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TABLE DRIVEN TRANSLATOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

The present invention relates to a necessary translator
for processing a language in a computer system, and in
particular, to a table driven translator which is capable
of dealing with a change in the syntax of the language
inputted to the computer system. *

A variety of translators and compilers have been
proposed. For example, such translation techniques can
be found in “Compiler Techniques”, Pollack, Auerback
Publisher, 1972 and “A Compiler Generator”, Mackee-
man et al., Prentice-Hall Inc., 1970. According to these
prior art language processing methods, an appropriate
language processing program is generated for each type
of the input statement. Consequently, the processing
program must be rewritten if the syntax of the input
language is changed, that is, the same translator or com-
piler cannot process various kinds of languages without
program modification.

It is therefore an object of the present invention to
provide a general-purpose table driven translator which
can perform the language processing by modifying
translation interpretation tables when the syntax of the
input language is changed, eliminating a rewrite burden.

Another object of the present invention is to provide
a table driven translator which improves the maintain-
ability and expandability of the language processing in a
computer system.

Another object of the present invention 1s to provide
a table driven translator which allows compression of
the contents of a table containing the information about
the syntactical check and processing to be executed
after the syntactical check of the input language.

In accordance with the present invention, there is
provided a table driven translator comprising: an input
device for inputting an input language 10 a computer, an
internal storage for storing a name table for storing
keywords associated with the syntax of the input lan-
guage and characteristics of variables contained in the
input language and for storing an interpretation table
for indicating procedures to control a flow of process-
ing for interpreting the input language, and a controller
for searching the name table to obtain an address of a
location in said internal storage at which a desired re-
served word (keyword) is stored and to obtain from said
name table an attribute of the keyword and variable and
for checking whether or not the reserved word com-
piles with the input language syntax by comparing the
attribute with an attribute stored in a field at a location
(indicated by a table pointer) in the interpretation table
(that is, the reserved word is assumed to be conforming
to the input language syntax if these attributes are equal
to each other), thereby to execute an interpretation
processing and to translate the input language into a
machine-oriented language suitable for a desired com-
puter.

In summary, the present invention utilizes a tatlz or
tables containing information regarding the syntac..cal
check of an input language and processing to be exe-
cuted after the syntactical check and permits processing
with any syntactical change of the input language by
only modifying the contents of the table or tables.
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In general, a translator has the main functions as

follows.

(1) Determination of the characteristic (attribute) of
each word in the input language

(2) Checking for determining whether or not the attri-
bute conforms to the input language syntax

(3) Processing after the check
(I) Processing when the attribute conforms to the

syntax rules

(II) Processing when the attribute does not conform

to the syntax rules

The functions associates with (2) and (3) above for
the language translation are stored in tables to manage
such information independently of the translator pro-
gram.

The object and features of the present invention will
become more apparent from the consideration of the
following detailed description taken in conjunction
with the accompanying drawings in which:

FIG. 1 is a schematic block diagram of an embodi-
ment of a table driven translator in accordance with the
present invention;

FIG. 2 is a diagram illustrating an example of the
NAM (name) register configuration in a control device
of FIG. 1;

FIG. 3 is a diagram showing an example of the TR
register configuration in the control device of FI1G. 1;

FIG. 4 is a diagram showing an example of the name
table format of FIG. 1;

FIG. 5 is a diagram showing a table format example
of an interpretation table of F1G. 1;

FIG. 6 is a table for explaining the codes listed 1n
FI1G. §

FIG. 7is a general flowchart of an example of control
procedures in a translator in accordance with the pres-
ent invention;

FIGS. 8 to 10 are flowcharts depicting in detail the
control procedures shown in FIG. 7,

FIGS. 11a and 11b are diagrams each illustrating the
format of a machine-oriented language information;

FIG. 12 is an example of a subroutine description In
the interpretation table of F1G. 5;

FIG. 13 is a flowchart of the main routine of the
control procedures shown in FIG. 12;

FIG. 14 is a table for explaining an example of infor-

mation to be set to TR registers in the interpretation
table of FIG. §;

FIG. 15 is a flowchart of the main routine of the
processing procedures depicted in FIG. 14; and

FIG. 16 is a table for explaining another example of
‘nformation to be set to TR registers in the interpreta-
tion table of F1G. 3.

Referring to FIG. 1, an embodiment of a table driven
translator in accordance with the present invention
comprises an input device 1 including, for example, an
input apparatus such as a keyboard, an external storage
2 including, for instance, a bubble memory or a floppy
disk memory, an input display unit 3 such as a CRT
display unit or a printer, an internal storage 4, and a
control means § for performing an information process-
ing by the use of the storage described above and which
may be configured with, for example, a microcomputer.

In addition to the alphanumeric keys, the input device
1 has so-called special keys for inputting delimiter codes
such as a comma “,” and a semicolon ;" and operation
codes such as an asterisk “*”, a slant “/”, a plus “+"
sign, a minus sign *“—" and an equal sign *="", required
for specific input language syntax.
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The external storage 2 comprises a name table 21 in
which keywords and reserved words associated with
the input language grammar are stored in advance, an
interpretation table 22 for storing information about
syntax check as translation control procedures for the
input language grammar and about procedures for gen-
erating a machine-oriented language, and machine-on-
ented language information 23 to be outputted as a
processing result.

