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1 What is PDSS

PDSS, which stands for PIMOS Development Support System, is a KL1 system to develop the PIMOS. PDSS
is widely compatible with the KL1 system found on Multi-P5I V2, besides implementation details, execution
speed, ebc. The main differences are enumerated below,

¢ Some of the functions implemented through soltware (e.g atom management) are treated by the compiler.
Some atom related operations are available as built-in predicates.

* Code management is done by compiler.
* The only resource known by PDSS is the pumber of performed reductions.
# The I/0O device strewm has a different form.

s Because PDSS is a single processor system, there is no processor pointing function for process dispersion.

Another function of PDSS is to provide tools for the development of parallel programs. To this end, PDSS
has been written in a style which ensures portability and it will be installed onto various UNIX ! systems.
We tricd to build PDSS as a handy development tool. We expect it to be improved along the development of
PIMOS,

PDSS consists mainly of two parts : one is the language processing system which executes KL1 and the
other is the user interface system, called Micro PIMOS. Micro PIMOS is a single uscr, single task operating
system which provides 1/O and code management functions to its user. It description is held in chapter 3.
Figure 1 shows PDSS configuration.

User Program

Micro PIMOS (KL1)
1o
code management
exception handling
command interpreter
compiler

KLl processor
(C language) Multi Windows
{Emacs)

UNIX

Figure 1: PDSS configuration

Iu figure 1, we see that a multi-window environment is provided through the GNU-Emacs full-screen editor.
Its library has been written in Emacs-LISP,

In PDSS, [/O and code magement functions use a special built-in stream, called device stream. Specifications
of this stream can be found in Appendix-1 and Appendix-2. Anyway, the average user doesn't have to use device
stream directly, as most necessary facilities are provided in Micro-PIMOS libraries.

VTUNIX is a trademark of Bell Laboratories.



2 KIL1 Language Specification

The langnage specification of the KL1 dialect executable on PDSS lies in this chapter. Note that there may be
differsnces between this specification and ones found on other systems, such as Multi- PSI V2

2.1 Outline

KIL1 is a language based on GHC (Guarded Horn Clauses} which moreover embeds some extensions related to
0§ description, modular programming, etc. KL1 also has some restriclions, due to implementation limitations.
Its main characteristics are now described :

Sequentiality of guard
Unification of head paramecters and execution of guard goals are performed sequentially, from left to right.

In the following example, suspension occurs until variable X is instantiated. Note that the following predicate
does not fail.

Goal: 7= pla, X, bl
Clause: pla,c,d) :- true [ true.

Guard restrictions
Only built-in predicates can be used within the guard. These predicates are described in section 2.6.

Equality of variables

Equality of unbound variables is not checked in the guard part. Suspension orenrs in the following program,
until variables X and Y are instantiatcd, independently from the execution order of the goals of the topmost

clauss.

Goal: T- X=Y, plX,Y).
Clause: piA,A) - true | true.

Module functionality

Clustering clauses in several modules allows modular compilation and debugging. In the currsnt version, to
each file corresponds a unique module.

Sho-en
An original functional unit, called Sho-en, has been introduced. It is possible to control the exccution priority
and resource allocation of each Sho-en. 08 itself is constructed as such a Sho-en,

Exception handling

Handling of exceptions occuring during the execution of a program is described in KL1, using Sho-en and

second-order predicates.
Failure handling

All failures are considered as exceptions within KT.1 and execution of a program can be resumed using
exception handling facilities.

2.2 Sho-en

A Sho-en is the minimum unit of resource management, priority management and exception handling which
exists in the language. Two streams, called control and report streams, are connected to each Sho-en. The

control stream is used to control the Sho-en, and can carry various commands. The repori stream carries
information and requests coming from the Sho-en. Users of Sho-en can handle exceptions if they write programs
interpreting the information from the report stream.

Resource management functions

The resource managed by PDSS is the number of performed reductions. It can be seen as a rough measure
of the computing time and memory usage. For all goals which belong to the same Sho-en, it is possible to




parent Sho-en

current Sho-en

a

o o o] o
child Sho-en

control stream

- —_—
o report stream
T

Figure 2: An instant picture of some Sho-ens

specify the maximum number of reductions. By default, the system assigns the maximum possible number of
reductions. When the Sho-en is generated, Le when it starts, this amount (or the default amount) is attributed.
When reduction allocation is exhausted during the eourse of execution, an exception resource_low is inserted
in the report stream of the Sho-en. It is possible to increasc the reduction resource via an add_resource(R)
command in the control stream, as explained later.

The rescurce comsumption control is performed in a discrete manner ; independently from the maximum
number of allowed reductions, there is a system dependent reduction granularity according to which control is
exerted. Typically, a few thousands reductions, Resource control can be seen as a recursive allocation process :
when a Sho-en starts, it is allocated, say, 2000 reductions. When this number is exhausted, a 2000 reductions
resource is subtracted from the parent Sho-en and added to the current Sho-en. This may trigger a recursive
process, during which reduction allocation is eventually done at the debts of some grand-father Sho-en. During
this process, and only at this time, the maximum allocation limit is checked.

Priority management

Another function of the Sho-en is priority management, Each Sho-en holds a record of upper and lower
priority bounds, for inner goals. Goals cannot be executed with a priority beyond upper bound and below lower
bound. Priority specification is described in section 2.3,

2.2.1 Sho-en generation

Sho-en generation is performed using the “Sho-en” system module, which contains the predicates execute,/T (and
an old format execute /8 also remains). Below, code is a three elements vector : {module-name, predicate-name,
number-cf-args}. argument is a vector with arguments of the goal. (In Multi-PS] V2, code data type is used
for the cede argument.)

execute{coda, argumont, minimum-priority,
maximum-prierity, tag, centrol, report)

exscute{module-name, predicate-nams, argument, minimum-priority,
maximum-pricority, tag, comtrol, report)

Above, minimum-priority holds the value used to calculate the lower limit of priority bounds within which
goals are executed. It is an integer which ranges from 0 to 4096 and specifies what degree the lower limit is
made lower. When it is 0, it is the same as the lower limit of the parent Sho-en, and when it is 4096 | it is the
sarme priority of the goal:execute. Maximum-prierity holds the value used to caleulate the upper limit. It is
also an integer which ranges from 0 to 4096, and sepecifies what degree the upper limit is made upper. When
it is 0, it is the same priority of the goal:iexecute, and when it is 4096, it is the same as the upper limit of the
parent Sho-en. That is shown in Figure3. Tag is a bit mask used to filter the exceptions received by the Sho-en.



Tag is deseribed in Appendix-8 [ully. Control stream is unified with control, and report stream is unified with
raport. The initial state of the generated Sho-en is suspend, and the allowed reduction count is not set.

< ex 3 ‘Sho-en’:execute({{primes,do,3},{1,300 PRIMES} 0,2, -1, CONTROL REPORT)

high

maximun priority(Smaz) —

priority of goal which generates Sho-en{Cp) —» '
Maz

maximum priority of new Sho-en{ N Smaz)

——
minimum priority of new Sho-enf{NSmin) ———=
Min

minimum priority( Smin) ——=

4036

]L‘l“‘

Mar

NSmaz = CUp ~ (Cp— Smin) x Gif

NEmin = Smin+ (Cp = Smin} = %ﬁ
0 £ Maz <4006  Maz = maximum priority within Sho-en
U< Min < 40894 Min = minimum priority within Sho-en
0 < Min+ Mar < 4005

Figure 3: Calculation of Sho-en Priority

2.2.2 Control stream

Below are the commands which can be inserted in the control stream. When the control stream is closed, the
Sho-en is abandoned. Conversely, if the user does never close the stream, execution of She-en itself never stops.

start
Activates goal execution in the Sho-en.

stop
Suspends goal execution. Previous command causes execution to resume.

abort
Aborts goal execution onece and for all. ln particular, start command cannot resume execution.

add_resource{ Heduction)
Adds Reduction to the current number of allowed reductions.

allow _resource_report
This command is an answer to the exception resource_low. This exceplion cannot be reported again

until this command ig ingerted.
statistics
Asks statistics about the Sho-en, Information is inserted in the report stream.
2.2.3 Report stream
The following information can be found in the report stream.

Acknowledgment messages to control stream commands :
Here are the responses to commands put in the control stream.




started
Start message has been received.

stopped
Step message has been received,

aborted
Abort message has been received.

rosouree_added
Add_ressource message has been received,

resource_report_allowed
Allow_resource_report message has heen received. Exception resource_low can be reported again

after this message.

statistics_started
Statistics message received. The statistic information itself is reported once collected.

Status information

Here is the information reported whenever Sho-en status changes.

terminated
Execution of Sho-en has finished. If abert had been sent previously, this message indicates that the

execution has been aborted. Otherwise, it indicates success of all goals.

resunrce_low
The number of performed reductions is close to the maximum allowed amount, or this amount is not

sufficient. When this exception oceurs, Sho-en state becomes suspend. No other resource_low report
cal veeur before that allow_resource_report is inserted in the control stream.

Statistic ipformation

Here, we get statistic information about the Sho-en, whenever collection has been done.

statistics({Info)
Unifics the statistic information with Inte, which is one-element-vector | indicating the number of redue-
tions performed. This number includes reductions performed by children Sho-ens.

Exception information

Here is the description of exceptions which can be reported by  Sho-en. Excluding deadlock, they specify
the handling processes for the exceptions. If an exception condition is detected by PDSS, apply(NewCoda,
NewArgv) is generated within the Sho-en to handle the exception. ‘Then, system waits for the unification of
this goal with NewCode and NewArgv. The predicate specified with ¥ewCode must be declared as public. When

BewCode is unified with [J, no goal is executed any more.

exception(ExepCaode, Info, NewCode, New Argvy)

Exception occured in Sho-en. ExepCode is a positive integer which indicates the type of exception. Info
i+ an information about the exception, and it is unique corresponding to the type of exception. Each .
exception code is described in Appendix-7. The new code and arguments of the goal chosen by the
user, in place of the failing goal which caused exception, should be unified with NewCode and HewhArgv.
ExcpCode and Info are described as follows. Below Callar is the code of the predicate which calls &
built-in predicate. OpCode is the operation code of the built-in predicate, Argv is the argument vector,
and Code is a three elements vector: {module-name, preicate-name, number-of-arguments}.



ExcpCode meaning i Info definition
0 Ilegal Input Type - {0, Caller, OpCode, Pos, Argv} Pos is the position of
H the invalid argument(] ~ 7)

1 Range Overflow 2 {0, Caller, OpCode, Argv]
3 Integer Overflow = {0, Caller, OpCode, Argv}
5 Floating Point Error ;- {0, Caller, OpCode, Argv}
& lllegal Merger Input :: {0, Caller, OpCode, MI, FMI} MI iz the invalid input daie for merger
i FMI is the input stream to merger
% Reduction Failore {0, Code, Argv)
10 Unification Failure :: {0, X, Y} X and Y are the terms which
i causes failure in body part unification
12 HRaised {0, RType, Rinfo} HI'ype,itlnfo are the terms

.. given by the built-in predicate:raise/3
16 Incorrect Priority = {D, Caller, OpCade, Argv}
I7  Module Not Found {0, Code, Argv}
18 Predicate Not Found :: {0, Code, Argv}

deadlock{ExcpCode, Info)
Deadlock has been detected in Sho-en. ExcpCode is an integer indicating that the type of exception is
deadlock. Info is an information about the excepiion, and now its format is shown below. DGoal is the
code of the predicate which causcs deadlock, or [J (in the case that deadlock is detected in global garbage
collection). DType is an integer indicaling deadlock type(see chapter §). GealsList is the list of codes of
goals which are deadlock roots,

ExcpCode meaning :; Info definition
11 Deadlock :: {0, DGoal, D1ype, (GoalsList} deseribed ahove

2.3 Priority

Lu KL1, it is possible te specify the priority at which each goal is executed. There are logical and physical
priorities, and each goal can have its own logical priority.  There are different levels of physical priority in
the system, and the scheduler converts logical pricrity into physical priority when it connects goals to the goal
stack. (As physical priority is less accurate than logical priority, user should not expect scheduling to reflect
exactly the logieal pricrity.) Upper/lower limits of priority in the Sho-en are also logical.

Priority of a goal is specified relatively to its parent goal, or relatively to the Sho-en it helongs to, The former
method is called “relative self specification in the belonging Sho-en” and the later is called “rate specification
in the belonging Sho-en™.

Rate specification in the belonging Sho-en

Goal priority is specified by a value relative to the upper/lower limit of the belonging Sho-en. It is written
as follows -

Goal @ priority(», Iate)
In this case, the goal priority is computed shown in Figure 4 :
Relative self specification in the belonging Sho-en

Goal priority is specified by a value relative to the logical priority of the parent goal. This priority cannot
exceed the upper/lower limit of the Sho-en.
Goal @ priority($, Rate)
This time, priority is computed accoding to the sign of Rate as shown in Figure 5 (in case of plus) and Figure
6 (in case of minus). ]

2.4 Syntax

Differences between GHC and KL1 are described here. Main differences are concerned with
» Module definition
+ Clausc ordering

¢ Priority specification



high

upper-limit{ Smaxz) y

priority of the calling poal{CP) ——

new goal priority{NFP) — 4098
Smin + (Smaz — Smin) x B4 (0 < Rate < 4096)
) Hate
lower-limit{ Smin) . ' ’
foow

Figure 4: computation of the goal priority by rate specification in the belonging Sho-en

upper-limit{ Smaz) * y

CP+ (Smaz - CP) x Bale (g < Rate < 4006) 1006
new goal priority(NP) —s
Tow
1

priority of the calling goal{C P) -

lower-limit(Smin} —s

Figure 5: computation of the goal priority by relative self specification in the belonging Sho-

en(plus)

high
upper-limit{ Smar) —— '

priority of the calling goal{C /) - '
I _I|_Ra1'.e
—

new goal priority(N P)

CP —(CP — Smin) x 526l (~4096 < Rate < 0) 4096
lower-limit{ Smin) * l ¥
low

Figure 6: computation of the goal priority by relative self specification in the belonging Sho-

en(minus)

» Macros description

The macros are described later in this document.



2.4.1 Module definition

The following & a medule definition :
:= module module-name.

This declaration must appear at the head of any module. Furthermore, any predicate defined in this module
but used outside of it should be declared as follows :

:- public predicate-name/number-of-arguments, --- .

Note that predicates executed by a buill-in predicate apply and those specified at Sho-en generation must
be declared public. Multiple definitions of a predicate, spreading over several clauses, cannot be split by the
definition of a different predicate. Doing otherwise causes display of the message “Assembler: Doubly defined
label.™.

A goal whose definition pertains to a different module can be used as indicated below

module-name @ goal-name

Conversely, any goal without "medule-name : * is recognized as a goal called inside the module. That is, a
goal name is ellicient in each module, and the same predicate names can be used as different predicate definition
as far as they are belong to different modules.

2.4.2 Clause ordering

Compilation of KL1 program goes through clause indexing, in order to maximize efficiency. This may in retuen
change the order according to which clauses are selected for evaluation. If clause evaluation ordering is a
necessity, the following statements should he used.

Scheduling order

The statement alternatively can be used to separate two sets of clauses, the first of which should be
scheduled with a higher priority. llowever, if all clauses in the fiest sel are suspended or fail, evaluation of
clauses in the second sel starts.

foo{[X|XX],2) :- true | p(X, XX, Z}).

alternatively.
foo(X,[2122]) := true | q{X,Z,2Z).

Evaluation order
The othervise statement is more straightforward : clauses following it are evaluated only if all of the
preceeding clauses failed. Suspension does not trigger anything in this case,

fool [X|1XX]) := X=a | pa(X,Xx).
foo([X]XX]) := X=b | pb(X,XX).

othervise.
fool(X) := true | g(¥).

2.5 Data types

Here are the data types supported by PDSS. The system recognizes only these dala types as "data”, that is,
only these data types can make sense for the system,

¢ Unbound variables .-- &, 412, B, _abg, _
As Prolog, an unbound variable consists of charactors and numerals, and begins with a capital charactor
or a underscore. Unbound variables of a same name in one clause are identified as the same. Note that
isolated underscores are recognized as different each other,

* Atoms --- abe, 'ABC', :=, ‘can’’t’

As Prolog, an atom consists of charactors which begin with a small letter, or-only of signs, or of charactors
quoted with single quotation marks. To use a sigle quotation mark: ' as an element of an atom name,
use two single quotation marks and quote the term with single quotation marks. Note that ‘3" is used by
the systemn as a particular usage, so users had better not use it as an atom (or an element of it).

L]



e Integers -+. 123, 187ACE, B'37, +3, -&

Usually an integer is expressed by the decimal notation, and ranges from —214T483648 to 2147483647,
Then the sign of it is taken as a part of an integer, unless spaces do not follow it. When an integer in
format x'y is used, the radix base x may vary between 2 and 36, with classical convention for figures.
But the sign cannot be incleded in this expression. Note that x'y format produces a syntax error on the
Prolog-Lased compiler, which makes sense for the reader of PDSS. The form radiz-base#number should
ke used instead. MNote that the number 15 expressed as a stringe.g. 16#7124C"),

s Floating Peint -+ - 1.23, 1.0e10, 3.0E-30, -2.0

Floating point is expressed by following format:
[sign] number *  decimal point numbert [e or E [sign of index number] number® |

Above, [...] expresses an option and number expresses numeral(s). It is not allowed to include any
space in this expression. As in an integer, the sign is taken as a part of an floating pont. PDSS supports
a single-precision (32 bits ) floating point number. It expresses a value by aboul seven places of decimal
which ranges from —3 402823 » 10% (o 3.402824 = 109,
To unify two floating point numbers, comparison of bit patterns of internal forms is used. Fven if displayed
two values seems to be unifiable, there are some possibilities of failing in unification. So, for general,
unification of two Hn:nﬂug poiul pumbers should not be intended.

# Lists --- [1,2,3], [xI¥]
A list is expressed by [ 1. Car and Cdr can be expressed by using °|".

s Vectors .- {1,2,{3,4}}, £(x), {3}
A vector is a structure of one dimension arrays, possibly of 0 dimension. To express a vector, it is allowed

to use { F or the funclor format. For example, £{a) and {£,a} have the same structure.

* Strings --- "abe®, W honw

A string is expressed by charactors qouted with double qoutation marks: ". To use a double quotation
mark: " as an element of a string, use two donble guotation marks and quote the terrn with double
quotation marks. The size of the striug allowed by the system ranges from 1 bil to 32 bits. On PDSS,
a string expressed by “..." is recognized as an 8 bits string. On Prolog-based compiler, *..." is not
precisely distinguished from lists, because a string is expressed by a list of codes of charactors on Prolag.
S0, a macro expression of the form string#”..." should be used to generate a string. Here, strings,
excluding 8§ bits strings, are used only for internal forms, and cannot be used in souree files as eonstants,
Indeed, unification of two strings will success if the strings have identical length and contents.

2.6 Built-in predicates
We now give the list of the built-in KL1 primitives supported by PDSS. The following is an example of the
format we use :

vector(X, “Size) = g

| T

Call formal Valid location for occurence

In this case, G means that the predicate can appear in the guard of the clause. Some predicates can
occur in Lhe body, in which case the letter B is used. GB denotes predicates which can occur in both places.
Besides, arguments with a = are outputs, whereas other arguments are inputs. One should take this into
account, because binding an output argument with an already instantiated variable may cause suspension.
Also, unification occuring in the guard is passive, whereas unification in the body can be active.

For some of the predicates described therein, input paramelers should verify some domain constraints.
Typically, to divide a number by 0 is not a very sound operation. If a domain constraint is not respected,
depending on the predicate position, two different things may happen : if the predicate is used within the guard
part of a clause, this clanse fails. If the predicate is in the body, an exception oceurs.

The system presents arithmetic macros for arithmetic operation, so it is not necessary Lo describe relevant
built-in predicates. Macros are described in capter 2.7.

2.6.1 Type checking

wait(X) 2 G
If X is unbound, suspension occurs. Otherwise, this predicate succeeds.



atom({X)} = G
If X 15 unbound, suspension occurs. If X is an atom, this predicate sueeeeds, otherwise it fails.

integer{X) :: G
Il X is unbound, suspension occurs. If X is an integer, this predicate succeeds, otherwise it fails.

floating_point(X) = G
If X is unbound, suspension occurs. If X is a floating point, this predicate succeeds, otherwise it fails,

list{X) : G
If X is unbound, suspension occurs. If X is a list, this predicate succeeds, otherwise it fails,

vector{X) :: G
If X is unbound, suspension occurs. If X is a veetor, this predicate succeeds, otherwise it fails.

string(X) = G
If X 1s unbound, suspension occurs. If X is a string, this predicate succeeds, otherwise it fails.

unbound (X, “Result) :: B
This primitive always succeeds. If X is unbound, Result is unified with a three-elements-vectar {PE,
Addr, X} Here, PE is the number of PE which helds the variable X {on PDSS always unified with 0), and
Addr is an address of the variable X. Conversely, if X is bound when this primitive is executed, Result is
unified with {X}. This primitive never causes suspension.
< ! »The values of PE and Addr will he changed after garbage collection.

