performance of this “TL type logic circuit, sowe modification was made
to improve its characteristic, and this modified circuit was used as a baesi:
logic c¢circuit of the computer. After a time, the Computer Control Co. of
U.S.A. has also announced the one which operates at 1 ic/s (Pr 1).

The logical property of the basic logic circuit of the computer is of
the delay memory element or the I {lip-flop with input gstes which nerfomn
logzicel operations (Ph 1).

In Fig. 7.1 the circuit diagram ofvthe basic logic circuit is presented.
3ince most of the circuit operations are the same asz that of the original
ETL type logic circuit (Fi 1), only the principle =nd a new feature of
this circuit are given. The logical AND and logical CR are performed by
diodes at the input. "There are two kinds of packasged basic loric circuits:
type A6 and A7. There are 2lso three kinds of packaged diode (-resistor)-
gate circuits : type D8, 9 and D11. The circuit diagroms of the type D
packages and their logical diagram symbols are showm in Fig. 7.2. Togical
properties of dicde gates of the type 4 and D packages are as follows:

Type A6 package : X ...X, UXs X U (outputs of the type I packages),

Type AT package : X5...X% U (outputs of the type D packages),

Type D& package : Xy...Xg U Xg %05 Xil...Xi5 (it has two independent outputs ;.

Type D9 package : XiXoX3, X, X5X5, YXyXgXo, XyoXi1Xyo:

(it has four independent oubtruts;,
Type N1l packare : Xj...Xg, X7...X%2, (it has two independent outyuts,,

“nere Xi(i=1,2,...) is an input logical wvariable.
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Fig.7.1-Circuit diegrams of the basic logic circuit of the KDC-I
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[De]
16 Q mst
Di4
14 Bra
13Q D2 : l

12 0—-—-——-'10“
Dio
Do

I5

|
10

IN34A %15

IN3BAX3

Dis

9

D7

D11

/

IN34A X 12

Die
S5KRx3

Ra[Ry[ Ry

cl,

1

N38AXx2
11

16 G

13 @_D.,
120—5-
IICF——Tr'

Dkt

15 5 -
14 0—5-H—1

i

Y
D14

K}l—o17

=0 |7

3—-§

IN34A X |2 IN3BAX4
‘SO_DQH {4-——0 IS
20— Dle

1
1O D"‘a
00—+ Kt—o 16
96 o Dis
8 O 5, K1
70——o —"Nl 0 17
6 © P Dia
= o 1
4@—'—E')—3‘J/r T~ Q 18
so—p, D L L Di3
2 Q—-—lDi >|—
Ry[Rs[R.[R, 5SKRXx4
cl,
Dg

N®OoOo—

ae

wh

]

|
16 o——
15 O—
14 Q= 17
} 2 Qe
12 O—

—

S N

Fig.7.2-Circuit diagrams of the type D packages
and their logical diagram symbols.

N AN AN, (T’/



S

By connecting pins of the A and D type packages properly, it is
possible to construct a logié circuit of various conplexity. All logic
circuits of the KOC=I are constructed from these five kinds of packages.
The mexdmum available mumber of fan-ins and fan-outs of the basic logic
circuits was decided first fron circuit analyses (11 1) and finally by
referring the results of experiments. However, the logical design had
actually been conducted under rather severe restrictions on the paxirman
available number of fan-ins and fan-outs of the besic logic circuit =o as
to get a wider performance margin of the eircuit. The actual condition for
the fan-ins or this AND-OR (second-order expression) gate circuit is as
follows:

AND - gate : no more than 6 inputs (to one OR-gate input),

OR - gate : no more than # inputs (to the transistor =zplifier).

The actual condition of fan-outs of the : type package (which has both 1]
and logical NOT outputs) is : v

No + Nn & 13,

62'n20 and YNo20,

#here No is a number of ON outpufg and ‘In is a mmber of "0T outputs.

Bach type of circuits is assembled on a pluz-in type printed card and
is packaged with a metel frome. In Fig. 7.3 viewsof the type A7 package are
shovm.

The output from the diodc-gaote circuit or one bit of infowation is
terporarily stored in the capacitor Cl (or delayed). If one bit of informa-
tion is a binary "1, 2 negative puke is applied to the C, and the Cl is
charped. If it is a binary "O", apulse is not aprlied and the €1 is not
rharsed., MNext, by strobingpilse,the cliarge of the (11 is tested and reset.
If the C1 is charged or 2 binary "l" is ctored, the strobiry pise triggers
the transistor one-shot bloking oscilletor; if the C1 is rot charged, it

is not trigrered. The output inped=nce should be kept low since it :s
&



?-1

g
7. 743
-YJie‘w‘
Eih of t
=1 Yi
e i€ A?
-7in .
Ls cka
P age
by llOE-nb”.I?lSi
Cc lopli
ard .
cl
s Wit e
b m g
ey or t
fr o
- EDC
C. _I)



connected to the diode-gate circuits. For this purpose a transforier is
used. The output pnlse width can be adjusted by choosing the proper value of
the veriable resistence R8.

The new feature of this circuit is the addition of the diode D6, the
coil CH ~nd the resistor R2 across the terminals of the information storage
capacitor C1 and -1.7V, whiéh was cdeveloped by Prof. T. Sakai ond Frof.

H. Hagiware of Kyoto University. As described in the above, one bit of
information is tenporarily stored in the Cl,then tested, ancd lhe charre of
the C1 is reset. This process is repeated. However, withoul this cireuit,
the charre of the C1 is nolt satisfactorily reset and the performence margin
of the circuit depends on a pattern of input pulse train to a considerzble
degree. This circuit greatly facilitates the discharge of the C1 at the
end of thestrcbing pulse, or the charge of the Cl is reset to a satisfactary
degree by the use of this circuit.

The maxiruq allowable length of wire connected between input and out-
put terminals of basic logic circuits were determined by expsriments. The
connectebility of terminals of a feriale connector for a cirenit package or
the appropriate naximum mmber of wires which can be cornnected to the
terminal is two as a rule. Thus in the case of the KDC-I all teminals ar
nodes are connected with one line.

The maxdmum allowable length for the ON**HQ? or diode-gete circuit
output (which is connected to the OR input ) was decided as follows :
for ON output : actually no restriction within the racks of the corputer,
for IIOT output : approx. 200cm in the case of the ordinsry swire,

approx. 500ci in the case of the low-capacitance wire
(actually red insuletion tube is covered),

for diode-gate output : approx. 20cm in any case.

7«3 Ferforrrance Yargin of the Basic Logic Circuit

The marginal €heckins was developed by Lincoln Laboratory of ! .I.T.(Gr 1)
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and it has been extensively used in the disign phases of conputing systems,
as well as in day-by-day operation of such systems.

In the case of the basic logic circuit the supply voltage for the
transistor emitter (Ve) and the peak voltage of the strobing pulse (Vsb) are
considered to be the two most important merginal checking porameters of the
circuit (though in reality there are many paramcters that vary simultaneousely),
since they are related to the most delicate functions of the circuit. Thus,
in practice, the following measurement is performed, A train ofpdses is
applied to the input of a basic logic eircuit, and wvelues of these volteges
ag marginal checking parameters are varied, then the region of satisfactory
operation and the region of unsatisfactory operation are measured by observ-
ing the waveform of the output;nﬂseltrains on the screen of an oscilloscope.
Results obtained are plotted on graphs in which the Ve is taken as cbscissa
and the Vsb as ordinate. This Ve-Vsb graph can also be displayed directly
on the screen of a cathode-ray tube by the display unit which is described
in chapter E.

The Ve-Vsb graph is important, since the operating stzates of rost can-
ponents of basic logic circuit, e.g., resistors, condensers, dicdes and
the transistor, can be learned from it. Thus the Ve-Vsb graph will be
called the performance nargin of this basic logic circuit. The graph is
used as the basis for the selection of basic logic circuits.

In Fig. 7.4 a typical Ve-Vsb characteristic or perform:nce margin of
the basic logic circuit and-4dae criteria for the selection of basic logic
circuits are presented. All basic logic” circuits are selected under these
criteria. It is hoped that any logic circuit which censists of many these
basié lopic circuits will have the margin whose boundary is the inner
envelop of the boundesries of margins of these basic lopric circuits. In
reality, however, it becomes siraller than that expected, since there vould
be much noise on dc poi«r supply lines, ruch deterioration in waveforrs,

»
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Vsb -3
(Volts)
-2

(Criteria for the selection of basic logic circuits)

1. The output pulse width at =1V level should be adjusted to
2.05 us when Ve = =2V and Vsb = =3V.

3

(Typical performance margin)

Ve (Volts)

3"

2, When Vsb = -3V, Ve margin must be (-2.6 + 0.1 V — -1.5 4 0.1V).

3. When Ve = -2V, Vsb margin must be no less than the range
(=346 — =2.6V).

Fige7.4-Typical performance margin of basic logic circuits and
their selection criteris.
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and so on. The performance margin of the MD of the KDC-I which consists

of four 12-bit ring counters, in the cese when only one milse rocirculates

in each counter, is shown ir Fig. 7.5. The result is satisfactory in the
sense that the overall nargin is not deteriorazted from that of = single
circuit. The same kind of margin was measure’ on all reristers ~nd counters
of the KDC-I. The results were not so different {row that shown in Fig. 7.5,
except that of the 1@. Fig. 7.6 shows the perfor »nce rargin of the l,
four 12-bit ring counters with a decinal adder, 2 corplementer =nd an add/
sub.-1 counter, consisting of about 60 basic logic circuits. Tt indicates
that in the case of the addition at the 1’0} the marpgin was greatly decreased,
althourh there is a result that the addition at UA does not appreciablly
affect the overall margin of the UA., It was, however, not possible to

trace the cause at that tire.

After the completion of the computer the perforrance margin was
measured while one hundred places of natural logorithm e 1ere being
corputed repeatedly. The results vere :

Ve marmin: 1.7V ~ =2.2 V, when Vsb=-2,15V
Vsb margin: =3,0V ~ =2,25V, vhen Ve= =1.9V

Since it is not sinple to vary the velue of the Vsb 2nd since it is
possible to egtiicte the approximate Vsb margin when Ve maorgin is knovmn,
only Ve margin is re~sured once in a month 2s the marginzl checldng of the
computer, The Vsb is kent 2t -2.15" and the Ve =1.9V in dz:<h-cdor operation
of the corputer. The logic circuit of the computer consists of about 1400
Type A packages, sbout LOO Type D packeres =n' about 120 buffer ~mplifiers
(which are described in the next sectiin) as described in chapter 6. The
torelance of the "e of 2 single basic logic cirecuit when Vsb=-3.15V is
approxirztely 1.1V, while it dis 0.5/ in the case of 2 logic circuit ecan-—
sisting of obout 1/,00 basic lorie circuits.

The Ve marsin variee with tire, two-rcardatn of Ve margin are shown



Vsb ;;?
(Volts)
©
-3
q A 2

Feb.23,
1960.

-2

-1 -2 Ve (Volts)

Fig.7.5-Performance margin of the MD of the XDC-I (four 12-bit ring

counters, consisting of A48”basic logic circuits).

Measurement was performed when only one pulse recirculated

in each counter.

Vsb 3 n
(volts)
-3
25%
Feb.27,
5 1960.
4 -2 Ve (Volts)

Fig-7'6

-Performance margin of the MQ of the KDC=I (four 12-bit ring
counters with a decimal adder, a complementer and an add/sub.-1

counter, consisting of 64 basic logic circuits).
O : when only one pulse recirculates in each registér.
% ¢ when the addition of randam nmumbers is performed.

3-]2
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in Fig, 7.7 vhich have been mensured at the Computation Center (this period

corresponcs to the life tire of the serial mumber 625 megnetic drum).

7al Buffer Amplifier

The mumber of fan-outs required for a basic logic circuit in case of
logicnl design varies considerably; e.g., the output signal of a particular
logic eirecuit used in the ti-ing pulse generstor lowic circuit should be
transpitted to about 100 inputs of other basic logic circuits. For this
kiné of situation, a buff:=r amplifies which has a current £nin was designed
by Fr. Ochiai and Mr. Takase of Hitachi, Ltd. during the tire of the logical
design of the computer. In Fig. 7.8 the circuit clagram of the wuffer
arplifier and its logical diagram symbels ars illustrrtec. The buffer
amplifier is logically an invertor 'without a time delsy, though sctually
there is a tire delay of approximatel; 0.1fps which has no effect in the
actual operation of logic circuits. It has g%gl;i%!nggdance
which accerts either ON or MNOT output signal, and h's two equivalent outputs,
each of :hich can drive no grecter then 10 inruts of basic loric circuits
assembled in any parts of any computer racls. The author was not quite
willing to use this circu’t since the samne Lthing could be done - ith a much
siripler circuit. The author susgested to attach eritter-fellover ciicuits
to Type 4 peckage, which was not rcalized 2t that tine. However, it wrs

a
raported that such circuif was developed and used in HMiC 2206 carputer of

Nipron “lectric Co.Ltd.(¥i 1).

7.5 Some Other Circuits

Varirue electronic circuits vwore desirmed, but most of them were
pather convention~l enes. However, the read arplificr of the rhoto-electric
tape reader (PTR) sugrested by the autlicr should be 1enlone” here. The
cireuit iteelf is also a convenlional tr-nsistorized Schmidt eicuit (or

voltare comprrator), but the avplication of its spewial function to the FTR
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Fig.7.7-Variation of the Ve margin of the KDC-I with time measured
while one hundred places of the base of the natural logaritim
e were being computed repeatedly.

Ve : Supply voltage for the transistor emitter,

Veo: Set value of the Ve,
Upper boundary of the Ve margin,
Lower boundary of the Ve margin.
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=75V

! 6, ~ Q7 : HIe0C [2SAIR

Fig.7.8=Circuit diagram of the buffer amplifier and
its logical dlagram symbols.




is conciderer nev and interesting.

The PTR reads pro~ra s or dutw at the r-te of 2)0 eh~r-cters/zsoc.

‘hen the instruction (NIN/1L) is erecuted, 1! charscters or less are read
by the TTR cortinuously. The Il is designed to read even one charzcter by
the instruction(RIM/ 1), wdich »ubz rother severe operating cendition to the
1!, since the inforatisn density of pepor tape is L chor-cters/cr.

The output of the photo-fr-nsisto- of the 7L vhich detects sprocket
holes is reshaped by the Schmidt circuit, the troiline edge of the output
of the Schridt circuit is uvsed as the informati-n th=t ome chorncter is
read. The pzper tape shoculd stop az where the fetector situates betiecn
thr neighbouring sprocliet holos. It often stops, however, ac vwhore the
detector situstes on the eldne of the next sprocket or the out-ut level of

~
the rhotn-tronsistor is near the trifsering level of the Schmidt ci-cuit.
Since thers ares mechanic:-l vibration, n-ise, ctc., the cutput of the
3ehridt circuit coan be turned on ‘nd off wr thew (Chattering), which couses,
thouzh rore; undetected ervos 1n read onsrations.

"o solve this —~rohler the backlas™ or hysteresis characteristic is
Fiven betrreer the CF and CFF trigreiings levels of the Sehmidb cireuit uvhiese

voltare difference is set rzater th n that of neise vy incraasine the

feedback loop gain of the circuit. By this wry the chottering was prevented.

