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ABSTRACT

A study of the requirements of an operational Chinese-English
machine translation system utilizing the techniques of the AN/GSQ-16
(XW 2) Language Processor has led to the design and fabrication of a
Chinese Character Coding Device, the Sinowriter, and the compilation
of a Chinese-English multipass lexicon based on grammatical analysis.
The results of the input coding study are presented, along with lin-
guistic research studies and multipass Chinese-English processor
techniques. A section of this report will be devoted to recommen-
dations for future Sinowriter systems and for linguistic as well as
lexicographical efforts required to ultimately perform Chinese-English

machine translation on a random basis.
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FOREWORD

This report is intended to document the state of development of the
Chinese-English Machine Translation research program at the term-
ination of Contract AF 30(602)-2479. The objectives of the Contract
are twofold:

1. Development and fabrication of a Chinese Character
Coding Device for the preparation of Chinese texts
into machine readable forms, and,

2. Study and compilation of a Chinese-English multipass

lexicon based on grammatical analysis.

The work has been carried on in two successive phases covering a
period of two years. In the first year of the Contract, a Chinese
Character Coding Device, the Sinowriter, was developed jointly by
IBM Research and the Mergenthaler Linotype Company of Brooklyn,
New York., An experimental model was delivered to the Air Force
on April 11, 1963. Linguistic research and multipass lexicon work
were initiated at the same time but did not really pick up momentum
until the beginning of the second Contract year., This work resulted
in two lexicons, the one compiled during the second Contract year
represents the beginning of an operational Chinese-English machine
translation system for the random translation of Chinese. Both
lexicons are based on grammatical analysis and both are based on
the analysis of limited input fext-. The experimental lexicon con-
tains about 1400 entries and the more extensive lexicon about 10, 000
entries,

The Chinese character-indexing method used for the Sinowriter
is an adaption of a modified Ming Kwai Chinese typewriter scheme

proposed by Dr. Lin Yutang.

R
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The multipass lexicon analysis techniques are based on those
of the AN/GSQ-16 (XW 2) Language Processor System. The linguistic
analysis routines are divided into the tollowing passes: 1. The dis-
cuntinuous constituent and parts of speech pass, 2. The auxiliary
word pass. 3. The functive 3 (le) pass, 4. The functive b@ {(de)
pass, 5. English synthesis pass.

The first phase of the development work, the development and
fabrication of a Chinese Character Codinyg Device -- the Sinowriter --
was jointly performed by IBM Research and the Mergenthaler Linotype
Company. The second phase of the Contract work was conducted by
IBM Research personnel under the direction of Dr. Ernest H. Goldman,
director of the Experimental Systems department of IBM Research.

Appendix 111 lists all personnel associated with the project.
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1. INTRODUCTION

To develop the ability to translate Chinese by machine it is necessary
to carry out three major tasks. The first is to develop the physical
means for converting an indexing scheme for Chinese characters into
binary codes. The second is to investigate and overcome the syntac-
tic problems of the Chinese language. The third is to construct an
appropriate Chinese-English Machine Translation dictionary to render

translation on a random basis.

1.1 Input Coding Aspects

To design an efficient Chinese coding device, the following criteria

should be borne in mind:

1. Minimal keyboard ambiguities

2. Speed and ease of character selection

3. Flexibility in handling both conventional and simplified
characters

4. Minimal learning time required for operator training
Ability for use by operators of any nationality

6. Simplicity of the keyboard design, approaching that
of an alphabetic language typewriter.

To achieve these goals and also to design an input device the
output of which will be compatible ﬁith the AN/GSQ-16 (XW-2)
Language Processor system, IBM Research in cooperation with the
Mergenthaler Linotype Company has selected the character indexing
scheme proposed by Dr. Lin Yutang. The Mergenthaler Linotype
Company has built the Sinowriter, a Chinese character coding device.

The indexing scheme utilized relies on geometric character
recognition. Each character is grouped into any one of the one
thousand odd families, according to character top, bottom, and

numeral configurations.




The Sinowriter input device has a vocabulary of approximately
6500 characters which is adequate for most modern scientific and

everyday common Chinese publications.

1.2 Linguistic Aspects

At the present stage of machine translation research it is obvious
that dictionary construction cannot be divorced from syntactic con-
siderations. For this reason, great emphasis has been put, in the
lexicon compilation phase of the research work, on the study of
grammatical problems encountered in modern Chinese text. Initially,
the philosophy has been to attack these machine translation problems
on a modest but continually expanding basis. Thus the work has been
oriented toward a continually expanding corpus of Chinese texts.
Specific problems connected with Chinese grammar that

have been attacked are categorized into the following classes:

1. Discontinuous constituents
Parts of speech ambiguities
Auxiliary word problems

Functive words

¥ LI O VN A

English synthesis studies

A tentative parts of speech classification for machine trans-
lation purposes has been decided upon and the results have heen
incorporated into the multipass Chinese-English lexicon.

Although all the analysis routines and dictionary entries
designed are based on the techniques of the AN/GSQ-16 (XW-2)
LLanguage Processor, the existence of a Master Reference File makes
the conversion of these entries to that of any other system a relatively

simple task.

sl



II. CHINESE CHARACTER CODING DEVICE -- THE SINOWRITER

The Sinowriter is a device for converting Chinese Character texts into
machine codes as inputs to the AN/GSQ-16 (XW-2) Language Processor.
The description of the device can be divided into two main parts:

the Chinese character classification scheme and the Chinese character

vocabulary; the optical, mechanical, and electrical systems of the

device,

2.1 Sinowriter Chinese Character Selection Scheme

The basic Sinowriter Chinese character selection scheme makes use
of a modified version of the Lin Yutang top-bottom geometric recog-
nition method. The Chinese character vocabulary of the device totals
about 6500 conventional and simplified characters., These are grouped
into about 1000 character families according to 36 top characteristic
configurations of the characters. Within each family all characters
have the same top and bottom characteristics and in most cases the
number of characters in a family is under sixteen, Rarely is it over
sixteen. There are about eighteen families with about thirty-two
characters each. In each family the characters are numbered from
one to sixteen with the most frequently used characters occupying

the lower numbers,

The basic Chinese character indexing scheme used in the
Sinowriter input device is a member of the geometric character
recognition family, The other popular member of this family is the
Wang, Yun-Wu Four Corner indexing method which classifies Chinese
characters according to their respective four corners. A description
and evaluation of the Four Corner method and various other methods
will be given in a later section, The Sinowriter indexing scheme
considers much more than character corners: it looks instead at i

the whole character in relation to a unit square area divided into

1 R R R i
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Figure 2.1

Character Top and Bottom Characteristics in Quadrants



quadrants, i,e,, lst, 2nd, 3rd, and 4th, The top and bottom char-
acter configurations or characteristics are selected by an examination
of the character geometric patterns contained therein,

An illustration of a character unit square and its component
quadrants is given in Figure 2.1 shown on opposite page.

The top characteristics of a éharacter‘ can us\;a.lly be found in
quadrants (I) and (II), in (II) and (III) or in (II) alone. The bottom
characteristics can usually be found in quadrants (III) and (IV), in
(IV) and (1), or in (IV) alone. These are not to be regarded as
definitive rules but rather as a set of guidelines for quick recog-
nition of the characteristics of the characters in question, The thirty-
six top characteristics can be further classified for easy identification
into five subgroups: the horizontal stroke group «— , the vertical
stroke group ' , the slanting stroke group // , the dot stroke
group .-'/ , and the radical group. The bottom characteristics are
similarly grouped according to strokes. Figure 2,2 shows the respective
top and bottom character stroke patterns and the groups they make up.
In Figure 23is shown a Sinowriter keyboard design separated by dotted
lines into five key stroke zones based on the top characteristics.

Zone I comprises twelve keys whose top or bottom characteristics
are frequently used radicals. Zone lI includes six keys whose top
characteristics have dots in common. Zone IlI has all horizontal
stroke keys. Zone IV contains slanting strokes. And finally Zone V
contains all with straight line characteristic tops. As can be seen
in Figure 23 each key tap is further subdivided into three areas,

the thirty-six top characteristics are to the left of the diagonal lines
on the key surface, the thirty bottom characteristics are to the right
of the diagonal lines, and the numeral characteristics, from 1 to 36,

appear in the squares on the upper right-hand corners of the keys,
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CHARACTER TOP CONFIGURATIONS

. . CHARACTER NUMERAL
CONFIGURATIONS )

L
-“‘ﬂL_.A i

\- CHARACTER BOTTOM
CONFIGURATIONS

Figure 2.4 Example of a Sinowriter Key



Figure 2.4 is a typical Sinowriter key with the subareas indicated to
show their respective, intended purposes.

The following examples illustrate the method of selection of
Chinese characters by means of the Sinowriter indexing scheme and

also the operations of the Sinowriter keyboard.

1. 53’25; D, o, 2

2. X X, X, 6
. %85 K, 0, 1
4. -t-; -, """)1
5 Z_; , ~,3

Other examples of the use of the top and bottom characteristics

are shown in Tables 2.1 and 2. 2.

2.2 Sinowriter Input Device Chinese Character Vocabulary

As was pointed out previously, the Sinowriter input device has a
vocabulary of about 6500 characters, grouped into a total of about
1000 families. The distribution of characters by families of various
sizes (from one character to thirty-two characters) is shown in
Figure 3.2. In the case of families of more than sixteen characters,
the selection of characters therein is achieved by depressing the
second page button on the console. The Sinowriter character
population also includes 528 simplified characters and radicals.
These are necessary because the Communist Chinese, in their mass
education movement, have re-introduced and popularized the use of
the simplified writing of characters, and these simplified characters

are employed extensively in today's mainland China publications.
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le 2.2 Typical Patterns of Lower Key Characteristics
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It is, therefore, obvious that Chinese character input devices not
only should possess the flexibility of processing both conventional
and simplified characters but should also include in the vocabulary
those character radicals most frequently used in simplified form.
Some examples of characters in their conventional as well as
simplified-form are shown in Figure 2. 5.

The simplified forms of characters are being generated
almost daily and it is obvious that the input character vocabulary
should be updated at regular intervals to process the most re'cent

publications.

2.3 Sinowriter Keyboard Design and Binary Coding Assignments

In the assignment of binary codes to the various top, bottom and
numeral characteristics, conventional Flexowriter codes have
been employed.

The terminal-type punctuation marks have been reserved
strictly for punctuation purposes, in order to prevent confusion
between these and a Chinese character code. Because of the
redundant nature of the codes assigned to the various top, bottom,
and numeral characteristics, it is possible for a Chinese character
to be represented by a string of three identical codes, i.e., a
character's top, bottom, and numeral characteristics may happen

to fall on the same key.

The Sinowriter keyboard is designed to operate in two
modes, either the Chinese mode or the English mode, All input
English characters, Arabic numerals as well as punctuation marks,
are considered as English inputs, The English mode of operation
has to be entered by depressing the English Mode console key.

In this mode the keyboard functions like a regular typewriter,

-




CHARACTERS |CONVENTIONAL | SIMPLIFIED

oAttt

W | X

==
g
A

1% A

>

Figure 2.5 Examples of Characters
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After the Chinese Mode button on the console has been depressed,
the circuit switches to a three-stage buffer register and the key-
board operations are altered slightly. The Flexowriter will with-
hold punching a code in the paper tape until three keys have been
depressed in succession, Three codes corresponding to the keys

depressed will be punched and in addition a "

space' code will
automatically be punched. The Sinowriter keyboard will stay in
the Chinese mode of operation until the English Mode key is
depressed.

Since some of the punctuation code keys have to be shared
as Sinocode code keys, the distinction of these key codes when used
as Sinocodes or punctuation codes will have to be made clear and

unique. For Chinese input in the AN/GSQ-16 (XW-2) system the

various punctuation marks are designated as follows:

Punctuation Marks AN/GSQ-16 (XW-2)
() (LC),)
(«) (LCX.)
(space) (LC){(space)
( (LCHUCKLC)9
) (LCNUC)KLC)Z)
" (LC)NUCKLC)2
(") (LC)UC)LC)22
() (LCHUCKLC)8
(-) (LCX-)
() (LCHUCKLC):)
;) (LCIX;)

(/) (LCN/)
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The terminal punctuations are prepared as follows:
Terminal Punctuations AN/GSQ-16 (XW-2)
(. {space)(space)(cap) (LC)(. space)(space)cap)
(. Xpar)(tab)(cap) (LC)(par)tab)cap)
(? (space)(space)(cap) (LCXUCKLC) ? ) space)(space) cap)
(? Xpar)(tab)(cap) (LCUCKLC)? )} par)tab)(cap)
(!X space){space)(cap) (LCXUC)LC)space)(space)(cap)
(!Npar)(tab)cap) (LCXUCKLC)! X par)tab)(cap)

The beginning of sentence indications are of two types,
(space)(space)(cap) or (par)(tab){cap).