2.6.2 Inff

diff{X, Y) =: G
If X and ¥ are identificd as not to be unifiable by comparison of the two terms, this predicate succeeds.
Conversely if X and ¥ can be identified as completely to have the same structure, the predicate fails.
Otherwise suspension occurs. Following macro can be used,

XA\ ¥ o<=> diff(X,Y).

< ! Z»Comparison of the terms is made in depth first from left to right. If any unbound variables are
found in comparison, comparison procedure is stopped and suspension oceurs, If X and Y are structured
terms, unifiability checking is limited in depth. If terms are unifiable in the depth limit, the predicate will
{uil, although a difference may exist deeper in the structures.

2.6.3 Arithmetic comparison (Integer)

equal{Integerl, Integer2) = G
If Integeri or Integer? is unbound, suspension occurs. If both Integeri and Integer? are integers and
are equal, this predicate suceeeds. Otherwise it fails. Following macro can be used.

X == ¥ <=> equallX,Y).

not_equal{Integerl, Integer2) :: G
If Integer1 or Integer? is unbound, suspension occurs. If both Integer1 and Integer2 are integers and
are not equal, this predicate succeeds. Otherwise it fails. Following macro can be used.

I =\=Y <=> not_squal(X,Y).

less_than(Integerl, Integer?) :: G
If Integeri or Integer2 is unbound, suspension occurs. If both Integeri and Integer2 are integers and
the value of the former is less than that of the latter, this predicate succeeds. Otherwise it fails. Faollowing
macro can be used.

I <Y <=> less_than(X,Y).
L >Y <=> lesa_than(¥,X).
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not_less_than{Integerl, Integer2) 1 G
If Integer! or Integer2 is unbound, suspension occurs. If both Integeri and Integerl are integers
and the value of the former is larger than, or equal that of the latter, this predicate succeeds. Otherwise
it fails. Following macre can be used,

X > Y <=> not_less_than(X,Y).
I=<Y <=> mnet less_than({¥,X).

2.6.4 Arithmetic operations {Integer)

add{Integerl, Integer2, “NewInteger) ;1 GB
If Integerl or Integer2 is unbound, suspension vceurs. If terms are not integers, failure or exception
oceurs. The result of the addition is unified with NewInteger, then if overflow is detccted, failure or
exception occurs. Following macro can be used.

iz X 4+ Y <=» add(X,Y,Z).

subtract(Integerl, Integer2, “Newlnteger) : GB
If Integeri or Integer2 is unbound, suspension occurs, If terms are not integers, failure or exception
oecurs. The result of the subtraction is unified with NewInteger, then if overflow is detected, failure or
exception oceurs. Following macro can he used.

Z:=X%X~-Y «=» subtract(X,Y,Z).

multiply(Integerl, Integer2, "NewlInteger) :: GB
If Integerl or Integer2 is unhound, suspension occurs. If terms are not integers, failure or exception
oceurs. The result of the multiplication is unified with NesInteger, then if overflow is detected, failure
or exception occurs. Following macro can be used,

Z:=X*Y <= moltiply(X,Y,Z).

divide(Integerl, Integer2, "NewInteger) : GB
If Integeri or Integer2 is unbound, suspension occurs. If terms are not integers, failure or exception
occurs. The result of the division is unified with KewInteger. Then if overflow is detected, or if Intergerd
i5 bound to 1, failure or exception occurs. Following macro can be used.

I:=X%/Y <=» divide(X,Y,Z}.

modulo(Integerl, Integer2, “Newlnteger) = GR
If Integerl or Integer2 is unbound, suspension occurs. If terms are not integers, failure or exception
occurs. The result of the rest of the euclidian division is unified with WewInteger. Then if overflow is
detected, or if Interger2 is bound to 0, failure or exception occurs. Following macro can be used.

Zi=Ymed ¥ <= module(X,Y,Z).

minus{Integer, “NewlInteger) :: GB
If Integer is unbound, suspension occurs. If it is not an integer, failure or exception occurs. Newlnteger
is unified with Integer with sign exchanged, then if overflow is detected, failure or exception occurs.
Following macro can be used.

Y := =X <=>» minus(X,¥).

< ! 2This s not supported on Multi-PSI V2.

increment(Integer, “Newlnteger) :: GB
If Integer is unbound, suspension occurs. If it is not an integer, failure or exception occurs, The result
to add 1 to Integer is unified with NewInteger, then if overflow is detected, failure or exception accurs.
Fallowing macro can be used, :
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¥ := X+ 1 <=> inerement(X,¥).

<¢. ! % This is not supported on Multi-PSI V2.

decrement{Integer, “NewlInteger) :: GB
If Integer is unbound, suspension occurs. If it is not an integer, failure or exception occurs. The result
to subtract 1 from Integer is unified with FewInveger, then if overflow is detected, failure or exception

occurs, Following macro can he used,
¥ := X -1 <=> decrement(X,Y).

< | %This is not supported on Multi-P5] V2,

abs{Integer, “Newlnteger) :: GB
Il Integer is unbound, suspension oecurs, I it is not an integer, failure or exception accurs. The absolute

value of Integer is unified with NevInteger, then if overflow is detected, failure or exception cecurs,
Fallowing macro can be used.

Y := abs{X) <=> abs(X,Y).

< ! 2»This is not supported on Mulii-P5] V2.

min(Integerl, Integer?, “Newlnteger) :: GB
Il Integerl or Integer2 is unbound, suspension occurs. If terms are not integers, failure or exception
cccurs, The lesser value of two input parameters is unified with NewInteger. Following macro can be

used.
2 := min(X,¥) <=* @in(X,Y.2).

< 1 2 This is not supported on Multi-FSI V2,

max(Integerl, Integer2, "Newlnteger) :: GB
If Integerl or Integer2 is unbound, suspension oceurs. If terme are not integers, failure or exception
occurs. The larger value of two input parameters is unified with NewInteger. Following macro can be

u:l{::l.
2 := max{X,Y) <=> max(X,Y.Z).

<€ ! %This is not supported on Multi-PSI V2.

and(Integerl, Integer2, “NewlInteger) : GB
Il Integerl or Integer2 is unbound, suspension occurs. If terms are not integers, failure or exception
occurs. The result of & bitwise logic and operation is unified with NewInteger. Following macro can be

uzed,

Z:=X /AT <=> and(XY,Z).

or{Integerl, Integer2, “NewlInteger) :: GB
If Integeri or Integer2 is unbound, suspension occurs. If terms are not integers, failure or exception
occurs. The result of a bitwise logic or operation is unified with FewInteger. Following macro can be

used,

Z2:=XNY <= or(X%,Y,2).

exclusive_or(Integerl, Integer2, “NewInteger) :: GB
If Integer1 or Integer2 is unbound, suspension occurs. If terms are not integers, failure or exception
occurs. The result of a bitwise logic exclusive or operation is unified with RewInteger. Following macro

can be used.

2 :=X xor ¥ <=* exclusive_or(X,Y,Z).
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complement (Integer, “NewlInteger) »» GB
Il Integer is unbound, suspension occurs. If it is not an integer, failure or exception oceurs. This

unifies FewInteger with the I's complement of Integer. This is equivalent to exclusive_or(-1, Integer,
KewInteger). Following macro can be used.

¥ := \(X) <=> complement(X,¥).

shift_left(Integer, ShiftWidth, “Newlnteger) :: GB
If Integer is unbound, suspension occurs. If it is not an integer, failure or exception occurs. If ShiftWidth
is unbound, suspension occurs. If it should be an integer in the range [0,31], failure or exception occurs.
Kewlnteger is unified with the result of logic bitwise shift, Following macro can be used.

Z =K << ¥ «=» shift_left(X,Y,Z).

shift_right({Integer, Shift Width, “NewlInteger) : GB
If Integer is unbound, suspension sccurs, If it is not an integer, failure or exception occurs. If ShiftWidth
is unbound, suspension occurs. If it should be an integer in the range [0,31], failure or exception occurs.
NewInteger is unified with the result of right lngic bitwise shift. Following macto can be used.

2 =X > Y <=> ghift_right{X,Y,2).

2.6.5 Arithmetic comparison (Floating point)

floating_point_equal{Float1,Float2) :: G
I Floatl or Float2 is unbound, suspension occurs. If both Float1 and Float2 are floating points and
equal, this predicate suceeeds. Otherwise it fails. Following macro can be used.

I $=:= Y <=> floating point_equal(X,Y).

floating_point_not_equal(Floatl, Float2) :: G
If Fleati or Float2 is unbound, suspension occurs. If both Fleat1 and Float2 are floating points and
are not equal, this predicate succeeds. Otherwise it fails. Following macro can be used,

I $=\= Y <= {floating point_not_equal(X,Y).

Hoating_point_less_than(Floatl, Float2) 1 G
If Float! or Fleat2 is unbound, suspension oceurs. If both Fleat1 and Float? are floating points and
the value of the former is less than that of the latter, this predicate suceeeds. Otherwise it fails. Following

macro can be used.

X $< Y <=> {floating point_less_than{X,Y).
X $>Y <=> floating_point_less_than(Y,X).

floating_point_not_less_than(Floatl,Float2) = G
If Float1 or Float2 is unbound, suspension occurs. If both Fleat1 and Float2 are floating points and
the value of the former is larger than, or equal that of the latter, this predicate succeads. Otherwise it

fails. Following macro can be used.

X $>= Y «=> {floating_point_not_less_than(X,Y).
I$=<Y <=> floating point_not_less_than(Y,X).
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2.6.6 Arithmetic operations (Floating point)

fHoating_point_add({Floatl, Fleat2, "NewFloat) :: GB
If Fleatl or Floas2 is unbound, suspension occurs. If terms are not floating points, failure or exception
cccurs. The result of the addition is unified with ¥esFleoat, then if overflow is detected, failure or exception

ccenrs. Following macre can be used
T $:= X+ Y <=> floating point_add(X,Y,Z).

< 1 %0n Multi-PSI V2, if overflow is detected, failure or exception will not occur, and infinity outputs
into NewFloat.

floating_point_subtract{Floatl, Float2, "NewFloat) :: GB
If Floatl or Float2 is unbound, suspension occurs. If terms are not Hoating points, failure or exception
oceurs. The result of the subtraction is unified with NewFloat, then if overflow 1s detecied, failure or

exeeption oceurs, Following macro can be used.
Z 8= X =¥ <=> {floating peint_subtract{l,Y,Z).
< ! »On Mulii-PSL V2, if overflow is detected, failure or exception will not occur, and infinity outputs
into FewFloat.

floating_point_multiply(Floatl, Float2, “NewFloat) :: GB
If Fleatl or Fleat? is unbound, suspension oceurs. If terms are not floating points, failure or exception
occurs. The result of the multiplication is unified with NewFloat, then if overflow is detected, failure or
1:xr.e'pi'|mi oceurs Fol]owing macro can be used,

2 %=X =Y <= floating point_multiply(X,¥,2).
& ! 20n Multi-PSI V2, if overflow is detecled, failure or exception will not aceur, and infinity outputs
inte NewFloat.

floating_point_divide(Floatl, Float2, “NewFloat) :: GB
If Float! or Float2 is unbound, suspension occurs. If terms are not floating points, failure or exception
oceurs. The result of the division is unified with NewFloat. Then if overflow is detected, or if Float? is
bound te 0, failure or exception occurs. Following macro can be used.

Z%$:=X/Y «<=> floating peint divide(X,Y,Z).

£ 1 0n Multi-PSL V2, if overflow is detected, failure or exception will not accur, and infinity outputs
into NewFloat,

fioating_point_minus(Float, “NewFloat) 11 GB
If Float is unbound, suspension occurs. I[it is not & floating point, failure or exception occurs. NewFloat is
unified with Float with sign exchanged, then if overflow is detected, failure or exception occurs. Following
macro can be used.

Y §:= -X <=> floating point_minus(X,Y).

< | %This is not supported on Mult-PSI V2,

fHloating_point_abs(Float, “NewFloat) :: GB
Il Float is unbound, suspension occurs. If it is not a floating point, failure or exception occurs. The
absolute value of Float is unified with NewFloat, Following macro can be used.

Y $:= abs(X) <=> floating point_aba(X,¥).

< | This is not supported on Multi-PSI V2.

foating_point_min({Floatl, Float2, “NewFloat) :: GB
If Floatl or Float2 is unbound, suspension occurs. If terms are not floating points, failure or exception
occurs. The lesser value of two input parameters is unified with NewFloat. Following macro can be used,
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Z $:= min{X,Y) <=> fleating point min(X,Y,Z).

< 1 ZThis is not supported on Multi-PSI V2.

floating_point_max({Floatl, Float2, “NewFloat) = GB
If Floatl or Float2 is unbound, suspension occurs. I terms are not floating points, failure or exception
occurs. The larger value of two input parameters is unified with NewFleat. Following macro can be used.

Z %$:= max(K,Y) <= fleating point max(X Y, Z).

< ! =This is not supported on Multi-PST V2.

floating_point_floor{Float, "NewFloat) :: GB
If Float is unbound, suspension occurs. IF it is not a floaling poind, failure or exception occurs. The
largest integer not greater than Fleat is unified with NewFloat. Following macro can be used.

Y $:= fleor(X) <=> Zloating point_floor(X,Y}.

< 1 %=This is not supported on Multi-PSI V2.

floating_point_sqrt(Float, “NewFloat) :: GB
If Fleat is unhound, suspension occurs. If it is not a floating point, failure or exception occurs. If Float
15 negative number, failure ar exception occurs. The square root of Float is unified with NewFlcat,
Following macro ean be used,

Y %:= sqrt(X}) <=> fleating peoint_sqre{X,Y).

< | %'This is not supported on Multi-P5I V2

floating_poinl_In{Float, “NewFloat) :: GB
If Float is unbound, suspension oceurs. If it is not & foating point, failure or exception oceurs, If Float
i5 less than 0.0, failure or exception occurs. The natural logarithm of Float is unified with NesFleat.
Following macro can be used,

Y $:= In{X} <=+ floating_point_1n{X,¥).

< ! 2% This is not supported on Multi-PSI V2,

floating_point_log(Float, “NewFloat) :: GB
If Fleat is unbound, suspension occurs. If it is not a floating point, failure or exception occurs. If Float
15 less than 0.0, failure or exception occurs, The base 10 logarithm of Float is unified with NewFloat
Following macro can be used,

Y §:= 1DEJ:13 <=k fluatinE_puint_loEEI*TJ.

< ! This is not supported on Mulli-P51 V2,

floating_point_exp(Float, “NewFloat) : GB
If Float is unbound, suspension occurs. Ifit is not a floating point, failure or exception occurs. e is raised
to Fleat power and the result is unified with ¥ewFloat, then if overflow is detected, failure or exception
oceurs. Following macro can be used.

Y $:= exp(X) <=> floating point_exp(X,Y).

<%, ! *»This s not supported on Multi-PSI V2.

floating_point_pow(Floatl,Float2, “NewFloat) :: GB
If Fleat1 or Float2 is unbound, suspension occurs. If terms are not floating points, failure or exception
occurs. If Flearl is not a negative number, and Float2 is not an integer, failure or exception oceurs.
Float! is raised to Float2 power and the result is unified with NewFloat, then if overflow is detected,
failure or exception occurs. Following macro can be used.
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Y §:= Xe#¥ <= floating point_pow(X,Y,Z).

« ! % This is not supported on Multi-FPS1 V2.

floating_point_sin(Float, “NewFloat) :: GB
If Float is unbound, suspension occurs. If it is not a floating point, failure or exception occurs. sin{
Float) is unified with NewFloat, then if overflow is detected, failure or exception occurs, Following macro

can be used.
Y $:= sin(X) <=> floating peint_sin(X,¥].

<% ! =This is not supported on Multi-PST V2.

floating_point_cos(Float, "NewFloat) :: GB
If Fleat is unbound, suspension occurs. If it is not a floating point, failure or exception vecurs, cos(
Fleat) is unified with NewFleat. Following macra can be used.

Y $:= cos(X) <=> floarving peint_cos(X,¥).

< ! »This is not supported on Multi-PSI V2,

floating_point_tan(Float, “NewFloat) :: GB
If Float is unbound, suspension occurs. If it is not a floating peint, failure or exception occurs. tan(
Float) is unified with NewFloat, then if overflow is detected, ailure or excepiion oceurs. Following macro

can be used.
Y $:= tan(}X} <=> floating point_tan(X,Y).

< | = This is not supported on Multi-FSI v2,

floating_point_asin(Float, "NewFloat) :: GB
If Float is nnbound, suspension occurs. If il is not a foating point, failure or exception occurs. If Float
should be in the range [-1.0,1.0], failure or exeeption occurs. arcsin{ Float) is unified with NewFloat,

Following macro can be used.
Y §:= agin(X) <=> floating point_asin(X,Y).

< ! % This is not supported on Multi-PST V2.

floating_point_acos(Float, "NewFloat) :: GB
If Float is unbound, suspension occurs. If it is not a floating point, failure or exception oceurs. If Float
should be in the range [-1.0,1.0], failure or exception occurs. arccos{ Fleat) is unified with NewFloat.

Following macro can be used.
Y $:= acos(X) <=> {floating_peint_acos(X,¥).

< | %This is not supported on Multi-PS] V2.

floating_point_atan(Float, "NewFloat) i: GB
If Float is unbound, suspension occurs. If it is not a floating paint, failure or exception occurs. arctan(
Float) is unified with NewFloat, then if overflow is detected, failure or exception occurs. Following macro

can be used,
Y $:= atan(X) <=> floating point_atan(X,Y).
< ! 2% This is not supported on Multi-PSI V2.
floating_point_atan(Float1,Float2, “NewFloat) :: GB
If Floatl or Float2 is unbound, suspension occurs. If terms are not floating points, failure or exception

occurs. If Float2 i= 0.0, failure or exception occurs. arctan| Float/ Float2) is unified with NewFloat,
then if overflow is detected, failure or exception occurs. Following macre can he used.
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2 %:= atan(X/Y} <=> floating_point_atan(X,¥,Z}.

& | ®This is not supported on Multi-P5T V2.

floating_point_sinh(Float, “NewFloat) :: GB
If Float is unbound, suspension occurs. If it 18 not a floating point, failure or exceplion occurs. sinh(
Float) is unificd with NewFloat, then if overflow is deiected, failure or exception occurs. Following macro

can be used.
Y $:= sinh(X) <=> fluntins!Puint_ninhl:I,\',,2}.

< | *%This is not supported on Multi-PST V2.

floating_point_cosh(Float, "NewFloat) :: GB
If Float is unbound, suspension eccurs. If it is not a floating point, fallure or exception occurs. sinh(
Float) is unified with NewFloat, then if overflow is detected, failure or exception oceurs. Following macro
can be used.

Y $:= cosh(X) <=» {loating peint_cosh(X, Y},

< 1| %= This is not supported on Multi-PSI V2.

floating_point_tanh{Float, “NewFloat) :: GB
If Fleat is unbound, suspension oceurs, I L is nobt a ﬂrm!ing point, failure or exceplion occurs. Lnnh[’
Float}) is unified with NewFleat, Following maecro can be used.

Y #:= tanh(X) <=> floating_point_tanh{X,¥,Z}.

< 1 % This is not supported on Multi-P5I V2,

2.6.7 Conversion (Integer - Floating Point)

floating_point_to_integer{Float, "Integer) :: GB
If Float is unbound, suspension occurs. If it 18 not & floating point, failure or exception occurs. Otherwise
this predicate converts Float nlo mteger (The integer is returned the value of the Jeast integer greater
than or equal to ) , and unifies it with Integer. Following macro can be used,

Y := int{X)}) <=> {floating_point_to_integer(X,Y,Z).

integer_to_floating_point(Integer, “Float) 1 GB
if Integer is unhound, suspension sceurs, IT it is not an integer, failure or exception occurs. Otherwise
this predicate converts Integer into floating peoint, and unifies it with Fleat. Following macro can be
uscd,

Y $:= float(X) <=> integer_to_floating peint(X,Y,Z).