The input display unit 3 is a display device such as a
line printer, a serial printer, or a CRT unit for output-
ting system information, error messages, echo-back
information (source statements) of input language, and a
summary of processing results such as a list of vanables
used and the program size.

The internal storage 4 comprises a random access
memory (RAM) into which tables stored in the external
storage device 2 are read for the pertinent processing.

The control device § comprises a NAM register 51
for storing a row (field) of the name table, a TR register
82 for storing a field of the interpretation table, an S
(syllable) register 53 for storing the character image of
a word or a delimiter code obtained from the input
language data, an A (attribute) register for indicating an
attribute corresponding to the content of the S register
53 (if the S register 53 is assumed to correspond to a
word, a delimiter, or the like, the attribute 1s indicated
by a code value representing the meaning of the content
of the S register §3), a comparator 35 for comparing
register contents, a searching means 56 for searching
items of the tables in the internal storage 4, and a P
register 57 to be used as an index for searching an item
In a table.

FIG. 2 and FIG. 3 depict a configuration of the NAM
register 51 in the control device 5 and a configuration of
the TR register 52, respectively. Information to be
stored in these registers will be described in detail later
in this specification.

This embodiment is effective for the interpretation of
the computer language in general. Since such words to
be used for the language processing an an “IF” state-
ment for determining a condition and a “GOTQ" state-
ment for branching the processing route are specified as
reserved words, the embodiment is especially efficient
when applied to a language system in which these
words cannot be used for other purposes. Such an ex-
ample will be described in conjunction with the accom-
panying drawings.

Assuming that instructions for operations of a robot
are specified with the input statements listed in the
following program example, the desired robot opera-
tions can be implemented by generating a name table
and an interpretation table depicted in FIG. 4 and FIG.
5, respectively.

PROGRAM EXAMPLE

10.0
10.0
0

X
Y
Z

D
D
D
Li:

IF DZ = 1.0 THEN . 7TO L2
MOVE A, POOI, 5 b

L2
STOP
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-continued
PROGRAM EXAMPLE

END

In this program example, the iInput statement
“MOVE A, POO1, S=100" means that the robot is
moved from the current position (value) to POO1 at a
speed of 100 mm/s and that the interpolation method
for generating the robot trajectory is specified as
method A.

A name table 41 of FIG. 4 is provided for storing the
systemn reserved words such as MOVE A, [, C, 5,and H
in advance. The intrinsic variables defined in a program
by the user, for example, POO1 and EXAMPLE and
DX specified in this program example are also stored 1n
the name table 41 as a result of the translation in addi-
tion to the reserved words. In FIG. 4, for instance,
POO1 is a name of a teaching point defined by user and
it is assumed that symbol POO1 has been defined and
that the address for storing the relevant data is address
400.

An interpretation table 42 of FIG. 5 1s utilized to store
information about the syntax check of the input lan-
guage and about the processing (control procedures to
be performed by the translator) after the syntax check.
FIG. § is a specific example of a translation control
procedure for a robot language associated with the
following grammar rule.

A
MOVE{ I } point name [,( 3 )= integer :l
C H

where; MOVE is an instruction word, A, I, and C are
codes indicating an interpolating method, and the pa-
rameters enclosed with square brackets may be omitted,
and S and H are the pertinent option codes.

This syntactical expression indicates that the robot
should move from the current point to a point indicated
by the point name parameter by the use of the interpola-
tion method A, I, or C. If necessary, the speed and hand
action can be specified in this case as follows. For a
speed specification, the user can specify S=100 for a
speed of 100 mm/s. Hand actions can be specified as
H =0 for closing the hand by the time when the robot
arrives at the destination and as H=1 for opening the
hand by the time when the robot arrives at the destina-
tion. For these interpolation methods, ‘A’ indicates
so-called point-to-point (PTP) control mode in which
the interpolation is not carried out between points, ‘I’
indicates a mode in which a linear interpolation takes
place between points, and ‘C’ indicates a mode 1n which
the interpolation is carried out continuously through
several points.

FIG. 6 lists the meanings of symbol names shown in
FIG. 5. The same value cannot be assigned to items
having the different names. The number of rows (fields)
of these tables changes depending on the purpose of
processing.

Next, each field of name table 41 depicted in FIG. 4
. nd interpreiat.on table 42 illustrated in FiG. § will be
described.

The fields of name table 41 are utilized as follow:
Name field 411: Stores a reserved word name (MOVE,

etc.) or a variable name (POOI1, etc.) to be registered.
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Attribute field 412: Stores a unique code specified for
the meaning of a registered name.

Address field 413: Stores the address of a registered
variable in the memory (for instance, address 400 for
POO1).

I1L: code field 414: Stores a code (for example, 101)
indicating the type of a reserved word.

Value field 415: Stores the detailed classification (for
instance, A, I, and C) for each of reserved words
having the same attnbutes.

Field of pointer to the interpretation table 416: Indicates
a location in the interpretation table 42 at which the
interpretation control procedure for the instruction
indicated by the reserved word is started.

The NAM register 51 for storing therein a field of the
name table 41 comprises an N register 5§11, a CODE
register 512, an ADR register 513, an IL register 514, a
V register 515, a PTR register 516, and a FLG register
for indicating a status (as to whether a given name is
already stored or not) determined by a search operation
as illustrated in FIG. 2.