— -
Py .

The Schinidt eireuit with the hystereses chrrocteristic is not new, however,

4

¢ Wh3

[B8

it can be s~1d that this rother —eculisy fimetion of Lhe eciren

suitebly a-rlied to solve the wrobler .
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Chapter 8

A UNIT TO DISFLAY THE PERFCHMANCE MARGIN OF THE FASIC LOGIC CIRCUIT

8.1 Introduction

It should be pointed out that the remarkable progress in the field of
electronic digital computers owes greatly to the progress in the field of
measuring instrusents. Without the high sensgitivity and wide freguency band
oscilloscope, it would be almost impossible to construct high speed large
scale computers. Various instruments based on various novel ideas have been
made to date in the field of corputers. Among them are the sampling oscillo-
scopeg, memory core testers, core matrix memory plane testers, etc.

A new instrument whica'was suggested by the arthor was constructed to
display the performence margin of the basic logic circuit of the computer.
In this chapter details of this unit will be described.

From the aspect of the construction of g digital conputer which usually
consists of many basic logic circuits, the measurement of the perforrance
margin due to the change of margiral checking parameters of the basie logic
circuit is especially important, and is customerily done for all basic
logic circuits. Circuits whicli satisfy a pre—established condition of the

performance margin are selected and used.

—— —

Point-by-point reasurement is very troublesome and moreover inefiicient .
By using this display unit, it is expected to become much easier
(1) to measure the effect due to variaticns of values of various parameters
such as the width of an input pulse 2nd so on, and
(2) to measure the performance margin repidly so that all basic logic circuits
used for a comruter can be easily examined to a satisfactory degree.
Furthermore, by eprling the same principle used for this display unit

-

it ie expected that



(3) it is possible tc construct a perforrance margin display unit for other

types of logic circuits, and
(4) not orly the performance margin of a basic logic circuit, but also thzt

of more complex logic circuits consisting of many basic logic circuits
can be displayed.

In the following sections, marginal checking parameters of the basic

logic circuit, the princirle of the display, the orgsnization of the display
unit, errors in the measurement, an ex~mple cf the display and the applicaticn

of the princirle will be presented.

8.2 Marginal Checking Parameters of the Basic Logic Circuit

Concerning the basic logic circuit of the KDC-I,i.e., the transistorized
dynamic flip-flop circuit whose functional details were presented in the
previous chapter, the supply voltage for the transistor emitter (Ve) and the
peak voltage of the strobing pulse (Vsb) are considered to be the two most
important marginal checking parameters of the cirecuit. Thus, in practice,
the following measurement is performed. A train of pulses 1s applied to the
input of a basic logic circuit =2nd values of these voltages &s marginal
checking parameters are varied, then the region of satisfactory operétion
and the region of unsatisfactory operation are measured by observing the
waveform of the output pulse trains on the screen of an oscilloscope.
Results obtained are plotted on graphs in which the Ve is taken as abscissa
and the Vsb is taken 25 ordinate.

This Ve-Vsb graph is important, since the operating states of most
components of the basic logiec circuit, e.g., resistors, condensers, diodes
and the transistor, czn be learned from it, Thus the graph is used as the
basis for the selection of basic logie circuits. Instead of writing the Ve-
Vsb graph by plotting data one by one, the graph can be displayed on the

screen of a cathode-ray-tube by applying the principle suggested by the author.



€22 The Principle of the Display
In Fig. 8.1 a block dizgram of {he display unit is showm. TZach func-
tional unit in the block diarrsm vill then be presented in fura.

TC

Fasic Jorie circuit under test.
ST : Bzsic lopic ecircuit used os a standard for coarparison.

PG

se

Pulse generstor vhich generates atrain of pulses which is apnlied to
the invut of Lthe tio bosic lo~ie circuits TC and OT.

CC : Coircidence circuil which tests the ceoinciodence of 2 proper seauence
of output signal fror the TC writh that fron. the ST

IS8 : Fouer scurce for the emitter of a2 trensistor of the basic logic cir-
cuit whose voltage Ve is periodically varied within a rroper veltage
ranre.

SFG

Strobing-pulse generator, the peak voltage (Vsb) of vhich is periodical-
1y varied within a proper voltage range (or modulated ) by the output

of the 1'SG described belovw.

MSEG : Modmlrtion signal generator.

CRT : Cathode-roy tube (or used as a cathode-ray tube oscilloscope ).

The output veltages of the P3E and the 1'SG are applied to the horizontal
and vertical axis of the CRT (oscilloscone) respectively. The speed of
variaticn of both volteges should be so chesen that it is possible to
obtzin a suitable r-ster on the screen of the C5T. In case of the actual
displey unit, the output of the PSE is the roflated one with a2 50c¢/s
simusoidal wave; and the output of the MiG is a sauw-tooth wave whose rate
of repetition is 1/2 c¢/s. Furthemrore, by the ouvtput of the CC, the beam
intensity of the CRT is nodulated. In case of the actual displey unit, the
test of the coincidence is done anproxirotely every 52ps. If coincidence
is taken or the TC is operating norrmelly, the srot on the screen of the CPT
ig 11lurinated. Otherrise, the svot is not illwiinated. The location of
the spot on the screen of the CRT is decided by the corresronding veltares
of the Ve and Vsh. Thus the regicn of rnormal operstion of the Ve-Vsb

charseteristic is illw innted on the screen of the CHT.

Because it is sivple to observe the Ve-Vsb chir-cteristic hy using
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| [ TC I ’ £e

(Vsp)| [(Ve)
PSE
| CRT
= T
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_ —&

Fig.8.1-Block diagram of the display unit.
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this unit, it is expected to becone ruch easier to mezsure the effect due
to variaticns of v-rious olher perameters such as voltege, wavelor,
orerating frequency, the conditi ¢n of fan-ins ani fan-outs, etc. ! oreover,
the perlorriance rmargin is slightly sffected br the pattern of a train of
input pulses in riost cases, thcush it is undesirable. Thus it should be
regarded that Lthe pattern of a trezin of irput pulses is also a kind of a
parameter to the Ve-isb characteristic. In an actual display unit, repeti-
tion of & 12-bit pattern is used (which corresponds to the repetition oi the
sarie pattern approximately every 5."],15, i.e., the one-word tine of the cor-
puter;’.

Since the principle of disvlav can be regarded as based on a sort of
corparison method, it is possible to display not only the perforrance margi
of a basic ecircuit, but also that of more conplex logic circuits consistirg
of many basic logic circuits. !‘oreover, it iz important to display the
performance margin when the 10T output of 2 besic ecircuit is applied to tle

input of the TC.
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8s4 The Orgenizcstion of the Display Unit

A display unit besed on the rrirciple described in the rreviais section
was actually constructed and corpleted in May 1660. In this section the

actual display unit is described in detzjil.

In Fig. 8.2 a view of the display unit is shovm, and in Fig. .2 an
everrle of the Ve-Vsb chor-deiistic of the basic lopic circuit of the co -
puter is displayed on the screen (diameter : ca. 120mm or caz. 5") of the
CART of the cisplay unit.

The unit is rounted on the 19" standard rrek as showm in the firure,
and consicts of four perts. From tor to bo*tom they are: -

(1) Pulse generators which are used for all circuits of the vnit. The
repetition frequency and the width of a pulse can be veired.

(2) Displcy subunit which contains a CNT, modulaticn circuitls, cte.
(3) DC power suprnly.

(4) Logic circuits which form the CC, PC. etc.

The rain features of the display unit are ;-
(1) The Ve 2nd Vsb are varied autoratically in the proper voltzre range so
as to get a proper raster on the screen of the CRT. However, they c=n be
varied manmually after setting an n.nto/manu;*l switch.
(2) The Ve and Vsb can be calibrated on the screen of the CiT.
(3) Other parameters beside Ve and Vsb czn be chosen. For earyle, the
number of fan-ins and fan-cute, voltage, wrvefrom,freguency, or artificial

noise supernosed on Ve con be a third prrormeter.

(4) Check-point terminals are established on ir portant parts of the circuits

of the dislry unit.

(5) The 120mr (5") cizmeter long persistcnce ORT is uzed (since errors

origireting in the measurercent decrease os the speed of the sw-en decreases).

(G) lith sore modificaticn of the ispley unit, it is possible to measure
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not only the performance margin of a single basic logic circuit but also
that of logic circuits consisting of several basic logic circuits.
The detaile of the main funectional units sre now described by refer-

ring the block diagram of Fig. 8.1.

1. FG : Pulse Generator

A tvweleve-bit ring counter corrosed of basic logic circuits is used.
Thus any 12-bit pattern can be set in the counter, and the output fram it
becomes the repetition of this pattern at approx. every 52ps. For example,
the following train of pulses or pattern is used, i.e. 101111111111. Tt is
obvions that any other train of puises, e.g., a random pulse train, can be

used.

2. CC : Coincidence Circuit

This is a most problematic circuit, since it performs the comparison
between the normsl output of the standard basic circuit ST and the output
of the tested circuit TC under the condition where the normal operatirg
state of the output of the TC can not be defined uniquely. Thus a cam=
promise is made from the practical point of view.

In some cases, the waveform of the output is distorted, and error
might occur at the input of the next stage. Thus this can be used as a
criterion. I.e., if it is accepted by the normally operating basic logic
circuit which is cascaded to the tested one, it should be regarded as a
satisfactory output. If it is not, then it shouiz.certainlx_be regarded
a dissatisfactory output.

One more point is the interval of the test of coincidence. Apparent-
ly it should neither be done at every one-bit time, nor 2t extremely long
intervals. However, it is known from the practice that the test of 10-bit-
tire interval is satisfactory, since the Ve-Vsb characteristic is scarc ely

affected by increasing the interval of the test. An interval of 12-bit
o



-
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time is chosen since it corresponds to 12-bit ring—counter type registers
of the computer.

A repetition pulse of very long intervel can be generated and the test
of very long interval can be performed. This feature is useful when the Ve
and Vsb are varied manually.

The actual circuit of the CC is shown in Fig.8.4 together with the
TC, the ST and the PG. To is the test pulse of a 12-bit interval or 52ps
interval. CCl and CC2 are coincidence logic circuits which test the
coincidence of 1l-bit pulse trains of the ST and the TC. If the coinciderce
is met, CC2 is fired and its output is amplified by CCA, and its output
modulates the intensity of the beam of the CRT. Moreover, the CCA performs

the blanldng during the time interval between Vsb sweeps.

3. PSE : Power Source for Emitter

The sweep of the Ve is performed by 50c/s sinusoidel wave synchro-
nized with the commercial ac line frequency (50 c¢/s in the Kanto district,
60c/s in the Konsai district, this display unit is now being operated in
the Kanto area). The Ve changes in the ranze (=3V, -1V). The use of the

50c/s sinusoidal weve has the advantage of reducing the effect of ham.

e SFG and k5G : Strobing Pulse Generator and lMeculation Signal Generator

The output of the SPG is the strobing pulse modulated by 1/2 ¢/s
saw-tooth wave. The Vsb changes in the range (-2V, -4V). The Signal is
sent to the CCA for the blanking of the CRT during the tire interval between

—

Vsb sweeps.

5. A Ve-Vsb raster on the CRT screen

The CRT used is the type 5ABP2, 120mm or 5" medium persistence (low
level persistence lasts for a long period) cathode-ray tube.

Since Ve : 50c/s,end Vsb : 1/2 ¢/s, a raster of about 200 horizontal



ST

cc cca | CCA

-,

Fig.8.4-Coincidence circuit (CC).
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lines is obtained. The sweep of the Vsb is not synchronized.

Because the test is done at every 52ps and time needed for a sweep of
2 single horizontal line is 1Oms, a horizontal line consists of 200 test
spots. Thus a raster consist of 200X 200 test spots.

The deflection factor of the CRT is 2em/V which is scaled on an

illuminating graticule.
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8.5 Frrors in the Measurement

As is described in previous sections, the principle of measurenent
is based on a variety of conditions. However, these measuring conditions
may be considered appropriate since they are not far from being the actual
operating ones.

The apparent error in the measurement is caused by the sweep in relation
tothe tie interval of the test. The sweep speed of the Vsb is very slow,
thus causing no problen. However, the sweep speed of the Ve is not so
glow, and its effect can be estimated as follows:

Let Ve = Vo sin2ft + Veo,
Where Vo = 1 volt, £ = 50c/s and Veo = =2v.

Thus, aVe = 2Wf Vo cos 2Fft .at,
and !'ax(aVe) = 2nf Vo.at,
which corresponds to the center area of the screen of the CRT.
Letat = 52ps, thenavVe = 16mV.
The beam sweeps from left to right and back on its return. Thus near the
center of the screen of the CRT there is an error of the order 2AVe =32u7.

The deflection factor of the CRT is 2cm/V, and 100mV scale is given
to the graticule. Thus the error causes no serions problem. However,
there is a slightly larger error than is estimated at the periphery of
the normally oprating area. No exact reason is found for this phenomena.
However, it is assumed that there might be a hysteresis in the operat,i‘on

of the basic logic circuit with regard to the wvariation of the Ve.

2,6 An Example of lMeasurement

Marginal checking parameters of the circuit is the Ve and the Vsb.
Fig. 8.5 shows an example of measuresent when the width of an input puilge

is taken as 2 third parameter.
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# 1C # The pulse width is changed

D Zi ‘) O in this c¢ircuit,

Ambient temperature: 23.5°C.

S 3 . N A train of input pulses:
L @)U U repetition of the following

12~bit pattern:-

101111111111,
Test interval : 12-bit time
or 52 ps.
Waveform of an input pulse.
\ . T : 4.35 ps,(230ke/s).
oV n > Fulse width,
X 3 2.05 ﬂs,
RV OO 2 : l.45 us,
3 K 1010 }-‘-5'
®
-4 ]I— / ¢ @

" ) / /,/ | ///

=3

(Volts) / /V

Ve (Volts)

Fig.8.5-Ve-Vsb characteristic with input pulse width
taken as a parameter.



8.7 The Application of the Principle

Some examples of the application of this principle are presented by
showing schematic diagrams. Fig.8.6 shows the method of measurement
when a NOT output is applied to the input of the circuits. When the coupling
between a read amplifier of a magnetic drum and a basic circuit is 2
matter of concern, the method shown in Fig.8.7 ¢c~n be utilized. In

Fig.8.8 the method of measurement of the Ve-Vsb characteristic of an adder

is showvmn.

8.8 Conclusion

The details of the display unit have been described. Various interesting
applications of this display unit are possible. The principle of
measurement can be applied not only tec the dynamic type circuit, but also to
other types of logic ecircuit. For example, in ccse of 2 pa;;metron
loric circuit, the de bias current and the exciting voltage can be taken
as two checking parameters, and a performance margin of z naramcetron can
be dismlayed in the same way.

It was reported in Jamary 1962 that a display unit for a static
logic circuit based on this princivle was constructed at Osaka University

(Ha 1).
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Chapter 9
CONCLUSION

In concludine the thecis the rain points of thie resultes of the

studies are presented.