2.6.8 Vector predicates

vector(X, "Size) 1 G
If ¥ is unbound, suspension occurs. If X is a vector, this predicate succeeds and Size is unified with the
veclor size. Otherwise the predicate fails.

vector({X, “Size, “NewVector) :: B
If X is unbound, suspension occurs. If X is a vector, Size is unified with the vector size, and FewVector
iz unified with a copy of 1. Otherwize exception sceunrs. This i= useful to duplicate a vector and avaid

inter-process referencea, which are the pain for the garbage collector.

new_vector(~Vector, Size) :: B
If Size s unbound, suspension oceurs. If it is not positive or null, exception oceurs. If the size of a vector
freshly allocated wilh size Size is beyond the heap size, exception occurs. Otherwise this predicate unifies
Vector with a freshly allocated vector, filled with zeros, which size is given by Size,
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vector_element{ Vector, Position, “Element) 11 G
This predicate is used to extract one element from a vector. If Vecter or Positien is unbound, suspension
oceurs. I Vecter is not a vector, the predicate fails. Position indicates the rank of the element, starting
from 0. If Position is not a positive integer, or if it is bevond the size of the vector, the predicate fails.
Otherwise Element is unified with the result of extraction.

vector_element{Vector, Position, “Element, “NewVector) :: B
This predicate is used to extract one element from a vector, If Vector or Positicn is unbound, suspension
occurs. If Vector is not a vector, exception oceurs. Positien indicates the rank of the element, starting
from 0. If Pesition iz not a positive integer, or if it is beyond the size of the vector, exception oecurs.
Otherwise Element is unified with the result of extraction, and NewVector is unified with a copy of Vector.
This is useful to avoid multiple references which could impair garbage collector operations,

set_vector_element(Vector, Position, * 0ldElem, NewElem, “NewVect) :: B
This predicate is used to extract one element from a vector and replaces it with a new element, and makes
a copy of the original vector. If any of Veeter or Position or NewElem are unbound, suspension cecurs,
If Vector is not a vector, exeeption oecurs. Position indicates the rank of the element, starting from 0.
If Positien is not a positive integer, or if it is beyond the size of the vector, exception oceurs, Otherwise
O1dElem is unified with the result of extraction. Then the predicate makes a copy of Vector and replarces
the element specified by Position, and unifies the modified vector with NewVect.

2.6.9 String predicates

string(X, ~Size, "ElemcntSize) : G
If X is unbound, suspension occurs. IT X is a string, Size is unified with the number of characters in the
string and ElementSize is unified with the length of each character, expressed in bits. Otherwise the

prtdlcui,r: fauls.

string(X, “Size, "ElementSize, “NewString) = B
If X 15 unbound, suspension occurs. If X is a string, Size js unified with the number of characters in the
string and ElementSize is unified with the length of each character, expressed in bits. Then NewString
is unified with a copy of the string. Otherwise exception cecurs.

new_string( “String, Size, ElementSize) :: B
If Size or ElementSize is unbound, suspension occurs. Size specifies the length of the string. If Size
15 not a positive integer, exception occurs. ElementSize specifies how many bits contains each character.
If ElementSize is an integer in the range [1.32], exception oceurs. If the size of a string freshly created
with size specified by Size and ElementSize is beyond the heap size, exception oceurs. Otherwise the
prediate unifies String with a freshly created string specified by $ize and ElementSize. The string is
filled with zeros.

string_element(String, Position, “Element) = G
This predicate is used to extract one character from a string. If String or Position is unbound, suspension
occurs. If String is not a string, this prediacte fails. If Positien is not a positive integer or if it is beyond
the length of the string, the predicate fails. Otherwise Element is unified with the charactor(integer)
specified by Position. Position of the first character is 0.

string_element(String, Position, "Element, “NewString) = B
This predicate is used to extract one character from a string, and makes a copy of an original string,
If String or Position is unbound, suspension occurs. If String is not a string, exception ocecurs. If
Position is not a positive integer or if it is beyond the length of the string, exception occurs. Otherwise
Element is unified with the charactor({integer) specified by Position, and KeeString is unified with a
copy of String. Positvion of the first character is 0.

set_string_element(String, Position, NewElement, “NewString) :: B
If String or Position or NewElement is unbound, suspension occurs. If String is not a string, exception
occeurs. If Position is not a positive integer or if it is beyond the length of the string, exceplion occurs.
If NewElement is not an integer or if it is beyond the width of one element, exception occurs. Otherwise
this predicate makes a copy of String and replaces the element of Pogition with NewElement, and unifies
the modified string with NewString.
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substring(String, Position, Length, "SubString, "NewString) :: B
If String or Pesition or Length is unbound, suspension occurs, If String is not a string, exceplion
occcurs. If Position is not a positive integer or if it is beyond the length of the string, exception occurs.
If Length is not a positive integer or if the length of Position + Length exceeds the length of String,
exceplion oceurs. Otherwise this predicate extracts a substring from the original string, starting from
Position with length Length. Then SubString is unified with the result, and NewString is unified with
the criginal one.

set_substring(String, Position, SubString, “NewString) :: B
If Btring or Positien or SubString is unbound, suspension accurs. If String is not a string, exception
occcurs. If Position js not a positive integer or if it 15 beyond the length of the string, exception occurs. If
the width of one element of SubString is not the same as that of String, exception oceurs. If the length
of SubString 4 Position exceeds the length of String, exceplion oceurs. Otherwise this predicate
substitutes element(s) of the String specified by Position for SubString, and NewString is unified with
the result of this substitution,

append_string(Stringl, String2, “NewString) = B
If Stringl or String?2 is unbonnd, suspension occurs. IF two input strings are not the same hitwise type,
exception occurs. Otherwise this predicate unifies FewString with the result of concatenating String?

after Stringl.

2.6.10  Atom predicates

intern_atom(*Atom, String) = B
If String is unbound, suspension occurs. If String is not a string of 8-bits characters, exception accurs,
Otherwise this predicate transforms a string of 8-bits characters String into an atom, whose name matches
the string contents. This atom is unified with Atem.
< ! 200 Multi-PSI ¥2, this is not 2 built-in predicate but a function of operating system.

new_atom{“Atom) :: B
This predicate creates a new atom and unifies it with Atom. The atom has no printing name,

atom_name(Atom, “String) : B
If Atom is unbound, suspension occurs, and if it is not an atom, exeception oceurs, Otherwise String is
unified with a 8-bits string which contains the name of the atom.
< ! %00 Multi-PST V2, this is not a built-in predicate but a function of operaling system.

atom_number{ Atom, *N umber) :: B
If Atom is unbound, suspension occurs, and if it is not an atom, exception occurs. Otherwise Kumber is
unified with the atom number correspending to Atom. The atom number is identically given by the system
to each atom according to the order of creation of it.

2,6.11 Code predicates

predicate_to_code(Meod, Pred, Arity, “Code) =« B
IT any of Med or Pred or Arity are unbound, suspension occurs. If Ned or Pred is not an atom, or if Arity
i5 not a positive integer, exception occurs. Otherwise Code is unified with the code specified by Mod, Pred,
and Arity. If the module, specified by Med, does not exist, or if the predicate is not found(i.e. it is not
defined or is not be delared as public), Code is unified with an atom a.

code_to_predicate(Code, “Mod, “Pred, - Arity, “Info) & B

If Code is unbound, suspension occurs. If Code is not a three-elements-vector, exception occurs. Any
elements of Code are unbound, suspension occurs. The fist element of it is a module name, and if it is
nol an atom or if it does not exist, exception occurs. The second element is a predicate name, and if it is
not an alom or if it is not found, exception occurs. The third element is & number of arguments of the
predicate, and if it is not a positive integer, exception occurs. Otherwise this predicate unifies the module
name with Mod, and the predicate name with Pred, and the number of arguments with Arity. Info is
unified with an integer indicating whether the predicate is spied(1}, or not(0).
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2.6.12 Stream support

merge(In, “Out) :: B
This primitive can be used to merge one or more ioput streams (In) and unify the result with Out. A
vector of streams, if given as one of the input, is divided into its stream components. The following is a

partial definition of this predicate :

merge([], 0} := true | O=[].

merge([A1T]1, O} :- true | O=[A|ND], merge(I, NO).
werge({}, 0) :- true | 0O=[].

merge({I}, 0) :- true | merge(I, O).

merge({I1,I2}, D) :- true | merge(Ii, IZ, O).
morge({I1,I2,I3}, O} :~ true | merge(I1, I2, I3, O).

merge([], I2, O} := true | merge{I2, O).

merge(Ii, [J, 0} - true | merge{I1, O).

merge([A1I1], IZ, O) :- true | 0=[A|N0], merge({Ii, IZ, KO).
merge{Ii, [AII2], O) := true | O=[A]¥0], merge{Ii, IZ, KO).
merge({{}, I2, O} := true | merge{IZ, D).

merge(I1, {}, 0) :- true | merge(I1, 0).

merge({I3,I4}, I2, 0) :- true [ merge(I3, I4, I2, 0O).
merge({I3,I14 T8}, I2, 0) :- true | merge(I3, I4, IS, I2, 0).

2.6.13 Second order function

apply(Code, Args) :: B

If Code or Args is unbound, suspension occurs, If Code is not a three-elements-vector, exception oceurs.
Any elements of Code are unbound, suspension oceurs. The fist element of it is 2 module name, and if
tt is not an atom or if it does not exist, exception occurs. The second element is a predicate pame, and
if it is not an atom ot if it is not found, exception occurs. The third element is a number of arguments
of the predicate, and if it is nol a positive integer, exception occurs. If Args is not a vector or if the
number of arguments of it s not identical with the third element of Cede, exception ocecurs. Otherwise
this primitive calls the predicate specified by Code, with arguments specified by Arges.

2.6.14 Special 1/0 functions

read_consocle(Integer) 2 G
This predicate unifies Intager with a number read from the console window,
< ! »The language processor is halted during this operation. This predicate is used mainly for debugging

purposes.

display_console(X) « G
This predicate displays the current value of X on the console window, even if this variable is unbound.

put_console(X) 1 G
If X is an integer, this primitive puts the equivalent ASCII character on the console window. If X is an
B-bits character string, the string is put on the console window. If X is undefined, or has any other type,
the predicate does nothing. Anyway no line feed or carriage return is added.

2.6.15 Other predicates

raise(Tag, Type, Info) :: B
If Tag is unbound, suspension occurs. If it iz not a positive integer, exception oceurs. A ground-term
does not include any unbound variables. If Type is not a ground-term, suspension occurs. Otherwise this
predicate causes Tag to be logically and-ed with the tag of all ancestor Sho-ens, starting from the current
She-en until the top, recursively, This process stops as soon as the result of the and operation is not zero.
‘Then, a message is inserted in the report stream of the referred Sho-en. This message is as follows (also
see exceplion information in chapter 2.2) ;

exception{12, {0, Type, Info}, NewCode, Newdrgv)
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consume_resource(Red) 2 B
If Red is unbound, suspension occurs. If it is not a positive integer, exception oceurs. Otherwise this
predicate emulates the consumption of computing resources, as if due to actual reductions. Red is the
number which is added to the count of performed reductions. If this count excends the allowed maximum,
the resource_low condition occurs.

hash{X, "Value, “NewX) =: B
If X is unbound, suspension occurs. Qtherwise this predicate unifies Value with a hash code computed
according to X, and also unifies KewX with X.

current_processor(”ProcessorNumber, "X, “Y) = B
This predicate unifics ProcessorNumber with the processor number of the processor executing this pred-
icate. X and ¥ are unified with the coordinates of this processor, depending on the topology of the
connection network. On PDSS, which emulates execution by a single processor, ProcessorNumber is
unified arlitearily with 0, and X and ¥ are unified with 1.

current_priority (" CurrentPriority, “ShoeaMin, “ShoenMax) :: B
This predicate unifies CurrentPrierity with the priority of the goal executing this predicate. And it also
unifies ShoenMin with the lower limit of priority in the Sho-en, ShoenMax with the upper limit of priority.

2.7 Macros
For case of writing, several categories of macros have been introduced in KL1,
* Macros for the description of constants,
» Macros for arithmetic comparison.
s Macros for conditional branch.
» Macros for the declaration of implicit arguments.

In the current version, users cannot define their own macros.

2.7.1 Constant description macros

The following macros generate constant numbers.

Base#"character-string"
This macro generates an integer number, in the integer Base specified before the sharp sign. The base
must be from 2 to 36. Figures can be taken in [0,0] and [a/A 2/Z], a5 most commonly.

string#“character-string"
‘This macro can be used to generale a string of default type. Within PDSS, default type is ASCII stored
as 8 bits characters. On Multi-PSI V2, characters are taken within the JIS Kanji set, stored as 2 bytes
characters.

ascii#"character-string"
This i useful to assert that the generated string is coded in ASCIH, within one byte characters.

#"character"
This macro generates a character, using the default representation of the system. In this aspect, it is
similar to the string macro introduced above. On Multi-PSI V2, characters are taken within the JIS
Kanji set.

c#'character"
This macro asserts generation of an ASCII character, stored as a single byte.

ascii#character-atom :
This has the same effect, but the character is entered as an atom, not between double quotes. (ex:

asciig®[*).

keydle
This macro generates a line feed in ASCIL

keyker
This macro generates a carriage return in ASCII.
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For Integer
I Priority I Operator | Expanded pattern

X =:= Y | equal(X,Y)
T00 X =\= ¥ | not_equal(X,Y)
{xfx) X<y less_than{X Y
>y less_than{Y X)
X =< Y | pot_less_than(Y X)
¥ »= Y | not_less_than{X,Y)

For Floating Point
| Pnont}r] Operator | Expanded pattern |

i I $=:= ¥ | floating_point_equal{ X,Y)
00 X $=\= ¥ | floating_point_not_equal [ X,¥)
[xfx) X &< ¥ | floating_point_less_than(X,Y)
X % Y | floating point_less_than(Y X)
X =< ¥ | floating_point_nok_less_than(¥Y X)
X $o= ¥ | Aoating._point_not_less_than{X,Y)

Table 1: Arithmetic Comparison Macros

2.7.2 Unification macros

left-hand = right-hand
This macro performs unification of left and right hands. Tt can be used in body and guard.

left-hand “= right-hand
This is equivalent to diff(left-hand, right-hand). This macro can be used only in guard part of &
elause.

left=hand := right-hand
This macro unifies the left hand with the right hand, but if integer aperation macros feature in the right
hand, evaluation takes place. This macro, which can be used in guard or body, is similar to the “s"

operator of Prolog.

left-hand $:= right-hand
This macro unifies the left hand with the right hand, but if floating point operation macros feature in
the right hand, evaluation takes place. This macro, which can he used in grard or body, is siimilar to the

“ia" operator of Prolog,

2.7.3 Arithmetic comparison macros

Arithmetic comparison operators can be used in guard, in place of built-in predicates. But integer or floating
point operation macros in both hands of the comparison are not evaluated when built-in predicates are used.
The comparison operators are described in Table 1,

2.7.4 Arithmetic operation macros

Arithmetic macros are using +,-,#+,/. The conversion of data types needs to describe it explicitly, because it
is not performed automatically by the system. Expansion is done according to the following rules :

# The right hand of the 1=, $:= macro
The result of the evaluation of the right hand of the operator is unified with the left hand (as for the “is”
operator of Prolog). := is used for integer operation, and $:= for floating point operation.

¢ Both hands of comparison macros .
The both results of the evaluation are compared to each other. The operator without $ is used for integer

operation, and one with % is for floating point operation.

# The right hand of implicit argument maero <=, $<=
The result of evaluation of the right hand side is unified with the argument specified by left hand side.

<= is used for integer operation, and $<= is for floating point operation.
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Friority | Type | Operator | Expansion Generated built-in predicate
patlern in integer expression | _in floating point expression
yix X+1 7 increment{ X, %)
500 yix X+Y i add({X,Y ,Z) floating_point_add(X,Y,Z}
yix X-1 Z decrement(X,Z)
yix X-Y Z subtract(X Y, Z) floating_point_subtract{X Y 7}
fx -X z minus( X, Z) floating_point _minus({X,Z)
yix INY A or{X,Y,2Z}
¥ix XY Z and({X,Y,2)
vix XxorY Z exclusive_or( X,Y,Z)
vix XY & multiply(X,Y,Z) floating_point _multiply(X,Y 2}
ano | oyl | X/Y 7 divide(X,Y,Z) floating. point_divide(X,Y,Z}
yix X< & shift _left{ XY ,Z)
yix XY Z shift_right(X .Y Z)
300 xlx XmodY Z | modulo(X,Y,2)
xfy Xoas Y Z floating_point_pow({X,Y %)
abs(X) Z abs{X.Z) floating_point _abs{X )
as & term min{X,Y) A min(X,Y,Z} floating_point _min(X,Y,Z)
max(X,Y) Z max(X,Y,Z) floating_point _max{X Y 2}
WX Z complement{ X, £}
floor|X) Z floating_point_floor( X ,2)
sarifX) Z floating_point_sqri{X,7)
In{ X} A foating_point_In{X 7))
log(X) Z foating_point_log{ X, Z)
exp{X) z floating_point _exp(X,2)
sin(X) Z floating_point_sin{X,Z)
cos( X i floating_point_cos(X,Z)
tan(X) 4 foating_point_tan(X,2)
asin(X) Z floating_point_asin{X,2)
acos{X) Z floating_point_acos(X,Z)
atan{X) Z floating_point_atan(X,Z}
alan(X/Y) Z floating_point _atan(X,Y Z)
sinh{ X} Z floating_point_sinh{X,7)
cosh(X) 7 floating_point_cosh(X,Z)
tanh(X) i floating_peint_tanh{X,2)
int(F) | floating_point_to_integer(F I}
float(l) F integer _to_floating_point(I,F)

Table 2: Arithmetic operation macros

¢ In the case that ~(expression) or §"(expressien) is used to explicitly require expansion of the expres.

SlOM.
ex: p(T(L+Y+1)}) becomes add(X,Y,4) cadd{A,1,B),p(B).

Macros embedding constants are evaluated during compilation.

The arithmetic operators are described in Table 2. The higher is the priority, the lower is the precedence.
Tt is always possible to make a term by wsing ( ).
<2 1 %0n Multi-P5] V2, supported floating point operators are only on the arithmetic operation.

When users need Lo constrain expansion of macros, it is used back quotes.

» “{Lerm)
All the expansion of macro in "term” are completely constrained.

* ‘{term)

If "term” is a structure, the expansion of the top level of it is exclusively constrained, and at the deeper
level macros are expanded,
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2.7.5 Macros for implicit argument passing

It is very unconvenient to rewrite arguments which appear recurrently in the head of several clauses. To lighten
this tedium, implicit argument support{through macros) has been provided,

Two kinds of parameter declarations are possible, depending on the scope which is desired. The first one iz
global, ie applics to a2 module whaolly, whereas the second is local to & part of a module :

:- implicit arg-nams :@ type { , arg-hame : type , ... .
t= local _implicit arg-name : type { , arg-name :@ type , ... }.

Here, arg-name (atom) is the name of the implicit argument. Type can be ; shared, stream, oldnew or string.

The global implicit declaration can appear only once in a module, right after the public declaration, Local
declaralions can appear several times in a module. Each time it appears, it invalidates the previous declaration,
To suppress the usage of all implicit arguments, use the following -

i= lecal_implicit.

The name space of local and global arguments are the same, so that different names have to be used.

Using ==> in place of :=, means that a predicate uses implicit arguments. They are inserted in the predicate
arguments list, before arguments explicitly given by the user. Exact order is as follows |

1. Gilobal arguments
2. Local arguments

3. explicit. arguments {nr:h*r 15 1ol L'.!J;-mgi::,l]

% ex &

= module test.
i= public XIXX.
= implicit a:toldnew, b:shared.

plH)} ==> true | g(X), r.
%) Here, a and b are added to the argument list.

= local_implicit d:oldnew.
4% At this point a,b and d are added.

:— local_implicit d:shared, e:stream.
%% From this peint, a,b,d and e are added.
%% The type of d has changed, from oldnew to shared.

:= local_impliecit.
%Y From this point, only the global args. & and b will be added.

To access a global argument in a clause, & must be put before the argument. To update a value {or unify
with some value), the operator <= or $<= or <<= is used. If the argument is a string or a vector, use :
karg-name(position)
to update or access one of its elements. The first element has position 1. The following is a presentation of cach
type, with some examples.

shared argument type

If no update of a shared argument oceurs within a given clause, all goals of the clause share the same instance
of the argument. This is illustrated in example a) below. If the value has to be updated in the clause, use the
following syntax :
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darg-name <= naw-value
Barg-nams $<= nem-valus

The new value is effective after update. That means that the respective position of update statement and goals
in a clause determines whether the old argurment value or the new argument value is used. This is illustrated

in examples b) to d)

< ex Z» definition: :- implicit counter:shared.

a) before expansion; P ——> true | g, I.
after expamsion: pi{Cnt) :- true | g{Cnt), r(ctnt).

b) bafora: p ==* true | Ecounter <= kcounter + 1, q.
after: p(Cnt) :- true ]| add(Cmt,1,Cnt1), g{Catl).

¢} before: p --» true | &counter <= kcounter+1, kcountar <= kcounters2, g.
after: pi{Cnt) :- true | add{Cnt,1,Cnt1), moltiply(Cnt1,2,Cnt2), g(Cnt2).

d) before: p --» true | Ecounter <= kcounter(2), q.
atter: p(Cot) :- true | set_vector_element{Cnt,2,Elem,Elem,_}, g{Elem).

stream argument type

This type is provided to ease output stream management. If no update occurs within the clause, the streams
coming from goals are merged into the argument stream. This is illustrated below, in example a). To update
the stream, i.c. insert elements, the following syntax should be used :

Earg-name <<= [element 1, element 2, ... ]

This is illustrated below, in example b). Note that the relative position of the update within the clause conditions
the insertion order, although this may be of little importance for streams.