The N register 511 is used to store one of the reserved
words (for example, MOVE) stored in the name fields
411 of FIG. 4. The code register 12 keeps a code value
in an attribute field 42. The ADR register 513 stores an
address held in an address field 413; the IL register 514
keeps a code stored in an IL code field 414; the V regis-
ter 515 stores the detailed classification of a reserved
word retained in a value field 415; and the PTR register
516 keeps a pointer value stored in a pointer field 416.

The interpretation table 42 has a complex structure,
so the information is not directly represented with nu-
meric values, but the table 42 is subdivided mnto two
tables as follows:

(1) Human-oriented table mainly containing informa-
tion represented with characters 1

(2) Table containing machine-oriented numeric values
obtained by converting the relevant information

That is, the table marker (a system programmer) first
specifies necessary parameters with characters (i.e. hu-
man-oriented table), then the specified parameters are
converted into numeric values by a table generator
system (i.e. machine-oriented table) to be stored in the
table (2). FIG. 5 depicts the human-oriented interpreta-
tion table 42, which will be simply referred to as inter-
pretation table hereafter unless otherwise specified.

The difference between the human-oriented and ma-
chine-oriented interpretation tables resides in the label
field. A label indicates a position (an address) of a loca-
tion in a table, so when all the data items are converted
into the corresponding numeric values, the address of
the branch destination label or the like information is
directly stored in each field, thus the label field becomes
UNnecessary. |

Referring to FIG. 5, each field of the human-oriented
interpretation table 42 will be described.

The general format of each field (421-426) comprises
a name, a displacement, and a flag as follows. A TR
register 52 is prepared in the control device 5 corre-
sponding to each field. This TR register 52 has also the
same general format.

Name 427: Symbol name (for example, MCDHKN to
be described later) assigned to a label, subroutine, or
an error number

Displacement 428: Value to be added to or subtracted
from the content of a value for a position indicated by
the symbol name (+99 and —10, for instance. As-
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6

suming the value of MOV 001 to be five, MOV001+2

results in seven.) |

Flag 429:

(1) Indicates an indirect value, or

(2) Indicates an error number/

The indirect value is not used as it is (1.e. as a direct
value). The content at a location indicated by the indi-
rect value in a table is used for the further processing.

A flag 429 is indicated with an astensk.

Each field (421-426) of the interpretation table 42
comprises the following items:

Label field 421: Label indicating a position in the table.
It is assumed to point to the first position of the attri-
bute field. Assuming MOV001 to be specified as la-
bel, MOV001 points the attribute field, MOV001 + 1
indicates the OK field, and MOV001+2 points the

OKIL field.

Attribute field 422:

(1) Attribute for the syntactical check, or

(2) Subroutine name (an asterisk is necessary for a
flag).

The attribute field 422 corresponds to the attribute
field 412 of the name table 41 and is utilized to store
therein a value indicating the meaning of a word. Since
all data items must be expressed with numeric values In
a computer, the meaning of a word is determined by this
value. For instance, the symbol attribute MCDPNT
assigned to the name of a teaching point (a teaching
point is used in a robot system to position a robot to a
specific point) is represented with a numeric value
*3018”. In this case, the same value is also assigned to
the attribute MCDPNT in the name table 41.

OK field 423: Processing destination (direct or indirect
specification) to which control is to be passed when
the attribute matches with the specified item

OKIL field 424: Details about the processing when the
attributes match with each other (direct or indirect
specification)

OKNEXT field 425: Position to which the pointer is to
be set for the attribute check of the next word when
the attribute match will each other (direct or indirect
specification)

NONEXT field 426:

(1) Position in this table at which the compare opera-
tion must be carried out if the attributes does not
match with each other, or

(2) Error number (an asterisk is required for a flag)

As depicted in FIG. 3, the TR register §2 for stornng
therein data obtained from a field (421-426) of the inter-
pretation table 42 comprises an ATR register 521 for
storing the content of the attribute field 422, an OK
register 522 for retaining the content of the OK field
423, an OKIL register 523 for keeping the content of
storing the content of the OKNEXT field 425, and an
NONEXT register 525 for storing the content of the
NONEXT field 426. The number of these registers can
be changed depending on the construction of fields 1n
the tables. The general format of each register is the
same as for each field of the name table described before
and comprises three parts, i.e., name displacement, and
flag fields. The configuration of each register, however,
need not be designed especially for distinguishing be-
tween these three parts if each part can be identified
when the pertinent info :2tion items are stored in the
register, that is, the register area may be used in bit
units.

Referring to the flowcharts shown in FIG. 7 to FIG.
10, the processing executed by the table driven transla-
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tor based on the tables explained above will be de-
scribed.

Assume that the input statement is represented in the
input language as described before:

MOVE A, POOL1, $=100

The interpretation processing of the translator will be as
follows in this case.

The input statement contains space characters and
special codes such as commas and an equal sign. The
translator regards a character string up to such a space
character or special code (delimiter code) as a word.
The first word (or syllable) of the input statement is thus
obtained by detecting a delimiter code and is moved as
character string MOVE to the S register 53. (See step
1001 in F1G. 7.) .

as illustrated in FIG. 8, after the S register 83 of FIG.
1 is filled with space character (step 2003) when a line of

i0

15

the input language data is obtained, the S register 33 1s 20

loaded with the data character by character (2009)
while checking for a delimiter code (2007) and counting
the number of characters (2011), thereby obtaining the
first word.