Figure 2.3 shows the Sinowriter keyboard design.
On each key a maximum of five fields are shown:
top characteristics, bottom characteristics, numeral characteristics,
octal number of the six-bit code, and the corresponding English

letter on a conventional keyboard.

2.4 Evaluative Study of the Sinowriter Keyboard Chinese
Character Indexing Method

The keyboard indexing scheme of the Sinowriter which has pre-
viously been described has been tested extensively by means of
manual simulation. A total of about 5000 lexicon entries have

been compiled using this method. These entries compound Chinese
words made up of from one to seven characters. The total number
of characters used to conduct this manual encodement of Chinese
texts by the Sinowriter method is about 4 x 5000 entries. A
number of interesting and previously hidden aspects of the scheme
have been uncovered. A number of very encouraging conclusions

were also discovered, namely:
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The Sinowriter character vocabulary as it stands
today should be modified extensively Many of the
rarely used characters which the Sinowriter vocabu-
lary contains should be eliminated and substituted
by modern up-to-date and more frequently used
ones.

A reclassification will have to be made to eliminate
some of the present ambiguities.

Some of the 20, 000 characters that IBM encoded
were not found in the vocabulary. Some of these
are the simplified characters which have just
recently come into popular use, the rest are con-
ventional forms.

Mathematical signs, symbols, and the Greek alpha-
bet should definitely be added.

Ways and means should be provided to care for the
input characters which are not found by the Sino-
writer.

The Sinowriter classification scheme is basically
sound and efficient,

The keyboard can be learned and operated by

personnel of almost any nationality.

In the Recommendation Section of this report, there is given
a more detailed description of the prob'ems and their recommended

methods of solution.




TR

17

1. THE SINOWRITER - ENGINEERING AND FABRICATION

The Chinese Sinowriter was subcontracted to the Mergenthaler Lino-
type Company for design and fabrication. This section describes
the engineering and operating characteristics of the input device as

reported by the Mergenthaler Linotype Company.

3.1 Design Requirements

3.1.1 Language Classification

The '""Ming Kwai'" system of character classification designed by the
Chinese scholar Lin Yutang forms the basis of the code system and
memory configuration. This classification system is essentially
based on the geometric properties of the written Chinese characters.
In essence, the characters (Chinese words) are arranged in groups
which exhibit geometric characteristics in the upper (or upper left)
and lower (or lower right) areas. The original "Ming Kwai' key-
board used 36 upper characteristics and 28 lower characteristics,
whereas the present design utilizes 36 upper characteristics and

30 lower characteristics. The resulting groups are referred to as

families.

3.1.2 Keyboard

The Friden Flexowriter is utilized in this design, because this
machine is equipped with a paper punch mechanism and a coding
system of great flexibility. The Flexowriter is equipped with a
reader head which can be used to check system operation. In
addition, the output of the keyboard coding system is easily manipu-

lated to meet external system requirements.
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3.2 Design Goals

3.2.1 Control System

The punched paper tape coding was to consist of 3 digits and a fixed
code indicating word ending. Figure 3.1. Besides using the key-
board to code Chinese, it was to be used for the normal keyboarding
of English.

The keyboard was to be used as the system control: pressing
a prescribed key (upper case) would place the system in the "Chinese"
code mode of operation, another key (lower case) in the "English"
code mode. The control system was to operate as fast as the key-
board punch combination so that it would not limit the system speed
of operation.

Additional controls were to be provided where necessary,
(i.e., provide for plate two selection and error erasure plus a

master power on and off switch. )

3.2.2 Optical System

The optical system was to be designed after the optical wedge scan-
ning system patented by Mr. Edward Bechtold. This system was
to be extended in order to accommodate additional characters in
the x-y coordinate plane. The number of coordinate positions to
be available was to be a minimum of one thousand and eighty plus
a sufficient amount to permit additions to the basic vocabulary
amounting to 20 per cent of the minimum number. A capability
for expansion to approximately thirty thousand characters was to
be shown.

The most complicated character would probably not exceed

40 strokes, it is assumed that half of these strikes will be in the
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Figure 3.1 Chinese Character Code Group Format as Punched on Paper Tape
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vertical and half in the horizontal axes of the character, Character
size would not be smaller than 3/¢4 (approximately 1/mm). The
resultant required resolution is approximately 20 lines/mm.
Therefore the optical system resolution should not be required to

exceed 20 lines/mm at the focal plane at the objective.

3.2.3 The Mechanism

The mechanism was to be as simple as possible consistent with the
optical and control system requirement in view of the basic premise
that the delivered hardware would be considered as elementary

breadboard construction.

3.3 Execution
3.3.1 Vocabulary Preparation

The Lin Yutang '"Ming Kwai'" vocabulary had been classified for use
in an earlier mechanical version of a Chinese typewriter and was
immediately available. This vocabulary was studied and reclassified
in two ways based on the studies of the practical use of the keyboard.
Sources of error in application of the keyboard were: confusion as
to actual classification symbol key to be applied, and inexact classi-
fication of the characters due to the necessity of mixing of extensive
families, caused by insufficient accommodation in family group
space allocations in the typewriter mechanism.

The basic storage medium in this system is a photographic
plate on which all characters comprising the vocabulary are placed.
Therefore the family size would be restricted only by the optical
field available at any coordinate designation. Since the '""Ming Kwai"

typewriter's vocabulary family capability of eight characters per

i
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family proved inadequate, it was decided that a maximum family
size was to be a four by four matrix resulting in 16 characters
per family. It was felt (and verified) that very few family groups
would consist of more than 16 characters.

By extending the size of the family groups to 16, confusion
due to "'spill over' is avoided or reduced to a minimum, Extending
the family sizes in addition permits us to eliminate the errors
resulting from use of an ambiguous symbol for the word configuration.
Errors of this type required the operator of the "Ming Kwai'' type-
writer to try other symbols of approximately the same configuration
until the desired character was located. A simple expedient to
eliminate this problem is to assign ""problem' characters two
addresses thus making each of them a member of two families,

It is obvious that, by extending family sizes and accepting
two code addresses as valid for a single ideograph, the major
problems encountered in the "Ming Kwai'' typewriter are
circumvented.

To include 540 simplified characters not within the original
vocabulary, a slight alteration in the number of symbols applied to
the keyboard was made. The upper characteristics remained 3¢
while the lower was expanded from 28 to 30.

A dictionary was prepared using master sheets, showing
word space allocations in the family group, in concert with the
upper and lower characteristic designations. In essence, the
individual ideograph address is determined at this point in the work.

A master family pasteup was now made in accordance with
the dictionary, with each character approximately 1" by 1. The

family master occupied a square area 4" by 4'". Each master was
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photographed on 4 to 1 reduction resulting in a secondary master
1 inch square. In turn these |l inch square masters were pasted up
on an aluminum plate in the required x-y coordinate system deter-
mined by the scanner optics.

The assembled master vocabulary plates were in turn photo-
graphed on a scale 5.03 to 1, The resulting photographic memory
plate size therefore was 6 11/16" x 6 3/4" across the major field.

Individual characters are approximately . 049 inch square,

3.3.2 Mechanism

Optical System Requirements: The optics were to be designed to
resolve 20 lines/mm at the focal plane. This would not require
excessive resolution from the photographic reproduction processes.
The basic family size should be such that an individual character
would not be reduced to a size less than . 040 inch square.

A hedge factor was included to accommodate nonlinear
resolution over the total field of an average lens system. A 20
per cent increase in character field size was allowed resulting in a
total family size of . 200" x 200", at the focal plane of the first
objective, in effect reducing the resolution requirements by 20
per cent.

The actual memory plate size was determined by the objective
lens focal length and the total prism scan angle using the basic family
field size as the prism minimum increment requirement. It was
necessary therefore to determine the relative values of prism power
before focal length of objective and actual prism power was determined.

The Optical System consists of an objective arranged as a
collimator with respect to the photographic memory plate. In the

self-parallel light output of the objective are a series of wedges
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arranged with their active axes alternately orthogonal to each other.

These axis are parallel to the respective x-y coordinates of the
photographic memory plate. Following the wedge system, a second
objective is used as a decollimator. A mask, placed at the focal
plane of the decollimator, acts as a field stop. The mask size is

determined by the basic family size multiplied by the ratio of the
Decol {1

col fl,
The field stop so determined is increased in size by a figure deter-

focal lengths of two objectives, i.e.: desired field size x

mined by the total accumulated error tolerance of the wedge system
multiplied by a factor of two.

It is obvious from the system configuration that the total
thickness of glass in the space between the collimator and decolli-
mator may not be altered without detrimental effects on the resolu-
tion, This in effect established a restraint on the prism scanning
system; a wedge may not be removed without replacing it with an
equivalent thickness of glass. In consideration of this fact, the
wedge binary system is designed to consist of replacement of a
wedge of one power for one of like power oriented to result in
precisely the opposite deviation of the wedge replaced. In general,
in a system of this nature, it is necessary to keep the total prism
power as low as possible to hold the angular field requirement
for the collimating objective to as low a figure as practical,

It is necessary to review the design considerations involved
in selecting objective focal length and wedge prism power. It will
be recalled that a field size for each family of . 200 inches x . 200
inches had been decided upon. The total number of families in the
basic vocabulary would approximate 3¢ x 30 = 1080; requiring the
same number of X-Y coordinates, Accordingly, the basic vocabu-

lary could be contained in two plates with 540 families on each.
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Since the field scan is by nature a square (the binary requirements
for one coordinate system will be essentially the iame as that for
the other coordinate), the resulting unit requirement on each axis
will be 24, equal to a plate coordinate population of 242 = 576. A
straight binary series will result in 16 unit power as the highest
order wedge. This will result in 32 units available per coordinate
if zero is a valid power. The straight binary arrangement is not
applicable to the system because it infers that the objective would
be used entirely in an asymmetrical system, i.e., the wedge scan
when set for a total of zero power would, of necessity, be imaging
at the field stop (one corner of the field presented by the objective)
and when wedges are set for maximum power, the opposite corner
would be imaged. This effect of additional power from a zero con-
dition would result in a nonlinear, nonsymmetrical, field coupled
with a large variation in astigmatism over the required field of the
photographic memory plate.

It is desirable to operate the objective lens on axis with the
memory plate centered, providing a symmetrical displacement about
the optical center line. This tends to operate the lens within its
most advantageous field angles. As mentioned previously, the maxi-
mum wedge power required should be reduced to a minimum con-
sistent with the desired results. Therefore, the highest power wedge
must be reduced to a value determined by the basic binary step, and
order of operation, keeping in mind the fact that no zero power wedge
is permitted. The central fields will therefore be displaced from
the central plate coordinates which intersect the lens optical axis,
so that the sides of these fields are tangent to the basic plate
coordinates. Considering a family field side dimension as a unit

pitch, the order of placement of the center line coordinates of a
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family field with respect to the plate centerline coordinates would
be 1/2, 11/2, 21/2, 31/2,....... N 1/2. Accordingly, the
equivalent prism power in either of the coordinate planes must
provide a step change in a like manner providing a unit pitch equal
to the difference between these positions. If we assume the first
increment from the center to be one unit then the next is + 2 units,
etc.; all even increments in the binary count disappear including
zero. This count must be accomplished in both the positive and
negative directions with respect to the concerned coordinate. Thus
the total number of steps on a coordinate in the system will always
be an even number. The binary order selected will be 1, 2, 4, 8, 10.
The last value 10 departs from the normal binary system because of
the desire to keep the total prism power to a minimum.

The values available are + lor - 1, +2or -2, +4o0r - 4,

+ 8or -8, + 10 or - 10, resulting in the scalar values shown below:

TABLE 3.1 1, 2, 4, 8, 10 BINARY

EQUIVALENT
BINARY VALUES COORDINATE
UNIT _l 2 4 8 _l_q POSITION
+1 + + - - + +1
+3 - - + - + +2
+5 + - + - + +3
+7 - + + - + +4
+9 + + + - + +5
+ 11 - - - + + +6
+13 + - - + + +7
+ 15 - + - + + +8
+ 17 + + - + + +9
+19 - - + + + +10
+ 21 + - + + + + 11
+23 - + + + + + 12
+ 25 4 + + + + + 13
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The chart shown is illustrative of the requirements of the
binary values necessary to provide excursion of the field stop from
the optical centerline of the system to the maximum deviational
requirements. Thus providing a basic half field code for a single
coordinate. The excursion required for the opposite direction is
accomplished by reversing all signs within the chart, Using a
binary order of 1, 2, 4, 8, 8 in Table 3.2 in both plus and minus
values results in a maximum total capacity of 9216 characters
24 x 24 x 16 per plate.