< ex Z» definitien: :- implieit window:stream.

a) befare expansien: P --> true | q, T.
after expansion: p(Win)} :- true | Win={In1,In2}, q{Ini1), r{In2}.

b} before: p --> true | dwindow <<= [putb("gazonk")l, r.
after: p(Win} := true | Win=[putb{"gazonk"}|Winl], r{Wini).

oldnew argument type

This type calls after a pair of arguments, in a similar fashion to Prolog’s DCG, except that arguments are not
restricted to difference liste. As an example, when using a vector as an updatable table, to improve efficiency,
one often restricts the number of references to 1. To this end, the cldnew argument type is useful. Also, if you
use this type of argument [or a difference list, there is a notation to concatenate elements to the list, like for
the stream type :

karg-name <<= [element 1, elemant 2, ... ]
IT the argument is an integer or a floating point, use the following for update ;

Earg-name <= new-value
Earg-name $<= new-value
If argument is a vector, use the following syntax. Then on the right side of <= integer operation macros are
expanded, and on the left side of $<= floating point operation macros are expanded.
{ element update(1) }
garg-name(position) <= nev-value
karg-name{position) $<= new-value

{ element referance }
karg-name{position) %l camnot also appear on the left side of <=

{ element vpdate(2) }
karg-name(position) <<= [element 1, element 2, ... ]
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update(1) and updaie(2) can be used in body part only, as they use the built-in predicate set_vector_element /5.
Reference can appear in guard, where it appeals to vector_element /3, or in body, where it uses vector_element /5.
The relationship between homonymous elements is similar to that of DCG (from left to right, top to bottom).
See example a),b) and {} below.
In (1), replacement is done at the specified position, as illustrated in examples c) and d). In (2}, the right
side list is inserted in the difference list. New tail is set to the location specified by position. See example ).
There is also a way to refer the current old value of some argument

garg-neme(old)
This is useful in particular to access the value of a counter. This is illustrated in example g) below,

« ex » definition: - implicit mutter:ocldnew.

a) before expansion: p == true l g, .
after expansion: pl0ld,New) := true | g(0ld, Mid), r{Mid, New).

b) before: p =-=> true | Emutter <<= [nahal, r.
after: p{0ld,New) :- true | Old=[naha|Mid], z(Mid, Hew).

¢) before: p ——> true | &mutter(3) <= naha, r.
after: p(0ld,New} :- true | set_vector_element(0ld,3,_ ,naha Mid), r{Mid, New).

d) before: P ——» true | Emutter{i) <= Mmutter(3), T.
after: pl(0ld,Bew) := true |
gat_vector_element(0ld,3,Elem,Elem, Midl),
get_vector_element (Midi,i,_,Elem, Mid2), r(¥id2 New).

e) before: p --» true | Emutter{2) <<= [naha,uhi,ehel, r.

after: p(0ld, New) :- true |
sat_wvector_slement(01d,2, [naha,vhi,she|Cdr],Cdr Hid),
r{Mid,New) .

1) before: p --» true | Mmutter <= fmutter+l, r.
after: p{0ld,New) :=- true | add(01ld,1 Mid), riMid, New).

g) before: p(X) —-> true | X = [tmmtter(old)|XX], Emutter <= Emutter+l, p(XX).
after: pl(0ld,New,X} := trus | X=[01d|Xx], add(01d,1,Mid), p{Mid,New,XX).

string argument type

This warks basically as the previous type, except that predicates string_element/3 and sel_string_element/4
are used instead of vector-based predicates,

Automatic peneration of terminating processes

When no user-defined goal is called in the body, the following unifications are aulomatically performed,
depending on the type of declared arguments :

shared type :: Nothing done.

gtream type : Unification with the atom [1.
oldoew type @ Old and New are unified.
string type  Old and New are unified.

Implicit arguments expansion control

If you call a predicate with no implicit arguments from a predicate with implicit arguments, use double
braces : {{ predicate(...) }}, in order to suppress argument addition. See example below :

1= module test.

:— public go/0.

1= dmplicit input : stream,
output : oldnew,
countar : shared.
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go := true |
merge (FILEout, FILEin),
file:create(FILEin, "del.del", 1},
file:create(Answer, "/tmp/miyadel"”, w),
loop(FILEcut, Answer,[], 100 ,_).

loop(_) =--» kcounter =< 0 | true.
othervise.
loop(h) —-> true |
kcounter <= Bcounter - 1,
Einput <<= [gete(X}],
{{ check(i, Eoutput, Ecounter) }},

loopi{Al}.
check(ascii#a, Oh,0t, Counter) :- true | Oh=[putt{Counter),nlliOt].
otherwise.
check(_, Oh,0t, _) :- true | Oh=Dt.

In the previous example, three global implicit arguments are declared, with types stream, oldnew and shared.
Predicates using --> instead of :- are regarded as having three implicit arguments and are converted at
preprocessing time. As an example, loop predicate is expanded as follows :

loop(In, Oh,0t, Cnt, A} := Cnt =< 0 | In=[], Oh=0t.
othervise,
loop(In, Oh,0t, Cnt, A) :— true |

Cati := Cnt-1, In=[getc(X)|Inil,

check(X, Oh,0m, Cnti),

loop{Ini, Om,0t, Cotl, A),.

Note that the check/4 predicate, used between braces, has no implicit argument, and is expanded as a predicate

of arity 4. In order to use some of implicit arguments when calling this predicate, & has to be put before the
names of the implicit arguments which are explicitely specified in the call.

< ! ZCan implicit arguments take any value, declared types notwithstanding. As a matter of fact, the macro
processor only expaunds. I the programmer is not careful enough, errors may be difficult to detect.

2.7.6 Conditional branch macros

The following is a notation which allows conditional execution within a single clause, as in DEC10 Prolog :
foolX,¥) :- true |
( X=:=0 -> p(¥,2);
I>o0->»g(Y,Z2);

othervise;
true - r(Y,Z} ),
a(X,2).

If the goal on the left hand side of —> is a condition and if this condition is satisfied, then the goal on the right
hand side is executed. The preprocessor generates the following KL1 clanses, from the above example -
foolX,Y) :- true |
'$fo0/2/0'(X,Y,2),
s{X,Z).

"$t00/2/0° (X,Y,Z) - X=:=0 | p(Y,2).

'$foo/2/0" (X,Y,2) = 1 > 0 | q(Y,2).

otherwise.

'$fo0/2/0"(X,Y,2) :- true | x(Y,Z).
The predicate '$200/2/0" has been generated by the preprocessor. More generally, predicates starting with a
dollar sign are gencrated by the preprocessor. The user should not use the same convention!
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< ! 0nly built-in predicates may be ineluded in a conditional branch.
< | B The Prolog-based compiler does not support nested conditions, whereas the KL1 compiler does.

2.7.7 Macro library

Macros in system's library to be used should be declared at the top of the module, Declaration goes as follows :
= with_macre macro-definition-name.
where macre-definition-name is an atom.

The macro definition files are located in a system dependant directory. In this file, macros are defined as
follows

TileioFnormal => 0.
fileiofend_of_file => 1.
filelofiread_error => 2.
filelo#write_error =»> 3.

I the current version, the left part from the sharp sign must be an atom,



3 Micro PIMOS

Micro PIMOS is a very simple operating system which provides various services for KL1 users on PDSS. It is
basically designed for single user, single task operations. Services supported by Micro PIMOS follow -

+« Command Interpreter.

# [/0 Funclions (windows, files, etc.).
e Code Management.

+ Display of exception information.

On Micro PIMOS, all commands given to the command interpreter are executed within a unit called 'task’.
The task is implemented using Sho-en functions described in section 2.2
<« ! = Bits 15:31 in exception tag are reserved for Micro PIMOS. When using functions of Micro PIMOS,
user must pot modify bits 15:31 in tag of his Sho-en. Beside commands, a way to use Micro PIMOS functions
is to issue requests to Micro PIMOS through the user's goal which supervises the Sho-en.

31 (12 hits) 19 (4bits) 15 (16 bits) 0
language( KL1) Micro PIMOS avaible to the user

Figure 7: Sho-en exception tag

4.1 Command interpreter

When Micro PIMOS starts, a command interpreter is created to provide user with an interface to PDSS.
When the command interpreter is invoked, it issues a prompt and waits for the next command. Default
prompt is | %=, or [debug] 7= when debugging mode is on.
The conunand interpreler starts by executing the file **/.pdsarc” (if it exists) as & command file, User
can set up a convenient working environment via this file. About command file, refer to command take/l.

3.1.1 Command input furmat

It is possible to write one or more commands in a command line or command file. Depending on the delimiter,
commands are execuied as follows :

s comma [“,")
Commands both before and after the delimiter are executed in parallel.

# semicolen (%;7)
Waits for the termination of commands before the delimiter, and then execute remaining commands.
(sequential execution.)

» vertical line (%)
Alter executing the commands before the delimiter, displays the valuc of variables after this sign. The
delimiter between variables is & comma, and all stands for all variables.

Lists of conunands may be embedded in ( ) to form nested commands.

€ ex 3 | P- comp("bench"};(stat{bench:primes(1,300,P))|P),save{bench).
% After compiling "bench.kl1", executes the goal 'bench:primes’
% and saves the code in parallel, During the executiom of the
% geal, reperts statistical information and indicates
% the value of variable 'P’ after termination.

Constant description macros in a command line(terms) are expanded, Macros are deseribed in 2.7,
< ex» | 7- X=168"FF",Y=16"Z",Z="FF"|all. .

X=256

T;iun?}-n

Z="FF"



3.1.2 Commands
Here are the commands supported by the command interpreter, in its current version. Some of the commands

expect files to have an extension. If no extension is found, operation is done with the default extension, following
the specified filename. Strings or atoms can be used to specify filenames.

Built-in predicates

The command interpreter can execule the buili-in predicates which can be described in the body part as a
commands. Description using := and arithmetic macros are also possible.

Basic commands

ModulaMName: Goal
Executes Goal in the module ModuleName. Maximum number of reductions is set according to the value

of environment variable reduction. If the number of performed reductions erosses the limit, the uscr will
be asked whether to continue or to abort.

help
Displays the list of available help commands.

help(Type)
Displays the list of available commands specified by Type as follows :

1: builtin, 2: basic, 3 code, 4: dir, 5: debug, 6: env, all

gf‘.
Invokes GC over the heap area.

E:{RII}
Invokes GO for both heap and code areas,

take(FileName)
Executes the command file specified by FileName. There is no restriction as to Lhe type of command

which can be used in such a file,

% or /+ #/ are available to mark eomments, as in KL1 program.

cputime
Display the CPU time since PDSS started. Unit is millisecond.

cputime(~Time)
Unifies the CPU time since PDSS started with the variable Time. The result is an inleger and unit is
millisecond.

apply (CommandName, ArgsList)
Executes Command¥ame upon each element specified in Arglist. ModuleName:PredicateName is also

possible for CommandName.

stat
Displays the current memory status.

stat({Commands)
Displays the execution time (CPU time) and reduction count of Commanda.

window(IOStrcam)
Opens a new window. About commands which deal with I/0 streams, refer to the section 3.2. Window

name is set automatically.

add_op{Precedence, Type, Operator)
Add an operator to the window of command interpreter.

remove_op(Precedence, Type, Operator)
Deletes an operator from the window of command interpreter,

operator{ Operator)
Displays the definition of the operator Dperater in the window of command interpreter,
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operator{OperatorName, ~Definition )
Unifies the definition of operator Operator, (format is {Precedence, Type}) in the window of cormmand

interpreter with Definition.

replace_op_pool("0ldOpPool, NewOpPanl )
Unifies the old operator pool with 01d0pPesl, and replaces the operator pool with NewDpPeel. The format

of an eperater pool is [{OpName, [{Precedence, Typel}, ..J}, ...].

change_op_pool{NewOpIool)
Changes the operator pool to NewOpPool.

halt
Terminates PDS5. All windows are closed automatically.

o commanids

comp{FileName)
Compiles the KL1 source file (with extension .k11) FileWame and loads the result into code area. Trace

mode s off for the newly loaded module,

comp({FileName, OutFileName)
Compiles the KL1 source file (with extension .k11) FileName and outputs the result into the file {with

extension .asm) DutFileName.

compile{FileName)
Compiles the KL1 source file (with extension .k1 1) FileName and outputs the result into file (with
extension .asm) FileName. 'L'hen, loads it into code area and saves into file (with extension .eav).
FileName can also hold a list of files.

load{FileName)
Loads the previously saved file FileName (with extension -8av) into code area. If such a file does not
exist, assembler file (extension is . asm) is loaded into code area. Trace mode of the newly loaded module

15 off.

dload(FileName)
As abave, but trace mode of the newly loaded module is on. Then debug mode of it is set to on.

save{ ModuleName)
Saves the exceutable code module ModuleName to the directory specified by environment variable savedir.

By default, the direclory is ~/.PDSSsave. It can be changed with the ‘ch_savedir' command. Medul eName
i5 also used to determine file name. Extension is .zav,

save(ModuleName, FileName)
Saves the executable code ModuleName Lo the file FileName (with extension .sav).

save_all :
Saves all loaded modules (except the ones which have alrcady been saved by the save(ModulsName)

comumand}) into the directory specified by environment variable savedir,

ch_savedir{Directory)
Changes the default directory for auto_load and auto_save, to the directory specified by Directory. The

existence of directory is checked.

listing
Displays information aboutl loaded modules,

listing(~Modules)
Generates a list of all loaded module names and unifies it with Modules.

public(ModuleName)
Displays a catalog of public predicates within the module specified by KoduleKame.

public(ModuleName, “Public) )
Creates a list of information about predicates declared as public, and unifies it with Public. Each element
of the list is a two-elements-vector of form {predicate-name-atom, arity).
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Directory commands

cd(Directory)

Changes current directory to the direclory specified by Directory
pwd

Displays the pathname of current directory.
pwd{~Waorld)

Unifies the pathname of current directory with World.
lsiWildCard)

Displays the pathname of file WildCard.

ls{WildCard, “Files)
Creates a list with the pathnames corresponding to WildCard and unifies it with Files.

rm( WildCard)
Deletes the file corresponding to WildCard from the dircctory.

Debug commands

trace{ ModuleName)
Sets the teace mode on for the code of module ModuleName. The debup mode is set to on.

notrace(ModuleName)
Sets the trace mode off for the code of module ModuleName.

spy(ModuleName, PredicateName, Arity)
Enables spying of the predicate PredicateName/Arity in the module ModuleName. Then trace mode and

debug mode iz set to on,

nospy{ModuleMName, PredicateName, Arity)
Disables spying of the predicate PredicateName/Arity in the module ModuleName,

spying({ModuleName)
Displays the list of the predicates currently spied in the module HodulaName,

spying({ ModuleName, " Spying)
Creates a list of the predicates currently spied in the module ModuleName, and then unifies it with Spying.
Each element of the list is a two-clements-vector formed as {predicate-name-atom, arity}.

debug
Sets debug mode on.

nodebug
Sets debug made off.

backtrace
Sets display mode on for backtrace information (deadlock information).

nobacktrace
Sets diaplay made off for backtrace information (deadlock information).

varchk({FileName, Mode, Form)
Checks variables in the KL1 source file (with extension .k11) specified by FileName in the mode Mode.

The result is displayed on the window in the format Form. FileName can also be a list of files. The
definition of Mede and Form follows :

Mode:: o or one --- Displays variables which appear once in a clause.
mor mrb .- Displays variables whose MRB is set.
a or all .-. Displays variables of both one and mrb modes.

Form:: =& or short - -+ Outputs clauses as a single line.
1 or leng -+ Qutputs clauses using line feeds and indentation.
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varchk(FileName, Mode)
Checks variables in mode Hode and displays in long format.

varchk{FileName)
Checks variables in mode one and displays in leng format.

xref{ FileName, Mode)
Performs a cross reference check upon the KL1 source file FileName (with extension " -k11") and displays

result on the window. FileName can also be a list of filenames. In this case, references across modules are
also checked, Mode can be taken amongst the following values :

¢ or check v+« Checks only predicate calls.

1 or list o+ Outputs the reference list (table of definition/reference of predicates).
s or aystem -+ Dutputs the predicates referring to PDSS modules.

bor builtin ... Outlputs predicates referring to body-built-in predicates.

g or guard --= Outputs predicates referring to guard-built-in predicates.

aor all v+ Outputs all of above predicates.

List ¢+« Outputs a reference list for specified elements.

Where Lizt can include :
* Module name.

* Body-built-in predicates.
* User-defined predicates.

short v+ Checks with no display of predicate information.
short(Mede) ... Checks according to Mode with no display of predicate information.
update -+ When duplicate module names are found in specified files,

recognizes the latter delinition as efficient,
and checks without a caution.
update(Mode} .- When duplicate module names are found in specified files,
recognizes the latter definition as efficient,
and checks according to Mode without a caution.

xref(FileName)
Checks the eross-references in chack mode.

xref(FilcName, Mode, OutFile)
Checks the cross-references and outputs the list to OutFile. Any mode is available excepl check,

profile(ModuleName, Mode)
Displays how many times the predicates which are defined in the module ModuleName were called and
suspended, ModuleName can also be a list of modules. Mode can be chosen as follows -

c or call -+ Sorts according to call count and displays.
s or susp - -- Sorts according to suspension count and displays.
noarne  --- Displays following the order of appearance within the code area.

profile(ModuleName)
Executes profile comunand in call mode,

reset_profile{ ModuleName )
Resets counts of calls and suspensions for predicates defined in ModuleName. ModuleName can also be a

Jist of modules.

Epvironment commands
These commands can be used to change values of environment variables for the command interpreter. The
following environment variables are used :
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mcaning_m_. . ‘__“_J

name (atom) |

world Pathname string of current dTr-e_zury.

trace Made of tracer (on or aff). Tnitial value is of £.

backtrace Display mode of backtrace (on or off). Initial value in on.

modules List of module names in which commands are searched.

reduction Upper limit of the number of reductions assigned when the task was created. The basic allocation
unit is 10000 reductions. (0 < number < 100000, Initial value is 10000)

ucounter Counter used to create the names of work files or work windows.

gavedir String with the pathname of ditectory in which save/l and save_all will produce their effects.
Initial value is ~/f.PD3Ssave.

loaddir list of pathnames of direclories to examine when auto-loading code,
Initial value is [~/.PD35save, pathna=e of library directory, ...]
Note: There are more than two library directories, which may differ from one machine to another.

auto_load Flag for auto_loading {yes or ne}. [nitial value is yes. - .

plength Maximum length of structure which can displayed in the window of the command interpreler,
Initial value is 10.

pdepth Maximum depth of structore which can be displayed on the window of the command interpreter.
Initial value is 5.

Pvar Displays medes of variables in the window of command interpreter. The value is nu or na.
(ru warks as _0,_1,_2, ... , and na works as A,B,C, ...} Initial value is nu

setenv(Name, Value)
Sets the environment variable Name after Value. Environment variable is set after that Name hecomes an

atormn and Value becomes a ground term.

getenv{ Name, “Valua)
Unifies the value of environment variable Name with Value.

printeny|{Name)
Displays the value of environment variable Nama.

printeny
. Displays the values of all environment variables of the command interpreter,

raseteny
Initializes all environment variables of the command interpreter.

3.2 I/0O functions

Micro PIMOS offers two types of 1/0 services : window and file I/O services. To use them, Micra PIMOS
predicates are provided, which give access to command streams. How commands can be inserted in these
streams is now described. [] closes a comumand stream and, by the way, the associated 1/0 device. Commands
are inserted in command stream by a merger.

3.2.1 Command stream attachment
Windows

window:create(Stream, WindowName, ~Status)
Creates a window with name WindowName (8 bits string). Command stream is unified with Stream. Status
is unified with the following terms :

Buccess -+« Window successfully created.
error{cannot_create_windew) --- Failure : window cannot be opened.
error{bad_window_name_typa) --- Failure : WindowNanme is not an & hits string.

4. ! 2»When the window is created, it is not in visible state. Use command shew to make it appear.
window:create(Stream, WindowName)

Creates 8 window with name WindowName (8 bits string). Command stream is unified with Stream. If the
window cannot be created, the whole task is aborted.

<7 ! »When the window is created, it is not in visible state. Use command show to maks it appear.
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Files

file:create(Stream, FileName, Mode, “Status)
Opens file with name FileName (8 bits string) with mode Mode. Mode is an atom chosen among : T for
read, = for write and a for append. The command stream of this file is unified with Stream. Status is
unified with ane of the following terms :

EUCCEES --+ Open successful.

error( cannot _open_file) <o Cannot apen the file,
error(bad_file_name_type) -.- FileName is not an & bits string.
error{bad_open_moda_type) - .- Mode is not atom.
error(bad_open_mode) -+ - Mode 15 an atom other than r, w or a.

file:ereate(Stream, FileName, Mode)
Opens a file as the previous command. Stream, FileName and Mode have same meanings, but if open does
not succeed, the whole task is aborted.

3.2.2 Command list

Commands allowed in stream are now listed, These commands are common to window and file, unless atherwise
specified.