Next, the name table 41 is checked to search for the
name field 411 for a name identical to the word MOVE
(step 1003). In the processing as depicted in FIG. 9, the
control device S5 compares the content (MOVE) of the
S register 53 with the content of the name field 411 by
the use of the searching device 56 to determine a loca-
tion in the name table 41 at which the same data
(MOVE)is found. In the program, the data stored in the
field of the name table 41 indicated by the register 37
used as the index of the name table is moved to the
NAM register 51 (step 3003) with the register 57 ini-
tially set to zero (step 3001). And thereafter, the content
(MOVE) of the S register 53 is compared with that of
the N register 511 (a NAM register 51) (step 3003). As
a result, if they match with each other, a value “0”
indicating that the information has already been regis-
tered is stored in the FLG register 517 and the content
(MOVE) of the CODE register 512 corresponding to
the N register 511 is stored as the attribute of the name
in the A register 54 (step 3019). If the contents of the S
register 83 and N register 511 do not match, the com-
pare operation is repeated p to the last item stored in the
name table 41 (step 3003 to step 3011). As a result, if the
word has not been registered to the name table 41 yet
the content of the S register 53 is registered to the name
table 41 (step 3013) and a value “1” indicating that the
relevant word has not been registered is stored in the
FLG register 517 and a code indicating that the word
has not been defined is set to the CODE register 512
(steps 3018 and 3017).

Then, the start position of the interpretation table 42
for the MOVE statement is moved to the pointer from
field 416 of the row containing the matched data in the
name table 41. That is, the content (MOV (00) of the
PTR register 516 in the NAM register 51 is set to the
pointer (step 1005).

Next, the same processing as shown in FIG. 8 1s exe-
cuted to obtain the next word and a word “A” is stored
in the S register (step 1007).

The translator checks the word A to determine
whether or not it is a delimiter code such as a comma,
an equal sign, a plus sign, or a minus sign (step 1009). If
this is the case, the attribute specified for the pertinent
delimiter code is set. The input character for the delim-
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iter code is utilized as the symbol name of the delimiter
code.

If the word is not a delimiter code, the same process-
ing as depicted in FIG. 9 is carried out to search the
name table 41 in order to load the A register 54 with the
data MCDHKN stored in the attribute field 412 of the
name table 41 corresponding to the character “A”
stored in the S register 53 (step 1011).

Finally, the processing of FIG. 10 is executed to
access the interpretation table 42 to move data stored at
a location indicated by the current pointer to the TR
register 52, then the translator performs a processing
accordingly (step 1013).

Briefly, control is passed from step 1013 to step 1013
and to step 1007, then is returned to step 1009. The
content of a field at a location of the interpretation table
42 is stored in the TR register 52 by use of the current
pointer indicating the field location (step 4001), and the
content of the relevant attribute field (1.e. the content
“MCDHKN"” of the ATR register 512) 1s compared
with the attribute obtained in the A register 1s step 1011.

If they are equal to each other, control i1s passed to
the subroutine (SETIL prepared in the translator) indi-
cated by the OK register 522 and the SETIL 1s executed
according to the code indicated by the OKIL register
523 in order to generate the relevant machine-oriented
language information (intermediate language (1L)) (step
4005), then the pointer is set to the posiion MOV001
indicated by the OKNEXT register 524 (step 4007). In
this case, the OK register 522 indicates a processing
destination address, while the OKIL register §23 indi-
cates a processing procedure.

The machine-oriented language information (IL in-
formation) 43 comprises internal codes configured In
such a predetermined format as depicted in FIG. 11a.

For the input statement “MOVE A, POO1, §=100",
consequently, if it is assumed that a code “100" 1s used
for the word MOVE indicating the type of input lan-
guage, a code *1” for A, **400” for the address of POOL1,
a code “1” for S, and “10” for the address on the table
at which a value 100 is stored, then as illustrated in FIG.
11b, the instruction code field 431 is loaded with *100%,
the operand count field 432 with the number “4” of the
operands (A, POO1, etc.), and the fields 433-436 of the
operands #1 to #4 with values for operand addresses or
codes “1”, “400”, “1”, and *“10”, respectively. |

If the compared data items do not match with each
other, the pointer should be set to the location indicated
by the NONEXT register 525 (step 4009); however,
since the pertinent location contained in the MOVE
statement cannot be used for other than the interpolat-
ing methods A, I, and C, the ERRHKN code indicating
an error of the interpolating method specification 1s
stored in the NONEXT register 525, and the processing
for the input statement is finished (steps 4011-4015).

Although the translator is similarly controlled in the
subsequent operation in accordance with the interpreta-
tion table 42, if a plurality of types are allowed for an
input item to be specified at a position in an input state-
ment, for example, for {A, I, C} and {S, H} in the input
statement described above, the translator allows to
specify one of the parameters at the respective location.
As 11l s’rated in the name table 41 of FIG. 4, the same
attrin. (MCDHKN) is assigned to all of A, I, and C,
while S and H have the different attributes MCDS and
MCDH, respectively. In such a case, a processing must
be specified for each of S and H in the interpretation
table 42. Referring to FIG. §, the content of the A
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register 54 is first compared with that (MCDS) of the
attribute field 422 for the MDV004 (step 4003). If they
are not equal to each other, the pointer is set to the
MOV005 in the NONEXT field 426 to check whether
or not the data is “MCDH?” (step 4009). And thereafter,
the content of a field indicated by the pointer
(MDV005) is moved from the interpretation table 42 to
the TR register (step 4001), and the content of the A
register is compared with that of the ATR register 521
which stores the content “MCDH?” of the attribute field
422 (step 4003). If these data items do not match with
each other also in this compare operation, it is indicated
that a character or character string other-than S and H
is specified in the input statement, hence an error 1is
assumed for ERROPT* and the error processing is
executed, then the translation processing is terminated
(steps 4009-4015). -

That is, the processing of step 1013 shown in FIG. 7
is repeated until the attributes match with each other or
the NONEXT register 525 indicates an error.