(chapter 2)

1. An electronic digital comyuter, t'e [DC-I, was successfully completed,
which satisfies the snecified fimctions and can be concluded to be a fairly
reliable canputer from actuzl operation.

The installation of the [[1C-I at the University was at the beginning
of ‘ugust 1960. After spending one month for the reasserbly and for varias
tests, the I'DC-1 has been utilized rnc meintzined at tue University.
Various interesting aprlications have been reported to date.

The rachine ie functioning aboul 90 % of the total time that it is
turned on in spite of insufficient meintenance personnel.

From our experience of its operation, the mhin causes of diﬂ'.f.uﬂ’y
were in the mechanical defects in the input and output camponents of the
machine. The most troublesore part was incomplete soldering at tle
terminals of the back panel logics wiring. Several transistors have
broken dovm. Lost of these brezkdowns were due to incomplete evalustion of
their power dissipation. These cirenits have now been remadeled and no
trouble has been registered from these circuits since then. However, some
of the faulty transistors showed unfavorable changes of characteristics
due to unknovn reasons. o diode troutle has yet been recorded to date
in spite of initial anxiety. However, the specd of the computation

seems progressively slower as the amount of information to be

processed increases.



(chapter 3)

2. By providing a rather rich repertory of instruetions and a decimal structure
to the machine, the programming for the camputer (with machine or
symbolic codes) is comparatively easier than for other machines.

3, Main features of the instructions are listed in section 3.3 of chapter 3,
which are not repeated here.

4. Instructions for logical operationswere devised: thus it became possible
that not only operatiorg between words or between decimal digits, but
also operationg between nmumbers of different weights and between bits
can be performed.

5. Instructions for special operations are new tvves of instruction which
have interesting properties.

(chapter 4)

6. A magnetic tape syster was successfully comvleted, which satisfies the
specified functions, in spite of the difficulties at the time of the design.

7. There are about fifteen more items which shculd be described here, but
they are presented in seetion 4.7 of chapter L.

(chapter 5) v

2. The simplest form of reading the initial read-in routine is shown
with a proof.

(ehapter 6)

9. The logical design had been conducted under rather severe restrictions
on the available mumber of fan-ins snd fan-outs of the basic logic circuits .
(A portion of its effect can be found in Fig.6.8) .

10, A method was devised to obtain the sirplest norm2l function with a
restriction on the operatiocn of an input gate in which no more then a singe
‘ND gate can send binary 1 at the same tine.

11. Irithmetic elements we.e designed under the =bove restriction; it wss
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shown that in all examples the number of terms never increased, aml only
a slight increase of the number of diodes is caused.

12. Steps of the logical design and mzin design features are not repeated

here ; they are found in section 6.6 of chapter 6.
(chapter 7)

13, Some modification to the ETL type transistorized dynamic circuit
was made to improve its chariscteristics by I'rofessor T .Sakai and
Frofessor H.Hagiwara.

1. A procedure was set up in which the performance margin of 21l bask logic
circuits is measured, and then that of several functional blocks is also
measured. By applying this procedure the adjustment of the computer is
likely to become much simpler ( The thorough examination of the results
of logieal design and the wiring of the camputer is required),

15. The emitter voltage margin of the whole computer fryctuateswith tine,
however, it can be concluded it is very stable.

16. The hysteresis cheracteristic of the Schmidt circuit was suitably
applied to solve the input eircuit chatter problem of the photo-electric
“tape reader-

17. It can be concluded that a transistor circuit is very stable, if it
is properly used.

(chapter 8)

18, A new unit to display the performance margin of the basic logic circuit
was devised and comrleted. It was reported in Jamuary 1962 that a display
unit for a static logic circuit based on ‘his princirle was constmucted

at Osaka University.
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Aprendix A
()
THE CONSOLE OF THE COMPUTER

A program tape is placed in the Input Unit (usually a photo-electric
tape reader), and the operator sets and/or depresses suitable buttons on
the operator's console. Then the computation (the read-in and the compu-
tation of the program) begins and results are printed via the output com-
ponents.

The operator's console or simply conscle is used for the supervision
of the computation, the machine check and adjustment. Buttons (or switches)
and lamps whichare used for the supervision are placed in the front panel
of the console. The drawing of the front panel of the opeMetor's console
is shown in Fig.,A , At the rear side of the conscle, the switches which
are mainly used for the machine check and adjustment are placed.

The functions of each lamps and buttons on the panel are described in
turn meinly from left to right part of the panel.

If the contents of a bit is one, the corresponding lamp is turned on
and if zero, off.

(1) The display of the contents of opg;ation registers and counters.

The array of lamps under the name REGISTER is used. The first row of
the array has the weight 1 of the BCD. The second has 2, the third has 4
and the fourth has 8. A register or a counter whose contents should be
displayed is specified by setting the button which has the name of the
register or the counter.

N.B. The c(IC) is displayed in the positions 9—v, the c(IRl) in the positions

1-4, the c(IR2) in the positions 5 -8, and the c(IR3) in the positions

9 -v, The LA overflow bit and the LA gign are displayed in the weight 1

and 8 of the position v regerdless of the R-indicator state.

(2) The selection of the Input and the Qutput camponents.
The selection is performed by the inqzsgsfion SEL, but it is_also

" possible to select them by depressing the buttons which have the

J -
!
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1

corresponding names., If selected, the corresponding lamps are turned on.
(3) The manual execution of &n instruction at the console.

An instruction word 1s prepared by setting the REGISTER SET buttons in
the middle of the panel of the console. Before setting an instruction in
the OR, the computer must be in the state of HALT (confirm that the HALT
lamp is on). Then depress the OR CLEAR button and next depress the OR SET
button, by this way the instruction can be set in the OR. If the SS button
at the down right of the panel is then depressed, the execution of the
instruction takes place. And if the START button is depressed,the computer
.. takes the next instruction in sequence. So by this procedure the insertion
of an instruction inteva program becomes possible.

(4) The JSW Switches.
There are five switches S=1, ..., 5~5. Thier function is described in
the instruction JSW.
(5) The Break Point Switch,
See the Break Foint Part of the Computer Instructions.
(6) The AC overflow and the AC exponent overflow.
If the v position of the AC has a non-zero nmumber in any case, the AC

OVERFLOW lamp.is turned on. If the v position of the AC has a number other

e

than O and 1 in any case, the ACEX OVERFLOW lamp is turned on.

If the AC (or ACEX) OVERFLOW lamp is on as a result of the fixed (or
floating) point operation, the computation stops if the AC(or ACEX) OV STOP
button is set on. But detalls are described in the Computer Instructions,
(7) The indicators

The P lamp indicates that a P-typeé instruction (PSX, SCT, 1LU) is being
executed, The R lamp indicates that a remainder is obtained by the division
(DVJ, FDJ)., The TC lamp indicates that t;; dual parity error of the magnetiec
tape is checked. The TE lamp indicates that the tape énd of the magnetic

tage of the currently selected magnetic tape handler is being detected.
. e ’ -
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Details of each ere described in the Computer Instructions.
(8) The operation of the computer at the console,

The Power Switches for the drum and for the computer placed at the
front part but not on the panel of the console are set on (and the lamps
DRUM and POWER are on), the CLOCK button 1s then set on (the clock pulse
is supplied to the computer), and next the TIMER is depressed (all timing
in the computer is synchronized and generated). Then the computer is ready
to perform computations.

At this time, all registers and counters,indicators and so on are reset
to all zeros except the non-volatile memory (the N-bands of the drum, the
core memory, the magnetic tape, while the Q-band of the drum are volatile,
therefore reset to zeros) (Non-Volatile memory; Even if the power to the
computer is turned off, the contents of the memory are retained and can
be used when the power is turned on again.).

It is also possible to execute an instruction mamually by the way
desecribed in (3).

The START button, if depressed, starts programs from the location c¢(LC).
The SS button, if depressed, advances only one step of a program or an
instruction in the location ¢(LC) is computed.

The HALT button, if depressed, halts the operation of the current
instruction at the end of its operation, and turns on the HALT lamp. The
HALT larp is turned on vhenever the computation is stopped by depressing
the HALT button, by some particular instructions, and by detecting parity
and/or validity errors.

The STAGE I lamp is turned on during the instruection time, while the
STACE II lamp is turned on during the execution time.

(9) The check lamps
If a validity error is checked, the VALIDITY CHECK lamp is turned on.

If a parity error is checked at the core or the drum memory or at the input



register, the CORE, DM or INP PARITY CHECK lamp is turned on respectively.
(10) The TE button

The TE (Tape End) indicator is turned on during this TE button is being
depressed. Normally the TE indicator is on at the physical end of the

magnetic tape. This button is mainly used for the instruction HLS.
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(2)
Table I KDC-I I/0 Characters

(1) Keys of the Console Typewriter

WOHHOOOO00O0OOOOOOG
QOOOOOOOCEROOOOO
OOOOOOOOOEOOOOEO®®
COOOOOO®OWOOOOEE

(¢ D

(2) cConversion Table of the Characters

CHARACTER ALPHANUM. NUMER. CHARACTER ALPHANUM. NUMER. CHARACTER|/ALPHANUM.| NUMER.
(KEY: | MODE MODE (KEY) MODE MODE (KEY) MODE MODE

0 ! 00 | 0 D 21 5 Y 42 0

1 n o1 E 22 6 z 43 1

2 1 02 , 2 F 2 \ 7 ? 44 2

3 ! 03 3 G 24 |8 ! 45 3

4 04 4 H | 25 9 . 46 4

5 05 | 5 I | 26 0 ER 47 5

6 ‘ 06 6 J l 27 1 NE ‘ 48 0

7 ‘ 07 7 K | 8 2 sp. 9 | 1
8 08 8 L - 3 CR- 4=~ 50 4 2
9 09 9 M - 4 f ! 51 3

| 10 0 N ! 3 5 z ' 52 4
_ ‘ 11 1 0 32 0 = 1 53 5
F 12 2 P 3 1 ; s |
sp 13 3 Q | M 2 /o 55 | 7
CR f 14 4 R 35 3 ( Z 56 8
(ER} L 15 5 S 36 4 ) 57 9
, | 16 0 T 37 ! 5 ) 58 0

. ' 17 1 u 38 6 a 59 1

A ‘ 18 2 v 39 7 8 60 2
B ' 19 3 w 40 8 ¥ 61 3
¢ 20 q X 41 I 9 5 62 4

LF (12): “line fecd". ignored by taps reader, SP (13 "ﬁace“. ignored by tape reader, CR (14 “carriage return and line feed',

ignored by tape reader, . . \ o .
(ER) (15); “erase’ for 6-unit tape, ER 47): “erase”, NE (43) “sprocket hole or space”, ignored by tape reader, SP. (49): “space”,

CR- (50): “carriage return and line feed”
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Table II Paper Tape Character Coding

Excess-16 Binary Coded Characters

o-weight 64

0- 32
o-even parity hit
o- 16

o= 8

°- sprocket

o= 4

0= 2

0= 1
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Appendix B
DEFINITIONS OF THE KDC-I INSTRUCTIONS

Symools and abbreviations used in this Appendix can 1. ‘ound in
chenter 3. llefinitions of #11 instructions ar¢ eiven exce that of Logical,
Special and lLa,metic "ape Operatione which are described in -:apter 3 and
I, respectively. !lowever,only their tittles are given.
In this Appendix ;-
B.l Time Required for Computation s
B.2 Dlegal Instructions
B.2 INllegal Addresses
P.hL Some Notes on Computer Instructions

B.5 The Definition of the (peration of Zach Computer ra-truetion
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b.1 Time Required for Computation

The time required for the computation of a program depends on time
required for the computation of an instruction, and the sequence of instructions
computed in a program. In the description of each instruction, the time
required for the computation of each instruction is described. 5o the
programmer can estimate the time required for the computation of his program.

Since an instruction is read fram a Storage Register, and executed, the

time for the read or the instruction time and the execution time are required
for the computation of one step of a program.

The instruction time is decided by the access time of the Storage
Register from which the specified $nstruction is read, and is denoted as Ai.

The execution time is described in two ways according to the type of
the cperation of each instruction.

(1) In case where an instruction refers at least to the Storage Register
specified by the address part of the instruction, the access time, denoted
as a data access time Aa, is necessery in addition to the operation time of
the instructicn, denoted as T.

Thus (T + Al + Aa) is necessary for the computation of an instruction

of this type.
(2) In case other than the above, only the operation time of an instruction
is necessary for the execution of the instruction.

Thus (T + Ai) 1is necessary for the computation of an instruction of
this type.

The time required for the computation of each instruction is described
in each of Lhe computer instructions. Since the instruction system is the

one and a half address system, the average access time can not be used always
£

for the assumption of Ai and Aa.

ligorous estimation of the computation time is tedious and moreover

not so irvortant in most cases, so the assumption is roughly made in the

< pe
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followirg way (the average of the longest and the shortest computation time
of an instruction is described, TLU and the Input/Output and Magnetic Tape
Instructions are excluded);-
(1) Both an instruction and a data in N-bands of the drum memory;-
Multiplication and division instructions - ca. 1l5ms; others - ca, 10ms.
(i1) Both in Q-bands of the drum memory;-
Multiplication and division instructions - ca. 8.75ms; FAD, FSB, FAA,
FSA - ca. 3.75ms; others ca. 2.5ms.
(1ii) Both in the core memory: T + Ai + Aa or T + Ai
(iv) An instruction¥in a Q-band, and a data in a N-bandj-
Mult.iplication and division instructions - ca, 12.5ms; others which
need data access time - ca. 7.5ms.
(v) An instruction in the core memcry, and a data in a il-band, Aa - ca. 5ms.
(vi) An instruction in the core memory, and a data in the Q-band,
Ae = ca. 1l.25ms,
N.B, The computation time is unchanged whether or not the modification of

the address of an instruction takes place, The time for the modification
‘is included in the operation time T.

-
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I.2T11egal Instructions

Every instruction has the corresponding 3-digit numerical code, and
the code is decoded and the instruction is executed. If a 3-digit mumber
other than the above codes is read for the decoding, which is called an
illegal instruction, then the following situation occurs in case by case
fashion (the details are not described, since it is not so important);-
(1) The computation stops at the beginning of the execution time in most
cases, since the decoding becomes impossible (e.g. 000).

(2) The computation stops after doing some erraneous operations.

(3) The computation does not stop, but the illegal instruction functions
as if it is the instructlon NOF.

(4) The computation dees not stop, but the illegal instruction causes some
errors to the operation of some other instructions,

So the Illegal Instruction should not be used.

5.3 I1legal Addresses

Since the address part of an instruction has four digits,and since the
address of the SRs are from 056E“to L4249, any number in the range 4250 -
9999 is an Illegal Address when it is used to refer the SR.

The Illegal Address works as if there is a phantom memory whose contents
are always all zeros. So in case of reading, zeroes are read from it. And
in case of attempting to write, the attemp is made in vain. Thus the
computation is not stopped only by this fact.

An error in programming often calls an instruction from the illegal
adress, and then the illegal instruction whose function part is 000 is
read and the computation stops at the beginning of the execution time.