Input commands

gete{~Char)
HReads an ascii character from [/O device. Value is between 0 and 235, Char is unified with the result of
input. Upon end of file, Char is unified with the atom end_of_fils.

getl{"String)
Reads ene line from [/Q device. This line is converted into an § bits string, unified with String. Upon
end of file, String is unified with the atom end_of_file.

getb (" Buffer, Size)
The number of character specified by Size is read from 1/0 and converted into an 8 bits string, which is
unified with Buffer, If a carriage return or an end of file is encountered, only characters read before are
considered as input. Upon end of file, Buffer is unified with the atom end_of _file.

gett("Term)
A string containing one term is read. (A lerm ends with . + CR or . + space) These characters are
analyzed and transformed into a term, which is unified with Term. If an error occurs during analysis, if
input device is a window, error is output on this window and term input is resumed. If input device is a
file, error is displayed on the command interpreter window, then next term is read from the file. At end
of file, term is unified with end_of_file.

gett("Term, ~Status)
Almost same as gett/1, except that Status is unified with one of the following terms.

BuCCess -+ Input a term successful.
syntax_error(Pesitien) --- Syntax error in Position.
ambiguous {Position) -+« Ambiguous expression in Position.
end_of _file -+ - End of file.

eof_in_guote -+ End of file between quotation marks.

When Status is syntax_error, ambiguous, eof_in_guote, Term is unified with a token list (See Appendix-
1 gettkn/4).

getft{"Term, “NumberOfVanables)
This command is very similar to gett/1, but variables in the term are analyzed then output as $VAR(N, VN).
N is the variable number (0 < N < Humber0fVariables) and VN is the variable name (8 bits string).
NumberOfVariables is unified with the number of variables appearing in the term. Upon end of file, Term
is unified with end_of_file and Fumber0fVariables is unified with 0.
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getft(“Term, “NumberOfVariahles, “Status)
Almost same as getft/2, and see gett/2 about Status,

skip(Char)
Skips until the charactor eode Char or end of file 12 found.

<« ! »lfend of file has been encountered during the execution of previous commands, suceessive input commands
will return end of file.

Output commands

putc{Char)
Outputs on the I/0 device the character with ASCII code Char, hetween [ and 255.

putl{String}
Outputs the & hits string String on the 1/0 device and adds a new line character.

puth{Buffer)
Outputs § bits string Butfer. No carriage return is added.

puth(Buffer, Count)
Outputs on the /O device the charactors by certain length specified by Count extracted from 8 bits string.

If the length of B2fex is less than the specified length, this is the same as puth/1.

putt{Term, Length, Depth)
Outputs term Term. If siructure depth exceeds Depth (> 0) or length exceeds Length (> 0}, remainder is
output as ... This is similar to Prolog's write.

< ! ZAtoms are nol quoted, so that the result of this command may be unsuited to further read using
gett or getfl.

putt(Term)
Similar to the previous command, but default value is used for depth and length.

puttq(Term, Length, Depth)
This is similar to putt/3 command, but atoms are quoted when necessary.

puttq(Term)
This is similar to putt/] command, but atoms are quoted when necessary.

nl
Outputs a new line character.

tab(N)
Outpuls ¥ (0 < N < 1000) space characters.

€ ! 30n Micro PIMOS, 1/0 is blocked, for efficiency reasons. Buffers are flushed only in the following cases :
« Buffer is full.

* flush command has been received.

» [/O device is closed.

* (in the case of windows) some input or show/hide command is received.

Control of output format
Output limitations for structure in putt/1 and puitq/l commands can be changed as follows :

print_length(Length) :
- This command changes the default length limit to Length (Length > 0). Initial value is 10 for windows,

100 for files.
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print_depth{Depth)
This command changes the default depth limit to Depth {Depth > 0). Lmitial value is 10 for windows, 100

for files

print_var_mode{VariableMode)
This command is used to change the output format of terms deseribing variables. VariableMode is the

new mode which must be nu or na. Initial value is na.
na - Name Mode i SVAR(N,VN) — VN (Variable name string).
FVAR(N) —ABC....
nu -~ Number Mode = §VAR(N,VN} — _N (Variable number).
SVAR(N) — _N {Variable number).

Output buffer commands

The following command control cutput buffer parameters.

flush( “Status)
This command flushes characters left in buffer. After completion, Status is unified with atom done.

buffer_length(BufferLength)
This command changes output buffer length to BufferLength (> 0). Initial valuc is 512 bytes for a

window and 2048 bytes for files.

Operators

The following commands are related to operators for parsing.

add_op(Precedence, Type, OperatorMame)
This command adds an operator with precedence Precedence (1 < Precedence < 1200), type Type {an
atom chosen among fx,fy, x{, yf, xfy, xfx, yfx) and name OperatorKame {atom).
<. ! Z»When the specified type is competitive with already defined type (Bx — fy, xf — yI, xfy = xfx =
yix), the latter is delated, '

remove_op(Precedence, Type, OperatorMame)
This command removes an operator. Parameters have the same meaning as in the previous command.

operator{OperatorName, ~Definition)
This command return a list Definition of operators matching name OperatorName (atom). Each element

of the list is in the form {precedence, type}.

replace_op_pool{“01d0pPool, NewOpPool)
Unifies the old operator pool with 01d0pPoel, and replaces the operator pool with NewOpPool. The format

of an operator pool is [{OpName, [{Precedence, Type}, ..}, ..].

change_op_pool(NewOpPool)
Changes the operator pool to RewOpPool.

Grouped processing of commands

do{CommandList)
This command groups the list of command CommandList within a single command. Even though merger
is used to insert commands in the stream, sequence of commands in CommandList is preserved.

Conirol command

close( Status)
Closes 1/O operation. It is not possible to send other commands after that one. {Only O can be sent to

close the stream.) Status is unified with atom success.

Wi QI

The follewing commands are effective only for windows.
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show
An hidden window will show up when this command is executed.

hide
A visible window will be hidden when this command is executed.

clear
Clears the window space.

beep
Rings the terminal bell,

prompt(~0ld, New)
Changes prompt string displayed in executing gett or getft command. 01d is unified with current prompt
string(8 bits string) and the new prompt becomes New (also an 8 bits string). The initial prompt is "7-

3.3 Directory management

The directory services of Micro PIMOS are available through the directory command stream. This stream is
available via a Micro PIMOS predicate, in a similar fashion te 1/Q) services.
Operations on the directory are done by inserting commands into this stream. The stream ean be closed

with .

3.3.1 Acquisition of command stream

directory:create(Stream, DirectoryName, ~Status)
Accesses the directory named DirectoryName (8 bits string) and unifies the command stream connected
to the directory with Stream. Status can be unified with the following terms :

auccess -+ Access succeeded.
error (cannot_access) +++ The directory cannot be arccessed.
error{bad_directory_name_type) --- DirectoryName is not an 8 bits string.

3.3.2 Commands

The following commands can be inserted into the command stream.

pathoame{ “PathNamae)
Unifies the full pathname of the directory (8 bits string) with PathName.

listing{WildCard, “FileNames, “Status)
Creates the list of pathnames of files corresponding to WildCard and unifies it with FileNames. Status
can be unified with the following terms :

success «++ Liat successfully created.
error{cannot_listing) --- List cannot be created.

delete(WildCard, “Status)
Deletes files corresponding to WildCard (8 bits string) from the directory. Status can be unified with the

following terms :

sucCcess +=+ Deletion successful,
error{cannct_delets) --- Cannot delete the file.

open(Stream, FileName, Mode, “Status)
Opens the file FileName (8 bils string) with mode Mode (atom r for read, w for write or a for append) and
unifies the command stream connected to the file with Stream. Status can be unified with the following

terms :

success -« Open successful,
error({cannct_open_file) --- Cannot open the file.
srror{bad_file_name_type) --- FileName is not an 8 bits string.
erroribad_open_mode_type) - - Mode is not atom.
error{bad_cpen_mede) --- Mode is an atom other than r,w or a.
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3.4 Device Stream for I/O

To use Input/Output device functions directly from Micro PIMOS, one can use the libraries now described.
The purpose of the functions therein is to describe other OS than Micro PIMOS (e.g. PIMOS) in KL1. Average
user does not need device streams shown below.

These device streams are supervised by Micro PIMOS. Soif a wrong command is inserted, it only results in
the failure of user task; the language processor is unaffected.

3.4.1 Becuring device stream

User can extract a deviee stream from Micro PIMOS by using the following predicates. mpimos_ic_device can
also be used as a module name

mpimos_wir.|dw_dnvice:winduws{ﬂtra&m}I
Unifies the stream which has a function of window device with Stream,

mpimos_file_device:files| Strea m}
Unifies the stream which has a function of file device with Stream.

mpimos_timer_device:timer|Stream)
Unifies the stream which has a funetion of timer deviee with Stream.
3.4.2 Command

The commands which can be sent Lo each device stream, stream of opened window, file and directory are just
the same as mentionned in Appendix-1. As to the I/O commands for file/window streams, only the commands
shown below are allowed,

o Window

Input Only getl{~Line, “Status, Cdr) is available.
gete/d, geth/4, gettkn /4 are not available.

Cutput Only puth{Buffer, ~Status, Cdr) is available.
putc/d, putl/3, putt/3 are not availabls,

+« File

Input Only getb(Size, “Bufferm ~Status, Cdr) is available.
getc/3, getl/3, gettkn/4 are not available.

Output Only puth(Buffer, =Status, Cdr) is available.
pute/3, putl/3, putt/5 are not available,

3.5 Code management

The principal functions for code management on Micro PIMOS now follow.

* Functions to inanage the name and information (like the catalog of public predicates and spied predicates)
of loaded modules and display this information upon request.

» Auto_load function of modules which are saved by save(ModuleKame) or save_all commands from the
command interpreter,

The directory from which auto_load is performed is decided after the environment variable leaddir of
command interpreter. User had better make a directory =/ . PDSSsave to use the auto_load function, because the
default value of first element of both loaddir and savedir is =/ . PDSSzave. The value of environment variables
tan be changed. User can disable the auto load function by setting the environment variable auto_load to no.
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3.6 Displaying exception information

The KLL exceptions handled by PDSS are shown in section Appendix-7. On Micro PIMOS, information about
an exception which has oceurred within the user task is displayed on the window of command interpreter, The
task in which exception has occurred is immediately stopped and its resources (windows and files) are released.

Other exceptions, reported by Micro PIMOS, are handled by Micro PIMOS. Those are consequent. to an
illegal command to the window, trying to open & file that does not exist, etc. In those cases, as in the case of
language definition exceptions, information is displayed on the window of command inlerpreter and the task is
immediately stopped. All resources of the task are released.



4 PDSS Optional Parameters

PDS5 is usually invoked under GNU-Emacs. This may be seen as the best way to use PDSS, from an execulion
environment point of view, as all PDSS functions are available. It is possible 1o execute PDSS on a stand alone
basis, but in this case, some functions disappear.

4.1 Usage under GNU-Emacs

To call PDSS under GNU-Emacs, send the following command. Libraries are automatically loaded and PDSS
starts.

meta-X pdss refurn

To specify options, type ctrl-U before meta-X. Option contents are described later.

ctrl-U meta-X pdss refurn
PDSS Option?: E_pn.l'al:nutur ] returm

When PDSS starts, a window named “console window” is created. This window is used to trace execution
and for input/display at console. Then, several modules are loaded, including runtime support and Miero
PIMOS. Then, Micro PIMOS starts. After that, command interpreter window is created and waits for user
commands,

When aperation is done within GNU-Emaes, PDSS input is asynchronous. Therefore the whole system does
not hold when input occurs. There is an exception to this for consale inputs while tracing. In this case, system
halts until input completion. It is possible o control PDSS by striking control keys in the windew. These keys
are defined in a GNU-Emacs library. Besides following commands, a complete lisl of supported keys can be
found in Appendix-9.

ctrl-C ctrl-C
ctrl-C ctel-Z

Turns on trace flag.
Sends interrupt eode 1,
In Micre PIMOS, this aborts task,

ctel-C etrl-T Sends interrupt code 2.
In Micro PIMOS, this prints number of reductions performed so far.
etrl-C ! Starts GC.
etel-C @ Aborts PDSS.
ciel-C ctrl-B (enerates a window bufler menu for PSS,
ctrl-CC ESC Reexecutes PDISS system.
etrl-C k Removes contents of current window,
etrl-C cbrl-K Deletes contents of the window created by PDSS.
etrl-C ctrl-Y Heprints the last input string.
ctrl-C ctrl-F Prints manual of built-in predicates.
etel-C Prints manual of command interpreter.

< ! Z»When a PDSS window is removed by etrl-X k, subsequent execution results arc not guaranteed to be
meaningful. .

4.2 PDSS on stand-alone
To use PDSS without GNU-Emacs, type the following command :

pdss | parameter | refurn

Outside of GNU-Emacs, all messages to windows are merged. If any window waits for some input, the whole
system stops. Window control keys are not available hut, on the other hand, keyboard interrupt is supported.
If ctrl-c is typed, one can enter control commands after the prompt.

4.3 Optional parameters

Optional parameters can be specified at start, to modify the execution environment. Possible parameters follow
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—hNNN
-cHNNK
file name
/-t

-y

=dNKN
—bNEN

-rRR, 55 HHN -

—a

i+ Size of heap area is NEY words. Default is 200 kwords(1 word = & bytes).

: Size of code area is NN bytes. Default is 300 kbytes.

:: Uses this file instead of the standard startup file.

o Uises start up file or not. Default is to use it

: This option changes the way variables appear during trace. By default, variables

are printed using their name. If -v option is used, they are identified by their
relative position te heap bottom. This may change after each GC, so be careful.

12 Scheduling politics for goals are changed to depth-first. NN§¥ gives depth limit

for TRO.

:» Scheduling politics for goals are changed to breadth-first. NNN gives depth limat

for TRO.

Scheduling politics for goals are basically depth-first, and some of goals are
pushed to the tail of the scheduleing queve according to the calenlated random
number. This makes possible to simulate the undecided reduction ordering. RR
specifies the ratio of goals pushed to the tail of the queus by percentage. 55 is
the seed of the calculation of random nurmber. NEX gives depth limit for TRO.

i Inhibits timer interrupt. This is vsed when debugging PDSS itself, under dbx.

There are two ways to specify these oplions :

» Options can be given when starting PDSS. They are treated as arguments of the PDSS command.

example-1}

PDSS Option T: -h300000 -cE50000 —v (Execution under GNU-Emacs)
example-2)

[UNIX]Y pdss -h300000 =¢EO000 -v (Execution on gtand alone)

¢ Options can also be specified through an environment variable,

example)
[UNIXIY
[UNIX]%

setenv PDSSOPT "-h300000 -cBOOQO -v*
pdse
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8 Tracer

The tracer functions supported by PDSS are now described,

3.1 Principle of operation

Basically, in PDSS, trace operations can occur whenever a goal is in one of the following states. These events
are called trace points.

+ (ioal call,

* Suspension due to an uninstanciated argument.
+ End of suspension.

+ Goal failure.

Swap out (Caused by interruption or scheduling of a higher priority goal).

There are two ways to operale trace in KL1 : upon predicate execution or upon goal call,

To trace upon predicate execution is to trace when the code, which ones want to trace, is executed, In this
case, it is possible to specify trace mode for each madule. In the following description, this mode is called “code
trace”. It s also to trace each predicate separately. This is called “code spying”.

To trace upon goals is to trace, or not to trace, descendant goals of each generated goals. In the following
description, we call this “goal trace”. It alea possible to limit trace to the descendant goals of specific goals,
This is called “goal spying”.

Let’s see some example. In the following program, we assume that foo is in trace state and bar is not.
Then, q and r which are called from foo are also traced. Conversely, 4 and r which are called by bar are not
traced.

foo :- p, bar :- p. pi-q,r.

In PDSS, it is possible to specify before or during execution whether or not code trace is done. On the other
hand, goal trace status must be on at first; then, some of the goals can be untraced by relevant commands
during tracing. Only goals which have both code trace status on and goal trace status on are actually traced,

In case of spying it is possible to specify before or during execution whether or not code spyving is done,
Goal spying can be done only on goals which is speculated by tracer. The four possible cases of spying are the
following -

s Code is spied.

s (ioal is spied.

+ Code or goal are spied.
¢ Code and goal are spied.

5.2 How to read the display

Trace display contains 4 different information zones :

[0012] CALL *§ module:goal (ai,a2)
1 2 34

1. Identity of the Sho-en to which this goal belongs.

2. Type of trace event :

CALL :: Dequeue from goal queue.

Call :: Goal called during TRO.

SUSP :: Suspension due to an uninstanciated argument.

Susp :: Suspension due to an uninstanciated argument which specifies the ratio caleu-
lating the priority.

RESU :: End of suspension.

FAIL :: Goal failure.

SWAP :: Swap out.
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3. Spy flags :
# : Code of executing goal is spied.
$ - Goal 13 spled.

4. Goal
Terms in argument list which are potentially referred several times (MEB is on) are appended with an x

mark,
Variables are shown as lollows, according to their type :

¢ Ordinary unbound variable
First letter 1s upper ¢ase, or underscore, and is followed by a number.. X1, 23811,

+ Some goal waits for instantiation of this variable :
Format is the same as an ordinary unbound variable, followed by a tilde... X17, _23811~.

+ Merger input variable ;
As above, replacing tilde with carret... 21, _23611".

In addition to this deseription, prierity is displayed whenever it changes.

5.3 Commands
The description of tracer commands has the following meta syntax :

Command name = input format {argument} { [options] }

Help = 7
Command help.

MNo Trace :: X
No trace from now on.

No Goal Trace :x x
Turns off trace for the descendants of current goal, i.e. goals called from this goal.

Set Goal Spy :: g
Spies current goal from now on.

Reset Goal Spy :: G
Stops spying current goal, from now on.

Set Module Debug Mode :: d MODULE { MODULE ... }
Sets debug flag on for specified modules. By this mean, code trace is done when predicates from this
module are executed.

Reset Module Debug Mode :: D MODULE { MODULE ... )
Effects are opposite to the previous command.

Set Procedure Spy = p MODULE:PROCEDURE { MODULE:PROCEDURE ... }

Sets trace on for a given predicate in 2 given module.

Reset Procedure Spy »: P MODULE:PROCEDURE { MODULE:PROCEDURE ... }
Opposite of previous command.

Step :: s [COUNT)]
Stops again at next trace point. [f COUNT is given, stop occurs only after that COUNT trace points have
passed. Here and in the following, COUNT can be considered as a repetition factor.

Step to Next Spied Procedure :: sp [COUNT]
Continues until the next spied predicate is called, then stops.

Step to Next Spied Goal :: sg [COUNT]
Ag above, but we look for a spied goal.
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Step to Next Spied Procedure or Spied Goal 1z 55 [COUNT]
I this case, any spy case causes stop.

Step to Next Spied Procedure and Spied Goal :: §5 [COUNT)
In this case, procedure must be traced and called from a traced goal, to cause stop.

Skip to Next Spied Procedure 11 np [COUNT]
This works similarly to sp command, but no trace is done until stop.

Skip to Next Spicd Goal @ ng [COUNT)
This works similarly to sg command, but no trace is done until stop.

Skip to MNext Spied Procedure or Spied Goal :: ns [COUNT]
This works similarly to ss command, but no trace is done until stop.

Skip to Next Spied Procedure and Spied Gaal :: NS [COUNT)
This works similarly to 85 command, but no trace is done until stop.

Enqueue This Goal to Head of Ready Goal Quene 12 <
Enqueues the goal displayed at the time to head of ready goal queue. This can be specified at RESU and

SWAP.

Enqueue This Goal to Tail of Ready Goal Quene = >
Enqueues the goal displayed at the time to tail of ready goal queuwe. This can be specified at RESU and

SWaP.

Depth First Schedule :: << [DEPTH]
Scheduling politics {or goals are changed to depth-first. DEPTE gives depth limit for TRO. Initial value is

P

Breadth First Schedule :: >> [DEPTH]
Scheduling polities for goals are changed to breadth-first. DEPTH gives depth limit for TRO. Initial value
is 100.

Random Schedule :: >< [RATE[SEED[DEFPTH]]]
scheduling politics for goals are basically depthb-first, and some of goals are pushed to the tail of the sched-
uleing quene according to the calculated random number. This makes possible to simulate the undecided
reduction ordering. RATE specifies the ratio of goals pushed to the tail of the queue by percentage. SEED
is the seed of the calculation of random number. DEPTHE gives depth limit for "TRO,

Re-Write Goal :: w LENGTH [DEPTH)]
This redisplays current goal and arguments, with modified format limits LENGTE and DEPTE. This is useful

when arguments are large.

Where call from = where
Shows the names of predicate and module which called current traced goal. This is valid only for run-time

support routines or built-in predicates (D code).

Monitor Variable : m VARIABLE_NAME [NAME] [LIMIT]

Monitors the value of variable, whenever it is bound. If the value is a list or a stream, display occurs
whenever the top clement is bound. Using NAME, it is possible to assign a new identifier to the monitored
variable, so that the value is shown under that name. LIMIT is the pumber of times value can be shawn
without stopping the systemn. Without this parameter, whenever a variable is bound, the value iz shown
and the tracer waits for a user command.