The translation processing is terminated by identify-
ing the end of input statement. If the end of statement 18
detected in step 1007 for obtaining the next word (for
example, if space characters continue up to column 80
assuming that a line comprises 80 columns), the attri-
bute MCDEND indicating the end of input statement 1s
outputted. This attribute is then compared with the
pertinent information of the interpretation table 42. If
they match with each other, the pointer is set to the
value of the OKNEXT register 524. In this case, the
relevant positions of the OKNEXT field 425 in the
interpretation table 42 are filled with space characters
indicating a value 0", Therefore, the value of the OK-
NEXT register 524 is other than zero in step 1015 de-
picted in FIG. 7, and this stage is regarded as the normal
termination of the translation processing for a line.

As described hereabove, since the translation pro-
cessing is represented by the processing of FIG. 7 appli-
cable to general purposes and the control procedures to
be used by the control device § for the syntax interpre-
tation of the input statement are summarized as the
interpretation table 42, a translator which is applicable
to general purposes and which can translate input lan-
guage having various syntax systems can be made.

The interpretation table 42 contains the control pro-
cedure of the control device 5, thus the language pro-
cessor can be controlled with programs by changing the
control procedure. In FIG. §, for example, a pair of an
integer constant and variable are specified for checking
the integer attribute (labels MOV007 and MOV008),
thus the interpretation table must contain a pair of pro-
cessings for MCDINO and MCDIVR in any case. An
effective processing performance cannot be obtained if
the translation procedure for such a pair of attributes is
indicated by use of the method as depicted in FIG. 5 in
which the separate information items are listed for each
attribute. To improve the performance, the relevant
information items are gathered and stored, that is, the
control procedures utilized as subroutines are stored in
the interpretation table 42 illustrated in FI1G. 12. FIG.
13 depicts a flowchart for processing the interpretation
table 42 of FIG. 12. A sequence of programming de-
scriptions are specified beginning from a label INT009,
which will be regarded as a subroutine by specifying
INTO000*. The return address and other associated in-
formation can be controlled with the translator by mov-
ing the values stored in the fields OKIL to NONEXT
for MOV 007 to the locations as indicated INTFN+2 to
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10
INTFN +4, respectively (steps 5003, 5005, and 5007).
Since the locations for storing the return addresses are
uniquely determined as INTFN+2 to INTFN+4 for
INTO000, so-called recursive call 1s not allowed. The rest
of the processing is the same as illustrated in FIG. 10.
Steps 5011 and 5013 are intermediate processing.

When the pointer is set to the position indicated by
MOV007 and the content of the relevant field in the
table is stored in the TR register 52 (step 5001), the flag
section of the ATR register 521 which stores the con-
tent of the attribute field 422 is checked whether or not
there exists an asterisk for a subroutine call (step S003).

If the content of the attribute field is “INTO000*”
containing an asterisk as depicted in FIG. 12, the
“INTO000” is set to the pointer (step S005) and the con-
tents ADR, MOV009, and ERRITM* of the current
OKIL, OKNEXT, and NONEXT fields are moved to
the interpretation table 42 beginning from a location
INTFN+2.

Afterwards, the content of the table 42 is moved to
the TR register 52 beginning from the table location
indicated by INT000 (step 5001). Since the ATR regis-
ter does not contain the flag (i.e. asterisk) in this case,
the content of the A register 54 is compared with that of
the ATR register 521 (step 5009). If they match with
each other, the processing of step 5011 is started. Refer-
ring to FIG. 12, the OKIL field 425 contains the flag
(asterisk), hence the translator conducts a processing in
accordance with the content “ADR” of the OKIL field
424 at a location indicated by INTFN + 2. Furthermore,
the content “MOV009” of the OKNEXT field at a table
location INTFN + 3 indicated by the OKNEXT regis-
ter 524 1s moved.

On the other hand, if the contents of A register 54 and
ATR register 521 do not match with each other, the
content “INTFN" of the NONEXT register 523 is set
to the pointer (step 5015) and a table field indicated by
the pointer is moved from the interpretation table 42 to
the TR register 52 (step 5001), then the same processing
is performed.

If the value of OK register 522 is specified in the
indirect mode for an indirect jump, the detailed process-
ing of the interpretation can be executed on the inter-
pretation table 42 in the translator. For instance, assume
an example in which P1, P2, and P3 are executed when
an attribute matches with the item to be compared and
the machine oriented language information 43 is gener-
ated when P2 is carried out by executing P21 and P22.
Then, the translator can automatically perform the pro-
cessing if the information items listed in FIG. 14 are
prepared as the information to be set to the TR register
82 That is, if the attribute matches for S001°* stored in
the OK field 423 in the line indicated by L0001, the
translator executed P1 specified in the line indicated by
S001. This means that S001 is not directly carned out.
In this case, furthermore, if the return address to which
the pointer is set after the processing; i.e., if L0002 1n
this table 42 is set to the OKNEXT field in the line
indicated by S003 stored in the OKIL field 424, control
can be returned to L0001 after the processing of S001 is
finished.