TABLE 3.2 1, 2, 4, 8, 8 BINARY

EQUIVALENT
COORDINATE

UNIT 1 2 4 8 8 POSITION

1 - - + - + +1

3 + - + - + +2

5 - + + - + +3

7 + + + - + +4

9 - - - + + +5

11 + - - + + +6

13 - + - + + +17

15 + + - + + +18

17 - - + + + +19

19 + - + + + +10

21 - + + + +11

23 + + + + +12

In order to show capability of a 30, 000 word capacity, the
number of plates would have to be four giving a maximum capacity
of 36, 864 characters. The 1, 2, 4, 8, 10 binary (Table 3.1) results
in 32, 448 capacity in three plates (26 x 26). This binary system

was adopted because fewer plates were required.
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It was known that the effect of a wedge system such as that
being designed here would result in a nonlinear effect across the
field. Therefore, an area assignment for each family image was
assumed to be approximately .230 inch square. A spacing factor
of . 020 inch was allowed between families resulting in a nominal
unit field spacing of one quarter of an inch, Assuming a 12 inch
focal length lens resulted in an 15°40' half angle which appeared
to be a reasonable field angle for a good objective.

The prism power resulting from this lens selection and
linear field was 2.5 prism diopters per unit pitch on a coordinate.

The diopter values assigned to various stations become therefore:

1.25 Diopter = (1/2 unit pitch) = Binary 1

2.5 Diopter = (1 unit pitch) = Binary 2

5.0 Diopter = (2 unit pitch) = Binary 4
10.0 Diopter = (4 unit pitch) = Binary 8
12.5 Diopter = (5 unit pitch) = Binary 10

Prisms such as the wedge used in this system will refract or break
up the light passing through them, into its basic elements or com-
ponent frequencies resulting in a color spectrum. It is therefore
necessary to achromatize the wedges to avoid a multi-colored
display. Lens power is to be entirely absent and specific deriva-
tion is to be maintained within fairly accurate values. For example,
if we assume that all tolerances can accumulate in one direction
for a particular binary position and the opposite condition can occur
on the very next binary selection, a total error of 10 x tolerance
will be apparent on field stop centerline registration.

The system we are discussing actually consists of two
binary systems interleaved in order to achieve orthogonal

coordinate scan positions. The total maximum tolerance to be
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expected from coordinate position to coordinate position on any
diagonal will be 1. 414 multiplied by the basic unit tolerance applied
to the wedge power.

At this point, the parameters of the optical elements of the
machine had been decid:d on and mechanical design was begun.

The individual wedge elements were designed and let for
manufacture.

The lens-wedge system scheme was programmed and the
combination was run through the IBM 650 Computer in order to
determine actual physical locations for the centers of the individual
family groups. This was necessary for preparation of the memory
plate masters,

The results of this computation indicated that the contribu-
tion of the wedge system to distortion in the field of a highly cor-
rected linear field lens resulted in an excessively large photo-
graphic plate memory due to extreme pin cushion effect.

The excessive coordinate positional displacement from the
theoretical inferred that extreme image distortion could be expected
from the system resulting in a probable severe loss of resolution
such that the memory plate would require back-photographing.

At this point, mechanical design had progressed to the level
of determining memory plate handling methods (means of changing
plates) in order to show 30, 000 ideograph capability. It was there-
fore necessary to design and fabricate a special lens to operate with
the wedge system and mechanical design. In order to accommodate
the mechanical design, the lens required a back focus ranging
between 10 1/2 inches to 13 inches (preferably the longest practical)
for clearance of the plate handling mechanism. The design speci-

fications resulted in a reverse telephoto design (10 inch Focal
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length /5 with a 13 inch back focus). This lens design coupled
with the wedge system resulted in a reasonable size memory plate
and saved mechanical redesign effort,

The decollimator, field stop, and projector lens group were
designed as one assembly. This consisted of a 3 inch, £/1.9
Wollensak Raptar Lens used as a decollimator, a field stop disk
with a . 070 square hole in its center and a 6.5 mm., /2.8

Wollensak Cine Raptar lens used as the final projector.

3.4 Mechanical Requirements

The mechanical requirements of the various portions of the system
are dictated by the optical system exclusively. Obviously as in any
optical system, alignment, and preservation of alignment of the
various elements were of prime concern.

Although the system is a breadboard in the sense that
elementary design without consideration for the film refinements
has been applied, it was necessary to rigidize the basic structures
sufficiently to insure preservation of optical alignment once it has
been set.

The framework was made of 3/8 inch plate aluminum, such
that it formed a box large enough to support the optical members
and their driving and mounting mechanisms.

This frame as such provides the mounting surfaces for the
plate changing mechanism and its drive, the prism select and drive
mechanisms, the motor and belt transmission, the collimator-
decollimator projector and illuminating system. This arrangement

permits mounting the whole system in any desired attitude.
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3.4.1 Wedge Select System

The {irst item in the mechanical system to be designed was the
wedge (prism) drive and selecting mechanism.

Several basic mechanical systems were considered for
positioning the wedges in the system. One method consisted of
mounting a pair of wedges and a revolving arm which would sweep
through a small angle (sufficient to allow alternating two wedges in
the same physical position). The second method mounted the wedges
on a member which slides along fixed rails accomplishing true
translation.

After due consideration, the first method was discarded.
This is due to the fact that the optical properties of the wedges
result in activity in one plane only. The resultant deviation is
insensitive to most errors of position except rotation about the
optical axis. It is immediately apparent, all things being equal,
that the inertia and therefore the power required of the Prism
translation system would be less than that of the rotating system.
The rotating system also is inherently difficult to align optically
and, most important, it is difficult to maintain alignment over a
long period of operation.

On the other hand, the translational system inherently is
capable of designing to a lower total mass in the moving system
and is optically immune to minor changes in the mechanical
arrangement of drive mechanism and stops. The translational
system has a natural mechanical reference to which all optical
elements may be aligned. Therefore basic adjustments are more
likely to be preserved once they are made.

The Prism mounts were designed with a flange and notch

so that they could be mounted on the slides and rotated by using a
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special tool which engage the notch while pressing against a
banking point machined into the slide bearing yoke.

The slides themselves were made of sheet metal with two
yokes containing two oilite sleeve bearings at each end. The bear-
ings within the yokes were then line-reamed resulting in a four
point bearing suspension system. The rails were simply 1/8 inch
diameter precision drill rod cut to the proper length to fit the slide
housing. Tolerances within the slide and housing rail system were
held fairly tight so that vibration and shake of the individual slides
were prevented. The system of four point support is not the best
approach to the problem from the manufacturing standpoint, but it
results in an extremely rigid mount with very light members,
obviating any possibility of rotation around the optical axis.

The time allotted for changing the binary wedge arrange-
ment was to be approximately 1/5 of a second or . 200 milliseconds.
After considerable deliberation and design study, a simple electro-
mechanical system was decided upon.

Drives such as direct-coupled solenoids, air cylinders,
hydraulics, all required excessively complicated subsystems or
had a completely useless force-stroke curve.

A swash plate crank pin mechanism was used as the basic
drive mechanism., A drive bar was arranged to selectively push
the slides to the desired positions. This bar carried all the slide
driving escapement mechanism -- the drive bar was coupled to
the swash plate crank pin through a connecting rod. The coupling
was accomplished at each end of the drive bar, thus requiring two
cranks. The cranks were coupled to each other in exact phrase
with a timing belt which also maintained timing to a one revolution

input clutch.
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The resulting time-displacement curve for the drive system
is essentlally harmonic which is close to ideal for the speed that
the mechanism is expected to operate at, The design input speed
at the one revolution shaft was between 360 - 400 rpm giving a
total cycle time of 150 to 170 milliseconds or slightly under 1/5
second.

Ten escapement solenoids were built into the frame of the
mechanism which carried the crank drive bar assembly. Each of
these solenoids operates the escapement for one slide. A separate
solenoid energized the one revolution clutch.

A mechanical, two-ball interposer level resets the mechanical
parts of the drive bar escapement to the normal position at the end
of the cycle. The control system has by this time cut off all power
to the escapement system completing reset of the system to the
normal condition.

The photographic memory plates were mounted in a six-
sided drum. Three alternate sides accommodate the photographic
plates. The remaining three sides provide a viewing window for
the objective lens. Thus the lens '"looks' through the interior of
the drum to the opposite side. This arrangement permits a fairly
compact design for the over-all mechanism. The end of the "drum"
is provided with three detent dogs adjacent to the window. These
dogs are engaged selectively by a detenting hook, in accordance
with the control system command.

A rubber tire '"Puck Drive' is used to rotate the drum from
one position to another. The drive is engaged and disengaged by
the action of a cam surface on the detenting hook. This arrange-
ment prevents accidental engagement of the drive unless the detent
hook is disengaged. It also insures that the drive is disengaged
should hook power fail, or should the logic system for plate
selection fail.
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The only optical element missing from the system at this
point was the illumination system. It was determined that a system
with an aperture of 10 inches or better was required to illuminate
the 7 1/2 inch x 7 1/2 inch plate. Since this system was not con-
sidered critical, a Fresnel lens of 14 inch focal length and 14 inch
diameter was used in a doublet resulting in a 7 inch focal length
lens. This lens constructed of plastic was easily cut to a size
commensurate with the plate requirements.

The application of the above described Fresnel lens allowed
for an extremely short ''condenser'" system. Permitting the lamp
to be close, physically, to the memory plates. In turn, this
shortened the whole system and allowed packaging in a relatively

small container.

3.4.2 The Control System

It was necessary that the control system provide a minimum of
operator complications. Therefore, the panel controls were
limited to the normal Flexowriter keyboard plus a simple On-Off
power switch, and two additional switches -- one labeled "Error
Cancel, " and the other '""Page Two. "

In consideration of the method of operation of the system,
it is obvious that these two controls are necessary. It will be
remembered that operation of the system depends on comparison
of characters presented on the view screen, to originals in printed
form. This comparison is only possible after keyboard entries
are made into the system. If the character required is not avail-
able in the group presented on the screen, one of two possibilities
exists: either the keyboard symbols were wrongly selected or the

character exists as part of page two of the family. The latter
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condition could occur only if the group presented consists of 16
characters and its visual presentation indicates a page two exists,
in which case the "Page Two'' select button is depressed.

The former condition requires that the system be reset to
the no entry condition in preparation for a new entry from the key-
board. In the case of an error selection, therefore, the error
cancel switch must be depressed -- this automatically cancels all
entries in the system without entering information on the paper tape.

Design consideration involved in the selection of components
and operational methods within the system itself hinged almost
entirely on the Flexowriter circuitry and capabilities. The require-
ments and therefore the system naturally divide into two basically
large subsystems; the punch control system and the view control
system. The division arises at the code bars within the Flexowriter
due to total incompatibility of the 6 bit Flexowriter code with respect
to the viewer system requirements. Synchronization of the two
systems is the only inflexible requirement. (Note the block diagram
Figure 3. 3).

The control circuits are arranged so that if the Flexowriter
is in the lower case, its operation is normal in all respects with
the exception that the upper case key will cause a shift in function.

Striking the upper case key causes a Twelve pole relay
(KEC) to energize, disabling the punch and connecting the normal
punch signal lines to the input transfer relays K’I‘l and KTZ’ The
input transfer relays in turn connect the punch signal lines to the
Ku bank of relays in the buffer system.

The first code applied to the code lines energizes relays in
the Ku bank which will remain energized due to self holding contacts.
Transfer of l('I’l occurs when a signal has been stored in the Ku
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bank and no signal is present on the input lines. The KL bank of
relays is in turn connected to the keyboard, and functions in a
manner similar to the Ku bank. Transfer of K'I'Z occurs under the
conditions outlined for KTI' but with respect to KL. bank.

The third keystroke stores a code within the KN relays any
one of which when energized causes the keyboard lock magnet to
de-energize locking the Flexowriter keyboard. A ground is also
completed to the read control circuit energizing KRT-1 and 2,
Energization of KRT-2 initiates the generation of a control pulse
2’ KS3. only one of which
may be energized at one time. Circuit logic is such that the order

to the signal control relays KSl. KS

of energization is as listed.

Operation of a signal control relay (KSI. » or 3) causes

2
the signal output lines from the buffer relay banks to be connected
through KPl. and KPZ' to the punch magnets. Relay KSl controls

output from the KU bank,

KSZ controls the KL bank and

KS 3 controls the KN bank

Relay KRT-2 may be energized only at the time the punch is at rest
or close to the completion of its operation. A third relay KRT-3

is connected in a complimentary manner to that of KRT-2 so that
while the punch is in operation the control pulse to the signal con-
trol relay is terminated by KRT-3.

After the cycle, KSl. KSZ' KSB' is completed, it is necessary

to provide a punched code indicating end of word, this is injected
through a fourth relay (KRS) connected to the same signal buss as

the signal control relays, This (KRS) relay serves two purposes:

1. It injects the required end-of-word code signal.
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2, It removes power from all relays except KEC

(English/Chinese),

thus preparing them for the next series of code entries.
All the relay systems described above are contained on two

chassis designated the Stepper and the Memory.