Dhuring display of value, whether the value is a list or not is distinguished :

mon#ivar-name => valuas WX «--In the case of a list.
mon#var-name == valus W7 o+ Otherwise,
Tn this situation, the [ollowing commands are available :
T i Help.
x i Stops monitoring this variable or list.
s [COUNT) :: Goes ahead monitoring value without stop, for COUNT times,
w LENGTH [DEPTH] :: Redisplays value.

m VAR [NAME]| [LIMIT] :: Sets a different monitoring.
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Inspect Ready Queue :: ir [PRIORITY]
Shows goals in ready queue. 1f PRIORITY is given, only goals with that physical priority are shown.

Inspect Variable :: iv VARIABLE_NAME
Shows state of specified variable, When state is HOOK or MAOOK (goals are waiting for the instantiation
of this variable), shows the waiting goals. When state is MGHOK (input merger variable), shows merger
output variable.

Iuspect Sho-en tree :: is
Shows Sho-en tree structure at current time. Horizontal drawing axis is used to represent the par-
ent/children dependency, whereas the vertical axis is used to represent brotherhood. Each Sho-en is
deseribed using 5 characters : the first one corresponds to the state of Sho-en and the remaining 4 to its
1D, Possible Sho-en status follow :

R i Ready.
S i Suspended.
A Aborted.

Trace Shoen tree i: ts
Turn onfofl the trace flag of Sho-en tree structure. When on, tree structure is shown belore and after

each modification(e.g. generation, abortion, termination). The format of the description is the same as
for above command.

Set Tracer Variable :: set NAME [VALUE]
Tracer variable NAME is set to VALUE, if present. Otherwise, current value is displayed. Current tracer
variables and their default valucs are now listed.

pv i Print variable mode. If value is n, variables are displayed alphabetically. If a

15 used, relative address are used.
pI :: Priol iungl,h valye,
pd : Print depth value,

g i Gate switch which determines whether trace is done or not upon each trace
point. Yalue is made of five characters, each one with value n, t or 8. These
values correspond to “no trace™, “trace (no stop)” and “trace (stop)” respec-
tively. Characters correspond to points CALL fcall, SUSF /Susp, RESU, SWAP
and FAIL, respectively.

o (ate Switch for CALL points. Value is n, t or 5.
v Gale Switch for SUSP points. Value is n, t or s,
i Gate Switch for RESU points, Value is n, t or s,
: Gate Switch for SWAP peints. Value is n, t or 5.

© Gate Switch for FAIL points. Value is n, t or &.

- F M o= oA
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6 Dead-lock Detection

In PDSS, there are two dead-lock detection mechanisms. One acts through global GC, whereas the other tries
to detect deadlock during exceution. During GC, deadlock is always detected, whereas deadlock check done
during execution sometimes fails.

In the following, types of deadlock detected in PDSS and tracer messages are shown.

Dead lock detection occurred during GC : Type=0

Example : when executing the following goal :
Goal :: ?- add(X,_,Y), divide(Y,_,Z), medule(Z,_,_).
Following information is shown on the console window.

GC=-1 KLi-Data Srac Grec Prec HeapTetal Code
Usad : 2594 20 T8 10 230112 o
Deadlock:: [0001]$$$5YSTEN :modulels™ B, C)

Deadlock:: [0001]1$$$5YSTEN :divide(D",E,4")

Deadlock: : [0001]$$SSYSTEM :add(F~,G6,0")

we¥ Previous geal is deadlock root!

Shoen is terminated by deadlock!

After: 1083 14 5 3 15344 Q
Gled 1511 6 18 7 14768 o
word Tec rec rec byte byte

GC Time: 40 msec

The goal appearing before message “Previous goal is deadlock root!” on console window is the root of the
data dependance tree. There are some cases where several such trees exist and root is not unique in general, If
there are loops structures, there is no root.

Variable referred only by itsclf (void variable) waiting for instantiation : Type=10

Example : In the following program, after execution of p(X) is executed.

Goal :: ?- module:go.
Clause-1 :: go :- p(X)}.
Clause-2 :: pla) :- true | true,
Following infermation is shown on the console window.
s*% Deadlock occurred. [suspend(UNDEFos)]
=«% Waiting for instantiation of a void variable.
(0001 module:pl4).

Waiting for instantiation of a variable which will never be instantiated by other goals : Type = 11

Example : In the following program, after execution of p(X), q(X) is exceuted.
Goal :: 7= module:go.
Clause-1 :: go  :- true | p(X), q(X).
Clause=2 :: p{a) :- true | true.
Clauee=2 :: gla) := true | true.
Fuollowing information is shown on the console window.
#++ Deadlock occurred. [suspend(BDOKoe)]
#*% Waiting for instantiation of & variable which never be instantiated.

[0001Imodule: q(A™).
(0001 module:p(A~).

Input variable of the merger, referred only by itself, waiting for instantiation : Type=12

Example : In the following program, after execution of merge{In,Out), p(X} is executed.

Goal :: 7= module:go.
Clause-1 :: go :- true | merge(In, Out), p(In),
Clause~-2 :: p(a) :- true | true,

Following information is shown on the console window.
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s+* Deadlock occurred. [suspend(MGEOKo)]

#s= WYaiting for instantiation of a merger input wvariable.
[(0001Imodule:p(A™).

[0001)merge(A”,B) in modula:go/0

Variable, which has a goal waiting for instantintion, is unified with o void variable ;: Type=20

Example : In the following program, after execution of p(X}, q{X,¥) is executed. This case also occurs if ¥
was not void, but would turn void as a result of the execution.
Goal :: 7= module:go.
Clause-1 :: go :- p(X), q(X,Y).
Clause-2 :: pla} :- true | true.
Clause-3 :: g{A,B) :=- true | A=B.
Following information is shown on the console window.
#4+ Deadlock sccurred. [unify{H0OKoo,VOID}]
#«% L variable which has a goal waiting for instantiation is unified with
®a% 5 void variable.
##¢ Unification occurred in module:g/2
{0001 lmodule:p(h™),

Merger input is unified with void variable : Type=21

Example : In the following program, p{In,_) is executed after merge(In,Out).
Goal :: 7= moduel:go.
Clause-1 :: go :- true | merge{Im, Dut), p(In, ), q{Out).
Clause-2 :: p(4,B) - true | A=B.
Clause-3 :: q([_lCdr]) :- true | qlCdr).

Following information is shown on the console window,

#+* Deadlock will occur. [unify(MGHOKo,VOID)]

*s% A merger input variable is unified with & void wariable.
#+% Unification occurred in module:p/2

[0001]merga(A™,B) in module:go/0

Uniﬁing two variables which have goals waiting for instantiation ; Type = 22

Example : In the following program, r(X,Y) is executed after p(X) and q(X).
Goal :: 7= modula:go.
Clause-1 :: go :- true | p(X), q(Y), r(x,¥Y).
Clause-2 :: p{a) :- true | true.
Clause-2 :: g(a) :- true | true.
Clauze-4 :: r(A,B) :- true | A=B.
Following information is shown on the console window.

ws* Deadlock occurred. [unify(HDOKeoo,HOOKoo)]

t*% Unifying two variables which have goals waiting for instantiation.
#+# lInification occurred in module:r/2

[0001]module: p(A™).

[0001)medule: q(B") .

Unifying input of merger and variable which has a goal waiting for instantiation : Type=23

Example : In the following program, q(X,In) is executed after merge(In,Out) and p(X).
Goal :: 7?- module:goe.
Clause-1 :: go :— true | merge(In, Out), p(X), q(X, In), x{Out).
Clanse-2 :: pla) :- true | trus.
Clause-3 :: gq(A,B) :- true | A=B.
Clause-4 :: r([_|Cdr]) :- trme | r{Cdr).
Following information is shown on the console window,
*»# Deadlock occurred. [unify(HDOKco,KGEOHe)]
##% Unifying variable which has a goal waiting for instantiation is unified
*#+ and a merger input variable.
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*## Unification occurred in module:g/2
(0001 module: p(A~).
[0001)merge(B~,C) in module:go/0
Unification of two merger inputs : Type = 24
Example : In the following program, In1=1In2 is executed after merge(Ini,Outl) and merge(Ini,Out2),

Goal i: 7- module:go.
Clause-1 :: go :- true | merge(Inl, Outi), merge(In2, Outl),
plIni,In2), q{Outi), r(Out2),
Clause-2 :: p(A,B} := true | A=B.
Clause-3 :: g([_lcdr]) :- true | g{Cdr).
Clause-4 :: r([ ICdr]} :- true | r(cdr),
Fullowing information is shown on the console window.
#** Deadlock will occur. [unify(MGHOKo,MGHOKo)]
##* Unifying two merger input variables.
#+s Unification occurred in module:p/2
[0001]merge(A®,B) in module:ge/0
[0001]merge(C™,D) in module:go/D

A variable which has a poal waiting for instantiation is not referred : Type=30

Example : In the lollowing program, q(X) is executed after plX).
Goal :: 7- module:go.
Clause-1 :: go  :- true | p{X)}, q{X}.
Clause-2 :: pla) := trus | trua.
Clause=-3 :: q{_) := true | trua.
Following infarmation is shown on the console window,
#++ Deadlock occurred. [collect(HOOKoo)]
##& A variable which has a geal waiting for instantiation was abandoned.
*#* Collect_value occurred in module:g/1
[0001]module:p(A™).

A merger input variable is not referred : Type=31

Example : In the following program, p(In) is executed after merge(In,Jut).

Geal :: ?- module:go.
Clause-1 :: go  :- true | merge{In, Out), p(In), q(Dut).
Clause-2 :: p(_) :- true | true.

Clause-3 :: g([_ICdr]) :- true | q(Cdr).
Following information is shown on the console window.

wex Deadlock will oceur. [collect(MGHDEs)]
*+* A merger input variable was abandoned,
*#+ Collect_value ocourred in module:p/1
(0001]merge(A™,B) in module:go/0
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Appendix-1 I/0 devices

PDSS provides window, file and timer 1/0 devices. Commands to these devices are inserted in streams. These
devices are defined in modules named pdss_vindow_device, pdss_file_device and pdss_timer_device. This
specification is based upon “FEP-Host 1/0 Interface (V0.9)". Full features have not be implemented. Some of
the messages or commands are therefore dummy or illegal. And macro expression fep#xxxx is in the library,
s to use Lthese macros, the following definition must be declared in the module.

i- with_macro pdes.

Acquisition of device stream

Dlevice stream can be obtained by the predicates listed below, These predicates can be called only once after
the emulator has been invoked. Twice or more calls will fail.

pdss_window_device:windows( Stream)
Unifies Stream with the command stream of window device.

pdss_file_device:files(Stream)
Unifies Stream with the command stream of file device.

pdzs_timer_device:files(Stream)
Unifies Stream with the command stream of timer device.

Device commands

1. Window device
Window device provides multiple window facility within GNU-Emacs. The following commands can be

sent to this deviee :

create{BufferName, WindowStream, “Status, Cdr)

Opens a window with bufier name BufferName (8 bits string), then unifies its command stream with
WindowStream. When window is opened successfully, Status is unified with fep#normal. PDSS
can’t open more than 16 windows at a time. Therefore, it fails when user tries to open too many
windows, In this case, Status is unified with fep#abnormal. 1/0 commands and control commands
described below can be inserted in the command stream of a window which has been successfully
opened. Note that reset/4 command must be applies before those commands to set up abort and
atiention lines. The window is automatically closed when its stream is closed.

create{ WindowStream, ~Status, Cdr)
Create/3 without buffer name is not available.

get_max_size(X, Y, PathName, “Characters, “Lines, “Status, Cdr)
Always returns Characters = B0, Lines = 40, Status = fepfnormal.

2. File device
This deviee provides standard facilities of UNIX files. The following commands can be applied to this

device :

open{PathName, Mode, FileStream, ~Status, Cdr)
Opens file with path name PathName (8 bits string), mode Kode (atom:fepfiread = read mode,
fep#urite = write mode, fep#append = append mode), then unifies FileStrean with the command
stream. When the file is opened successfully, Status is unified with fep#normal. Otherwise, Status
is unified with fep#abnermal. /0 commands and control commands can be applied to a file which
has been successfully opened (reset /4 is also requisite for files). The file is automatically closed when
its stream is closed,

directory(PathName, DirectoryStream, “Status, Cdr)
Opens directory with path name PathName (8 bits string) and unifies DirectoryStream with its
command stream. When open is successful, Status is unified with fep#normal. When it fails,
Status is unified with fepfabnormal. Commands can be inserted in a directory stream which has
been suceessfully created (reset/4 is also requisite for directory.). A directory is automatically elosed
when its strean i closed.
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1, Timer deviee

Unit of time of the timer device is millisecond, but updates are actually performed each second. The
following commands can be sent to the timer device -

get_count(~Count, “Status, Cdr)
Count 15 unified with the tolal clapsed milliseconds since D0:00:00 AM. Status is unified with
fepi#normal.

on_at{Count, "Now, ~Status, Cdr)
When the time specified by Count is reached, Now is unified with fepfwake_up. Status is unified
with fep#normal when the command is over,

on_after{Count, “Now, ~Status, Cdr)

When duration specified by Count has elapsed, Now is unified with fep#wake_up, Status is unified
with fep#normal when the command is over.

Window, file and directory commands

1. Control commands common to windows and files

These commands are available for window and file devices.

reset{AbortLine, * AttentionLine, “Status, Cdr)
Sets up abort and attention lines. This command should be issued right after the I/O stream has
been generated. To abort an I/ request, AbortLine must be unified with feptabort by the host.
Onece unified, abort line and attention line must be set up again with reset/4 command. Otherwise,
the stream can still be closed with [J. AttentionLine is unified with interrupt code generated by
device (integer). Upon intecrupt, 170 should be sborted or attention line should be set again with
next_atiension/3 command.

next_attention{* Attention, ~Status, Cdr)
Only attention line is set by this command. This command is used when user does not want to abort
I/O after interrupt.

2. Common input commands

There commands are available for window or file devices working in read mode.

gete( Char, ~Status, Cdr)
Heads one character and unifies it with Char. When input is completed successfully, Status is unified
with fep#normal, If end of file is encountered, Status is unified with fepfend_of_file.

< ! ®Not available on Multi-PST V2 FEP.

getl{"Line, ~Status, Cdr)
Reads one line, converts it into an 8 bits string, then unifies it with Line. At this time, newline code
is removed. When the input is completed successfully, Status is unified with fep#normal. If end of
file is encountered, Status is unified with fapfend_of _file.

< | Z»Not available for files on Multi-PS] V2 FEP.
getb(Size, “Buffer, ~Status, Cdr)
Reads the number of bytes specified by Size (integer), and converts them into an & bits string,
unified with Buffer. If a newline is encountered while reading from a window, input stops at newline

character. When the input is completed successfully, Status is unified with fep#nornal. If end-of-file
is encountered, il is unified with fep#end_of_file.

<% | ZNot available for windows on Multi-PSI V2 FEP,
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gettkn( TokenList, “Status, "NumberOfVariables, Cdr)
Reads a string constructed as one term then analyzes this string fo extract tokens. The list of
generated tokens is unified with TokenList.

variahle " $ﬂ]l{ﬁ,5t:i.n,g)

atom  atom{Atom)

integer  integer{Integer)

floating point  : float({Float)

siring ¢ ostring(String)

functor : open(Atom)

signs + sign{Atom)

special character 11 atom that has special character as print name,
illegal data @ illegal{String)

end :: end

When the input is completed successfully, Statas is unified with fep#nozmal. If end-of-file is found,
it is unified with fep#end_of_file. If an crror cccured during loken analysis, Status is unified with

fepd#abnormal.
<« | ZNot available on Multi-PSI V2 FEF.

3. Common output commands

These commands are available for window and file devices opened in write or append more.

putc{Char, “Status, Cdr)
Writes the character corresponding to Char (integer) according to the ASCII code. Status is unified
with fep#normal.

< ! “pNot available on Multi-PS! V2 FEP.
putl{Line, “Status, Cdr)
Writes string Line (B bits string) and adds a newline character, Status is unified with fep#normal.
< ! Not available on Multi-PSI V2 FEP.

putb{Buffer, “Status, Cdr)
Writes string in Buffer (8 bits string). Status is unified with fep#normal.

putt(Term, Length, Depth, ~Status, Cdr)
Writes the term specified by Term, whith maximum length Length and maximum depth Depth. The
part of term which exceeds Length or Depth is printed as ‘. ... Status is unified with fep#nermal.
Since this command uses output function for debugging, variables in Term are written like A, B, C
with a symbal MRB or HOOK.

4 | =Not available on Multi-PSI V2 FEP.

4. Window contral commands

"These commands are available only for windows.

close(~Status)
Closes the window. Status is unified with fep#nozmal.

tiush(-Status, Cdr)
No op. Status is unified with fepfnormal. Data which have been wrilten are automatically ushed,
even if flush/2 is not issued.

beep(-Status, Cdr)
Rings the terminal bell. Statue is unified with fep#normal.

clear(~Status, Cdr)
Erases contents of window. Status is unified with fep#normal.
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show ["Status, Cdr)
Makes window visible. Status is unified with fep#normal. Since the window stays invigible after
ereation, one has to make it explicitely visible with this command.

hide{ ~Status, Cdr)
Makes window invisible. 3tatus is unified with fep#normal.

activate(”Status, Cdr)
Same as show /2.

deactivate{ *Status, Cdr)
Same as hide/2,

set_inside_size{Characters, Lines, "Status, Cdr}
No op. Status is unified with fepfnormal.

s.c.t._sizn{fep#manipulatnr, “Status, Cdr]
No op. Status is unified with fap#normal.

sei_position(X, Y, “Status, Cdr)
No op. Status is unified with fep#normal.

set_position{fep#manipulator, “Status, Cdr}
No op. Status is unified with fep#normal,

set_title(String, ~Status, Cdr)
Mo op. Status is unified with fep#normal.

reshape(X, Y, Characters, Lines, ~Status, Cdr)
No op. Status is unified with fep#mormal.

reshape(fepf#manipulator, ~Status, Cdr)
Mo op. Status is unified with fep#normal.

set_font{PathName, ~Status, Cdr)
No op. Status is unified with fep#normal.

select_buffer{BufferName, “Status, Cdr)
Not available,

get_inside_size{ " Characters, “Lines, “Status, Cdr)
Always returng Characters = 8(, Lines = 20, Status = fep#normal.

get_position{~X, ~Y, “Status, Cdr)
Always returns 2 = (1, Y = 0, Status = fepfnormal.

get_title("Title, “Status, Cdr)
Returns name with which the window was created.

get_font(PathName, “Status, Cdr)
Not available.

. File control commands

These commands are available for only files.

close( ~Status)
Closes file. Status is unified with fep#normal.

end_of_file{~Status, Cdr)
Status is unified with fep#yss when the end of file has been encountered. Otherwise, it is unified

with fep#no,

pathname(~PathName, “Status, Cdr)
Unifies file pathname with Path¥ame. Status is unified with fepfnormal.
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fi. Directory control command

These commands are available for only directory streams,

pathname( “PathMName, “Status, Cdr)
Unifies pathname of directory with PathName. Status is unified with fep#normal.

listing{WildCard, FileNameStream, ~Status, Cdr)
Unifies the list of palhnames corresponding to WildCard (8 bits string) with FileNameStream. Status
is unified with fep#nermal. FileNameStream can include a command next_file_name {“FileName,
~Status, Cdr). Then one file name (8 bits string) is returned through FileRameStream and Status is
unified with fep#normal. When no more files are available, Status is unified with fep#end_of_file.

delete( WildCard, “Status, Cdr)
Deletes all files corresponding to WildCard (8 bits string). PDS5 can not recover deleted files. Status
is unificd with fep#normal

undelete({WildCard, *Status, Cdr)
No op. Status is unified with fep#normal.

purge(WildCard, *Status, Cdr}
No op. Status is unified with fep#normal.

deleted(WildCard, “FileNameStream, ~Status, Cdr)
Returns a stream from which deleted files corresponding to WildCard (8 bits string) can be extracted.
This list is always empty. Status is unified with fep#normal.

expunge(-Status, Cdr)
No op. Status is unified with fep#normal.
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Appendix-2 Code device

This device manages code. Code can be manipulated by inserting commands into device stream. (Currently,
only Micro PIMOS is allowed to use code device siream, which is not available for the average user.)

assemble_module("ModuleName, FileName, ~Status)
Assembles the file FileName {S hits ﬁl.ri_ng:l and loads it into the code area. ModuleName 15 unified with

the atom named after the assembled module name. Status is unified with success, cannot_open_filas,
memary_limit, module_protected or lead_srror, depending on how the operation has been proceeded.

load_modale( " ModuleMame, FileName, “Status)
Loads file specified by FileName into code area. File format should be either save or assembler format.
ModuleName is unified with the atom named after the loaded module name. Status is unified with success,
cannot_open_file, memory_limit, medule_protected or error, depending on the course of operations.

save_module{ ModuleMame, FileName, “Status)
Saves the module ModuleName (atom) to file FileName (& bits string). Status is unified with success,
cannot_cpen_file or module_not_found.

remove_module{ ModuleName, “Status)
Dicletes module Hodul eName {atom). Status is unified with success, module_not_found or medule_protected.

debug(Flag, “Status)
Switches debugging mode on or off. Flag is on or off(atom). Status is unified with success or
undefined_modula,

backtrace(Flag, “Status)
Switches backirace (display of deadlocked goals detected during global GC) on or ofl. Flag is atom on or
off. Status is unified with success or undefined_module,

trace_module( ModuleName, Mode, “Status)
Changes trace mode of the module MeduleName (atom) to Mode. Mode is en or off(atom). Status is
unified with success, modele_not_found, undefined_mode or native_code_module.

get_module_status(ModuleName, "Mode, ~Status)
Checks trace mode of the module HoduleName (atom). Mode is unified with on or off, according to the
state of trace mode. Status is unified with success, module_not_found or native_code_module.

spy_predicate{ModuleName, PredicateName, Arity, Mode, “Status)
Changes trace mode of the predicatc PredicateName/Arity in module ModuleName (atom), to Mode.
Mode is atom on or off. Status is unified with success, module_not_found, predicate_not_found,
undefined _mode or native_code_moduls.

get_spied_predicates(ModuleName, “Predicates, “Status)
Unifies Predicates with a list of information about the predicates spied in the module ModuleRame (atom).
Each element is a two-elements-vector of the form {predicate name atom, arity]. Status is unified with
either success or module_not_found.

get_public_predicates{ModuleName, “Public, “Status)
Unifies Public with a list of information about public predicates in the module ModuleNama(atom). Each
element is a two-elements-vector of the form {predicate name atom, arity}. Status is unified with either
success or module_not_found.