Since P1 is specified in the direct mode for S001, the
translation processing indicated by P1 is executed. In an
ordinary case, a subroutine having the same name (P1)
is incorporated into the translator in advance and the
execution address for performing the subroutine 1s set to
the OK register 522, thus the subroutine will be exe-
cuted. Next, the value of S002 indicated by the content
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of the OKNEXT field 425 is set to the pointer and
control 1s passed to the pointer location. Since P2 is
specified in the indirect mode for S002, the same pro-
cessing as for L0001 is carried out, that is, P21 specified
in the line indicated by P2 is executed, and the pointer
1s finally set to S003. The translator is controlied in the
similar manner in the subsequent processing. FIG. 13
depicts the processing of the interpretation table 42 in
this case. As the processing for the OK field 423, an
operation may be specified, that is, a detailed control
procedure may be stored in the OK field 423. As the
processing name which is the minimum unit of process-
ing to be stored in the OK field 423, the value corre-
sponding to the address of the relevant processing sec-
tion in the translator can be specified.

As described above, a translator system applicable to
general purposes can be implemented and the maintain-
ability and expandability of the translator is improved
by retaining the translation control procedures includ-
ing some processings stored in the translator in the
interpretation table 42.

Next, the processing of FIG. 15 to be executed in
accordance with the interpretation table 42 of FIG. 14
will be described.

If L0001 is set to the pointer, the content of a field at
a location indicated by the pointer 1s moved from the
interpretation table 42 to the TR register 52 (step 6001).
If the content of the A register 54 matches with that of
the ATR register 521 (step 6003), the translator checks
whether or not the flag (asterisk) exists in the OK regis-
ter 522 (step 6013). As depicted in FIG. 14, if the OK
field 423 contains “S001*”, the value (L0002) of the
OKNEXT register 524 is moved to the location
(S003 +4) indicated by the OKIL register 523 (step
6019). The L0002 is assigned as the return label (step
6021) and the content “S001” of the OK register 522 1s
set to the pointer (step 6023).

Next, the content of a field indicated by S001 1s
moved to the TR register 52 (step 6025) and the subrou-
tine 37 P1” indicated by the OK register 522 is executed
(step 6033). The content “S002” of the OKNEXT regis-
ter 524 is set to the pointer (step 6035) and control 1s
passed to the processing specified in the row repre-
sented by S002. Since the OK register 522 contains 37
P2*”, control is passed from step 6027 to step 6029, and

the value “S003" of the OKNEXT register 524 1s

moved to a location (the OKNEXT field 4235 for the
PE2) indicated by P2E +4. The similar processing is
executed with the pointer set to the content (P2*) of the
OK register and is repeated until the pointer returns to
the return label “L0002™" (step 6037). The rest of the
processing is the same as that depicted in FIG. 10.

For a language system not provided with reserved
words, the processing is not always executed in the
forward direction on the interpretation table 42, that is,
control may be passed backward in some cases. The
processing, however, can be accomplished by specify-
ing the necessary parameters as illustrated in FIG. 16.
Let us consider a “DO" statement of the FORTRAN
language. In this language system, “DO 10 [=1,2"1s a
DO statement, while “DO 10 I=1" 1s an assignment
statement. The difference between these statements
cannot be clarified until a comma 1s found. Conse-
quently, it is only required to construct a control proce-
dure in which an assignment statement processing is
assumed if the comma 1s missing.

Robot applications of the present invention are de-
scribed in the article **Assembly Robot Language and

12

Control Software” presented at AUTOFACT 5§ of
SME, Nov. 17, 1983 Detroit, U.S.A., of which the dis-
closure is incorporated in this application by reference.

In accordance with the present invention as described
in detail hereabove, the syntax processing convention-
ally executed in a translator and a part of processing
description can be stored in the interpretation table,
hence the translation processing becomes quite flexible
with respect to changes in the language syntax; a trans-

10" jator which is applicable to general purposes for pro-
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cessing other language systems can be made, thereby
realizing a remarkable effect for improving the main-
tainability and expandability of the language processing
in a computer.

While the present invention has been described with
reference to the particular illustrative embodiments, it is
not to be restricted by those embodiments but only by
the appended claims. It 1s to be appreciated that those
skilled in the art can change or modity the embodiments
without departing from the scope and spirit of the pres-
ent invention.

I claim:

1. A language processing system for translating an
input statement of a selected source language into a
lower-level machine-oriented language comprising:

(a) input means for inputting an input staternent writ-
ten in the selected source language of a computer;

(b) storage means for storing
a first table for storing keywords of grammer of

said selected source language and characteristics
of the keywords and for storing characteristics
of vanables used 1n a program coded by said
selected source language; |
a second table for storing information of control
procedures for interpreting the input statement
to translate the input statement into a lower-level
machine-oriented language, said information
being [predetermined and] based on syntax-
/grammer of the selected source language;
(c) control means, coupled to said input means, and
said storage means, for controlling translation pro-
cessing of an input statement written in the selected
source language from said input means, said con-
trol means including searching means comparing
means, and converting means, said searching means
responsive to said input statement for searching
said first table to obtain a location therein at which
a desired keyword variable is stored and to obtain
an attribute associated with said keyword and vari-
able;
said comparing means for comparing said attribute
from said searching means with a corresponding
attribute stored in said second table to check
whether the syntax of the input statement
[ meets] marches the grammer of said selected
source language; and

said converting means responsive to a determina-
tion of a match between said attribute as a result
of the comparison by said comparing means, for
converting said input statement into a lower-
level machine-oriented langu-¢e based on a
[ predetermined] conversion