The illegal address or a phantom memory could be used for various ways,
but it is highly recommended that it should not be used, because the extension

of the memory capacity might be realized,
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£.4 Some Notes on Computer Instructions

Some notes described here are often useful in case of programming.

1. Switches and Indicators

There are some switches and indicators which relate to the operation of
some instructions. The states of these switches and indicators are egqually
as important as the contents of registers and counters. As the contents of
registers and counters can be displayed on the panel of the console, the
states of these switches and indicators are also supervized at the console,

Details of each are described in each of the computer instructions,
and general information of each is given in the description of the console.
Beside these, there are some busy indicators, which are described in the
Magnetic Tape Operations.

2. Instructions Commonly Used for Both Fixed and Floating Point Numbers

The Fixed Point Operations are operated on fixed point numbers, and
the Floating Point Operations are operated on floatinéigﬁmbers. However
most of the other instructions are used commonly for both fixed point and
floating point numbers. For example, the Word Transfer Operatlons and
Hlock Transfer Operations are used commonly for both type of numbers. Even
the instructions CMP and TLU can be used commonly.

g Caution should be taken in case the transfer of a word to the UA.
Since the instruction ADD/ does not transfer a number in the overflow bit
of a word, and the instruction FAD/ includes the normalization operation.
‘The instruction FSL is used to store the lower half of the double length
mantissa of a floating point number in the AC (i.c. the LA vart), while
the instruction SLA is usel to store the c(LA), i.e. the lower half of the
double length fraction of a fixed point number in the AC, or a fixed or
floating voint form remainder in the LA, deperding on the condition of the
R=indicator.

3, The Contents of Registers after Reading Operations
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The contents of registers and counters, and the states of indicators

and switches are unchangedby the operation of an instruction unless otherwise
described in the computer instruction.

l'oreover the contents of any register are unchanged as a result of
reading the contents in the operation of an instruction.

4o The Unnormalized Form of a Floating Point Number

In most of the Floating Point Operations,the normalization operation
is included, All results by the Fliating Point Operations are given in the
normalized form except the remainder by the instruction FDJ, if numbers
concerned are given in the normalized form. Details are described in the
description of each instruction. v

5. +0 and -0

Since g register has a sign bit, two states of zero +0 and -0 exist,
Either of two zeros will appear in a register. In most cases, zero takes
the form of +0. For example, in the operation of addition or subtraction
instructions, and the Clear Operation of the AC. Details are given in the
description of each instruction.

The 40 and -0 are treated as a same zero in most of the instructions,
but some of the Sign Operations, the Control Operations examine on}y the

sign of a register,and moreover the instruction CMP regards that 40% =0,



5.5The Definition of the Qperation of Each Computer Instruction

In this section the Clear operationand the operation of each of all 95
computer instructions are defined,

EFach instructlon is classified for the convenience of programmers into
each of fifteen categories according to the type of operations performed, and
each is described in turn according to the classification and not necessarily
in the ascending order of the numerical operation codes. NMost of the terms
used in this section are defined in the prewious sections,

The definition of the operation of e=ch instruction is made in the
following way;-
The mumerical operation code, the symbolic representation of the instruction,
the official name of the instruction,and the computation time of the instruction
are written in the first place. Then the operation of the instruction 1s
written by using symbols. . llext the details of the operation is given, in
which the way of execution, registers and counters referred, and indicators
and switches affected are mainly described.

Jeveral notes are added if necessary. A few examples are given if it

is convenient to clarify the operation.
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l. The "Clear" Operation

A decimal code of any instruction has an even mmber except that of
FMP/ (221) and PMC/ (223). By adding one to any even number code ( hence
becomes an odd number code), it is possible to clear the ¢(AC) just before
the operation of the instruction of an even number code. The symbolic
expressicn for “Clear" is the slach "/" attached to the last of the three
character symbolic code, even though the "Clear" is executed just before
the operation of the instruction of an even mmber.

The precise operation of the "Clear® is as follows;

The c(AC) are replaced by plus zero ( The 12-digit ¢(UA), the 1l1-
digit c(LA) and the AC sign are set off).

The R-indicator ( Remainder indicator ), the LA sign and the LA
overflow bit are set off. (only DVJ and FDJ can set on the above., This
nClear" operation, multiplication and division operaticns set off the
R-indicator. The SLA is only affected by the condition of the R-indicator.)

No additional operation time is needed to that of the instruction
of an even number.

8.5 100 ADD naddn

101 ADD/ "Clear and Add
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2+ Flxed Point Operations

The following instructions are described; ADD, SUB, ADA, SBA, ADM, SHM,

RAA, LWA; ADL, SEL, AAL, SAL; EAD; RND; MPA, MPS; DRJ, ADR, DVJ.

100 ADD TJ A "Add" (0.50+Ai+Aa)

c(AC)pUA+c(E) = c(AC).

The ¢c(E) (E=#1JA), the addend or the operand, are algebraically
added to the UA part of the c¢(AC). The resulting sum is placed in the AC.
N.B.l. The fixed point operation.

2. The operand is unchanged.

3. Unlike the floating operations, a number in the overflow bit of the
operand is neglected in the operation.

~ U4+ The whole c(AC), i.e. both the c(UA) and the ¢(LA) relate to the
result,

5+ A carry or a borrow may occur even to or from a mumber in the AC
overflow position. So an overflow to the AC overflow position may
occur. However the result is correct if the result is within the
23 digits of the AC. And if the AC-OV-stop button is set on at this
time, the computation stops after the operation, and if set off, the
computation does not stop.

6. A real overflow from the AC overflow position may occur. This time
the real overflow digit disappears, or the result is a moduleo 10
decimal addition. And even if the AC-OV-stop button is set on at
this time, the computation no more stops unless a number other than
zero is in the AC overflow position.

7. Whenever the result is zero, plus zero(+0) is placed in the AC.

8. In case the "Clear" is attached to the codd<(the decimal code plus
one e.g. 101, ADD/ or "Clear and Add"), the whole c(AC) is cleared
or set to +0 before the operation (e.g. ADD). Thus the operation
equals to the transfer of the fixed-point form operand to the AC.

€.g. ADD
- e(ac): [o]1]2]3]u]5]6][7]8l9]o]1H2]3]u|5]6[0]o]0]o]o]o

J
LC(E): = 3] 1] 5] 6] 7] 8] 9] 0[1]2]3

= AEEEEEEERRBER SRR ARRRGRRE
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104 SUB IJ A "Subtruct"  (0.50 + Ai + Aa)

c(AC)pUA ~ c(E) = c(AC).
The c(E) (E =#IJA), the subtrahend or the operand, is algebraically

subtracted from the UA part of the c¢(AC). The difference replaces the c(AC)e.

N.B.l. The same notes as for ADD(N.B.l to 8) are applied,

102 ADA IJ A "Add Absolute" (0,50 + AL + Aa)

c(AC)pUA + |c(E)| — c(AC).
The absolute value of the ¢(E) (E = #IJA), the addend or the operand,
is algebraically added to the UA part of the ¢(AC). The resulting sum is
placed in the AC.

N.B.l. The same notes as for ADD(N.B.l to @) afe applied.

106 SBA IJ A "Subtract Absolute" (0.50 + Al + Aa)

c(AC)pUA - |c(E)| —>c(AC).
The absclute value of the ¢(E) (E =#IJA), the subtrahend or the
operand, is algebraically subtracted from the UA part of the c(AC)s The
difference replaces the c(AC).

N.B.l. The same notes as for ADD(N.B.1 to 8) are applied.

110 ADM oo == "Add MD" (0.50 + Al),

¢(AC)pUA + C(MD) — C(AC).
The c(MD), the addend or the operand, are algebraically added to the
¢(AC)e The resulting sum is placed in the AC,

N.B.l. The numbers in the index part and the address part of the instructim
are neglected in the operation,

114 SBM 4. ==  "Subtruct MD" (0.50 + Al)

c(AC)pUA = c(MD) — c(AC). »
The c(MD), the subtrahend or the operand, are algebralcally subtracted

from the UA part of the c(AC ) The difference replaces the c(AC).

. -
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N.B.l. The same notes as for ADD(N.B.l to 8) are applied.

2. Any nunbers in the index part and the address part of the instruction
are neglected in the operation.

130 RAA IJ n "Raise Address" (0,50 + Al)

c(AC)pUAad + #IJn —» c(AC).

The muber # IJn(= ¢(I) + c¢(J) + n; medulo 10,000), the addend or the
operand, 1s algebrajcally added to the UA address part of the c¢(AC). The
resulting sum is placed in the AC.

N.B.l. The same notes as for ADD(N.B.l to &) are applied.
2+ If a carry occurs as a result of c¢(I) + ¢(J) 4+ n, this carry or a
fifth digit of the adcdend is neglected in the operation (the additiom
of modulo 10,000), So four digits of it are always used,

3. A carry or a borrow (if the angend c(AC) is negative) may occur, e.g.
to or from the 5-th position of the UA.

G'S'Wrc(ﬂc): E] o[o| o] o0 o]o{ofo|1|ojo}2|2|0]0]0[0j0[0}0|O[O

|

. L#IJn: 1|/o0/o]o

—setae): [ (ofclololofolololofslele}Hzlelo[o[o[oo]o]o]o]o

134 IWA IJ n "Lower Address" (0450 + Ai)

c(AC)pUAad - #IJn — c(AC).
A punber #IJn (2 ¢(I) + ¢(J) 4 nj modulo 10,000), the subtrahend or
the oparé}:d, is algebraically subtracted from the UA address part of the
c(AC)s The difference replaces the c(AC).

N.B.l. The same notes as for RAA(N.B.,1 to 3) are applied.

160 ADL IJ A "Add to LA" (0.5 + Al + Aa)

c(AC)pLA + c(E) —> c(AC).
The ¢(E) (E =#1IJA), the addend or the operand, are algebraically

added to the LA part of the c(AC)s The resulting sum is placed in the AC.

N.B.l. The same notes as for ADD(N.B,1 to &) are applied,



&

2¢ A carry or a borrow may occur, e.g., to or from the least significant
digit of c(UA).
3+ The LA sign and the LA overflow bit are neglected.

esge 0L cac): B (ololal7lul el s]ololololo}olel7lels[L 3] 2]1]0]s

,r.
=
=
L+ X
At
o~
-2
o
O
I_s
a8
ha)
H—
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164 SBEL IJ A "Subtract from LA" (0.55 + Ai + Aa)

¢(AGpLA - c(E) = c(AC).,
The c(E) (E =#IJA), the subtrahend or the operand, are algebraically
subtracted from the L4 part of the c(AC)s The difference replaces the c(AC).

N.B.l. The same notes as for ADL(N.B,1 and 3) are appliad.

162 AAL IJ A "Add Absolute to LA" (0455 4 AL + Aa)

c(AC)pLA + |c(E)| = c(AC).
The absolute value of the ¢(E) (E =#I1JA), the addend or the operand,
is algebraically added to the LA part of the c(AC)s The resulting sum is
placed in the AC. -

N.B,1. The same notes as for ADL(N.B.l and 3) are applied.

166 SAL IJ A "Subtract Absclute fram LA" (0.55 + Ai + Aa)

c(AC)pLA = | c(E)| => c(AC).
The absolute value of the c(E) (E =#IJA), the subtrshend or the
operand, is algebraicelly subtracted from the LA part of the ¢(AC). The

difference replaces the c(AC).
N.B.l. The same notes ag for ADL(N,B.1 and 3) are applied.

500 EAD IJ A "Extract and Add" (0,55 ¢ Al + Aa)

e(AC)pUA + c(E) & c(MD)odd =3 c(AC).
The least significant digit of the c(E) corresponds to that of the
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c(MD), the second digit to the second and so on.

A decimal mumber in each digit of the c(E) (E =#IJA) is regarded to
be zero if a decimal mumber in each corresponding digit of the c(MD) is
even, and remains as it is if odd, In other words the ¢(E) is extracted by
the odd numbers in each digit of the MD .

This extracted ¢c(E) as an addend or an operand are algebraically added
to the UA part of the ¢(AC). The resulting sum is placed in the AC.

N.B.l. The same notes as for ADD(N.B.,l to 8) are applied. But "the operand"
in the N,B.2 and 3 should be read as "the ¢(MD) as well as the c(E)"
and "the operand" in the N.B.8 should be "the extracted c(E)".
2. The sign of the c¢(MD) is neglected. The sign of the c(E) is used,

3. An odd number has 1 in the weight 1 of the BCD code, while an even
number has O.

eugs EAD rc(AC): [ol1]2[ 3] 5[ 6] 7] e]9]o[ 1} 2ks] 4] 5] o] o]0l o]0l of o]
N

—J e(E): Hgl7lelslnlzl2lalofr 2
|

- le(m): Zol1l2|3lul5]6]7/8{9]0

A PR EE EEEEEERE SEEAERERERNEE

138 RND IJ n  '"Round" (050 ¢ AL)

If the position of the AC which corresponds to the less significant
two digits of #IJn (= ¢(I) + c¢(J) + n; modulo 10,000) ,(denotedas DU(#IJn),
end the correspondency is given below) conteins a number greater then 5,
the c(AC) are increased by one at the position of the AC which corresponds
to DU(#IJn) 4 1. If less than 4, unchanged. In either case the less
significant digits of the AC than the digit which corresponde to DU(#IJn)
(inclusive) are reset to zeros..

The correspondency between the position of the AC and the DU@IJn) is

as follows; UA LA

pUIn): ZB22XVBXHBULBLR 0D 987654321
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N.B.l. The fixed point operation.
2. The more significant third and the fourth digits of #IJn are neglected.

3, If DUGIJn) is greater than 23, zero replaces the c(AC), but the AC
sign is unchanged.

L. If DU#IJn) = 0, the operation equals to the NOP(51L).
5« The AC sign is unchanged in all cases, So ¢(AC) = -0 may occur.

6. The AC overflow may occur, The N,B.5 and 6 of the ADD(100) are
applied except the description of a borrow.

8 olao): B] ll2[al sl e[ 7l els ola}Halel 76l slul3]2[x o]
RND 00 11 | .

|
eac): | lolal2[3le]slel7]eloTol2Hololo]ololololooTo o
A

120 MPA IJ A "Multiply and Add" (5.8av + Al + Aa)

c(AC) + c(MD) * ¢(E) — c(AC).
The c(MD) are multiplied by the ¢(E) (E = #IJA). The product c(MD) *
c(BE) (22 digits) 1s algebraically added to the ¢(AC). The resulting sum is
placed in the AC,

N.B.l. The notes of ADD(N,B.1lto 7) are applied, But "the operand" in the
N.B.2 and 3 should be read as "the c(MD) as well as the ¢(E)".

2. In case of "Clear, Multiply and Add, MPA/ or 121", the c(Acg are reset
to 40 before the operation MPA. So it becames; e(MD) * e¢(E) =~» c(AC).
The product has 22 digits and no AC overflow occurs,.

3., The R=indicator, the LA sign and the LA overfolw bit are set off at
the beginning of the operation.