Appendix-3 PIMOS common utilities

These utility programs were developped for PIMOS, but can be used on PDSS as well. When provided modules
are called, these utilities are loaded automatically by Micro PIMOS auto-load function.

PIMOS provides the following conversion and store functions are common utilities which can be used in both
PIMOS and application programs. When one wishes to use these facilities, he can get the conversion result or
object connection stream by calling predicates of the modules provided in PIMOS. User manipulates objects
by inserting messages in this stream, through a merger.

¢ Comparison : 2 function which generates a total order upon KIL1 data,
+« Hashing : a classical hash function.

+ Pool without key : bag, stack, queue, sorted bag.

+ Pocl with key : keyed bag, keyed set, keved sorted bag, keyed sorted set.

1. Comparison

Generally, any KL1 data can compare via this mechanism.

comparator:sort(X, Y, °5, "L, “Swapped)
Compares X and ¥, then unifies the left hand element of the relation with 5 and the right one with L. If X
=Y, 5 is unified with X and L with ¥ (like this rclation is said to be stable). Besides, if X is larger than 1,
Swapped s unified with yes, or with no otherwise,

Definition of the comparison relation ;
If types of both data are different, order is the type order, i.e. integer, atom, string, list, vector, from left
to right. Otherwise, the relation is defined as follows :

+ integer- - Comparison hetween integers.

+ atom - -Comparison between atom numbers.

» string - Lexicographic order, if strings are of the same type. Otherwise, type order.
s lisk - .Comparison of Car. If they are the same, comparison of Cdr, and so on.

= vector .- -Comparison of the number of elements. If it is the same for both vectors,
proceeds as for lists.

2. Hashing

Standard hash function via this mechanism.

hasherhash(X, "H, “Y)
B is unified with a non negative integer holding hash result. ¥ is unified with X,
Hash function definition
« integer- - -Absolute value.
*« atom - -Atom number.
s string ---Cb x first-element 4+ Cm x middle-element + Ce x last-element + string-
length. Cb, Cm and Ce are the same as KL0 built-in predicates.
e list  ---Car hash value + 5 x Cdr hash value.
+ vector ---number of elements + sum (for the first, middle and last elements) of ((2 to
the power of element rank+ 1) x element hash value)

»

3. Pool without key
Any KL1 data stored via this mechanism,
Bag

A basic pool. There are only basic functions put and get. To refer an element in the pool we have to extract
it, and there is no way to leave it inside pool.

pool:bag(Stream)
Generates a bag object. Stream is the command stream associated to it.
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Message protocol :

empty{” YorlN)
Returns yes{_a Lum] if the b.;t.E is emply, no otherwise,

put{X})
Puts X into the bag.

get{"X)
Cets X from the bag. It is not possible to select a specific element. After this operation, the element is
removed from the bag. If no element is in the bag, failure cccurs.

pet_all[~0)
0 is unified with the list of all elements in the bag. If none, it is unified with O.

get_and_put("X, Y)
Pulls oul one element and unifies it with X, then puts Y in its [Jla.fe. If the bag s empty, fatlure accurs

Stack
Basically the same as bag, but element order iz LIFO.

pool:stack(Stream)
Generates a stack object. Strean is unified with the control stream.

Message protocol : Same as bag protocol.

gllﬂllﬂ

Basically the same as bag, but element arder is FIFO.

pool:guene{Stream)
Generates a queue. Stream is unified with the control stream.

Message protocol : Same as bag.

Sorted Bag
Works like a bag, but extraction order is “least element first’, according to comparison function.

poolisorted_bag(Stream )

(Generates a sorted bag object, with a standard comparatorsort/5 comparison routine. Stream is unified
with the command stream.

pool:sorted_bag(Comparator, Stream)
Works the same, but comparison routine is specified by Comparator, whose format is {module name atom,
predicate name atom, arity}. Sorted bag cbject, which has a Comparator routine, is generated. Stream

is unified with the command stream. This predicate must have been declared as public, with the same
arity and function as comparator:sort /5.

Message protocol :
Same as bag. get returns the least one and get_all returns a list sorted in ascending order.

Kﬁcd Enn]

KL1 data are stored with a key by this mechanism.
Keyed Bag

Basic pool with a key. This is based on a hash table,

poolkeyed_bag({Straam)

Generates a keyed bag object, using the standard hash function (hesher:hash/3). Stream is unified with
the command stream. Initial hash table size is 1.

pool:keyed_bag(Stream, Size)
This works the same as the previous predicate, except that hash size is given by Size.
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pool:keyed_bag(Hasher, Stream, Size)
With this predicate, it i= not snly possible to specify hash table size, but also the hash function. Hasher
is of the form {module name atom, predicate name atom, arity}. The corresponding predicate must have
been declared as public, and have same arity and function as hasher:hash/3.

Meassage protoecol :

empty({~ YorN)
Returns yes({atom) if bag is empty and no otherwise,

empty(Key, "YorN)
As above, but subset of elements with key Key is examined.

put(Key, X)
Puts X into the bag, using key Key.

get{Key, "X)
Unifies X with one element with key Key. If there are several possible choices, one is picked up at random.
After this operation, the chosen element is removed from the bag. If no element with key Key is in the
bag, failure occurs.

get_all(~0)
0 is unified with the list of all elements in the bag. Each item in the list is of the form {key, element}. If
the bag is empty, 0 is unified with [J.

get_all{Key, ~0}
0 is unified with the list of all elements with key Key.

get_and_put(Key, "X, Y)
Unifies X with an element with key Key, then replaces it with Y. If there is no such element, failure occurs.

Keyed Set
This works like a keyed pool, except that duplicated keys are not allowed.

poolkeyed_set{Stream)
This creates a keyed set. Stream is unified with the command stream. Standard hash function{hasher-hash/3)
15 used. Initial hash table size is one.

poolkeyed_set(Stream, Size)
This works the same, but hash table size is Siza.

pool:keyed_set(Hasher, Stream, Size) .
This works the same, but it is alse pessible to specify the hash function which should be used. See
keyed_bag/3 predicate above,

Message protocol :

empty(”YorN})
Returns yes(atom) if the bag is empty, no otherwise,

empty(Key, “YorlN)
This works the same, but only the subset of elements with key Key is analyzed.

put(Key, X, “OldX)
Adds an element with key Key and value X. If there is already an element with the same key, its value is
updated, and 014X is unified with {old value}. Otherwise, 01dX is unified with {}.

get(Key, “X)
Unifies X with the element with key Key. If there is no such element, failure occurs. The element is
removed from the set after this operation.

get.all(*0)
All elements are removed from the set, and 0 is unified with a list whose elements are of the form {key,
data}. If the set was already empty, 0 is unified with [J.

B8



get_all{Key, "0}
D is unified with a list containing element with key Key, which is removed from the set. If there is no such

element, O 15 unifted with [J.

got_and_put{Key, "X, Y)
Heplaces element with key Key with Y. Old value is return in X. If there is no element with such a key,

failure oceurs.

Keyed Sorted Bag
This 15 similar to sorted bag, but sort is performed only upon key.

pool:keyed_sorted_bag(Stream)
Generates a keyed sorted bag, using standards compare routine (comparator:sort/5). Stream is unified

with the command stream.

pool:keyed_sorted_bag{Comparator, Stream)
Works the same, but Comparater can be used to specify the sort routine. Refer to sorted_bag/2 above,

and comparator:sort /5.

Message protocol :
It is similar to the enc of keyed bag, but data comes out in inereasing order of key.

Keyed Sorted Set
This is similar to keyed sorted bag, but identical keys are not allowed.

poolikeyed_sorted_set(Stream)
Generates keyed sorted set object, wilh standard compare routine (comparator:compare/5). Stream is

unified with command stream.

pool:keyed_sorted_set(Comparator, Stream)
Works the same but Comparater can be used to specify the comparison predicate. See sorted_bag/2

above, and comparator:sort /5, for more information.

Message protocol :
This is the same as the one of keyed set, but data comes out in increasing order of key.

80



Appendix-4 Reserved module names

The following module names are reserved by PDSS, and should not be used. Names marked with + are available.

- % B o

= #

‘Sho-en’

directory

file

window

mpimos_ioc_device
monogyny_list_index
Epimos_booter
mpimes_builtin_predicate
mpimos_cmd_basic
mpimos_cmd_code
Epimos_cmd_debug
mpimos_cmd_dirsctory
mpimos_cmd_environment
npimes_cmd_utl
mpimes_code_manager
mpimos_command interpreter
npimos_libdir
mpimos_directory
mpimos_directory_device_driver
mpimos_file
mpimos_file_device_driver
mpimes_file _manager
fipimos_window_device
mpimos_file device
mpimos_timer_device
mpimos_macro_sexpander
mpimos_module_pool
Epimos_opcode_table
mpimos_operator_manipulator
mpimes_parser
mpimos_task_monitor
mpimos_unparser
mpimes_utility
mpimes_varchk
mpimos_windew
mpimos_window_device_driver
mpimos_window_manager
mpimos_xref
mpimos_xref_table
mpimos_pretty_printer
pdss_code_device

60

pdas_window_device
pdss_tfile device
pdas_timer_device
pdss_runtime_active_unify
pdss_runtime_debug
pdes_runtime_exception_handling
pdss_runtime_bedy_builtin
Kllcmp_blttbl
klicmp_command
Elicmp_compile

kllcmp_mrb
kllemp_nermalizo
kllcmp_cutput
kKliemp_reader
kllecmp_register
kllcmp_macro
kllcmp_macro_arg

Eliemp _mthl

kliemp_struct



Appendix-5 HReserved operator names

The following operators are defined for PDSS windows and file input.

1200 xfx 1= 180 xf
1200 fx e i1ED xt
1200 xfx -3 100 xix
1180 iz module 100 Iz

1150 fx public
1180 1x implicit
1150 fx  local_implicit
1150 ix vith_macro
1100 xfy ;

1180 xfy |

1090 xfx =>

1050 xiy -2

1000 xfy i

8200 xfx H

T00 xfx =

Too  xfx Y=

TOO xfx ==

TO0O xfx ==
TO0 xfx ==
TOO xfx ==

TOO xfx f=h=
TOO xfx b1
TOO xfx &>
TOO fx $=<
TOO  xfx  $o=
TOO xix $:=
TOO xfx $<=
TOO xfx <
TOO xfz >
700 xfx =
To0 xfx e
TO0O  xfx H
TOO fx €=
700 iz gg=
Too  xfy ¢
BOD  yfz +
500 fx +
500  yix -
500 iz -
BOO  yfx A\
500 yix N/
OO yfx  xor
00 yfx =
400 yix /
400 yfx <<
400 yfx >
0 zfx  med
200 ;fr -
200 Ix E
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Appendix-6 List of built-in predicates
1. Type checking.

wait(X)} :: G

atom{X) :: G

integer(X) :: G

floating point(X) :: G

list(X) :: G

vector{X) :: G

etring(X) :: G

unbound{X, “PE, “Addr, “¥ewX) :: B

2. dil
diffiX, ¥) :: G

The following operator is available : \=

3. Comparison

equal (Integerl, Integer2) :: G
not_equal (Integeri, Integer2) :: G
less_than{Integerl, Integer2) :: G
not_less_than(Integeri, Integer2) :: G

The folleving cperators are available :

=Im, ='||~=, €, =C, >, D=

4. Arithmetic Operations

add(Integerl, Integerz, “HewInteger) :: GB
stbtract(Integerl, Integer2, “NewInteger) :: GB
multiply(Integeri, Integer2, “Newlnteger) :: GB
divide(Integerl, Integer2, "NewInteger) :: GB
modulo(Integeri, Integer2, "NewInteger) :: GB
minue(Integer, “Newlnteger) :: GB
increment(Integer, “NewInteger) :: GB

decrement (Integer, “Newlnteger) :: GB

abs{Integer, "NewInteger) :: GB

min{Integeri, Integer2, ~NewInteger) :: GB
max{Integeri, IntegerZ, ~Newlnteger) :: GB
and({Integeri, Integer2, ~Newlnteger) :: GB
or(Integerl, Integer2, “NewInteger) :: GB
exclusive_or(Integerl, Integer2, ~NewInteger) :: GB
complement{Integer, “NewIntagar) :: GB
shift_left(Integer, ShiftWidth, “Newlnteger) :: GB
ghift_right(Integer, ShiftWidth, “NewInteger) :: GB

i=, <= can be used with the following cperators :
+, =, %/, mod, N, \, xor, <<, *»
6. Floating Point Comparison

floating point_equal(Floatl, Float2) :: G
floating point_not_equal(Floati, Float2) :: G
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floating_point_less_than(Floati, Fleat2) :: G
floating point_not_less_than(Fleati, Float2) :: G

The following operators are available :
$=:=, $=\=, $<, §=<, $>, $>»=

Floating Point Operations

floating point_add(Floatl, Float2, “NewFloat) :: GB
floating_point_subtract(Fleatl, Float2, ~NewFleat) :: GB
floating_peint_multiply(Floatl, Float2, “NewFloat) :: GE
floating_point_divide(Floatl, Float2, “NewFloat) :: GB
floating point_minus{Fleat, ~NewFloat) :: GB

fivating point_abs(Float, “NewFloat) :: GB
tloating_point_min(Floati, Fleat2, “NewFleat) :: GB
floating_peint_max(Float1, Fleat2, ~NewFlsat) :: GB
floating point_floor{Float, “NewFloat) :: GB
floating_point_sgrt(Float, “NewFloat) :: GB

fioating _point_ln{Float, "NewFloat) :: GB

fleating point_log(Float, “NewFloat) :: GB

floating point_exp(Float, “NewFloat} :: GB
floating_point_pow(Float1, Fleat2, “NewFloat) :: GB
floatit _point_sin(Float, “NewFlsat) :: GB

tloating point_cos(Float, "NewFloat)} :: GB
floating_point_tan(Float, “WewFloat) :: GB

floating peint_asin(Float, “NewFleat) :: GE
tloating_point_acos(Float, “NewFleat) :: GB
floating_peint_atan(Float, “NewFloat) :: GB
floating_point_atan(Floatl, Float2, “NewFloat) :: GB
floating peint_sinh(Float, “NewFloat) :: GE
floating_point_cosh{Float, ~“NewFloat) :: GB

fleating peint_tanh(Fleat, “NewFloat) :: GB

$:=, £<= can be used with the following operators :
+| =3 *, -"rj L
. Floating Point Conversion

floating_point_to_integer{Float, “Integer) :: GB
integer_to_floating_point{Integer, “Fleat) :: GB

. Veclors
vector{X, ~Size) :: G
vector(X, "Siza, "NewVector) :: B

new_vector(“Vector, Size) :: B
vector_slement(Vector, Position, "Element) :: G
vector_element(Vactor, Position, “Element, “NewVector)

. Strings

string(X, “Size, "ElementSize) :: G

string(X, “Size, "Element5ize, “NewString) :: B
new_string(“String, Size, ElementSize) :: B
string_element(String, Position, "Element) :: G
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net_vector_slement(Vector, Position, "0ldElem, NewElem, “NewVect) ::



string element(String, Position, "Element, “NewString) :: B
set_string element(String, Position, WewElement, "NewString) :: B
substring(String, Pesition, Length, “SubString, “NewString) :: B
set_substring(String, Pesition, SubString, "NewStrimg) :: B
append_string(Stringi, String2, “NewString) :: B

. Atoms
intern_atom{"Atom, String) :: B
nev_atoem( "Atom) :: B
atom_name(Atom, "String) :: B
atop_number{Atom, “Number) :: B

. Code

predicate_to_code(Med, Pred, Arity, “Code) :: B
code_to_predicate(Cods, “Hod, “Fred, “Arity, “Info) :: B
. Stream support

merge{In, “Out) :: B

. Second arder function

apply(Code, Args) :: B

. Special I/O

read_console( Integer) :: G
display_console(X) :; @
put_console(X) :: @

. Others

raise(Tag, Type, Info) :: B
consume_resource{Reduction) :: B

hash{X, "Value, “NewX) :: B
current_processor(“Processorfumber, ~X, -Y) :: B
current_priority(“CurrentPriority, “SheenMin, ~ShoenMax) :: B
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Appendix-7 Exception codes

o lllegal [nput Type = 0
An illegal data type appeared as an input argument of some built-in predicate.

« Range Overflow ;1
The range of some input argument of a built-in predicate(excluding arithmetic operation) is incorrect.

e Integer Overflow o
As a result of integer operation, overflow occurs, Zero division is included here.

¢ Floating Point Error 2 5
The range of some inpul argument of a floating point operation is incorrect. Or as a result of floating
point operation, overflow ocenrs.

» lllegal Merger Input = 8
Data different from E] or list or vector has been iupnl‘. Ll]rmtgh Merger.

¢ Reduction Fallure ;- 9

No candidate clause are selected for goal execntion,

+ Unification Failure 2 10
Body unification has failed.

» Haised - 12
A built-in predicate raise/3 is executed.

o Incorrect Priority 2 16
Assigned priority is outside of the Sho-en bounds,

+« Module Not Found o 17
An unloaded module has been referred to.

+ Predicate Not Found :: 18
A given predicate does not appear in the required module.

o Deadlock 2 11
Deadlack is detected in the Sho-en.



Appendix-8 Reserved Sho-en tags

In current version, the following bits of Sho-en tag are reserved for the KLI1 language and for Micro PIMOS
usage.

31 (12 bits) 19 (4bits) 15 (16 bits) 0

language(KL1) Micro PIMOS avaible to the user

Figure 8: Sho-en exception tag

« bit 16 — 1/0 stream required from parent Sho-en.
# bit 17 — Error message sent to parent Sho-en.

« bit 18 — Message output on Micro PIMOS shell window.,
s bit 19 — Not used.

e bit 20 — Deadlock detected.

s bit 21 — Illegal input type.

e bit 22 — Range overflow,

+ bit 23 — Integer overflow.

+ bil 24 — Floating point error.

# bit 25 — Not used,

¢ hit 26 — Tllegal merger input.

e hil 28 — Unification failure.

e bit 28 — Incorrect priority.

¢ bit 30 — Meodule not found.

s bit 31 — Exception while calling a built-in predicate.
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Appendix-9 GNU-Emacs library

There are two library modes in PDSS, The first one is the kll-mode, used to edit programs, and the second is
FDSS-mode, used to run PDSS. Commands defined in each mode are shown below :

1. kll-mode

ctrl-C ctrel-C
Compiles all the text in the buffer in which command has been executed, as if this text was KL

source code.

ctrl-C ctrl-R
Copies specified range of text in the buffer PDSS=COMPILER.

ctrl-C ctrl-D
Compiles the contents of the buffer PDSS=COMPILER as a KLl program. Then, looks for the
assembler file(* asm) which has the same name as the bufler and updates parts of this file which

have changed. Eventually, generates save file,
This command is used with ctrl-C etrl-R to recompile updated paris only. Assembly files

should therefore not be deleted.
meta-X pdss-kllemp-switch-macro-mode
meata-X pdss-kllemp-switch-indexing-mode
meta-X pdss-kllemp-switch-debug-mode

meta-X pdes-kllcmp-switch-system-mode
Changes oplions of the Prolog version compiler. Commands with no argument work as toggle
switches, while arguments 1/0 corresponds to onfoff. Detailed meaning and initial values of these
options are described in Appendix-10. Above commands correspond to e, i, d and & options,
resp.
When using KL1 version compiler, these commands are not available.
«. | ZeInformation and prompt are cutput in buffer FDSS=CONPILE, but basically, user does not
need to type anything in this buffer.

ctrl-C etrl-F
Displays the manual of built-in predicates.