3.4.3 Viewer Control System

As described previously, the slide drive bar mechanism is equipped
with solenoids which directly control the positions of the slides.
The solenoids are biased prior to the mechanical operation of the
drive bar. Since the slides contain the wedges, they therefore
determine the coordinates or location of the field stop.

Due to the fact that redundant coding conditions with respect
to the scanner requirements arise during the keyboarding operation,
it is necessary to provide the scanner wedge system and drum
select mechanism with a buffer somewhat similar to the memory
section of the punch control circuit described above.

The scanner buffer serves as a plate selector and signal
phase discriminator, in addition to storing the horizontal and
vertical scanner codes supplied from the keyboard. A six level
code is applied to the scanner buffer, the first five levels are
analogous to the required wedge positions and are directly con-
nected to the respective escapement solenoids. The sixth level
is connected in a grounding circuit through three micro switches,
to the index control solenoid select switches located on a cam on
the drum shaft. The drum rotates until it opens the grounded
circuit, de-energizing the indexing solenoid and stopping at the

desired memory plate.
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A single six pole relay serves as the viewer transfer relay
(KSTl). This switches the keyboard scanner code output from the
horizontal scanner code relays to the vertical scanner code relays.
The scanner transfer relay (KSTI) coil is directly connected to the
coil of KT1 in the stepper chassis. This insures synchronization
of the input signals. The horizontal scanner relays are energized
when the upper characteristic is coded. The vertical scanner
relays when the lower ideograph characteristic is coded.

At the operation of the input codes, the proper output to
the scanner lines is energized by applying a common ground in
synchronization with the punch system. This synchronization is
achieved by using the ground that appears at the KTZ coil in the
stepper chassis; thus interlocking is completely achieved by using
and KT,.

1 2
Completion of design of the control systemn permitted con-

the ground from KT

sideration of the type of chassis on which all units were to be

mounted.

3.4.4 Packaging

Because of the ability to shorten the condenser system by use of a
Fresnel lens, it was found that the system as a whole could be
mounted within a standard off-the-shelf cabinet. The cabinet just
accommodated the systemn, therefore flexibility of mechanical
design was limited.

The structure of the cabinet was modified to provide a set
of beams forming a nest for the optical unit. The unit is readily
unfastened by removing only four screws.

The weight of the typewriter when mounted on the work

surface of the unit was sufficient to tip the whole cabinet over when
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the optical unit was removed, It became necessary therefore to
extend the base and reinforce the typewriter work surface, This
was accomplished by using thin wall tubing for the reinforcing, and
angle iron and aluminum plate to extend the cabinet base under the

Flexowriter.

3.5 Coding Arrangement for Word Acquisition

3.5.1 Photographic Memory Plates

The total capacity of the three photographic memory plates provided
is 32,448 ideographs if all the space is utilized,

It was necessary to investigate the natural control parameters
governing the family distribution versus the scanner capability, in
order to determine memory plate space allocations.

By nature, the basic scanner system is a two parameter area
search device, its requirements being input values for selection of
the x and y coordinates of a focal plane, Itis apparent that the key-
boarding classification is analogous to the X, Y coordinates since
the family designation is obtained by the upper geometric form and
the lower geometric form, The analogy leads to the immediate con-
clusion that the upper characteristic or geometric form should equal
the horizontal coordinate and the lower characteristic the vertical
coordinate in the focal plane,

A system of space allocation is necessary to determine the
code requirements for the various key applications. The following
describes the methods employed:

It will be recalled that there are 36 keys on the keyboard
assigned the upper characteristics and 30 assigned the lower char-
acteristics. These will therefore require a coordinate system of

36 by 30 units.
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With a five-bit input duplexed in the X then the Y coordinates
the scanner is capable of selecting a unit from the 26 x 26 (memory
plate capacity) coordinate system, The basic bit allocation is as
shown in Figure 3.4, in accordance with a symmetrical disposition
of the binary arrangement shown in Table I.

If the three plates shown in Figure 3.5 are removed from
the drum and placed edge to edge so that the horizontal coordinate
is shown as a continuous line, it will be seen that the vocabulary is
easily distributed horizontally on Plate I, units | to 26; and Plate 2
units 1 to 10, Unit 1 on Plate II is equal to vocabulary unit 27 and
unit 10 on Plate 1I equals vocabulary unit 36 (see Figure 3.6).

The real problem of space allocation occurs due to the cross-
hatched portion of the vocabulary area -- plate overlay shown in
Figure 3.7, Vertical units 27 through 30 require the same horizontal
codes as those in Units 1 to 26, and if the vertical units 27 to 30 are
assigned an area on Plate II using the codes directly, there would
be area interference. It will be noted from this figure that Plate 1II
is entirely empty and therefore it can be used with a direct appli-
cation of the same horizontal code applied as on Plate I, just as if
Plate III were a continuation of Plate I, in the vertical sense (Figure 3, 8).

In approaching the problem of extending an area such as shown
above, the keyboard codes assigned remain unchanged for application
to Plates I or Il on the horizontal scan. Discrimination as to which
plate is to be active is assigned to the sixth bit available on the key-
board code bars. Unit codes on Key 27, 28, 29, 30 are identical to
unit codes 23, 24, 25, 26, with the exception that the sixth level bit
is also present.

A similar discrimination in horizontal codes is used to deter-

mine Plate Il selection. The scanner codes for all three plates
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horizontally are identical, However, the keys carrying the unit
characteristic 27 - 36 are equipped with a sixth level bit.
In this manner, a simple discriminator circuit determines

which of the three plates is to be scanned as indicated:

1. No sixth level bit in the horizontal and vertical
scanner codes instructs the unit to scan Plate I.

2. No sixth level bit in the vertical but a sixth level
bit in the horizontal means scan of Plate II is
desired.

3. No sixth level bit in the horizontal but a sixth level

bit in the vertical means scan Plate IIl.

It will be noted that the additional horizontal coordinates
27 - 36 for the vertical families 27 - 30 will occupy the same space
as those continuing Plate No. 1 lines 23, 24, 25, 26. This situation
is intolerable but is easily handled by application of an extension of
the logic listed above.
It will be remembered that the codes determining the wedge
positions (5 levels are required) is topographically symmetrical
about the optical axis of the system. This means that a code calling
for the right hand Unit No. 26 is a mirror image of the code calling )
for the left hand Unit No. 1, represented by XXXXX = 26 (Table 3,1) {
then 00000 = 1.
Since the extension of the horizontal classification is less
than half of the Plate II units positions in the same direction, it is
a simple matter to assign the scan code an inverlién in the horisontal

plane when a sixth level bit is present in both the Horizontal and

Vertical scan codes.
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Thus Plate II has two horizontal designation schemes, When
referring to the vertical code group and no sixth level bit is present,
the codes for horizontal scan are 1 - 26, Left to Right; if a sixth
level bit is present in the vertical code the order is reversed and
1 - 26 is read Right to Left,

Since the optical system code is invariable 1 - 26 left to
right, 1 - 26 top to bottom, it is necessary to manipulate the code
as fed to the scanner escapement, This manipulation, since it is
simply a mirror image requirement, is easily established by
reversing the phase of the output codes,

Thus the reversal of the horizontal code requirement is
accomplished when both Horizontal and Vertical scanner buffers
contain a sixth bit, simply by reversing the ground connection on
the buffer output relay switch points. Normally, if the horizontal
buffer calls for ENERGIZED relay equal to a + position for a wedge
slide, the ground would be applied to the NO contact of the output
leaf on the relay, A phase reversal is accomplished by changing
the ground to the NC side of the contact group. (It will be noted
that binary values are arbitrarily assigned for unit position rather
than taking the actual decimal equivalent numbers which in this
case have no real value),

Solution of the coding and plate select problem was com-
pleted at this point with the exception that families with more than
one page (over 16 characters) would constitute a complication, in
that a code changer might be necessary for the viewer escapement
if they were allowed to fall into areas whose complements were
occupied by other families, It was felt that the simplest approach
to the page two problem was to allow the scanner to remain at its
first coordinate position and rotate the drum to alternate positions:

Plate II or I,
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Since very few families (20) consisted of groups requiring
two pages, it was a simple matter to assign to the first page groups
that area of Plate I defined as being between ! - 22 vertical codes
and 11 - 26 horizontal codes. This automatically provides a non-
ambiguous space on Plate II for the second page of these groups.

The drum could be indexed by energizing the sixth level in
the horizontal code relay without changing the punch code group
memory. By using this approach, the logic of the system was kept

as simple as possible.

3.6 Problems
3.6.1 Plate Preparation

The original masters used by Lin Yutang were photographically
enlarged to a size necessary to provide each character with a

1 inch by 1 inch field. The family groups were re-organized so
that ambiguity was removed by providing redundancy of position
where there was doubt as to what characteristics an individual
should be classified under. Therefore in the Chinese Input Device
System a character could have two addresses.

A series of master sheets providing a 4 inch by 4 inch grid
were printed up and the individual members were pasted up. An
attempt was made to assemble the characters on the grids in an
order approximating frequency of usage. This was done by famili-
arity with the language and was not based on any statistical studies,
From these a master plate was made.

It was necessary in assembling the master plate to preserve
family locations accurately. The family centerline positions

required precise layout to within a few thousandths of an inch of
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the theoretical in order to allow minimum tolerances on the place-
ment of the individual families during the cementing operation.

Difficulty was experienced in obtaining useful prints of the
masters due to the requirement of a minimum of 20 lines/mm
throughout the plates, and the necessity to compromise an optimum
condition for the reproduction.

A greater difficulty however, was keeping the dictionary-
code relationship organized and assembling according to the pre-

conceived arrangement.

3.6.2 Control System:

In design of the control system it was necessary to preserve
operation of the Flexowriter in its normal sense, which in turn
required retention of the unit circuitry intact. The system was
designed as a patch-cord device, all switching and modification to
be done within this cord.

As the IBM six bit Flexowriter code is not compatible with
the internal coding employed by Mergenthaler, it is therefore
necessary to alter the Flexowriter to supply two different codes
from a single code bar, one with the standard six bit code and the
other with the Mergenthaler scanner code.

The only other sources of trouble arose due to the fact that
the Flexowriter power supply and signal circuits required electrical
isolation from the punch buffer-scanner system in order to prevent
short circuits and misoperation. Diode isolation was the most

direct approach to the solution of this problem.,

3.6.3 Optical Alignment

As noted in the mechanical description, it was necessary to
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provide a reasonably accurate method of alignment of the wedge
system. It was considered a practical impossibility to accurately
align the wedges within the system as an assembly.

Each wedge holder was designed so that it was a slip fit in
its locating hole in the wedge slide, and each holder had a reference
notch used also for adjustment during fine alignment.

A prismatic ranging tool was used to obtain alignment of the
wedge proper with respect to the holder-notch. In this tool, the
wedge holder is positioned with its slot engaging a pin and the wedge
is cemented with epoxy into the position resulting when coincidence
of the reference line to the alignment telescope reference line is
achieved. For the horizontal elevation wedges, the pin is in the
horizontal plane; for the vertical wedges, the pin is moved 90° to
the vertical plane, (All alignment is with respect to the horizontal
reference line).

The basic alignment described above positions the wedge
within its holder to an accuracy estimated at + 1/4° which is
sufficient to allow final adjustment in the slide assembly without
recourse to special methods.

The slide holders, as mentioned above, have a natural
reference line built in. This is a line established by the oilite
bearings on which the slides mount and operate. It is a relatively
simple matter to align the wedges within the slides by optical auto-
collimation. A fixture is arranged, on a surface plate, to hold a
pair of rods similar to the ones on which the slides operate parallel
to the master surface. The rods are referenced to the alignment
telescope so that their plane is perpendicular to the optical axis of
the scope. An accurate roof mirror is placed on the optical axis
with its axis perpendicular to the optical axis. This condition is
established by autocollimation.

SN

vy
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Setup of the Telescope Roof Mirror combination must be
done very accurately, as all alignment depends upon it.

A property of the roof mirror is that all rays of light enter-
ing at right angles to the roof axis are returned parallel to them-
selves; rays entering with a component parallel to the roof axis
are reflected in this plane as if they were reflected from a plane
mirror. (see Figure 3. 9).

For the Horizontal deviation wedge-slide assembly it is
necessary to align the wedges so that they contribute no wedge
power to the vertical scan system, therefore, the roof mirror is
arranged with its axis perpendicular to the master surface (rod
bearing axis taken as the horizontal deviation axis). This condition
is ascertained by rotating the collimating telescope through a small
angle with respect to the roof mirror, keeping the axis of the '"'scope
parallel to the master surface. When the return image remains in
coincidence with the collimator reticule, the mirror is perpendicular
to the surface and the mirror is perpendicular to the optical axis of
the collimator.