_ e.g. MPA (c(AC):E o[ o[l ol 2] o[ 2] o] [ of9[el{7] &] 5] 1] 3] 2[1] o] o] 0] 0

— 4 c(u): 212510l 0] ol 0]o]ofololo
|

F

L|8|84|4]{8[8|0(0]1

HX
=

A c(E) :

\
i——,c(AG):L010201019901 4| 8|L|5[6|7/9/0l0]o]0

122 MPS IJ A 'Multiply and Subtract" (5.8av + Al ¢ Aa)

c(AC) = c(MD) * c(E) —> c(AC).

The c(MD) are multiplied by the c(E) (E =#IJA)s The product
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c(MD) * ¢(E) (22 digits) is algebraically subtracted from the c(AC)s The
difference raplaces the c(AC),

N.B.l. The notes of ADD(N.B.1l to 7) are applied, But "the operand" in the
N.B.2 and 3 should be read as "the ¢(MD) as well as the c(E)",

2. In case of "Clear, Multiply and Subtract, MPS/ or 123," the c¢(AC) are
reset to 40 before the operation MPS. So it becomes;

~c(MD) ¥ ¢(E) =»C(AC). The product has 22 digits and no AC overflow
occurs,

3. The R-indicator, the LA aign and the LA overflow bft are set off at
the beginning of the operation,

152 DRJ IJ A "Divide and Round or Jump" (6.6av + Ai)

c(AC)/c(MD) => ¢(UA) 5 O = ¢(LA), or Jump,

The whole 23-digit c(AC) are treated as a dividend, and the ¢(MD) as
a divisor,

If |c(AC)I< Je(MD)) , then division takes place, A 12-digit quotient
is cslculated, The 12-th or the least significant digit is rounded off, so
a 11-digit quotient replaces the ¢(UA) and zeros replace the c(LA). The AC
sign is the algebraic sign of the quotient.

or if V\e(AC)) 2 1e(MD)), then division does not occur but the dividend
c¢(AC) remain unchanged, and the camputer takes its next instruction from
location E = #IJA, and proceed fram there (the control jumps to B
N.B.l« The fixed point operation,

2. The remainder is not caleculated. c.f. DVJ.

3. The ¢(MD) are unchanged,

Le A mumber in the overflow bit of the c(MD) 1is neglected,

5, If there is an overflow in the c(AC) before the operation, the
dividend 1s clearly greater than the divisor, so the control jumps
to E. The AC-OV-stop button is i;ne'i{‘act.iw for this case.

6. The AC overflow as a result of the round off of the quotient could
occur. If the AC-Ov-stop button 1s set on at this time, the compu-
tation stops after the division and round, and If set off, the compu-
tation does not stop.

7. c(UA) = =0 occurs, e.g. if c(AC) = 40 and ¢(MD)< 0.
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the
8+ The R-indicator, LA sign and the LA overflow bit are set off at the
beginning of the operation.

eege DRJ  c(ac): [ Loﬁg s 51 6] 71890l 2[3/3H3] 3] 0] o] o] o]0]0[0] 0] 0
=4
“-c(}’LD_): F1510{0(0fololololololo

A

—~c(AC): E 016191113/ 5[7|8|0[4{6] 710l olo]o]o]o]o]o]ololo

140 ADR IJ A "Add, Divide and Round or Halt" (6.9av 4 Al & As)

c(AC)pUA + ¢(E) /e(MD) =» ¢(UA); O ~~ c(LA), or Halt.

The ¢(E) (E = #IJA) are algebraically sdded to the UA part of the c(AC}.
The resulting sum is placed in the AC. This sum or the whole ¢(AC) is
treated as a dividend, and the c¢(MD) as a divisor.

If {e(AC)pUA + c(E)|<Ic(MD)l, then division takes place. A 1l2-digit
quotient 1s calculated., The 12-th or the least significant digit is rounded
off, so a 11-digit quotient replaces the ¢(UA) and zeros replace the c(LA).
The AC “E;:lg) is the algebraic sign of the quotient.

Or if |c(AC)pUA + c(E)| 2 le(MD)l, division does not occur and the
computation stops with the HALT lamp on. The dividend remains unchanged

in the AC.

N.B.l. The operation is a composi®operation of ADD(100), and DRJ(152)
except the difference of jump (DRJ) from halt (ADR).

2. The notes for the frst part of the operation (i.e. ADD) is therefore
the same as that for ADD(N.B.l to 8) except the description concerning
with the AC overflow, or a dividend 1s clearly greater than the
divisor, the division does not take place and the computation stops,

3, The notes for the second part of the operation (i.e. DRJ) is therefore
the same as that for DRJ(N.B.l to 8).

L. In case of "Clear, Add, Divide and Round or Halt", the c(AC) are reset
to +0 before the operation ADR. So it becomes;
c(B)/c(¥D) =» c(UA); O —> c(LA), or Halt.

150 DVJ IJ A "Divide or Jump" (6.0av 4+ Ai)

c(AC)/c(MD) => c(UA)3 R = c¢(LA), or Jump. ]

The R-indicator, the LA sign and the LA overflow bit are set off at the
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~ beginning of the operstion,

The whole c(AC) are treated as a dividend, and the ¢(MD) as a dévisor.

If |c(AC)|< le(MD)l, then division takes place., A 1ll=digit quotient is
calculated and it replaces the ¢(UA). And its remainder, i.e. a ll-digit
fraction {C(AC)'- c(MD) # (quotient )}thﬂ whether zero or not replaces the
c(LA)s The AC sign is the algebraic sign of the quotient. The sign of the
dividend replaces the LA sign as of remainder and the R-indicator is set on
again.

or if |e(ac)) Z; lc(MD)T, then division does not occur but the dividend
¢(AC) remain unchanged, and the computer takes its next instruction fram
location E (S #IJA) and proceed from there (the camtrol Jumps to E)e The
R-indicator 1s not set on this time.

N.B.l. The fixed point operation.
2. The ¢(MD) are unchanged.
3. A mmber in the overflow bit of the ¢(MD) is neglected in the operation.
4. A8 the result of the division no AC overflow occurs,
5. If the AC overflow exists before the operation, it is clear SEERIEE

le(AC)! € lc(MD)|, end the control jumps to E. The AC-OV-stop button
is ineffective.

6. c(UA) = =0 occures, e.g. if c(AC) = 40 and ¢(MD)< 0.

7. The remainder in the LA is stored only by the SLA (302). (c.f. SLA)
Since e.g. by shifting instructions the LA sign can not be transferred.

8. The R-indicator, the LA sign and the LA overflow bit are set off at
the beginning, and set on only when division is made, and keep on
until any next multiplication, division, or the "Clear" ¢(AC) oper-
ationo

e.g. DVJ jc(AC): [ol3]u] 5] 6] 7[e]9]0]2]3]u}6l6]0l0lol0lo]olo]o]0
A
Ic(MD): xI's1 0] 0| 0] 0] 0]o]ol0]0l0
B | IR N

} UA
Looac): [ [oledolalals[7]elolsl6]o} Halelolol ololo]oloo[o




3., Floating Point Operatlons

The following instructions are described; FAD, FSB, FAA, FSA, FAM, FSM;
FRDj FMP/, FMC/; FDR, FAV, FDJ.

The arithmetic operationa of floating numbers are analogous to the
ordinary arithmetic operations with the decimal points. All numbers are
however expressed in the flosting-point form.

All the results obtained by the floating-point arithmetic operations
are ordinarily in the normalized form of floating-point mumbers except a
remainder obtsined by FDJ.

200 FAD IJ A "Floating Add" (1.3 + Al + Aa)

c(AC) + ¢(E) = c(AC).
The c(E) (E = #IJA), the addend or the operand, are algebraically added
to the c(AC)s The resulting sum is placed in the AC.
N.B.l. The floating point operations.
2. The operand is unchanged.

3, Unlike the fixed point operations, a number in the overflow bit of
the operand is used as a third digit (one hundred) of a characteristic.

L. The whole c¢(AC), 1i.e. both c(UA) and c(LA), relate to the result.
But mumbers in the 1' and 2! positions of LA are set off to gzero
throughout the operation, i.e. The mantissa of the c(AC) 1s 18 digits
or of the double precision,

5. The execution of the operation is briefly as follows; If the mantissa
of either the operand or the c(AC) is zero, a number with non-zero
mantissa replaces the c(AC) and the normalizetion takes place. If
both zeros, the c(AC) is cleared. Or if not the above, then the
characteristic: of the c(AC) is compared with that of the operamd,

The mantissa of a munber with less characteristic is shifted to the
right (numbers which underflow from the 3' position of the LA or

its equivalent disappear) with a compensating change in the charac-
teristic and corresponding zeros are supplied in the vacated positilons
until the both characteristics become the same. The ordinary alge-
braic addition (or subtragtjon for subtract order) is then performed
within the length of the 18 digits. Then the normalization is made,
i.e. the mantissa of the result becomes a fraction withogt the
heading zeros and within the length of &8 digits.

6. The exponent cverflow or underflow (modulo 1,000 addition or sub-
traction) may occur. However, the result is correct. And if the
AC-EX~OV-stop button is set on at this time, the camputation stops
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after the operation, and if set off, the computation does not stope.

7. 1f exponent overflow of the ¢(AC) has been occured before the oper-

ation, wrong answer is calculated and the computer treats 1t as a
result of the operation.

8. Whenever the result is zero, plus zero (40) is placed in the AC, which
is the same form as that of a fixed point number.

9. In case the "Clear" is attached to the code (the decimal code plus 1,
®.g. 201, FAD/ or "Clear and Floating Add"), the whole c(AC) is cleared
orwset to +0 before the operation (e.g. FAD)s. Thus the operation
equals to the transfer of the floating-point form operand to the AC
and the normalization of it.

euge FAD  .(u0y. ) (fol2laf7[ofofo]olofelo}Hz]5]o[olo]ofo[o]ofo]lo]

4

e(E) : Lols]5]3]olojojolojolr

~e(ac): ) [alofs[s] 3] c[a]7]olofo]1 o[ o]o] 7] 5] 0]o]o]o]o]0

A

20, FSB IJ A "Floating Subtract" (1.3 + Ai + Aa)

c(AC) = c(E) — c(AC).
The ¢(E) (E=4IJA), the subtrahend or the operand, are algebraically
subtracted from the ¢(AC). The difference replaces the c(AC).

N.B.l. The same notes as for FAD(N.B.L t0 9) are applied.

202 FAA IJ A "Floating Add Absolute" (1.3 + Al + Aa)
c(AC) + |c(E)| = c(AC). A
The absolute value of the c(E); the addend or the operand, is algebrai-
cally added to the c(AC). The resulting sum is placed in the AC.
N.B.L. The same notes as for FAD(N.B.1l to 9) are applied.

-
206 FSA IJ A "Floating Subtract Absolute! (1.3 + Al + Aa)

c(AC) - \c(E)l =>cC(AC). ( )
The absolute value of the ¢(E), the subtrahend or the operand, is

algebraically subtracted from the ¢(AC). The difference replaces the c(AC).

N.B.l, The same notes as for FAD(N.B.1l to 9) are applied,

L]
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210 F.AH os = "Floatil'l.g Add MD" (1.3 + Ai)

c(AC) + c(MD) =» c(AC).
The ¢(MD), the addend or the operand, are algebraically added to the
c(AC)e The resulting sum is placed in the AC.

N.B.l. The same notes as for FAD(E.B.l to 9) are applied.

2« Any numbers in the index part and the address part of the instructim
are neglected in the operation.

214 FSM s - '"Floating Subtract MD" (1.3 4 Ai)

c(AC) = ¢(MD) = c(AC).
The ¢(MD), the subtrahend or the operand, are algebraically subtracted
from the ¢(AC). The difference replaces the c(AC).
N.B.l. The same notes as for FAD(N.B.l to 9) are applied,
2. Any numbers in the index part and the address part of the instruction
are neglected in the operation.

238 FRD IJ n "Floating Round" (0.55 4 Ai)

If the position of the AC, which correspond to the less significant two
digits of IJn ( = c(I) + c(J) + n; modulo 10,000), (denoted as .DQG*IJn),
and the correspondency is given below) contains a number greater than 5, the
c(AC) are increased by one at the position of the AC which corresponds to
pu@#IJn) + 1, If less than4, unchanged. In either case the less signifi-
cant digits of the AC than the digit which corresponds ®to DU@#IJn) (inclusive)
arewset to all zero, And if a carry occurs from the most significant digit
of the mantissa as a result of the round off, the mantissa is shifted to the
right by one with ®he corresponding compensation of the characteristic
(1.e. one is added to it). - -

The correspondency between the position of the AC and the+ DU@#IJn) is

as follows; UA LA

L I

2019181716 5% 1312 NLIV9 876 54 321
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N.B.l. The fleating point operation.
<« The more significant third and the fourth digits of #IJn are neglected,
3. If DU(#IJn) % 21, the operation equals to the RND (138).
Le If DU(#IJn) = 0, the operation equals to the NOP (514).
5. The AC sign is unchanged in all cases,

6. The exponent overflow may occur. The N.B. 6 and 7 of the FAD (200)
are applied.

7% The normalization is not made except the way described above,
e.g+ FED 00 17 [:] La] of 5] 3] of 6] 7[ 3] of o] o 2} 3] 9] o] 0] o] o] o] o] O] o] O]

c¢(AC):,
‘B Gl o 7o o[ e[ ool o}-{ol of o o[ o o] o[ o[o] o] 0

o o015 | (a2l oo olol o[ e[olo sl 5o o[ o o[ o o[o[o[9]

c(AC):,
E] 1]2|5(1]0/0]0]0]0[{0|0|OF0|O{O olojo|o|o|OJO |0

221 TP/ IJ A "Clear and Floating Multiply" (5.2av + Al 4+ Aa)

c(MD) # e¢(E) => c(AC).
The ¢(MD) are multiplied by the ¢(E) (E =#IJA). The product c(MD) * ¢(E)
is placed in the AC. '
N.B.l. The floating point operation.
2. The both ¢(MD) and c(E) are unchanged.
3. Unlike the fixed pcint operations, a number in the overflow blt of
the c(MD) as well as of the ¢(E) is used as a third digit (one hundred)
of a characteristic (or an exponent +100),
L. At the end of the operation the normalization i1s made, so the product
is in normalized form, i.e. the mantissa of the result becomes a
fraction without the heading zeros and within the length of 18 digits,
5, The exponent overflow or underflow (modulo 1,000 addition and subtraction
respectively at the characteristic part of the AC) may occur. The
N.B.6 and 7 of the FAD (200) are applied.

6. The AC sign is the algebraic sign of the product, so ¢(AC) = =0 may
oCCUr' @

7. FMP alone does not exist,

8. The R-indicator, the LA sign and the LA overflow bit are set off at



-
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the beginning of the operation,

e.g. FMP/ (C(MD)z 121223000000

Le(E) : E’Lﬂjjoooosﬂ.ﬂ[gﬂ

A

B
L>c(ﬁLC):E 0]3]1] 6] 6/9] 0] 0| o|o|o]o}—o|o|o]o|ojo|o|ofofo]o

b

223 PMC/ IJ A "Floating Multiply and Change Sign" (5.2av + Al + Aa)
¥ =(MD) * ¢(E) — c(AC).

The c(MD) are multiplied by the c('E') (=# IJA). Then the sign of the
product is changed and the result is placed in the AC.