2. The system according to claim 1, wherein said first
table comprises: |

a name area for storing the name of reserved words as
said keywords and the name of variables;

1o
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an attribute area for storing codes indicating attri-
butes defined for each meaning of the names stored
in said name area;

an address area for storing addresses within the store

means of the variables stored in said name area,

a code area for storing codes indicating types of said

reserved words;

a value area for storing values identifying reserved

words having the same attribute; and

a pointer area for storing a pointer indicating where

an interpretation control procedure for an instruc-
tion indicating by said reserved word starts in said
second table,

[3. The system according to claim 1 wherein said
second table stores information of a precessing proce-
dure for checking whether or not the attribute of an
input statement word including one of a keyword, vari-
able numerical value and delimiter matches with the
selected source language syntax and information of a
processing procedure to be executed with the attribute
of the word matches with the selected source language
syntax and a processing procedure to be executed when
the attribute of the word does not match with the se-

lected source language syntax, following the result of

said matching check.}

[4. The system according to claim 1, wherein said
second table comprises:

a first area for storing attributes for input statement
words to be checked for the selected source lan-
guage syntax;

a second area for storing the destination of a process-
ing to be executed when an input statement word
matches with said attribute in said first area;

a third area for storing details of a processing to gen-
erate said lower-level machine-oriented language,
corresponding to the processing destination ind1-
cated in the said second area when the input word
matches with said attribute in said first area;

a fourth area for storing a pointer indicating the desti-
nation of a reference on the second table for check-
ing the attribute of the next statement word when
the input statement word matches with said attri-
butes, and

a fifth area for storing a location in the second table to
be referred to in the first area to further compare
the input statement word with another attribute in
said location in the second table or the content of
an error processing when the input statement word
does not match with said attribute in said location
in the second table.}

[5. The system according to claim 4 wherein said

first area in said second table includes codes for access-

ing subroutines and information concerning translation

control procedures for said subroutines as described In a

specified location of said second table.]

[6. The system according to claim 4 wherein said
second area of the second table has a flag indicating
whether the name of each of the symbols stored in the
second area is a direct value or an indirect value. }

[7. The system according to claim 4 wherein each of
said first to fifth areas of said second table stores the
name of symbols, displacement values of the contents
and locations indicated by the symbol names and a flag
indicating whether a name of a symbol is an indirect
value or an error number.} -

8. The system according to claim 1 wherein said
second table includes a processing program represent-
ing said predetermined conversion rule. '
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9. The system according to claim 1 wherein said
storage means includes a random acCcCess memory for
selectively loading the contents of said first and second
tables for each selected source language.

10. The system according to claim 1, wherein said second
table comprises:

a first area for storing attributes for input statement
words to be checked for the selected source language
syntax,

a second area for storing the destination of a processing
to be executed when an input statement word matches
with said attributes in said first area,

a third area for storing details of a processing to generate
said lower-level machine-oriented language, corre-
sponding to the processing destination indicated in the
said second area when the input word matches with
said artribute in said first area;

a fourth area for storing a pointer indicating the destina-
tion of a reference on the second table for checking the
attribute of the next statement word when the input
statement word matches with said attributes, and

a fifth area for storing a location in the second table 10 be
referred to in the first area to further compare the
input statement word with another attribute in said
location in the second table or the content of an error
processing when the input statement word does not
match with said attribute in said location in the sec-
ond table.

11. The system according to claim 10, wherein said
second table stores information of a processing procedure
including a sequence of attributes which reflects grammati-
cally correct sequence parameters for every lype of permis-
sible statement of said selected language, said information
being used to check, by comparing said attribute stored in
a location of said second table with an attribute of an input
statement fetched from said first table or determ ined
through syntaxical analysis whether or not the attribute of
an input statement word including one of a keyword, vari-
able numerical value and delimiter matches with the se-
lected source language syntax and information of a pro-
cessing procedure to be executed when the attribute of the
word matches with the selected source language syntax and
a processing procedure to be executed when the artribute of
the word does not match with the selected source language
syntax, following a result of said matching check to check
whether alternative words are possible or not at the location
of an input statement by changing a parameler lo a value
in said fifth area.

12. A language processing system for transfating an
input statement of a selected source language inio a lower-
level machine-oriented language comprising:

(a) input means for inputting an input statement written

in the selected source language of a compulter,

(b) storage means for storing
a first table for storing keywords of grammar of said

selected source language and characteristics of the
keywords and for storing characteristics of variables
used in a program coded by said selected source
language,

a second table for storing information of control proce-
dures for interpreting the inpul statement 1o trans-
late the input statement into a lower-level machine-
oriented language, said information being based on
syntax/grammar of the selected source language,