A plane parallel mirror is now mounted on the slide mount-
ing rods in front of the roof mirror, and the telescope is auto-
collimated to the plane of the rods without disturbing the horizontal
parallelism of the telescope to the reference plane. The mirror is
removed and a wedge slide assembly is placed on the rods. The
wedge holder is placed on the optical axis of the collimator by sliding
the assembly back and forth. The wedge holder is revolved on its
asix by using a special tool until the return image coincides with
the reticule. The holder is then locked in place with two mounting
screws. The process is repeated for the second wedge holder in

the slide. This automatically provides an optically active axis
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parallel to the mounting rods, with zero power in the vertical scan.
The accuracy of this alignment is only limited by the resolution of
the collimator mirror and wedge which is on the order of seconds
of arc. The procedure is repeated for all the horizontal scan slide-
wedge assemblies.

The vertical wedge alignment requires a change in the position
of the roof mirror -- the axis of the mirror must now be parallel to
the slide mount rods or, more exactly, at right angle to the previous
orientation. The alignment scope position is not disturbed, and the
roof mirror is rotated through 90o and again autocollimated. The
angle of the axis of the collimator is changed slightly with respect
to the master surface and coincidence of the return image is noted.
NOTE: Elevation of the return image must remain the same
regardless of angel of the collimator to the master surface. A
deviation left or right simply indicated nonperpendicularity of the
effective mirror plane to the optical axis. Zero deviation in the
vertical plane indicates parallelism of the mirror axis to the
master surface.

When the alignment of the roof mirror has been determined,
the collimator is again autocollimated to the mount bars and all
wedges for vertical scan are aligned as in the horizontal scan system.

The basic alignment outlined above establishes a precise
orthogonal optical X, Y coordinate system accurately referenced

to the wedge drive and selection mechanism.

3.6.4 Lens Elements

The design of the mounting system for the various lens elements is

such that they are intimately related to the wedge system.
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Master mounting surfaces for the main objective-collimator
and decollimator field stop projector lens assembly are made part
of wedge assembly frame. Therefore all important optics are con-
tained within one assembly and are self-referenced as a unit.

This assembly is now placed within the main frame of the
unit and mechanically oriented in order to center the optical axis
on the drum window (where photo plates will be mounted) so that
the axis is perpendicular to the window plane.

Basic alignment of the system is now completed.

The photographic memory plates are now placed in their
respective positions and the system is focused to collimation on
these plates for the main objective. When this has been accomplished,
registration of the field stop with the four corner families on a plate
is accomplished by moving the plate on its mounts. After the
registration is accomplished, the memory plate is locked into
position,

All three photographic plates are registered in the same
manner.

Because of some small play in the decollimator lens barrel,
a final adjustment for best compromise of position is accomplished

by adjusting the field-stop positioning clamps on the main unit body.

3.6.5 Illumination

A Fresnel lens was assembled as previously described and mounted
below the drum on the main assembly. Below this a mirror of
appropriate size has been mounted at 45° to the optical axis, A 500
watt EDK bulb was mounted at the proper focal distance from the

Fresnel lens in order to image the lens filament at the aperture

stop of the wedge system.
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It was found to be impossible to illuminate the whole field

sufficiently to make a reasonable presentation on the screen with a

standard bulb and the condenser system described. The factors

involved several optical problems (enumerated below), tending to

reduce the light at the screen for the extreme family groups {edges

and corners),

a.

b.

C.

€.

Spherical aberration of the light-source imaging
system.

Loss due to apparent reduction of system aperature
at extreme scan positions.

Cos4 lawl which relates to the losses across a
field as the field angle is increased (both the field
angle of the condenser and the field angle of the
objective are involved here).

The wedge system is inherently a spectral analyzer
and it is difficult to achieve absolute color correc-
tion for all binary combinations of wedges, The
worst color effect occurs at the extreme scan
position,

The relative aperature of the system is unbalanced
across the field, that is, it is an asymmetric
system, where the effective central aperature (that
aperature composed of a symmetrical bundle about
the axis) is considerably reduced in size.

The over-all system is operating at a relative

aperture of approximately {/22,

It was found that these all tend to aggravate the lighting

problem to an extent that made it impractical to attempt a solution

1

1=BW' Cos4
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through redesign, since it would require complete re-manufacture
of the entire system. The above would only be possible if there
were any solution at all for the field with which the system were

concerned.

3.7 Quality Control

3.7.1 Originally a wedge system was let for manufacture allowing
deviations of ¥ 0.1 Prism Diopter. It was felt that the tolerances

on a set of wedges would tend to average out near the mean. After
assembly, it was found that the wedges all tended to higher power

and were also approximately twice the value of the specified tolerance
from nominal. Needless to say the field would not register properly.
These first wedges also suffered from excessive lens power and

faulty color correction.

3.7.2 The lens which was designed for the system suffered from
extreme astigmatism and bad color correction at the edges of the
field.

3.7.3 New glass elements for the wedges were ordered with much
tighter tolerances with respect to the three problems mentioned
above. Close liaison with the vendor revealed that the method of
cementing (specified by MLCo. ) caused excessive errors in lens
power and deviations.

A third group of wedges was ordered from another vendor
which was just within tolerance on deviation, and did not suffer
excessively from lens power problems. This group still presented
some lens power on one or two wedges which is most noticeable
for certain combinations. There were no wedges of better quality

available from the extras ordered,

ol et e

o B
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It was necessary to set up a special inspection procedure
for acceptance of these wedges in order that all units placed in the
system could be matched. (It was found that tolerance accumulation
due to pairing of the wedges resulted in excessive '""dance'" of the
projected image within the field stop, sometimes making it impossi-
ble to achieve complete registration of all families).

Pairing wedges for equal deviations resulted in almost
perfect registration per quadrant (13 units x 13 units) causing the
tolerance accumulation to be most apparent at the centerline of the
photographic memory plates.

Although specifications for the elements had been prepared
for a considerable period of time, certain manufacturing difficulties
appeared and caused us to execute a recheck on the theoretical
versus the actual performance of each wedge with reference to its
nominal power.

It was found that the glass for the 12.5 P, D. wedges
(theoretical value) were actually specified per manufacturing
dimensions as 12. 7 Diopter wedges. Since the physical deviation
for the system was specified as 12. 5 Diopters, these wedges were
assembled to produce 12.5 Diopter. The difference between the
glass (12.5 P. D, ) and the system (12. 7 D, P. ) constituted a built-in
error resulting in slight inaccuracies of color correction. The dis-
placement calculation (X-Y) coordinate positions on the photographic
plate were based on the 12, 7 Diopter wedges resulting in basic mis-

match of the photographic plates with the system.

3.7.4 A new lens was designed and fabricated to remove the

excessive color and astigmatism.
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3.7.5 The new lens design resulted in the necessity for new
calculation for the coordinate positions which in turn resulted in the

necessity of preparing new photographic masters for the vocabulary.

3.7.6 Because new masters were required, a three step technique
was restored to, allowing use of the negative from the camera as
directly applicable within the system. In this way over-all resolution
was improved.

It was necessary to photograph each family group on paper
directly to the 1 inch x 1 inch scale. These were in turn pasted
up and then photographed onto the glass plates to the proper scale.
This work also afforded the opportunity to touch up individual
ideographs so that stroke weight was approximately equal, thus
allowing more accurate exposure and developing techniques per-

mitting the best resolution from the reproduction methods.
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1V, CLASSIFICATION OF CHARACTERS

One of the main aspects of the input problem is the difficulty of
classifying Chinese characters. This is especially emphasized
when the aim is for the education of non-Chinese personnel to
operate any input mechanism for Chinese-English mechanical
translation,

Chinese scholars have long recognized the unique difficulties
of clear classification in an ideographic language such as Chinese
and have struggled with this problem for decades. However, no
really satisfactory solution has yet been proposed. We review
below, in brief, the major methods that have so far been used and
discuss their merits and shortcoiaings.

To begin with, we can divide the over forty schemes that
are in existence into two major families: 1, Classification by
Shape, .and 2. Classification by Sound.

We will not concern ourselves with methods of classification
by sound, but will direct our attention to methods of classification
by shape.

Methods of classification by shape can again be subdivided
into these major groups: 1. Classification by Radicals,

2. Classification by Stroke Types, 3. Classification by Graphical
Recognition, and 4. Classification by Number, which are discussed

in the following paragraphs.

4.1 Classification by Radicals

The primary example of this system of classification is the radical
stroke system as employed by the Kang-Hsi dictionary. This is the
classical method of classification and has been employed by scholars
since the Ming Dynasty. A set of 214 radicals are defined and all

Chinese characters are grouped as belonging to one of the 214
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radicals, To use this method one needs to be familiar with all 214
radicals and to be able to determine at once to what radical the
character in question belongs. After determination of the radical,
the number of the strokes in the character outside the radical is
counted. This further narrows down the number of characters
within the group. Finally, a list of characters possessing identical
number of strokes is consulted to determine the correct character,
As can be seen from the above description, this method is cumber-
some and it would be very difficult to train non-Chinese personnel

to employ this sytem with any degree of flexibility and speed.

4.2 Classification by Stroke

To avoid the pitfalls of the system of classification by radicals, a
new approach was taken by other students of Chinese character
classification.

In a sense, a Chinese character may be called alphabetic
if one considers each type of stroke as an alphabet, If one follows
this train of reasoning, one may claim that each Chinese character
is no more than a combination of ''stroke-alphabets,”

Thus, we can rationalize the Chinese vocabulary into 40
basic strokes, combinations of which generate all characters.
These 40 strokes may be further classified into six types -- dot,
line, angle and arc, etc. Chinese characters can then be defined
by the order in which these strokes appear.

However, objections to this method can immediately be
raised., First, in Roman alphabetical languages, one alphabet
succeeds another from left to right without exception, while this
is hardly the case with Chinese characters, for the strokes follow

each other in all directions. Second, there is no physical order
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of writing of the strokes, although by common consensus, certain
stroke orders are generally followed in writing certain characters,
Yet, there are no hard and fast rules whereby the correct order
can be determined. Thus, a very common character Fﬂ

when written by four different people -- each a native Chinese --
may have the stroke orders arranged in four different manners.
With these objections in mind, we can apparently ignore this

system for input purposes.

4.3 Classification by Graphical Recognition

The basis of this system is the division of Chinese characters into
geometrical areas and the identification of elements within each
area by numbers,

"One popular system utilizing this concept is the four-cornered
classification system invented by Yung-Wu Wang. Briefly, this

system may be summarized as follows:

l. The various strokes employed in writing Chinese
are classified into ten types denoted by numerals
from 0 to 9.

2. Any character is identified by the strokes in the
four corners of the Chinese character, the order
of identification being: 1. Upper Left, 2. Lower
Left, 3. Upper Right, 4. Lower Right,

The strokes in each corner are identified by its numeral,
thus generating a four-digit code, There are other rules which
make this system more sophisticated, but the two enumerated above

are sufficient to represent the general system,



64

This system is useful, but suffers from the duplication of
code numbers by various characters. A fifth digit has been appended
when such duplications exist, in an attempt to allow for unique
identification of each character, but it is still not possible to pro-

vide unique coding for each and every Chinese character,

4.4 Classification by Number

With the introduction of Western telegraphy into China, a previously
unknown problem arose, namely, the efficient translation of Chinese
characters by telegraphy. To combat this problem, the telegraphic
code book was compiled.

Basically, this is no more than the utilization of the radical
stroke system, arranged in the usual manner and numbered serially
from 0000 to 9999, However, not all numbers are used consecutively,
Later, desire for a greater vocabulary caused the addition of another
section into this code book, again arranged by radical stroke order,
and with each subsequent revision, new sections have been added.
Thus, despite its resemblance to the radical stroke order, the
fact is that a stranger to this code book would have to rely on
radical stroke order and trial and error to discover the code
number, whereas experienced telegraphers have memorized the
equivalent code for each character., Therefore, we can safely say
that this has evolved into a new system where a unique number is
assigned to each character, and where there is some semblance
of order, but where no definite rules can be formulated for locating

a particular character.

b ‘ﬁmﬂ
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V. ESTIMATE OF THE TOTAL NUMBER OF CHARACTERS
EMPLOYED IN CHINESE SCIENTIFIC TEXTS

The task of determining precisely the total number of characters

used in modern Chinese scientific writing is a difficult one due to

the many factors that have to be taken into consideration. Some

of these are:

1. Stylistic difference among authors

2. Transliteration differences among authors

3. The lack of a rigid standard for terms used in
scientific writing

4. The broadness of the term '"'scientific texts'

An educated estimate of such a number can nonetheless be made and

the figure thus obtained serve as a valuable guide-line for our purposes,
During the course of this study, a number of Chinese-English,

Chinese-English-Russian, Russian-Chinese, Chinese-Russian,

special terminology dictionary were examined. Table 5.1 lists

10 special terminology dictionaries. Each entry in these diction-

aries (either a word or a phrase) on the average four characters.