N.B.l. The operation is a composite operation of the PMP/ (221) and CHS (512).
For the first part of the operation i.e, FMF/, the same notes as for
FMP/ are applied.

252 FDR IJ A "Floating Divide and Round or Jump" (5.6av + Ai)

c(AC) / ¢(MD) —> c(UA); O = c(LA), or Jump,

The c¢(AC) are treated as a dividend, and the ¢(MD) as a divisor,

If the c(MD) are zero or not in a normalized form (i.e. the mantissa
has at least a heading zero), division does not cccur, but th; dividend
¢(AC) remain unchanged,and the computer takes its next instruction from the
location E (= #IJA) and proceed from there (the cortrol jumps to E),

Or if it is not the above case, then division takes place. A 10-digit
quotient is calculated., The 10-th or the least significant digit is rounded
off, so a quotient of 9-digit mantissa and 3-digit characteristic replaces
the c(UA). Zero replgées the c(IA). The AC sign is the algebraic sign of
the quotient.

N.B.l. The floating point operation.
2: The remainder is not calculated, c.f. FDJ.

3. The c(MD) and the c(E) are unchanged.

y in
be Unlike bhe Lired P o ENE e tR] ta uned as & th e W Yottt 0L )
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e.g. FDR rC(AC)=E {1] of 3l 4] & 2 oo o] o] olo} ol 0] 0] o 2|5 o]0 [o] o]0
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of a characteristic (or an exponent +100),

Numbers in the 1! and 2' positions of the LA are set off to zero at
the beginning of the operation.

The exponent overflow or underflow (modulo 1,000 addition or sub-
traction) may occur as a result of the operation, The result is
however correct. If the AC-EX-OV-stop button is set on at this time,
the computation stops after the operation, and if set off, the compu-
tation does not stop.

If exponent overflow of the c(AC) has been occured before the oper-
atlon, wrong answer is calculated and the computer treats it as a
result of the operation,

The quotient is given in the normalized form, if the dividend (as
well as the divisor) has been given in a normalized form. Urnless
the above, the quotient is not always given in the normalized form,

The executlon of the division is briefly as feollows; the mantissa of
the ¢(MD) (denoted as md) is checked if it has a heading zero, if so,
the control jumps to E., Next the md 1s compared with that of the
c(AC) (denoted as ma). If ma<md, division takes place. If ma € md,
the ma is shifted to the right by one and one is added to its charac-
teristic, and division takes place., Next round off is made, and if

a carry occurs fram the most significant digit of the quotient, the
result is shifted to the right by one and one is added to its charac=~
teristic.

The calculations of the characteristics are all in the modulo 1,000
fashion (c.f. N.B.7).

Then the form of the quotient is what is described in the above N.B.8.

c(UA) = -0 occurs, e.g. if the dividend is 40 and c¢(MD)< O,

The R-indicator, the LA sign and the LA overflow bit are set off at
the beginning of the operation.

J A
1

' e(MD): ol3]|olo|ofololo]o]0
i A

lJc(AC):E 1ol 4] 1]6[o]e]6]6]6]6] 7} 0] 0] o] 0] o 0] 0] OO O] O

s
o

24,0 FAV IJ A "Floating Add, Divide and Round or Halt" (6.7av + AL 4 Aa)

{e(ac) +c(®)} / c(MD) = (UA); O = o(L4), or Halt

The ¢(E) (E =#IJA) are algebraically added to the g(AC). The resulting

sun is placed in the AC. This sum or the whole c(AC) is treated as a divi-

dend, and the ¢(MD) a8 a divisor.

- -
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If the ¢(MD) are zero or not a normalized form (i.e. the mantissa has
a heading zero.), division does not occur and the computation stops with the
HALT lamp on. The dividend c(AC) 4 ¢(E) remains unchanged in the AC.

Or if it is not the above case, then division takes place. A 1lO-digit

quotient is calculated. The 10<th or the least significant digit is rounded
off, so a quotient of 9-digit mantissa and 3-digit characteristic replaces

the c(UA), and zero replaces the c(LA). The AC sign is the algebraic sign
of the quotient.

N.B.l. The operation is a composite operation of FAD (200), and FDR (252)
except the difference of jump (FDR) from halt (FAV).

2. The notes for the first part of the operation (i.g. FAD) is therefore
the same as that for FAD (N.B.l to 9) except the description of the
AC=EX=-OV-stop button in the N.B.6. Even if the overflow or underflow
occurs as a result of the addition (FAD) of FAV, division process
(FDR) follows and the overall result of FAV is still correct.

3. The notes for the second part of the operation (i.e. FDR) is therefore
the same as that for FDR(N.B.l to 11), But in case of FAV, the divi-
dend is always in the normalized form, so is the quotient (N,B.8).

L. In case of "Clear, Floating Add and Divide or Halt", the c(AC) are

set to 40 before the operation FAVe, So it becomes;
c(E) / e(MD) ~» ¢(UA); O —» c(LA), or Halt,

250 FDJ IJ A "Floating Divide or Jump" (5.lav + Ai)

c(AC) / e(MD) —> c(UA)3 R =» c(LA), or Jump.

The R-indicator, the LA sign and the LA overflow bit are set off at the
beginning of the operation. The whole c(AC) are treated as a dividend, and
the c(MD) as a divisor.

If the ¢(MD) are zero or not in a normalized form (i.e. the mantissa
has at leest a ﬁeading zero), division does not occur, but the dividend
remains unchanged , and the computer takes its next instruction fram the
Jocation E (=#IJA) and proceed from there (Jump E)s

Oor if it is not the above case, then division takes place, A quetient
Ath 9-iigit mantissa and 3-diglt characteristic is calculated and replaces

the c(UA), And its remainder with 9-digit mantisea and 3- digit ( precisely



the LA overflow bit and m' and 10' position of the LA) cheracteristic, whéther

zero or not, i.e. ¢(AC) = ¢(MD) * (quotient), replace the c(LA)s The AC

sign is the algebraic sign of the quotient. The sign of the dividend replaces

the LA sign as of the remainder, and the R-indicator is set on again.

N,B.l.
2,
3.
L.

5.

6.

Te

8.

9

10.

The floating point operation,

The remainder is calculated, and the quotient is not rounded off.
The ¢(MD) are unchanged,

Unlike the fixed point operations,a number in the overflow bit of the
c(MD) is used as a third digit (one hundred) of a characteristic
(or an exponent +100),

Numbers in the 1' and 2' positions of the LA are set off to zero at
the beginning of the operation,

The exponent overflow or underflow (module 1,000 addition or sub-
traction) of the quotient may occur. The quotient is however correct,
The exponent underflow of the remainder (modulo 200 subtraction) may
occur. At this time the characteristic of the remainder is no more
correct, (c.f. N.B.10).

If the AC-EX-OV-stop button is set on at either or both of the above
two cases (1.e. that of the quotient or of the remainder), the compu-
tation stops after the operation, and if set off, the computaion does
not stop.

If exponent overflow or underflow of the ¢(AC) has been occured
before the operation, wrong answer is calculated and the computer
treats it as a result of the operation.

The quotient is given in the normalized form, if the dividend (as
well as the divisor) has been given in a normalized form. Unless
the above, the quotient is not generally given in the normalized form,

The remsinder is not generally given in the normalized form. e.g.
The mantissa 1s zero and the characteristic is not zero often occurs,

The execution of the division is briefly as follows; The mantissa
of the c(MD) (denoted as md) is compared with that of the c(AC)
(denoted as ma), If ma<md, division takes place. If ma & md, the
ma is shifted to the right by one and one is added to its charac-
teristic, and division takes place. Then 9-~digt quotient is calcu-
lated.

The value of the characteristic of the ¢(MD) is subtracted from
that of the c(AC) (or as in the above, that increased by 1) and 100
is added to it. The result replaces the characteristic of the c(AC)
as that of the quotient. All calculations are in modulo 1,000 fashion.
For the characteristic of the remainder, 9 is subtracted from the
characteristic of the c(AC) (or as in the above that increased by 1)
in modulo 200, and this difference is used (N.B.6).

Then the form of the quotient as well as of the remainder becomes
what is described in the above N,B., 8 and 9.

" e
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11. ¢(UA) = =0 occurs, e.g. 1f the dividend is 40 and ¢(MD)< O,

12+ The remainder in the LA is stored only by the SLA (302) (c.f. SLA)
not by the FSL,.

13+ The R-indicator, the LA aign and the LA overflow bit are set off at
the beginning, ard set on only when division is made, and keeps on
until any next multiplication or division instructions, or the "Clear"
¢(AC) operation.,

e.g. FDJ
c(ac): ] [RIola[a[23[L]516]78]o}-{e[7T8]o oo [o]0 o] o]0
com):  (=ols[s[ololofofolofo]o] L
UA Ly B4 (on)

Lc(AC):E] 099LM6913579 9{5|3] 716/ 0l0lololol o}




pb=27

4« Conversion Operations

The following instructions are described; FFL, FFX,

4*_10 FFL o0 = tFixed to Floa‘ting" (O.BD % Ai)

A fixed point number in the 23-digit AC is converted into a normalized
floating point number and the result is set in the AC.

N.B.,l1. The AC sign is unchanged,

2. The overflow digit of the UA (inmteger) is also included in the oper-
ation.

3. At the end of the normalization (i.e. at tho end of the operation)

the 1' and 2' positions of the LA are set off to zero, So a 23-digit
number is reduced to a 18-digit mantissa.

4. Any numbers in the index part and the address pert of the instruction
are neglected in the operation.

e.g. FFL  _o(ac): &) (A2l s[e[7[e[o]ol}-{2[3[a] 5[ 6[ 7[e[s[al]6

<o) @ [ EEEPEERERGE gEEAERRERM IC |

450 FFX IJ A "Floating to Fixed or Jump" (0.55 + Ai)

A floating point number in the AC is converted into a fixed point number
and the result is placed in the AC, if the value of the characteristic of the
¢(AC) is in tfe range between 100 and O. Or if in the range between 101l and
199 (the c(AC) is equal to or greater than one in the normalized form), the
¢(AC) are urchanged and the computer takes its next instruction from the
location E (S#IJA) and proceed from there (the control jumpsto E).

N.B.l. The AC sign is unchanged,

2, The less significant digits than the 1' position of the LA in its
fixed point form disappears. 5o e.g. c¢(AC) = =0 as a result may occur,

3. The AC overflow does not occur,

L, If the AC exponent overflow or underflow has been occured before the
operation, wrong answer is calculated and the computer treats it as
a result of the operation.

5, If the c(AC) has not been in the normalized form before the operation,
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the result is still correct. (c.f. N.B,6)

6+ The axecution of the operation is briefly as follows; If the mantissa
of the ¢(AC) is zero, the c(AC)are cleared, Or if not the above, the
characteristic of the c¢(AC) is etamined. If it is greater than 100 and
* smaller than 200 (i.e. 100-199), "jump to E" is made. Or if not the
above, the mantissa is shifted to the right and zeros are supplied
to the vacated positions until the its characteristic i1s compensated
and reaches 100, And 22 digits of the above replaces the c¢(AC).
In case of the AC exponent overflow or underflow, the way of miscalcu-
lation is rather in case by case fashion, so it i1s not described here.

e.2« FFX

rc(m:):@ oo 7[a] 2[3[u[5[6]7[e[ol{olx 2] 3]l 5]6] 7| e[o]o

~e(ac): 1] [ofo[olo[a[2[3]a]5]6]7]e} o o[L [2[3]4]5 [6]7]8[0

4




5+ 8ign Part Operations

The following instructions ere described; S3P, CHS.

510 SSP ae - "Set Sim Plus" (0.30 e Al)
|c(AC)| = e(aC)
The AC slgn is set plus,

N.B.l. The absolute valus of the c(AC) replaces the c(AC).

2. Any mumbers in the index and the address part of the instruction are
neglected in the operation.

3. The LA sign is unchanged.

512 CHS .. - "Change Sign" (0.30 + Ai)
~c(AC) = c(AC)
The AC sign is changed, i.g. + is changed to -, = is to +.
N.B.l. The magnetude of the c(AC) is unchanged.
2, If CHS/, =0 replaces the c¢(AC).

3, Any rumbers in the index and the address part of the instruction are
heglected in the operation.

. The LA sign is unchanged.
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6o Shifting Operations
The following instructions are described; SLS, LLS, SRS, LRS, LCS.
The instruction SCT is explained in the Special Operations,
The mumber of places of shift is specified by the less significant two
digits of #IJn (= c(I) + ¢(J) + n3 module 10,000), denoted as DU(#IJn),
The more significant third and the fourth digits of #1Jn are neglected.
Numbers which overflow the capacity of a register disappear, and zeros
are supplied in the vacated positions of a register with the exception of 1CS.
The AC sign 1s unchanged, Thus -0 may occur.

530 SLS IJ n  "Short Left Shift" (0.55 4 Al)

The 12-digit c(UA) are shifted to the left by the mmber of places
specified by the DU(#IJdn).
N.B.l. The c(LA) are unchanged.

2. If DU(#IJn) 2 12, the ¢(UA) are replaced by seros.

o8 c(AC):E 1[2[3[u]5[6[7]e][o]ola]2}3|4]5]6] 7] 8]9[0{1]2]3
SLS 00 3

setac): B (wls]el[e[s]ofx]2[o[o[o}-3[a]5[6]7[E]5[o[[2]3

532 11S IJ n "Long Left Shift" (0.55 + Al)

The 23=digit c(AC) are shifted to the left by the number of places
specified by the DU{#IJTI’).
N.B.l. If DU(#IJn) & 23, the c(AC) are replaced by zeros.

Bege c(AC): a [1

L1S 00 3

3|Ll56|7]8l9l0 {2 3]45]16]7|8[9(0]1]213

n

setac): [ [alsle[alelsofal2[3]u[s}Hel7]8lo]ol1]2[3]0]olo]

536 SRS IJ n  “Short Right Shift" (0,55 + A1)

The 12—digit c(UA) are shifted to the right by the number of places



specified by the DU@H#IJn).

N.B.l. The c(LA) are unchanged. Numbers which underflow fram the 1 position
of the UA disappear,

2, If DU@IIn) & 12, the c(UA) are replaced by zeros,

@8 _c(ae):[t] BTl lelo o 2Bl Blel7 e[S lo L [2]3

c(ac):El 010/ 01 0f0| 12/ 3|4 5/6| 73| 4| 5] 6] 7| 8/9]0[1]2[3

538 1RS IJ n "Long Right Shift" (0,55 + Ai)

The 23-digit c¢(AC) are shifted to the right by the number of places
specified by the DU@#IJn).

N.B.l. If DU@IJn) & 23, the c(AC) are replzced by zeros. »
e.8.