(¢) control means, coupled to said input means, and said
storage means, for controlling translation processing
of an input statement written in the selected source
language from said input means, said control means
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including searching means, comparing means, and

converting means, said searching means responsive 1o

said input statement for searching said first table to

obtain a location therein at which a desired keyword
variable is stored and to obtain an attribute associated
with said keyword and variable;

comparing means for comparing said attribute from
said searching means with a corresponding attri-
bute stored in said second table to check whether
the syntax of the input statement matches the
grammar of said selected source language;

converting means, responsive to a determination of a
match between said attributes as a result of the
comparison by said comparing means, for convert-
ing said input statement into a lower-level machine-
oriented language based on a conversion rule; and
wherein said second table comprises

a first area for storing attributes for input statement
words to be checked for the selected source lan-
guage syntax;

a second area for storing the destination of a process-
ing to be executed when an input statement word
matches with said attribute in said first area;

a third area for storing details of a processing to gener-
ate said lower-level machine-oriented language
corresponding to the processing destination indi-
cated in the said second area when the input word
matches with said attribute in said first area;

a fourth area for storing a pointer indicating the desti-
nation of a reference on the second table for check-
ing the attribute of the next statement word when
the input statement word matches with said aitri-
butes; | |

a fifth area for storing a location in the second table to
be referred to in the first area to further compare
the input statement word with another attribute in
said location in the second table or the content of an
error processing when the input statement word
does not match with said attribute in said location
in the second table; and wherein

said first area in said second table includes codes for
accessing subroutines and information concerning
translation control procedures for said subroutines
as described in a specified location of said second
table.

13. A4 language processing system for translating an
input statement of a selected source language into a lower-
level machine-oriented language comprising:

(@) input means for inputting an input statement written

in the selected source language of a computer;

(b) storage means for storing

a first table for storing keywords of grammar of said
selected source language and characteristics of the
keywords and for storing characteristics of variables
used in a program coded by said selected source
language,

a second table for storing information of control proce-
dures for interpreting the input statement to trans-
late the input statement into a lower-level machine-
oriented language, said information being based on
syntax/grammar of the selected source language;

(¢) contrel means, coupled to said input means, and said

- .
e
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storage means, for controlling translation processing

“of an input statement written in the selected source

language from said input means, said control means
including searching means, comparing means, and
converting means, said searching means responsive to
said input statement for searching said first table to
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obtain a location therein at which a desired keyword

variable is stored and to obtain an attribute associated

with said keyword and variable;

comparing means for comparing said attribute from
said searching means with a corresponding attri-
bute stored in said second table to check whether
the syntax of the input statement maitches the
grammar of said selected source language;

converting means responsive to a determination of a
match between said attributes as a result of the
comparison by said comparing means, for convert-
ing said input statement into a lower-level machine-
oriented language based on a conversion rule; and
wherein said second table comprises

a first area for storing attributes for input statement
words to be checked for the selected source lan-
guage synilax;

a second area for storing the destination of a process-
ing to be executed when an input statement word
matches with said attribute in said first area;

a third area for storing details of a processing to gener-
ate said lower-level machine-oriented language
corresponding to the processing destination indi-
cated in the said second area when the input word
maitches with said attribute in said first area;

a fourth area for storing a pointer indicating the desti-
nation of a reference on the second table for check-
ing the attribute of the next statement word when
the input statement word matches with said attri-
butes;

a fifth area for storing a location in the second table to
be referred to in the first area to further compare
the input statement word with another attribute in
said location in the second table or the content of an
error processing when the input statement word
does not match with said attribute in said location
in the second table; and wherein

said second area of the second table has a flag indicat-
ing whether the name of each of the symbols stored
in the second area is a direct value or an indirect
value.

14. A language processing system for translating an
input statement of a selected source language into a lower-
level machine-oriented language comprising.

(a) input means for inputting an input statement written

in the selected source language of a computer,

(b) storage means for storing

a first table for storing keywords of grammar of said
selected source language and characteristics of the
keywords and for storing characteristics of variables
used in a program coded by said selected source
language;

a second table for storing information of control proce-
dures for interpreting the input statement to trans-
late the input statement into a lower-level machine-
oriented language, said information being based on
syntax/grammar of the selected source language,

(c) control means, coupled to said input means, and said

storage means, for controlling translation processing
of an input statement written in the selected source
language from said input means, said control means
including searching means, comparing means, and
converting means, said searching means responsive to
said input statement for searching said first table to
obtain a location therein at which a desired keyword
variable is stored and to obtain an attribute associated
with said keyword and variable;
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comparing means for comparing said attribute from
said searching means with a corresponding atiri-
bute stored in said second table to check whether
the syntax of the input statement matches the
grammar of said selected source language;

converting means responsive to a determination of a
match between said attributes as a result of the
comparison by said comparing means, for convert-
ing said input statement into a lower-level machine-
oriented language based on a conversion rule; and
wherein said second table comprises

a first area for storing attributes for input statement
words to be checked for the selected source lan-
guage syntax,

a second area for storing the destination of a process-
ing to be executed when an input statement word
matches with said attribute in said first area;

a third area for storing details of a processing to gener-
ate said lower-level machine-oriented language
corresponding to the processing destination indi-
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cated in the said second area when the input word
matches with said attribute in said first area;

a fourth area for storing a pointer indicating the desti-
nation of a reference on the second table for check-
ing the attribute of the next statement word when
the input statement word matches with said aitri-
butes;

a fifth area for storing a location in the second table to
be referred to in the first area to further compare
the input statement word with another attribute in
said location in the second table or the conter.: of an
error processing when the input statement word
does not match with said artribute in said location
in the second table; and wherein

each of said first to fifth areas of said second table
stores the name of symbols, displacement values of
the contents and locations indicated by the symbol
names and a flag indicating whether a name of a

symbol is an indirect value or an error number.
& * % ® * |
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