Thus, for the ten dictionaries, we would have approximately 700, 000

running characters. This at first glance seems a rather high figure.
However, individual characters are very often duplicated

for use in the entries and form a greater part of the running charac-

ters., Thus, on a single page one character may appear as much

as seventeen times (the characterﬁ on page 31 of Br',mx’

2 33] ). With this fact in mind, we would therefore estimate

that a dictionary or an input device with a vocabulary of 8500 to

12, 000 characters will be amply sufficient to handle all modern :

Chinese scientific, journalistic and litarary writings.

e Tt W
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VI, LEXICAL PROCESSING

6.1 Preparation of Input Material

Two articles selected as study articles were photographed, and
several copies are reproduced, one copy being sent to the Sino-
writer operators for the preparation of the input tape.,

As the Sinowriter has not been fully developed at the stage
of input preparation, the input tape was prepared by manual simu-
lation of the operations of the Sinowriter. A coding book was pre-
pared which is a replica of the code forms stored in the Sinowriter,
The operator codes the first two bytes of the code as on the Sino-
writer and sets it downon paper. At this point, instead of looking
at the screen for the third code, as would be done on the Sino-
writer, the operator checks the code book, which is arranged
alphamerically by the first two bytes of the code. The third code
letter is then written down to complete the coding of the character.

When the ‘entire article has been coded, the operator types

it on a Flexowriter. The resulting tape is read as the input tape.

6.2 Detection of Input Errors by Means of a 704 Unidirectional
Single-Pass Translation

After the input tape has been prepared, it is checked for errors.
This is accomplished by attempting a 704 unidirectional single-
pass translation, This pass allows for detection of errors not
only in the input tape, but also in the Master File. The operation
is described in Flow Chart 6.1.

6.3 Master Reference File

6. 3.1 Description of MRF Card

For working purposes, and for the generation of Search Input State
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entries and English synthesis-pass entries, a Master Reference
File is prepared and kept.
This Master Reference File consists of standard 80-column

IBM cards divided into the following fields.

Field One Column One

This field contains a single alphabetical code to denote the article

from which the entry was initially derived. .

Field Two Columns 2-7

This field contains the acquisition number, necessary in all card
files for housekeeping purposes. This acquisition number is the
same as the acquisition number used as identification in other

process words.

Field Three Columns 9-28

Pinyin romanizations of the characters of the entry are stored in

the field.

Field Four Columns 30-50

Sinocode representations of the characters are entered in this field.

Field Five Columns 52-55

The parts-of-speech of the entry are stored in the field.

Field Six Columns 59-80

This field contains the English equivalent of the Chinese entry.

When any of the fields overflow, the overflow is punched in
the same field on a second card. This continuation card carries
the same acquisition number as the main card with an eleven punch

added in column six to denote that it is a continuation card.

&
p
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6.3.2 Preparation of the Master Reference File Card

To prepare the Master Reference File card, a lexicographer first
selects an item as an entry in the dictionary. The Pinyin romani-
zation part-of-speech designation and the English equivalent are
also supplied. This card then goes to a Sinocode operator who
supplies the Sinocode for the Chinese characters. A keypuncher
enters the information in the appropriate locations on an IBM card.
Acquisition numbers are serially supplied in the order the cards

are punched.

6.3.3 Housekeeping of the Master Reference File

A 704 program was written for housekeeping purposes. This pro-
gram will sort the Master Reference File in any one of the Fields,
II to VI, as specified. In Field four the Sinocode field, it will
also sort, as desi'red. on the first, second, or third Sinocode.
With this program we can derive listings of the Master
Reference File in any configuration desired. Thus, if the linguist
desires to know the distribution of the parts-of-speech, all he has
to do is to examine the listing sorted on Field five, the part-of-

speech field.

6.4 Generation of Multipass Entries from the Master Reference
File

6.4.1 Search Input State Entries
The Search Input State entries have the following form:

Acquisition No. Argument Function

The acquisition number is used for control purposes, the
Argument allows identification of the correct entry from the input

material, and the process word is the function of the argument.
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The process word has the following format;

POS WOR PASS GRAMMAR ACQ, NO SEMANTIC TRAN,

This is a fixed-length word of 37 bytes divided into the following
fields:

Field One thes 1-4

This contains part-of-speech information.

Field Two thes 5-7

These three bytes provide space to record the pertinent word-order

information derived from analysis.

Field Three thes 8-17

Ten bytes are reserved for tags to carry along syntactic informa-

tion of the appropriate pass during multipass analysis of the sentence.

Field Four Bytes 18-22

Grammatical information as derived from the analysis is recorded

in these five bytes,

Field Five Bytes 23-28

The acquisition number of the Master File card is transferred here

to allow for identification of the process word.

Field Six Bytes 29-36

Any semantic information and other pertinent structural information
discovered during analysis will be stored here with appropriate

coding.
Field Seven the 37

After a translation has been made, a tag is placed in this byte to

denote the fact that this process word has been translated.
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Fields one and five contain information which has to be
supplied initially. All other fields store information derived during
analysis.

We have automatically generated all Search Input State Entries

by means of a 704 program. This program performs the following:

1. Adds 30, 000 to the acquisition number in Field II
of the Master Reference Card and transfers this
incremented acquisition number into the acquisition
number field of the Search Input State Entry.

2. Transfers Field IV of the Master File, containing
the Sinocode, into the argument field of the Search
Input State entry.

3. Generates the function of the Search Input State
entry, i.e., the process word, from the Master
File in the following manner:

a. Transfers Master File Field V (part-of-speech)
to Process Word, Field One

b, Writes (DP 18)

c. Transfers Master File, Field Five
(Acquisition number) to Process Word Field
Five

d. Writes (DP 9)

For mechanical reasons, to conserve a fixed-length process
word, the numerals 2, 8, 9 and 0, which are two-byte characters,
are represented by (Ql), (Q2), (Q3), (Q4), all one-byte characters,
in the process word. This allows us to produce a fixed-length
process word of 37 bytes. Forward and backward length tags, and
boundary indicator, will be computed and introduced by a 7090

program.
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6.4.2 Process State Entries

Using the Master File, we generate two other types of entries, the
basic translation entries [(P10)GL@# ] and the single pass subroutine
entries [(P10)TRL].

These entries are of the form:

Master File

Accession No,  8(P10)GL#g + * (DP24) Acquisition No

. (EAXDP36)A(OD)English  H,,,

Master File

Accession No,  8(P10)TRL «+ *(DP24) Acquisition No

(DP8) +(EAXDP36)A(OD)English  TRL

The accession number is generated by incrementing the Master File
acquisition no. by 10, 000 for the (P10)GL@# entries and by 20, 000
for the (P10)TRL entries. The constants 8(P10)GL#f + * (DP24)
for the basic translation entries and 8(P10)TRL + * (DP24) for the
single-pass subroutine entries are written. The acquisition number
in Field II of the Master File is transferred to both entries.

Then the constants , (EA)(DP36)A(OD) for the (P10)GL#§
entries and (DP8) , (EA)(DP36)A(OD) for the (P10)TRL entries are
written. The English field, field six of the Master Reference File,
is transferred to both entries. The constant confix H,,, is then

written for the (P10)GL@# entry and the constant confix TRL for
the (P10)TRL entry.
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VII. LINGUISTIC PROCESSING

7.1 Parts-of-Speech

Grammatical segments may be defined in terms of '"form classes, "
that is, a certain ''class' of such segments will fit into a particular
"form." These '""forms' for the most part are syntactical, although
some may be morphological. Since classification is based on syn-
tactic decisions, the groups thus classified may in turn serve for
sentence recognition.

To isolate general classes of grammatical segments, it is
necessary to test, by trial and error, whether or not certain gram-

matical segments fit into certain environmental forms. The environ-

mental forms chosen for these tests must be independent expressions.

If a certain group of grammatical segments fits in one environmental
form, and at the same time the same group fits one or more other
environmental forms, then and only then, can that group or class
be used for further study and subdivision. Subdivision of general
classes can be accomplished by testing the grammatical segments
in other environmental forms.

For example, we determine verbs by the syntactic analysis
of the Z\ cesesaneaes 3 structure. Any lexical
item in free form that can appear between this construction can be
identified as a verb. On the other hand, nominal expressions may
be determined by the construction Lg/i\ ------ oo i‘?‘ .
By the examination of syntactic constructions such as these, and
by the adoption of other conventional dictionary classifications, a
categorization of words by parts of speech may be made.

Generally speaking, the Chinese lexical units dissected from
an infinite input stream can be grouped into the following main

categories:
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nominal types

o »

verbal types

O

adverbial types, and

d. grammatical function types.

Each category can again be subdivided into various subcate-
gories,
We have employed for our analysis therefore the following

scheme of parts of speech:

A. Nominal types .

1. NAAg j(?)?()ﬁfﬁﬂ .

waod 1837362, BE Sy

NAP§ L. ﬁ’gq%1 Fg
NAS# 4]} h %iﬂ
NLLg i, ®
nung e daf
NLPg e /#\
nsg W
9. NLX§g »hF

® =~ o U s W N

10. NLZzZg Ec’a
11. NMg@g — vk
12. NMA§ IND 24

A
13. NMBf (3],41}'-
14, NMCf 7&, =]
15. NNgg ’;fi/} *’L/ 2 j_j:;
16. Nsgg Lgx\';._‘, gp
17. NTP§ .*—f\
18. NTSg# s G-j"
19. NTW§ _&»w_
20. Nugg L
21, NuMg @, -|—



. Verbal Types
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21,

VBR#
vces
VCHf
vDgg
vDCg
VDL#
vDzg
VERf
VIiB#

VID#

VLAg
vogs
VRA
VRC
VRL#
VSHf

VTAfB

vTC#
VTD§#
VVP#
vvug

\{ /] ]
% 1A
%, w¥
.

X 8
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I
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¥
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. Adverbial Types (Qfff)

1
2
3.
4
5

QAlf
QA2f
Qccg
Qmgg
Qugg

AR

YOE o 7
Ao f%i
<o §
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D. Grammatical Function Types (FEgg)

FBAf j’&

—

2. FDEf o'

3. FDIg 4,

4. FFzf ‘7 Z

5. FLE@ 3

6. FLIg _'.!F,

7. FNE§ t/%_,

8. FPN{g g ﬁﬂ

9. Fsgg e,
l1o0. Fsug /6

—
—

2
FSY§ A9 3%
Besides these four main classes, there are the following
types:
-t
(i) Adjectives (AA@F) \%7, %}*\ which

belongs to the Verbal Types, but which have been

coded differently for convenience

() wioms (1) 3T BHE3 A B*-&- which

generally are noun phrases and a member of the

Nominal Types.

7.2 The XVN and DC Pass

Before analysis of an input sentence is begun, two preliminary and
important tasks must be performed. These involve the resolution

of the verb/noun ambiguity in the part of speech tag of certain words

and linkage of the individual elements of a discontinuous construction.
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7.2.1 XVN

For determination of the part-of-speech of ambiguous worde in the
syntax of the structure they are employed in, certain rules have
been derived. The principle underlying this is that in a restricted
set of situations, it is fairly certain that certain words are verbal
in function. Words which do not fit into this context are arbitrarily
classified as nominal. The rules are also assigned priority of
employmeni in accordance with their reliability.

Thus, to perform this discrimination, these rules are

employed in order.

1. Words one word right of the XVN word is either
VDL or VDCH,

2. Words one word left of the XVN word is one of the
following: VTC§ * % QAaz2g -¥-
The XVN word is enclosed by ’?’)’ w

4, Ifa vcegg precedes the XVN word and there is no
other word bearing a field V part-of-speech tag in
the sentence,

5. If there is either a left or right conjunction and
the XVN word is joined to a verh,

6. If a noun precedes the XVN word and there is no
verb between the XVN word and the beginning of

the sentence.

One rule has been derived for use in the determination of the

noun.

1. If an XVN word immediately follows /59 ,
the XVN word is a noun,
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Words that have been determined to be verbal in content are
denoted in the part of speech position by VXNf and words that have

been determined to be nominal in content are denoted by NXV§.

7.2.2 DC

At the same time that words bearing XVNf tags are looked for, a
comparison is made with a list of all first elements of discontinuous
constructions.

If a match is found between the word and the list, we continue
down the sentence looking for the second element of the possible
discontinuous construction as defined by the first element. Should
such an element be found, then both parts-of-speech of the elements
of the DC are rewritten, the first element being written as DC@A,
the second element as DC@B.

If no such matches on the list of second elements are made,

then the first element is left undisturbed and the program proceeds.

7.3 The @ Pass

This pass is one of the most important for it contributes most of

the information pertaining to the word order rearrangement neces-
sary for English output,
In broad outline the pass may be divided into four subroutines,

each dealing with one of the following left structures:

1, aags Y
N B8Y

DCfA - DC@B @9
v 89

owoN

e
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The main routine selects the subroutine it desires to employ
by examining the word to the left of bb . After selection, the

appropriate subroutine takes over.