~e(ac): ) alBlels[6[7]eolo[i]2Hala 5 e 7[8]o[0[1[2]3
IRS 00 6 |

setao): i (ofolo[ofo[o[a2[3]]s[e}Hz]e[o[ ol a[[3]u[5[e]7

534 1CS IJ n  "Long Cyclic shift" (0.55 + Ai)
The 23-digit ¢(AC) are shifted to the left by the number of places

gpecified by the DU(#IJn)s, But a number in the AC overflow position is
shifted into the 1' position of the LA. Thus the shift becomes a cyclic
shift,

N.B.l. If DU@#IJn) 2 23, the c(AC) are replaced by zeros,

€efe
. l 6 8|9|0|1|2 L|5]6]718|9|0(1|2{3
LS 00 12 —o(ac):E] [a[2LLl5[ e[ 7[5 3

Lc(AC):B (sl sl e[ e[o[ola]2]3]1 2] 3]u]5]6]7]8[9]0[a]>




7« Word Transfer Operations

The following instructions are described; STO, STM, LIM, PAM; SIA, FSL.

300 STO IJ A "Store" (0435 + AL + Aa)
c(UA) — ¢(E).
Numbers in positions from 1 to 11 of the UA and in the weight 1 (BCD code)
of the AC overflow position and the AC sign.replace the ¢(E) (E = #1JA)s Im
other words the c(UA) except numbers in the weight 2, 4 and 8 of the AC
v ~ position replace the c(E).
N.B.l. The instruction can be used for both fixed and floating numbers.

2, Any odd number in the AC overflow position set the ove;}‘low bit of
the ¢(E) with 1.

3. The ¢(UA) are unchanged.,
L. 301 STO/ IJ A "Clear and Store"
The both c(AC) and the ¢(Enre reset to +0.

304, STM IJ A "Store MD" (0,35 + A1 + Aa)

e(MD) ~»c(E).
The ¢(MD) replace the c(E),
N.B.l. This instruction can be used for both fixed and floating numbers,

2. A number zero or one in the overflow bit of the MD also replaces that
of the location E.

3, The ¢(MD) are unchanged,

320 LIM IJA "Load MD" (0.35 + AL 4 Aa)

¢(E) = c(MD).
The ¢(E) replace the c(MD).
N.B.l. This instruction con be used for both fixed and floating numbers.

2. A number zero or one in the overflow bit of the locatlon E also
replaces that of the MD.

3, The c(E) are unchanged.

310 PAM s+ = "Place UA to MD" (035 + Al ..
210 TAR s =



c(UA) —» c(MD).

Numbers in positions from 1 to 11 of the UA and in the weight 1 (BCD
code) of the AC overflow position and the AC sign replace the ¢(MD). In
other words the c(UA) except numbers in the weight 2, /4 and 8 of the AC
overflow position replaces the c¢(MD),

N.B.l. The instruction can be used for both fixed and floating numbers,

2. Any odd number in the AC overflow position set the overflow bit of the
C(MD) with 1,

3. The c(UA) are unchanged,

ke Ay numbers in the index part and the address part of the instruction
are neglected in the operation.

302 SLA IJ A "Store LA" (0,55 + Al + Az)

c(1A) = ¢(E) (R)
If the R-indicator is off, the c(LA) with the AC sign replace the c(E)
(E =#I1JA), Or if on, the c(LA) with the LA sign and the LA overflow bit
replace the c(E), * and an overflow bit o:tt"\!‘ée(E) is reset to zero.

N.B.l. The R=indicator is on only when division is made by either DVJ or FDJ,
i.e. the remainder replaces the c(LA).

2+ The fixed or floating-point form remainder by either DVJ or FDJ can
be stored only by this instruction and only when R-indicator is on,
This instruction does not set off the R-indicator (c.f. DVJ and FDJ).

3. The R_-i_ndicator is set off only when "Clear" operation of the c(AC),
multiplication or division instructions are executed.

Lie So this instruction can be used for fixed point number if the R-indicator
is off (at this time FSL is used for floating point numbers), and if
on, tor both fixed and floating point remainders.

5, The c(AC) as well as the LA sign and the LA overflow bit and the R-
indicator is unchanged.

340 FSL IJ A "Floating Store LA" (0.95av + Al + Aa)

G(LA) e 4 C(E)o
Numbers in the positions from m' to 3' of the LA as a 9-digit mantissa,

the value of the characteristic of the AC minus 9 as a 3-digit characteristic
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and the AC sign form a floating point number. Then it is normalized and the

result
N.B.l,
2.
3.

Le

e.g. FSL f_c(Ac):E] 1|2l el1l 2] 3] 4]5]6!7|8|9 8l 7]6]5]4]3]2]1|2]0]0

replaces the c(E).
The instruction is used only for floating mmbers.

The ¢(AC) are unchanged.

The remainder as a result of FDJ can not be stored by this instruction
(c.f. SLA)s So the R-indicator, the LA sign and the LA overflow bit
are heglected.

The exponent underflow - (modulo 200 subtraction) may occur. The result
is not correct, If the AC-EX=QOV-stop button is set on at this time,
the camputation stopa., Or if off, does not stop.

A

Loey:  EalolelrlelsTaDlz]2
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8. Address Transfer Operations

The following instructions are described; STA, LDA, STL.
Other two instructions RAA and LWA are explained in the Fixed Point Arithmetic

Operations.

306 STA IJ A "Store Address" (0,35 4 Ai + Aa)
c(UA)ad = c(E)ad,
The address part of the c(UA) replaces that part of the ¢(E) (E =#IJA).
N.B.1l. The c(E) except that of the address part,and the ¢(AC) are unchanged.,

2. If the "Clear" c(AC) is attached; 40 — c(AC); 0 — ¢(E)ad,

307 LDA IJ A '"Load Address" (0.35 4 AL 4 Aa)
c(E)ed ~> c(UA)ad,

The address part of the c(E) (E=#IJA) replaces that part of the (UA).
N.B.l. The c(AC) except that of the address part and the c(E) are unchanged.
2, If the "Clear" c(AC) is attached; ¢(E)ad —> c(UA)ad and the other
parts of the ¢(AC) become zeros and the AC sign becomes plus.

308 STL IJ A "Store Location" (0,35 + Al + Aa)

c(IC) = c(E) ad,
The ¢(IC), 1.e. the address number where this instruction is stored,
replaces the address part of the ¢(E) (E =#IJA).
N.B.l. The ¢(E) except the address part are unchanged.
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9. Block Transfer Operations

The following instructions are described; LDQ, STQj BDM, DMB,

The block transfer instructions transfer a group of words which consists
of fifty (ordinarily) or less than fifty words between portiems of the
memory whose access time is different, i.e. between the normal and the quick
access memory of the drum (STQ and LDQ), or between the drum memory and the
cors memory (BDM and DMB), or between the core memory and the magnetic tape
memory (this part is described in the magnetic tape operations),

The quick access memory of the drum consists of /4 bands, each of which
has the same access time (av ca, 1.25ms) and is numbered from 1 to 4. The
both instructions LDQ and STQ specify the number of the bands by the Xx poe
sition of the instruction, and at this time it will be denoted as Q. The

el
correspondency between numbers of the bands and the memory address is as

follows;
Q=1 locations from 4,000 to 4,049
2 L,050 4,099
4,100 Ly 149
L 4,150 4,199

364 LDQ QJ A "Load Quick Access" (2.90 + Ai + Aa)

¢(E)y eee, 2(EL) = c(QE), s+ey G(QEL).
E =#JA, OSEL-E 50, EL £ QEL =49 in modulo 50,
0 S QEL - QE < 50, and QE in No.Q band.
The c(E) replace the c(QE), «.., and the ¢(EL) replace the c(QEL).
Thus a group of words is transferred to the quick access memory of No. Q
band from the normal access memory.

N.B.l. Contents of any other register than the c(QE), seey ¢(QEL) are
unchanged. So c¢(QE - 1) ete. are unchanged.

2. I 5$4Q %9 or Q =0, the operation is equal to NOP (514).

3, If 4000 & E & 9999, the c(B), s.., ¢(EL) are regarded as all zeros.
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366 SIQ QJ A "Store Quick Access" (2,90 + Al 4 Aa)
¢(QE), wee, c(QEL) == c(E), oos, c(EL).

For E, EL, Q and QEL, the instruction LDQ should be referred to. The
¢(QE) replace the ¢(E), ees, and the c¢(QEL) replace the c(EL)s Thus, a group
of words is transferred to the normal access memory from the quick access
memory of No. Q band.

N.B.l. Contents of any other register than the ¢c(E),ess, ¢(EL) are unchanged,
2. 15580389 0rQ = 0, the operation is equal to NOP (514).
3, If 4000 & E £9999, the operation is equal to NOP (514).

920 IMB ,J A '"Drum to Buffer" (2490 + AL + Aa)

C(E)s ooy C(EL) = c(4200), oes, ¢(4200 + EL - E).
E=#JA, O SEL = E 50, and EL = 49 in modulo 50,
The c(E) replace the c{4200), «.s, and the c(EL) replace the (4200 + EL
- E). Thus a group of words is transferred to the core memory from the drum
memory (both normal and quick access).

N.B.l. Comtents of any other registers than the e(4200), 4oy ¢(4200 4 EL - E)
are unchanged.

2. If 4200 8 E $ 9999, zeros replace the c(4200), ses, e(4200 4 FL - E).

3., A mmber in the Xx part is neglected in the operation. '

L. If the core memory has been busy by some tape operations, the execution
is done after the busy is off.

922 BIM ,J A "Buffer to Drum" (2490 + AL + Aa)

c(4200), seey ¢(4200 4 EL = E) =» c(E)s eees c(EL)e
E = #JA, 0 $ EL - E < 50, and EL = 49 in modulo 50,

The ¢(4200) replace the ¢(E), oee, and the c(4200 + EL - E) replace the
¢(EL). Thus a group of words is transferred to the drum memory (both normal
and quick access) fram the core memory.

N.B.l. Contents of any other registers than the ¢(E)y ess+, o(EL) are unchanged.
2. If 4200 & E $9999, the operation equals to NOP (514).

Pegpas
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3, A mmber in the Xx part is neglected in the operation.

4. If the core memory has been busy by some tape operations, the exe-
cution is done after the busy is off,
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10. Control Operations

‘The following instructlons are described; NOP; HJM, JMP, JMI, JUN, JNZ,
JOvV, JEO, JSW; JXL, JXR, JXU, JSX; CMP,

Other two control instructions JIG and JTE are explained in the Magnetic
Tape Operations, |

The control instruction causes an alteration of a normal sequence of a
program, i.e. unconditionally takes its next instruction fram the specified
location and proceed from there (the control jumps), or conditionally jumps
or does not jump to the specified location.

The addition or subtraction in the index registers is in modulo 10,000,

514 NOP .4 = "No Operation" (0,30 4 Ai)

This instruction causes the computer to take its next instruction in
r.xomal sequence,
N.B.l. NOB/ (515) clears the c(AC).

2. Numbers in the index and address parts are neglected.

70 HM IJ A "Halt and Jump" (0.35 + ai)

E = ¢(1C), and Halt.
" E (=#IJA) replaces the c(IC) and the computation stops, When the -
START or SS button on the console is depressed, the computer takes an instruction

from E and proceed from there.

74 JMP IJ A "Jump' (0,35 4 AL)
E —)C(LC)I

The control jumps to E (=#IJA) unconditionally,

750 JMI IJ A "Jump on Minus" (035 4 A1)

E = c(1C), if c(AC) & -0, or normal sequence if c(AC) 2 40,

The control jumps to E (=#IJA) if the AC sign is minus, or normal

sequence if plus. - g
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752 JUN IJ A "Jump on UA No Zero" (0.35 + A1)

E = ¢(IC), 1f ¢(UA) % O, or normal sequence if c(UA) = O,
The control jumps to E (= #IJA) if c(UA) % O, or normal sequence if the
12-digit c(UA) = 40 or -0, The c(LA) are neglected,

754 JNZ IJ A "Junp on No Zero" (0,35 4 Ai)

E =»c(IC), if ¢(AC) % O, or normal sequence if c(AC) = O,

The control jumps to E (=#IJA) if c(AC) # 0, or normal sequence if the
23-digit ¢(AC) = +0 or =0,

756 JOV IJ A "Jump on Overflow" (0,35 + Ai)

E =» ¢(1C), if c(UA)v % O, or normal sequence if c(UA)v = O,
The control jumps to E (=#IJA) if the overflow positiox(nvgf the UA
contains a non-zerc number, or normal sequence if contains zero.
N,B.l. This instruction is mainly used for a fixed point number. For a
floating point number it is equivalent to "Jump on Exponent Plus",

758 JEO IJ A "Jump on Exponent Overflow" (0.35 + Ai)

E = ¢(1C), if c(UA)v # 0 or 1, or normal sequence if c¢(UA) = O or 1.
The conmtrol jumps to E (S#1IJA) if the characteristic of the c(AC)
overflows or underfiows (i.e. c(UA)v # O or 1), 6r normal sequence unless

the above.

M2 JSW SJ A "Jump by Switch" (0,35 + Al)

E => ¢(IC), if S is on, or normal sequence if off,

The control jumps to E (=#JA) if the JSW switch of No. S on the console
has been set on, or normal sequence if set off. There ere five switches,
each of which corresponds to 5 =1, s+, 5 respectively.

N.B.l. Any JSW switc;e-':s can be set at a time.

2. If S =6, eeey 9, O, the operation equals to NOP(514).

850 JXL HJ A "Jump with Index Lowed" (0.35 + Ai)

“
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If c(H) £ 0, E ~»c(1C), and c(H) = 1 = c(H).
Or if c(H) = 0, normal sequence, and 9999 =9 c(H).
If the c(H),contents of the indéx register specified ty H, are not zeros,
the control jumps to E (=#JA)s Or if the c(H) = O, the control is in normal
sequence, In elther cases and at the end of the operation, the c(H) is

decreased by one (modulo 10,000),

N.B.l. The H can be 1, 2 or 3 which specifys the IRl, 2 or 3.
If H=1L4, ey, 9, O, the operation equals to NOP (514).

2+ The J can be as ordinarily 1,2,3 or 4. The modification takes place
at the beginning of the operation. So if H = J, the value of the é(H)
before it is changed is used for the #JA.

852 JXR HJ A "Jump with Index Raised" (0,35 + ai)

If c(H) $ 0, E = c(1C), and c(H)+l — c(H).
Or if c¢(H) = O, normal sequence, and 1 —» c(H).
Instead of decreasing the c¢(H) in case of JXL, this instruction JXR
increases the c(H) by one in modulo 10,000, This is the anly difference.

So refer to JXL.

854 JXU HJ A "Jump on Index Unequal" (0.35 + Ai)

If c(H) % c(IRL), E =» ¢(LC), and c(H) +1 =» c(H).
or if ¢(H) = ¢(IRl), normal sequnce,and ¢(H) + 1 =» c(H).
If the c(H)-4.c(IRl), the control jumps to E (S#JA). Or if the
c(H) = ¢(IRL), the control is in normal sequence, In either cases and at
the end of the operation, the c(H) is increased by one (modulo 10,000).
N.B.l., The H can be 1,2 or 3 which specifys the IRl, 2 or 3. If H =1,
the control is always in normal sequence. If H =4, eeey 9, O, the
. operation equals to NOP (514).
2. The J can be as ordinarily 1, 2, 3 or 4. The modification takes place

at the beginning of the operation. So if H =J, the value of the
c(IR1) before it is increased is used for the# JA.