7.3.1 The Adjective /99 Subroutine

This subroutine rewrites the parts of speech of bg as AAﬁﬁ
and tags the MP byte of the process word of- /99 to indicate that

it has no translation.

7.3.2 The Noun 69 Subroutine

Proceeding left from the word é!] » the subroutine tags the third
byte of the word-order-rearrangement bytes with E unless the word
happens to be a conjunction, when it is tagged with an H in the
second byte of the WOR, or it proceeds until it encounters one of
the boundary markers.

The boundary markers used to denote the boundary of the

left structure of the /99 clause are:

All V's

All Q's except QA's and QCC's

All punctuations except the semi-commas ( « )
All DC's except %]

All beginning-of-sentence indicators

v e N

Whenever any of these boundary markers are encountered, the left-
looking subroutines stop and the right-looking subroutines begin
operation.

At the same time that each word is examined to see if it is
a boundary marker, it is also examined to see if it has been operated
upon previously in Pass V or Pass IX. If this is the case, the sub-

routine stops and control goes to the right-looking subroutine.
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7.3.3 The DCPA - DC@B /9':7 Subroutines

The subroutine denotes the left structure of the bg by the con-
tents enclosed by the discontinuous constituents DC@A and DC@B
inclusive. These entries are all marked by C in the record byte
of the WOR tags. After marking DCFA, operation transfers to the
right-looking subroutine., The prohibitions of words operated on

previously apply, as in the noun /B’g subroutine.

7.3.4 The Verb /99 Subroutine

This functions in essentially the same way as the noun @9 sub-
routine except that several of the boundary marks are different.

The boundary marks are:

1. All V's except VTD# and VTC#
2. AllQ's except QA and QCC

3 All punctuations except the semi-comma ( ~ )
4. All DC's
5

All beginnings of sentences.

Process words within the structure are tagged similarly,
E's in the third byte for all except H's, in the second byte for
QCC's.

7.3.5 Right-Looking Subroutine

After the left element of the 'ﬁg word order rearrangement has
been determined, it is necessary to determine the right element.

We proceed as follows:

Starting right from /Bg » we proceed to examine for
QCC's, boundary markers, and words which have been

operated on previously in this pass or pass V, If none of
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these are found, then the third byte of the word order re-
arrangement tags is marked with an E.

If a QCC is found, it is marked with H in the second
byte of the WOR tags, and we continue to the right of it,
repeating our previous procedures. If a boundary marker
or an operated word is found, we stop.

The boundary markers recognized are:

All V's
All Q's except those preceding an AAff or N's

.

All punctuation, except the semi-comma (~ )

Al]l end-of-sentence indicators
All DC's

O U b W N
¢« . e .

All beginning of sentence markers,

7.4 English Synthesis

As Chinese and English sentences conveying the same semantic
sense may possess different structures, it is sometimes necessary
during the process of s}nthesizing English sentences from the proc-
ess words to vary the word order. It is also necessary to introduce
at times inflectional variants of the English word. These are the

primary problems we face in the synthesis of English sentences.

7.4.1 Word-Order Rearrangement

Let us examine the Word Order Rearrangement problems. We find
that there are key words which denote the requirements of one
specific family of word-order-rearrangement. Elements of the
sentence which might be subject to word-order-rearrangement can
be phrases or clauses. Within each of these phrases or clauses,

other word-orders routines might be contained.




Presently we have resolved the WOR problem into the

following word-order-rearrangement classification:

a. /919 class, including /99, ?lr /Bb.
b. co-verb class, including .Q"E,,M,m,

the btk class

the g class

The various word ordering arrangements required are:

0

o)

a. (xlx2x3/99 X X5Xe) GHINESE
(x4x5x6 of/which xlxzx3) ENGLISH

b. (A Co-verb B Verb Phrase) CHINESE

(A Verb Phrase Co-verb B) ENGLISH

c. (AGX Noun Phrase Adj.) CHINESE

(A BE Adj. THAN Noun Phrase) ENGLISH

comparative

d. (Az Verb Phrase Noun Phrase) CHINESE

(A Verb Phrase Noun Phrase } ) ENGLISH

The word-ordering-rearrangement functions are allowed three
bytes within the process word to record pertinent information. The
three bytes are coded appropriately by the four classes of word-
order-rearrangement required. They also contain information as
to the position of the process word within the structure of the
sentence,

Translation is carried out word for word for words not
requiring word-order-rearrangement until a word which is code in
the word-order-rearrangement is encountered. At such an occur-

rence, word-ordering subroutines, as determined by the codes, are
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employed. Words are no longer translated in the order of the input

sentence but, rather, in the word order of the output.

7.4.2 Inflection

To handle inflectional problems, words are stored in the dictionary
in both the classical canonical form, i.e., the singular for nouns,
simple present for verbs, and in inflected forms, with coding in
the argument to differentiate between them. During analysis of the
sentence in the previous passes, words have been determined to

be either inflected or not, and if so, have been coded appropriately.
During synthesis, words that are coded are supplied with the
appropriate inflected English equivalent, and those that are not

coded are translated into the classical canonical forms.




87

Vill. RECOMMENDATIONS AND CONCLUSIONS

This section of the Report will be presented in two parts: (1) Soft-

ware Considerations and (2) Hardware Considerations.

8.1 Software Considerations

As far as software considerations are concerned, two subjects will
be discussed and recommendations proposed: (a) Lexicography
Sinowriter indexing scheme, Sinowriter vocabulary, Preparation
of a Code Cross-Reference list, Generation of a Master Reference
file; (b) Syntax: Refinement of existing linguistic analysis routines,

Word-ordering routines, Concordance programs,

8.1.1 Lexicography

The Sinowriter Chinese Character indexing method has been proven
beyond doubt to be an efficient scheme. The fact that any person,
regardless of nationality, can master the keyboard scheme is a
very heartening proof of the earlier convictions of people at IBM
and Mergenthaler.

At IBM Research, a total of approximately 5, 000 dictionary
entries has been prepared based on a manual simulation of the Sino-
writer indexing scheme. A number‘ of ambiguities of character

classification has been found. Examples of these are:

o g0 0 45 bobe @
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In addition, there are also a large number of characters that were

not included in the input device vocabulary. Examples of these are:
UEk

82
¥
3

2
L)
;S

Ao
&
A%
R
&
Sp
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The solution to these problems is relatively simple. For
the ambiguous characters, they should be either classified into more
than one family or they should be forced into the one family that is
most logical for their classifications. The advantage to the first is
the elimination of possible input operator confusion and the resultant
increase in coding speed. The second is the minimization of the
number of dictiongry entries that will have to be stored on the
Photodisc in anticipation of input coding variants.

For those characters that are not included in the input device
vocabulary, they should definitely be properly classified and added
into the appropriate families.

One of the most basic and serious drawbacks of the present
input device, however, is the inability of its handling of input char-
acters absent in the device vocabulary. Many methods could be
devised to solve this problem. One is to provide an auxiliary
Stroke Sequence Keyboard. This method, on the surface, seems
to offer a most straightforward solution, but on further consideration,
one can see that it is not practical. The Stroke Sequence method of
composing Chinese characters requires operators who are native
speakers of Chinese. With this addition the Sinowriter keyboard
will no longer be a true universal device. The more realistic
approach will be the inclusion and proper classification of the basic
Kang-Hsi 214 radicals and their simplified variants in the device
character vocabulary. A definite sequence of writing or punching
the radicals will have to be specified so that the operators who do
not know Chinese will be able to construct the characters.

Creek alphabets and some most frequently used mathematical

symbols should also be included in the vocabulary of the input device.
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For the simplification of the machine translation study task,
the input device vocabulary characters should definitely be provided
with corresponding Pinyin codes. The inclusion of the Pinyin codes
will facilitate the preparation of computer concordance programs
for the grammatical study purposes of input texts.

Since the Chinese official Telegraphic code has been in
existence for many years and since it is very widely used by many
people in the message transmission and other related fields, it is
essential that a Cross-index of character codes be compiled. This

index should be compiled according to the following format:

CHARACTER TELE-CODE SINOCODE MATHEWS NUMBERS

RADICAL INDEX

This Cross-index should not only be punched on paper tapes but
should also be recorded on magnetic tapes. A general-purpose
computer program should also be written in order to provide the
means for a high-speed and efficient conversion of codes,

To facilitate word list and MT dictionary preparation, a
Master Reference File should also be compiled. The MRF should

have the following format:

FIELDI1 FIELDII FIELDIII FIELD IV FIELD V FIELD VI

Micro- Unique Pinyin Sinocode Parts of Inflectional
glossary Acquisi- Romaniza- Speech coding
identifi- tion tion
cation number
FIELD VII
Translation

For a detailed description of the various fields listed previously for

the MRF. refer to I3M Proposal which was submitted to the Roime Air

%
il
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Development Command in response to the Purchase Request No.

68-048, "Engineering Change B to AF 30(602)-2479," The proposal

is entitled: A Proposal to Construct a Multipass Dictionary for the
Machine Translation of Chinese.

6.1.2 Syntax

As far as syntactic rules are concerned, the following is a list of

the interesting items:

1. Improvement and enlargement of the machine
vocabulary of discontinuous constituents.

2. Enlargement of machine analysis routines for the
resolution of verb/noun parts of speech ambiguities.

3. Incorporation of machine rules to resolve the adjective/
adverb parts of speech ambiguities.

4. Incorporation of machine rules for the resolution of
functional/conjunctional parts of speech ambiguities.

5. Enlargement of the rules for resolution of auxiliary
words.

6. Introduction of automatic machine inflection generation
program.

7. Enlargement of the rules for word ordering.

The discontinuous constituents should be classified into sub-
categories according to: usage, translation, syntactic function and
types. New rules should definitely be included to resolve the
adjective/adverb, functional/conjunctional parts of speech ambiguities
of words. A well-defined parts of speech definition of adjective/
adverb in particular contexts will not only facilitate the MT parsing
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of sentences but will also provide a new class of clues for the
correct determination and resolution of the verb/noun parts of
speech ambiguities.

New rules should be added to analyze a larger number of
auxiliary words. An automatic inflectional ending generation pro-
gram for the English correspondents should be‘added also.

The most basic and also the most essential grammatical
studies will be the classification and assignment of a machine trans-
lation oriented parts of speech code to input words. The parts of

speech codes should be classified based on the following criteria:

1. Four to five main word categories.
2. Classification based on word forms and grammatical
functions.

3. Classification based on parsing requirements.

Concordance programs should be generated to facilitate the
study of input texts. The following types of concordance programs

will be required:

1. Concordance based on Study words.

2 Concordance based on Discontinuous Constituents,
3. Concordance based on Parts of speech.
4

Concordance based on Sentence Structures.

8.2 Hardware Considerations

8.2.1 Control System

The system control seems to be fairly well in hand, however sufficient

experience with operation has not been accumulated. Therefore
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shortcomings of the system have not been developed to a point that

they can be evaluated.

8.2.2 Illuminants

Resolution of the system seems to be reasonable over the fisld
presently used (26 x 26), but the illumination system is completely
inadequate. Further investigation of this problem should be made
in order to determine if there is a way to obtain necessary illumina-

tion over the entire field.

8.2.3 Wedge System

The wedge system binary should be reduced one level (from five
wedges to four) per coordinate -- if no solution to the illumination
problem is developed. The resultant system would require the use

of more memory plates for the same total capacity.

8.2.4 Coding

The coding of the system used for scan purposes should be the master
determinant rather than the Translator addresses. This might be
impossible to accomplish in practice but a separate coding consid-
eration will definitely simplify the overall circuitry requirements

of the viewer and the punching system.

8.2.5 Electronics

The stepper control circuitry is cumbersome and should be redesigned.

A stepping relay should be substituted for the input and output

control relays.
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The electromechanical linkage system for the prism drive
mechanism should be redesigned for ease of service and accessibility.

The memory plate changing mechanism should be replaced
with a more sophisticated design. The drum device was designed
simply to indicate an approach to coded control of plate selection,

and excessively restricts the optical design.

8.2.6 Photographic Plates

These should be prepared in separate quadrants to allow easier
alignment of the system. It will aid in matching the wedges and

will also allow larger tolerances for the plates.