856 JSX HJ A  "Jump and Set Index from LC! (0,35 + Al)

¢(1LC) =» c¢(H)yand E = c(1C)e



pbh=42

The c(LC), i.e. the address number where this instruction is stored,

replace the c(H), then the control jumps to E (=#JA).

N.B.l. The H can be 1, 2 or 3 which specifys the IRL, 2 or 3. If H =4, 400,
9, 0, the operation equals to NOP (514).

2. The J can be ordinarily 1, 2, 3 or L. The modification takes place
at the beginning of the operation. So if H = J, the value of the
¢(J) before it is replaced is used for the #JA.

324 CMP IJ A "Compare" (0.55 + A1 + Aa)
+1
If c¢(MD) %c(E), c(IC) + 2 = c(1C).
+ 3
The ¢(MD) are compared with the c(E)s If the c(MD) is greater than

the c(E), the control is in normal sequence, or if equal, skips the next
instruction, or if smaller, sldps the next two instructions and proceed fram

there,
g

N,B.l. This instruction can be used for both fixed and normalized form
floating-point numbers.

2. The contents of any registers, including the c¢(E), ¢(MD) and c(AC)
are unchanged,

3+ For comparision. the fixed point algebraic subtraction, c(MD) - ¢(E)
is made (at the MQ). The sign of the difference decide the type of
skis of the control,

4+ Special care should be taken for the inclusion of a number in the
overflow bit of the MD as wellgs of the register of loc, E in the
fixed-point subtraction. So lc(MD)| or |e¢(E)l < 2, This makes
possible the comparision of two normalized form floating numbers by
the fixed point subtraction, point

5. This instruction regards; +0) -O.
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1l. Index Qperations

The following instructions are described; SEX, RAX, LWX, LXA, 5TX.

The instructions JXR, JXL, JXU and JSX are described in the Comtrol
Operations.

All the above instructions specify one of the three index registers by

a number H =1, 2 or 3 in the Xx position of a instruction which corresponds

to the IRl, 2 or 3 respectively.

If the above H = 4, .44, 9, 0, all the above instructions equal to
NOP ( 514) in their operations,

The address modification by the contents of the IR1l, 2, 3 or LC is as
ordinarily possible, and the address modification is made at the very be-
ginning of the operation, so the contents on index registers are not yet
changecd by the instruction itself at the time of the modification.

An index register has four digits without sign, so all additions or

subtracticns are in modulo 10,000,

830 SEX HJ n "Set Index" (0e35 + Ai)

#Jn = c(H).
The #Jn (= c(¢)-+ n in modulo 10,000) replaces the c¢(H).

N.B.l. If J = H, the c(H) are increased by n.

832 RAX HJ n "Raise Index" (0.35 + Ai)

c(H) +#Jn —> c(H).
The c(H) are increased by #Jn (= ¢(J) + n; in modulo 10,000).
N.B.l. If J = H, 2 ¥ ¢(H) + n replaces the c(H).
2, The following example increases the c(H) by c(#IJA)ad.

PSX IJ A
RAX HO O c(H) + c(#IJA)ad = c(H).

234 I1WX H/ n "Lower Index" (0.35 + Al)

c(H) =#Jn = c(H).
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The c¢(H) are decreased by#dJn (= ¢(J) + n; in modulo 10,000),

N.B.l. If J = H, 10,000 = n replaces the c(H).

2. The following example decreases the c(H) by c(#IJA)ad.
PSX IJ A
LWX HO O c(H) = c(#IJA)ad > c(H).

820 ILXA HJ A "Ioad Index" (0435 + AL + Aa)

c(E)ad =>c(H).
The address part of the c(E),(E = #JA), replaces the c(H) and other parts

are unchnged.,

822 STX HJ A "Store Index" (0,35 + Ai + Aa)

c(H) =>¢(E)ad.
The ¢(H) replaces the address part of the c(E), and other parts are

unchanged.
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12. Logical Operations

See chapter 3.

13, Special Operations

See chapter 3.
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14. Input-OQutput Operations and Tape Control Codes

The following instructions are described; SEL, RIN with TCC, WRT, FWR, WSP.
They select necessary input/output canponents, read instructions or data, and
write the c¢(UA) or characters.

Characters handled by the computer are listed in the Table I KDC-I I/0
Characters, (Conversion Tahle of Characters are also listed). Those codes
on paper tape are listed in the Table II Paper Tape Character Coding.

The read operation is greatly facilitated by the help of special Input/
Output Cheracters. These characters are named "Tape Control Codes" or ab-
breviated as TCC, though a name "Control Tape Codes" describes the situ-

ation better.

630 SEL IJ n "Select Component" (0,35 ¢ Ai)

The input or output components are selceted by this instruction, the
type of which is specified by #IJn as follows;
#IJn = 1111 Keyboard (KB)
1112 Mechanical Tape Reader (MTR)
1210 Photoelectric Tape Reader No.l (PTR 1)
1220 Photoelectric Tape Reader No.2 (PIR 2)
0111 Printer (PR)
0112 Punch (PU)
0113 Both Printer and Punch simultaneously
The selection of an input component is continued only until a next se-
lection of a different input component. The selection of an output component
or components is also continued only until a next selection of a different

output component or components.

The above components can be also selected manually by depressing the

corresponding buttons on the computer console.

N.B.l. The execution of this instruction is suspended during the 1/0 operations
. o-te £ "
by former instructions. S
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632 RIN IJ n “Read-in" (PTR3 200 characters/sec)

This instruction reads Input/Output characters in either a numerical
mode (denoted as nu-mode) or the alphanumerical mode (denoted as alpha-
mode) from the pre-selected input component, shifts the c(UA) to the laft,
converts codes of characters into a number as is specified in the Table of

Input/Output (I/0) characters, and places the converted number into a vacated
positions of the UA.

A number of characters read is specified by a number of the less sig-
nificant two digits of #IJn, denoted as DU(#IJn).

The mode is specified by a number in the most significant fourth digit "
of #IJn. If it contains O, the operation is in nu-mode, or if one,in alpha-
moda.

However the read operation is greatly influenced when TCC are read.
N.B.l. The ¢(LA) are unchanged.

2., DU#IJn) § 23, or maximum of 23 characters can be read. If DU(IJn)
% 24, it is interpreted case be case into a number still less than 2.
If DU(#IJn) = 0, equivalent to NOP.

3. The third digit of # IJn is neglected in the operation.

4. In the nu-mode a character is converted into a one-digit number while
in the alpha-mode into a two-digit nmumber, which are specified. in the
Table of I/0 Characters. So ordinarily 11 or less characters are
read in the nu-mode, while five or less characters are
read in the alpha-mode.

5, Particular codes NE, ER, SP, CR or LF in the Table of I/0 Characters
are ignored by the computer.

6. Whenever the TCC " or & is read, the read operation is ended. But the
detail is described later.

7. In ordinary input routines, "RIN/ 00 14" or "Clear Read-in 14 digits"
is used.

is briefly as fallowsj a character is read and
5 Eﬁpﬁm‘)g’ogﬁa?i}ln the Inpﬁ: Reglster., If it 1s not a TCC or an

ignored code, then the ¢(UA) are shifted to the left (same as SLS),
by one place (nu-mode) or two (alpha=mode), and the codes of charac=-
ters in the Input Register are converted into a specified number,
and this number is placed in the vacated position of the UA, 1.e.
the 1 position (nu-mode) or 2 and 1 position (alpha-mode). The next
character is read in the same way, and the process 13 Mepeated unt il
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a number of characters, except the ignored codes (TCC are counted),
reaches the specified number #IJn.
The case where TCC are read is described below,
TCC (Tape Control Codes); +, -, ", W,o 2B ¥ 36,
Elght TCC exlst, they facilitate the reading of instructions, fixed or
floating point numbers to the UA, modify the address part of instructions,
and causes the control to jump only in case of the nu-mode. In alpha-mode,

they perform no special functions and are only ordinary characters.

(1) " End Mark

Whenever this code is read, the read operation is ended. So this code
is used to show the end of words. For example RIN/ 00 14 can read 14 digits
or less.

(2) 4, = Sign Codes

These codes facilitate the reading of fixed point number and floating

point mmbers. On paper tape, a fixed point number should be expressed in
poynt
the form; £ fraction " , while a floating mumber should be expressed in the

form; ¥ mantissa * exponent " . Both can be read by the same RIN/ 00 14

instruction. Accordingly a sign code, if read for the first time by RIN or

RIN/, is placed in the AC sign. If the second sign code is read, the

computer regards it is readinée?loating point number, and numbers before
—r— “

this second sign code-are treated as a mantissa, and the successive charac-
ters till the end of the operation are read and treated as an exponent.
Moreover a normalization is made in the UA not in the whole AC.

N.B.l. A . fixed point number should be 12 digits or less,
otherwise a real overflow occurs. A maq&&gsa and an exponent of a
floating point number should be 9 digitsvand 2 digits or less
respectively, otherwise an erraneous result replaces the c(UA) in
rather a case-by-case fashion. An exponent of -100 should be expressed

& :S+6??'+0-0", 401, Ov, ", all of them result in the same fixed or

floating zero in the UA if read by RIN/ 00 1h.

e.gels +123456" on paper tape is read by RIN/ 00 14 as follows;
UA

[olol ool ol ol1]2]34]5]6
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€e8e2s HL23L456" a 1/5/(6]/1{2]|3|{4|0|0|0[0|0O

e8e3s =000L234=56" E] ol u]1]1] 2[ 3[4]o]o]0]0] 0]

(3) w Address Read-in Code

This code facilitate the reading of instructions. On paper tape, an

instruction should be expressed in the form; 3-digit function part, 2-digit

index part, l-digi{ break-point part, TCC w, 4-digit or less digit address
part, and TCC ",

The execution is briefly as follows; if TCC w is detected, the cyelic
shift to the left by 5 places of the 12-digit UA takee place, and successive
characters are temporarily read into the MQ until TCC " or § is detected.
If detected c(MQ)ad is added into the ¢(UA)ad in modulo 10,000,

€.Zele An instruction JXU 320 5 is punched con tape as 854 320w 5 " and is
read by RIN/ 00 1 as follows;

E][gfesu3zooooos

(4) o ,3,¥ Modified Address Read-in Codes
These codes also facilitate the reading of instructions like TCC w.

These codes not only perform the whole finctlon of TCC w, but also modify
the address part of-a just read-in instruction at the UA by the contents of
the TRL(*), IR2(@) and IR3(¥)."

To descriminate the above three conditions, TCC o sets en a-flip-flop,
B sets on b-flip~flop, and ¥ set on both @ and b flip-flops at the time
these codes are read, and these flip-flope are set off at the end of the

operation.

e.g.1. 854 320 3 5 " on paper tape is read by RIN/ 00 14 as follows;
(provided that thgﬁc(IRZ) = 2,000)

B [e[s[a3[2[o]o[2]o]o]5
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d _Ic-Sett Code
This instruction causes the control of the camputer to jump to the

location of a Just read-in address part mumber of the c(UA) and the read-
in operatioh is ended.

e.g« 3850 § on paper tape is read by RIN/ 00 14, then 3850 replaces the
c(UA)ad and the control jumps to loec. 3850.

esgs & on paper tape is read by RIN/ 00 14, since the c(AC) is cleared,
the control jumps to loc, 0.

N.Bel. This Emstruction is equivalent to "Jjump to loc c(UA)ad and TCC ",
So if the c(UA) are shifted cyclic by 5 places and characters are
temporarily read into the MQ by TCC w,, 3, or ¥, the c¢(UA)ad, not
the ¢(MQ)ad, is the location to which the control jumps.

634 WRT IJ n 'Write" (0.35 + Ai; 8 characters/sec)

This instruction causes the computer to store the c(UA) temporarily
i¥ the buffer register (BR), convert them into the Input/Output (I/0)
Characters in either a mumerical mode (nu-mode) or an alpharumerical
(alpha=-mode), and print and / or punch these characters via pre-selected
output components.

A number of characters written is specified by a number of the less
significant two digits of # IJn, denoted as DU@#IJn).

The mode 1s specified by a number in the most significant feuwrth digit

Ra.
of#1Jn. If it contains O, the operation is in"nu-mode, or if one, in the

alpha-ﬂ:lOde ™

-

N.B.l. The ¢(UA) and c(LA) are unchanged.

5. In the nu-mode, a number in the m position of the UA is written as
a first character, 10 position next, and so on. The DU(#IJn) should
be 11 or less,

3, In the alpha-mode, & two=digit number in 1C and 9 positions of the
UA are convertsd into a character specified by the Table of I/0
Characters and is written on papers, 8 and 7 positions next, and so
on. DU@#IJn) is & number of characters and not a mumber of digits
in the UA. The DU(#IJn) should be 5 or less.

L. The c(UA)v is neglected in the nu-modes, while c¢(UA)v,m are neglected
in the alpha-mcdes.
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5. The AC sign is not written out. It should be written by WSP after
Judging the AC aign.

6. The operation is concurrent, i.e. after the ¢(UA) are stored in the
buffer register, the write operation begins, -and at the same time
the computer proceeds from the next instruction. If another write
instruction comes before the operation of this write instruection,
‘;gl-;ia';ecution of the next one is suspended until the former one

snes.

7« The operation time without suspension time and actual write time is
thus O, ms, and the actual write time is 120 * #£IJn ms ,

8, If DU(#IJn) 2 12 or 6 in the m: or alpha-mode respectively, the
situation is rather a case-by—case and it is not described here.
If DU(#IJn) = O, equivalent to NOPN4askion

UA k.

B (olalzlelealzl ol ]al2le

WRT 00 Q006 — 128212
—E WHT 00 1005 —»  EKDC-I

FWR +s = "Floating Write" (0.35 ¢ Ai; 8 characters/sec)

The c(UA) are treated as a floating point mumber; written out in the

form 4 mantissa ¢ exponemt via pre-selected output camponents.

N.B.l. The (AC) are unchanged. The normalization is not made.

2. If a characteristic is zero or an exponent is -100, the exponent
written out is -00.

3+ If the c(UA) =40, its result is; +000000000-00

4, NMumbers in the index part and the address part of the instruction
are neglected in the operation.,

U
e.ge2. |uﬁ3 s of o1 2] 3] 4l 5 o -000123450435
A
636_WSP IJ m "Write Special”  (0.35 + Ai; 8 characters/sec)

ter,

This instruction writes a character, or a multiple of the same charac-

-
of a type specified by the fourth and third digits of # IJdm, denoted

as KH@#Idm), and a number of multiplitude is specified by the less signifi-

cant first and second digits, i.e. DU@#IJm). Characters which corxespond

to KH(#IJm) are listed in tie\Teble of Input/Output Cahracters,

-



pb-52

N.B.l. DU(#IJm) should be 62 or less, if zero, equivalent to NOP.

N.B.2. If DU@IJm) > 62, or if KH@F#IJn) is not a number listed in. the

EeLo

Table of I/0 Characters, the situation is rather a case-by-case fashion
and it is not described here.

WSP 00 2801
WSP 00 2101
WSP 00 2001
WSP 00 1101
WSP 00 2601
The following characters are written;- KDC-I



15, Magnetic Tape Operations

See chapter /.
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