..
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8lide Drive
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Figure Al1.2 Chinese Input Device, Reor View
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Figure A1.3  Chinese Input Device, Side View



Figure A1.4  Slide Drive & Slide Assembly
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Figure A1.5 Wedge Holder Slide
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Figure A1.6 Slide Drive Mechanism
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Figure A1.7 Drum
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. Translation taken from
Militory Knowledge Series
Air-Defensive Force
Peking
Air-Defensive Guided-Missile

Page 25

Within ranks of modern air-defensive corps ,also has increased one kind new army corps,this
really is air-defensive missile army corps. Toward the end of the Second World War ,British
capital London and other/others areas,already have been attacked by Germany pilotless aircraft’.
This kind at that time called by people”pilotless aircraft’in reality really is guided missile. But,
guided-missile of that time upon/on skill still not perfect,chance of hitting target very small.
Guided missile controlled by ground or air radio,under guidance of radio flies. Itcapable of used
as offense weapon,also capable of used as defense weapon. In the last few year ,world every
nation all very pays attention to manufacture and research of guided missile. American
imperialist for the saké of preparing new aggression warfare at the moment madly fabricates
guided-missile of every kind model,ever since 1946year ,expenses of research guided-missile
already has spent more than sixty billion American Dollars. Modern guided missile already
possible carry with war head of hydrogen bomb and atomic bomb,therefore it is one kind weapon
with very big power of destruction. Air-defensive missile that modern air-defensive corps equip is

:one kind most m?demisﬁcair-defensg weapon. It not only capable of deals with generally air-raid
weapon(like airplane)but also capable of effectively 'attacln enemy shoots cut guided missile.
Air-defensive missile mainly divides two kind: one kind is ground-to-air guided missile, another
one kind is air-to-air guided missile.
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isevelopment direction of digit:l computer,

Fan lisin=i i,

Computation technijue is modern age science possible
one composite science of produce leading effect, It possible fast
but 11so accur:itely solve very complex but tedious computation problem
of science research, national economy and nation:.l defense, a2lso
similarly possible it this several direction directly participate
oper:te but cifected function of automatically regulation and automatically
control, ..pplication compute technique, possible greatly reduce
mental labor and physical labor of human, at the same time then
also greatly has elevated production rate.

Une,

1 resent time computer principally application at
below mentioned three direction.,

(1) solve tedious but complex computation problem
of national economy and science research, engineering design;

(2) combination operations resexrch, on nationul economy make
economy analysis, accounting statistics and plan arrangement;
(3) on automatic.lly control system make controller of produce
center key effect,

.side from this several 1spect, still possible use
computer in order to study daty processing, control theory and
logic problem, such :s activity process and sense of research
hurian ond simulqtion :nd lhngusze translation, :bstract of thesis,
machine libr.iry, chess pluying, and so on (of course this kind
research is definitcly not activity of brain completely included

1s activity of non-living subst.nces, but is only
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use computer to mnke tow irds part activity ot br.in comparatively
penetr::ting understinding), result of research turned :round
also possible propose towards logic design of coraputer new scheme,

Lecausce application of computer dissimilar, therefore
then has computer of various kind dissimilar type, if/such as general-
purpose machine and special purpose machine, and large type,
middle type, compact and so on, uvevelopment of computer
very fast, presently world already with near ten thousand set
computer, Science study and national economy complex but tedious
problem mostly is on large type general-purpose computer to
solve, because it require juickly proceed with great juantity processes,
but, application of at other aspect various computer of kind type
all has, But taken as a whole, from property may towards
requirement of computer generally classify as below mentioned
several item,

(1) reliability, This is computer most busic requirement,
Result which has been calculated if/such as not reliable is that
which have not use, Joviet Union successfully launch artificial
cosmos stellur body but .merican Imperialism then many times
filure, one of the reusons then is duc to reli.bility nspect, .ccording
to that of estimate United it tes autom tically control and compute
ejuipment under hith vibr ition hish temperature fail, but cause
rocket detached from trajectory., 1l or the s:ike of cause result
relible, firstly is not if/ vunt « rong, sccondly is in case has wronged
i1so iffwunt jossible his been found ~1so wtom ticully correct,
If muchine not if cilcul te wrongly then cornronent ind virious
part, circuit of rejquiroment m ochine 11 relinbly vork, . or the

soke ol zunr ontee o chine Lossiole rorm Ny cork, side from

O
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above mentioned two, still if/want cause machine give rise to
less obstruction, casy to exumine, repair :nd maintain convenient,
But this ulmost is not possible, because component and part has
problem of life .nd deterioration due to azing, circuit has
interference phenomena, add to power source and work environment
not stable all possible has affected its work reliability, Generally
speaking, vacuum tube and capacitor is not reliable component,
thercfore computer of future utilize trunsistor or other solid-state
component is has determined direction., Decause that of component
not comgletely reliable and property not stable, use exceedingly
much component in order to make computer is not good, but
if/such as component few/less but cause operation not perfect,
also is not reliable, therefore at the time of circuit design, then
should considered value of component in appropriate scope variation,
but circuit still is reliably operate, Uut because ‘econdary s refix
~rror kFinal it ass Cf course appropriate utilize and maintain
all possible increase reliability of computation result, ..ll in
all, if/want guarantee computer in definite time rcliable of computation
result is necessary.

(2) high syeed, This is present time mentioned towards
development of computer comparatively more one kind indicator,
..t the time when problem of nationzl economy analysis and science
study morec nd more complex, reaction time rejuirement more
and more short which automatically control and data more and more,
11l require has even fast/almost machine operation speed. (n
.tomic energy and mechanics firtificial stellar body) computation
then has million time problem of hundred hundred thousand time
arithmetic operation, specd not fastjalmost computer then not possible

satisfy requirement, Therefore coraputer
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of even higher speed is one direction of development, Iffwant
interior processes speed fast/almost, principally is just if/want |
cause operation of interior storage unit and arithmetic unit fast/
aimost, lroblem of arithmoetic wnit ie dug to fast transmiszion of
signal and high speed operation of building block circuit, Therefore
aside from if/want component possible hizh speed work, still
rejquire use new logic circuit to solve, ..ccording to material
of present time, alrecady has arithmetic unit circuit used
for clock pulse of 50 meg=zcycles. Interior storage unit generally
capacity is 4096 digits (most large six ten thousand digits) |
access time 4--6 microsecond, also has storage device of
access time only .5 microsecond but capacity comparatively small,
but this kind circuit on application still existing definite problem.

I'resent time electron tube circuit already fast/almost
approaching class limit, therefore elevate operation speed shou!
from new component (such as transistor, ferromagnetic materia’
and so on) and new circuit (if/such as transient circuit) begin,
Furthermore, presently available pulse techniqjue applied to hig"
speed circuit still has problem, such as loss and standing
wave, radintion, interference which transmission time appear
and product, amplification of high frequency narrow width pulse
and so on, Thercfore then if/w:nt pioncer one new milli-micro
second pulse technijuc to sclve these problem,

LI'roblem solution after which interior processes,
still huve not comypletely solve high speed problem, Suited to
how and input-output equipment of high speed computer f- :test
and best utilize various part nnd automation program and :0 on

problem also is rejuire that of solution,



(3) stor.ge, capacity. In science conpute, st:tistics,
control und signal process, translation and so on work rejuirement
has extremely lirye stor.ge capacity, but not definite if/

wuant very juickly operation speed.

i-resently usvailuble level is,

i‘hoto-clectricity store about the same as capacity
of magnetic disk,

Ln national economy analyse and data process already
rcjuires has storage capacity from hundred hundred thousand
to one ten billion bits. I'rom present time hundred thousand position
storage capzcity if/want exceed hundred times ten thousand times,

Ifj want elevate storage capacity, :.side from continuously
improve @1bove mentioned ejuipment still require search new
storage method and new storage medium,

(4) flexibility., ..side from reauirement computer
property good 1nd possible solve mary differcnt types problem
, still requires computer has room for that of expansion; after
increase scverzl part, ability of computation and operation possible

is greatly increase, Thus, structure of computer possible include

123
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Very muci; more/u.ny curt out beconie one comjputer systern,

vesides, on utilize ulso possible computer tuken as one part

to utilize; sever:l m-chine in parallel utilize and coupled together
communication net of entire country :nd/with coniputer, possible
computer of several at the pluce of dissimilar joined together
proceed processes, or deliver to information data of various
places directly computer to operate, this then possible greatly

simplify and accelerate utilize of computer.

(5) cconomy. irom the viewpoint of investment
cost, maintenance cost, efficiency consume, dimension and weight
all requies economy,

Two,

I or the sake of satisfy above these requirement,
computer require proceed resesrch below mentioned several
aspect,

(1) research of computer logic system. In the last ten plus
years although has made very much/more/many computer, yet its logic
design still have not complete theory basis, necent large type high
speed computer already not only has one arithmetic unit,
storage device, output equipment, but is has several
arithmetic unit, storage device, input nnd output equipment at
the same time work, in reality alrendy is one computer system,

Logic structure of what kind the best still has to 1wait penetrating
research, Talk about computer of definite size, ifjsuch as cause
towrds its structure even flexible ind has room for that of expansion
, S0 as to possible solve even more type problem ' 1:gital

computer nd/with inilog machine m~y or m-y not combine and

ifj such 1s combine towvwrds. Component is not possible ;. hsolutely
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reliable, may or may not use not reliable component part acconiplish

reliable machine: Iff/such as several computer together work

one topic or one machine together work several times to verify
examine, or machine possible automutically discover error and
also possible automatically correct. Eesides, work frequency of
component part in the certain one period had definite

limit, but speed of computation may or m2:y not accelerate, and
its utilize rate may or may not elevate if/such as several machine

combined together together work one topic, or one machine adapt

multi-programming techniques nt the same time make several
topic® These :1l require mathematical logic workers, mathematics
workers and engineers together study problem of solution, These
is theory work, of course ifjwant suitably combine practice to
proceed. Besides, psychology use computer in order to explore
thought process and memory of human brain, result of this kind
research also possible be of assistance to design of computer
logic structure (for example camera, radar and control theory,
all is from but created towards simulation of human body mechanism,
(2) program automate, | resent time machine is automation
» but time of computation still very long, reason is due to if/
want human program after, again/then delivered into machine
to operate., These dat. nnd program after passing through process
of human, ug..in difficult to :void not rive risc to crror. . resent
time this kind crror still is very lurze problem, therefore for
the snke of cruse process of computation reliable :lso high speed,
nichine cutomi:tic ly program is very imuort.nt.
'This is one subject which present time .rogrammers concentratedly
study,
3) rescarch .nd development of purt und component, If

c.iuse computer satisfy 1bove mentioned rejuirement, 1side from
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make effort from logic structure ind program .spect, still if from

machine itself .nd it building block, then possible solve problem,
Therefore research of part and new component is very important,
Computation technique if/want used for two kind radio component,

that is active elements and passive elements. :.ctive elements

» speaking from work speed, dimension, weight, consumption efficiency,

life and reliability and sc on, electron tube all not compare favorably

with transistor., rresently already has transistor circuit

of computer after work 26,000 hour not yet discover deterioration
phenomena, Compured with life of electron tube several hundred,
several thousand hour, reliability of trunsistor circuit is greatly

has elevated, Therefore transistor is determine if/want direction

of development, Trunsistor ut frequency, efficiency property and
temperature specizl characteristic and so an aspect, present time

still not possible completely satisfy requirement, require continuously
study and improve, :iassive elements include electric resistance,
capacitance, pulse transformer, delay lincs, storige component,

logic component, contacts and so on, I'rom the vicwpoint of reliability,
rejuires component in possible utilize condition (high temperature,
high pressure, strong vibr.tion, radiation and so on) .nd time
cperition relinble, value stible, I'rom the vicwpoint of

efficiency and hizh sjeed, miniaturization of component is very

import :nt, but esveci:lly import-nt is research of new type component,
Use solia-state component circuit which ferromagnetic materi .1,
ferrelectric modterial, super-conductor materinl and so on ~ccomplish .
is new development direction. . resent time usc ferromagnetic
materiil to ni. ke memory componcnt possesses undebatable merits,
Jmost 211 computer which recent m.nufictured, use magnetic

core component to riike hizgh speed storye device, 1 ast suppcse
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switching time limit of m snetic core component in the neighborhood
of microsecond, thus, use :1ccess period which it has made then
limit depend upon/at several microsecond, Recently discover
switching time of magnetic core possible shorten, therefore possible
use it in order to make storage device of even higher speed,
Cf course, multi-path magnetic core, magnetic film, magnetic
rod and so on new component still is one principally research
direction. Use magnetic core to make logic component, especially
variable parameter component is that which worth study,

I erroelectric component is use electric field in order to
that which operate, therefore it is one kind electric potential type
component, On this point that of vacumm tube same type and it is,

..nd that is to say they used together comparatively suitable.

Ferromagnetic similar to super-conductor component is use electric
current product magnetic field in order to operate, therefore they

is electric current type component, this is that of similar to transistor
. Thus, use high efficiency transistor in order to directly drive
magnetic core is comparatively good match. Merits of super-
conductor component is due to it dimension very small and consumption
efficiency small, But ferroelectrics and super-conductor component
still subject to definite limit, not possible with great quantity

apply Secondary : refix .rror Final . ass If can find one kind

property (shape of hysterisis loop, temperature, frequency and

so on) good but manufacture easy ferroelectric materiul, or under
ambient temperature (or not low temperature) has material

of super=-conducting phenomen., they all possible rapidly on computation
circuit was utilized, Resenrch of present time they work still

mostly at property of material direction,
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