2. PDSS-mode
a. Window /buffer operations

meta-,
Displays a candidate string, beginning with 7=  and matches the previous string which has been
entered, This is used to repeat the last interpreted command,

ctrl-C ctrl-Y
Redisplays previous input.

ctrl-C k
Deletes all text in the buffer.

ctrl-C etrl-K
Deletes all text in all I’DSS-mode buffers.

ctrl-C ctrl-B
Displays buffer menu of PDSS-mode buffer.

ctrl-C m
Looks for the pattern module-name:predicate-name from the beginning of current line, and start
insert at its current position. This is convenient to set variable name when setting variable

monitor in the tracer,
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ctrl-C ctrl-F
Displays built-in predicate manual.

ctrl-C
Displays command manual for eommand interpreter.

ctrl-X k
Kills buffer, but gives a warning if PDSS is running.

b. KL1 program control

ctrl-C ctrl-7
Inserts 1 into the attention stream of the K11 window process that corresponds to current buffer,

This is treated as a task stop request by Micro PIMOS.

ctrl-C ctrl-T
Puts 2 in the same buffer as above. This causes display of statistic infermation frem Micro

FIMOS.
¢. Emulator control

ctel-C !
Garbage collection request.

ctrl.C @
Stops PDSS system, but the buffers used as Micro PIMOS windows are left untouched.

ctrl-C ESC
Restarts PDSS.

3. Mode independent command

ctrl-C etrl-P
Displays next PDSS-mode buffer in eurrent window. The PDSS buffer group is managed as a
circular list. So, if user repeats this command, all buffers are displayed one by one.

ctrl-C p
This is almost the same as the previous eammand, but display occurs in the other window.
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Appendix-10 Using command procedures for compiling

This is the description of the command procedure to compile a KLL program, used as a UNIX command. It
may be useful to compile it within a makefile. There are two versions of this command : one for the KL1/KL1
compiler and the other for the KL1/Prolog compiler. Basic usage rules are the same, but some available options

are different,

Command ;

Options :

+1 f =i
+m / -m

+a f -a

+s /-8 =

=o=PATH =

File name :

KK, BSMT
oLkl

EImF]iﬂ :

+ To compile and assemble the two source files append. kil and queen kll, and then to make append.asm,

pdssemp | options | file names ...

Indexing code is generated or not. Default is not to generate it. KL1/Prolog
only.

Code for MRB-GC is generated or not, Default is to generate it.

Assemble is performed or not. Default is to perform it. When performed, an
assembler file (xoocasm) and a save file (xxx.sav) are generated. Otherwise,
only assembler file is generated.

Compiles for Micro PIMOS or for user. Default is to compile for user. System-
maode private built-in predicates can be used in the first case. Built-in predicates
in this manual can be compiled with the user version. KL1/Prolog only. (All
built-in predicates can be compiled in KL1/KL1.)

Changes output directory to PATH. Current working directory is the defanlt.

it Assembles an assembler-file (xxx.asm) and creates a save file (xocsav).
1 Compiles a source file (xox.kll), makes assembler file and then assembles it to

make save file.

ogame as oo kil

append.sav, queen.asm and queen.sav in the current directory :

pdsscmp append.kll queen.kl1l or
pdsscmp append gueen

+ To compile and assemble append.kll and assemble queen.asm :

pdsscmp  append.kll guesn.asm

s "To compile and assemble all kll files in the directory source and then to put assemble and save files in

directory object:

pdsscmp -osobject source/s.kll
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Appendix-11 Sample program

t= module sampla.
1— public primes/2, primes/1.

primes(N, PL) :- true | gen{2, ¥, NL), sift(NL, PL).

primes(N) :- true
gen(2, N, WL), sift(¥L, PL},
window:create{[show|Windew] , "sample")},
cutconv{PL, Window).

gen{Max, 5}:- true | gen(1, Max, 5).
gen{N, Max, 5) :- N =< HMax, M := §+i | 5=[¥|51], gen(M, Max, S1).

geni(N, Max, S) := N > Max | 5=[].

sift{[P[L], S5) := true | 5=[P|51], filtver(P, L, K), sift(K, 51).

sifs([], 8) = trua | 5=0.

filter(F, [QIL), K} :- Q mod P=:=0 | filter(F, L, K}.
filter(P, [QIL], E) := Q mod P=\=0 | E=[QIX1], filter(P, L, Ki).
filter(P, [, K) :- true | ¥=01.

cutconv{[PIPL], W} := true | W=[putt(P),nllWil, cutcenv{PL, Wi).
outconv([], W) :- true | W=[putb("END"}),getc(_)].

| 7= sample:primes(10,PL).

yas.

| 7- sample:primes{10,PL)|PL.
PL = [2,3,5,7]

| 7- sample:primes{10).

yag,
| 7= halt.



Appendix-12 What to do if a bug is found out...
1. When you find system bugs, please inform the PDSS development group. E-mail address is -
pdss@icot21.icot.junet
In your mail, include the following information :
a. PDSS (emulator, Micre PIMOS) version number.
b. Compiler version number.
¢. The program in which you found the bug,

d. How Lo siart it, and what happens,

-]

. Execution log and queer points,
2. 1T it is a bug of a program of your own, go at the least through the following list :

a. Have you done varchk?

b. In case of deadlock, if there are the following goals in the incriminated part, you may have forgotien
to close command stream Lo file or window, or you may have requested the output of undefined
variables, Check vour code.

mpimos_file:xzxzzxx( ... ) or
mpimos_window:xxxxxxx( ... )

mergel ... )} in mpimos_file:xxxxx/x
merge( ... ) in mpimos_vindow:xxxxx/x
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BbS L irrieaas 12,14,23
BEOB ..ottt e 16,23
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Bdd_op ... a0,37
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L T 12,23
append _String .. ... 149
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Arithmetic Comparison Macros ..., ........ 22
Arithmetic Operation Macros . ..............,, 22
asin . . 16,23
L 16,17,23
T 10
ALoms ... o B
ALOIM_RAME .+t e i it it i seennann 19
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auto_load function ...........o.. ... L. 34
backtrace ....... .. . . ... ... .. ... 32
Bag .o, 54
beep .. ... ...... F N e N e e R e eeeerrnnen 18
buffer_length ... ... .. ... .......... 37
Built-in Predicates ... ....................... 9,30
Arithmetic Comparison(Floating Peint) ,.. 13
Arithmetic Comparison(Integer) ... ..., _. 10
Arithmetic Operations(Floating Point) ... 14
Arithmetic Operations(Integer) ... .. R 11
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COMYELSION vt oo 17
Second Order Function ................... 20
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Stream Support ... 20
String Predicates ......................... 18
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Vector Predicates ................oo0.ios. 17
L a2
change_op_pool . ...ooovviiieei 31,37
ch savedir .._.......... ... ... ... ... 31
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close ..., e 37
Code L. 3
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Code Management ............................ 39
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Commands .................. e rraeraaeaan 30
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Commands
Basic Cormands ...................... 30
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Code Commands .._..................... a
Debug Commands ..................... 32
Directory Commands ............. ..., 32
Environment Commands ............... 33
Command Input Format ...._............. 29
COMP - ............. T T L LN T T T T a1
Compile ....................... . 31,67,69
Command Procedures ... ... ...,.. P G
compile ... oo e ierearaaes k|
complement ... o L 13,23
Conditional Branch Macros .. .. ............_.. 27
Constant Description Macros ............. P |
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= 16,23
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CTEALE . i i i 34,3538
Cross Reference Cheek ........................ 33
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deadlock ... 47
debug ..., 32
decrement ........................ e 12,23
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Device Stream ................ ... .. ... 39
Command .................... ... .. ... 39
Securing Device Stream .................. a9

diffl 10
direetory ..., 38
Directory Management ........................ 38
Acquisition of Command Stream ..., k]
Commands ............. B, 38
Directory Command Stream .............. 38
display_console ......... ... ... ... ... ... ... 20
divide ...................L. e 11,23
dload ................... T, 31
D . a7
Environment Variables ................... P &
equal ... 10,22
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Evaluation ...................... feraiiiaeaneaan ]
Exeeption ............... Tereirasaaiadaannnns 2,40
Exception Code .................... P
Exception Information ...................... 5,40
Exception Tag ............................. 20,66
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EXECUEE ...l P |
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L 2
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Art—YH
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deadlock:
deadlock(ExcpCode, Info)
ORATH D,
¢ ExcpCode RPN OREE DT IEOR,

o Info XFEAEEET. ANORECL 1 RAE 5.
o NewCode NewArgy KERFAINEEC LA —A~0oflbl KEFLTH LW —ADa— FEF#ET==

Frdd i,
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B - AL S o, PDSSTHER NS E LT, J3bit o EFESEH L £,
CHE, —3.402827 = 1098 — 3402823 = 10°8 % 10 JEES T HTOSE-oFNT &, FEMNARRT b
$up e Fo2ELTRbR, A F (B0, RE)/ €7 4 (HE) ORARIEREME A, AL, BME
Hl AR OE B Multi-PS] V2 CRERCE 2 wooiEl s,
i, FIAAEEEHREFOF =2« 247 LTHbh, BN ARERETOR L W, ERICH
#BEAREEFFHT .
T, BHOBSLAEAEE O o FRBEI N EOT, 2 F—-HF o X FLdEBER. ThEF
ATk, MRCHEF ZHATCELL LT wE, RO~ e i {HEBEhTwnE,
3. HARSE
EUF oAb iE oL ar W & M
 hash/3 DHEEE Multi-PSI £ &bt i,
hash{+X +Width,-HashValue) — hash(+X,-HashValue -NewX)
» apply/3 * Multi-P5I k&b, 2 5I80CEE L o
apply(+Mod +Pred,+ ArgV) — apply({+Mod,+Pred +ArgN},+ArgY)
s unbound/2 ¥ Multi-PSI K&h, 4 5/BCE¥ L.
unbound(+X,-Result) — unbound{+X -Rpenum-Raddress -NewX)
» make_atom/? DRl FIEONTHTEEE L k.o
make_atom(+5tr,-Atom) — intern_atom(-Atom, 4 5tr)
e new_atom(-Alom) FEML ko
o atomnic{X) HEEIF Ik,
o merge_in{+Ilnl 4102 -Cul) &= & o ic3EW L A,
B, merge_in{Inl,In2,0ut) — Out={InlIn2} & X 5 icfFbi 3,
» BRORETH—r—T7o—%BHETE 50 L,
o TOfli—fe—¥-FehWEARE T MoEESLTbh A,
4 A—F-—oitHErEF LA,
o B (S, FEEVMEAE 07wy VOF 20 FEFMFC LA, £&, ARt —-r—70—0
FrafbfTo oK LA:

o BECHE IS (+/-) ot wiEW LA
" RERRERTIOOT I 2 FF=FELTEW, “1"H{- 1} EwiLrarlL LS

Lk 2L, R i= V-1 QLI “1" 1207 i F—FEeLTHSEsv i adaxd—
Ki-CTLE4sEBSen. FETaBLcA—2F3L5 KLk,

o § RN AZ Ry —7UFE LTRSS X I 0Lk BENICIL § OB ENFFIRMAF—2 28T X
Sl
i, FR7F—S4TEFLAESK, “$Sheenti!” 2 nSTEIC L, ChERL S ELEESK, TC
hRERA2ALETEEWF—2T35) LELL=P—KETF3X5 K LA, %, PDSSTIRH4—
FLTwE S, FE ARG nfinity ST FET IO GESHHETE L,



p.iv 2R

b, Micro PIMOS daw» VA w8270 &

o xrof w2 F
A7 IR FEIRA.
G A¥rifa-—7F
Ay Pa—FOEESIGEEN, YA Ty Fa—T B, FHEKID, —BELT 4 - Fa—DFH
KARZHATEEL S KAk ok, CiLR, wAF PECEFLAESoETEFof b2t fat—+
L. KLl #e #5207 2 F3T5B85c@bRLD,
T, B Ya—FollEldrt B 7 sy Fvhd, Fe—d—hbtff@cEia st
o
7.1 al—sME
Liab— A0S ORNPEEIREY, 2 —F-—ERHEREEI AT v, WS RTIK, MRB-
GUESHF—bF &L RE, DCode of@eh s,



1.50 iz = 1.60 K (1988/10/25)

L

= vt SR
a. KLI/KL] 2 v ZHH L= Ya vichok, TATEA L LCRUFOEESRED, Fu—x4

EELYIOBTHERTE A YR E KL/ Prolog 3234 7 EEI®ICk o fee B, = weid AD
FBOawY FREES AT,

KL1/Prolog @ ¥4 7 L [E%0~w & o4 — |,

¢ IV AR L,

Structured Constant RS o+wH— |,

¢ THALIDEL 2 A BERE. 2T %llomp” THESZBMCE 5 R,

L]

L)

- KL1/Prolog = ¥4 J 4, 2 } U v #BIF — # (ML T #1F Structured Constant B&rg 3 44— [

SXOKEE. VA b, =2 &1k Structured Constant Rfr S # @ HFIc, RELSH DG b My
Fe—f kgt a,

- Yo 73 Structured Constant BéS 34— F LADKEE Emacs 54 72 10 kll-mode Ic

FIIEFa v AAAOBBEYES LA T V22 FOH A XHAE R, “Assembler: Relative ad-
dress field overflow.” @=9—3RkF 5 AMBRAI Aok CHRED w44 AD ) I
TOEYV—AEEWT, M v Al Lkt T2 Lot Sz b b =9 LB, Struc
tured Constant O ERMICT <> FLTWEAT, b LIOT 7 — 558t LABSICH 7 T4 ag
BEBa A AT ERERDE,

d. BHEROCASO~ 7 ogEma ik,

o strings"irEFH| -
Fraat 24702 I »2ichkd, PDSS T 8bit ASCII = + 9 » 27, (Multi-PSI V2 ¢
Kt 16bit JIS 5 )

. #"I# "

FZart e A FOLFa~F (G8) k5, PDSS TR 8bit ASCIL =— F, (Multi-PSI V2
T 16bit JIS BE, )

* cHE
ASCII =— Fiek 5. (Multi-PSI V2 ¢4 ML, )

+ key#ls
UFTEHRT=— F (B 10) ick do (Multi-PSI V2 CHHL, )

* keyfcr
WEES =~V (BB18) ch 3. (Multi-PSI V2 THE L. )

2. Micro PIMOS BIR

&. compile =~ FOEN. 4ETO comp 7w F tload a3~ F +save == FIcHNT 5,
b. varchk = FOil, T—A0RFEASEECE L5 Kk k.

d =iawr—&PE

a. Structured Constant ROGGOEM. Structured Constant FERKEE T A b I I IR, =

ZEEI-FERCRE, 72 b RMCERL AW TELS LS5 5 b 07, MR RE LT Z.
FEL, T B ERBC LEhE0OT MRB BEF ON k3, KLI/KL] = v -4 90oHLT
DAV v P RF4 WOV AL, <2 2 C@AEN, KLI/Prolog 3 »aif 2T LY w R
BEhzt. M, CAKIY - YoRBAEEELRADT, Flina vaig FoavAfalLka—F
Bz ialb— 2@ CLRTERV, bl v Ff aOTH = FREOE @S £ 2 200k 5,

b A& da—FpUIEE A, Breadth First RT3 C L ABEC A o A, CHAEIAL EFRoOF 7 s v

(b ) CHEET Ba AL, ¥4 512 Depth First o= — FRHF 0T, #57 4 Beln=—nr



BERE

FPEEIH L AR o BTFEF ., o = — Ao BB (TRO: Execute TH.3). B0 d@lEhd (v —
Aa—F L) Kk . /., Execute CEFFCEIEXEEEI LT, XL ENRS T a
vOSIMCEET 5. (F: -bl00, F7 44 P 100) COBRERT 07 7 AQS Y (KR CEFLC
W) RRHTIOoKEL L,

=R RN, MORAS KA Y FETCORAF 2 [ FL—REFTHIRICKD 4 BN 6R25

r5ickok. (LliTH 38

PDES T AAL OB —F (LIEE/ TV F4 ) BEBL - AHEO J@MEE Z 0T, CO#ELE
Hie L,

e I—FHRALEFATWILOTHS,

» T—AHAALERNTAEHOTHEL,

* I—FHAALZATWILOTES D, Thid, 7224 EATVIEOTH D,

o T FRAALTRTWILOTEY, HD, T-A L 2AL TRTWELDTH S,

GO e—7x ) ToOOREYF= » 2 L, AREFPEWBESCHNZARETS LS C LA,

o BE DETE Ao kB ($5% L)
Tz By 2 O—FHWTILFV FsodboT—ADfAFFARSLD. chieX ), F—k#
HEToT—ARMET 274 FEF— A DS TIREESN B Do

o BEAPERTE ki il (GO E#A 0K GO BRAMTLE-TWE)
=R PHECTE= T &,

LW FY @AIJJ%E:T1 ctrl-C ctrhZ 4 ctrl-C ctrlT @HI 0 AbE 2k & &, read_tokén/4 Sofl

AMAFHT » Fu o 2 0% o T L.

L A= RLERLTEA T a v REN, dbx T2 LS HERF N 3 LBRICEF,
B RS T e v DETERETEE., - 2 + KLZEREES, FLoTaF7aa b &R AR

KFEsc b BT iclika (+t, -t HETTES DERIZHE. )

h, BToasEEs hBfeErml L.

s alloca() OEAEIED A,
o pigmask() @<= 7w <signal h> CERI R TR WHiCK PDSScE2#d S LS ICL A,
o KELSEINOFEcHlildEiEed sotibnk,

4, Tfs

a. PIMOS BcRABE A2 — T4 I FAHEEAL L d ok, BELFoLOHSH— L TATWE,

st i3 ik KLl F—2Ty—E T d S

oy e ¥ Fm e o o BEE

¥=4 L@ Pool | Bag, Stack, Queune, Sorted Bag

#—*F & @ Pool | Keyed Bag, Keyed Set, Keyed Sorted Bag, Heyed Sorted Set




PDSS ¢ R pl

1 PDSS &

FDSS kit “PIMOS Development Support System” OBETH 0. o0& L0 PIMOS oMBACIFEE L
‘e KLl ¥2¥ L0H L, PDSS HEDBEND:E, 5~ ¢ Multi-PSI V2 System ECRB Zh 3 KL1 2 E#HES
FoIHEEI N TwWEN, HKEFEOHECEFSOA C—RERSEHL-Tw3. ThHBERLEDRL LD
B TFierd.

o THAOEEL Y ¥ 7 v TEREAZ LBLH L L 0 ABR LA TfToTwd, ChickaT, —fB0T
b AP EOBRESERADNEE L LT T hTwE,
o PSR LRRCAER AT ot d,
PDSS OFIEREBAECHEL LTWERHA LR, V¥ bu v HTRE,
[OBMwhbWwiF iz 2 ) —aptoFElRL2,

¢ Y¥FATORy Y PAFLROTOREOMEOLHO Y 0 o HERBREAT- (RELTAERENG).

FDSS o 5 —2DEMNE, #F|7 e 7 2ofEMHYy — A0t oR L, COkd PDSS BN~ — v iclEF
LEwa=7q v« 224 ATERBEATEY, flieD UNIX BB T 5o — v CBHT 3 FRTH 6. TR
RSP LFERY AL LTHEWBITORWS R FLEEEL TS, THICDWTH PIMOS OB & & b icilio
FMEXFSEL 4D EIEFFLT VS,

PDSSHECZSOHSFILEE L RAFACHE, —D0H KLl oXE#RE+ T 2 2H0EFC2 0, fhn
Micro PIMOS :8Fifh 3 KLl B C8hii ko —F— 1 £ » 87 > — ZFWTHE S, Micre PIMOS KKowT i 4
UL 82, —SCTAH, /O 8+~ — PENEMES = —F— IC#I3 3 Single User, Single Task o
MRHOSTHIE. © 1 CPDSS oElEol A — V5T,

[ ]

L

a—F— . Fassh

Micro PIMOS (KL1)
I/O #hE
- — FEEERE
FilrA AL RE
awylFA{warya

KL1B R
=3 GNLU Ema
{C Eﬁgs KL]‘) of L& —7 .'r.—“.':'l

GNU Emacs

UNIX

1: PDSS M2k

B 17, CNU Emacs 4 ¥ 2 — 7 x— 23 H CNU-Emacs *IFHELE7AR 1 —» . 2F 4 2 3FHLT
ST AF Y FOORER ML TWERRTHE, COBDIA T3 2 Emacs-LISP Tt L Tw
L.

PDSS T 1/0 Bt o — FoI e R T <A 2 » 2 PV — L EFERSRIAHPAR F T — L% EciE s h
T, TDHFAL R AL V- LoBREHREE-], f8-2 KRLALFITEE, LL, 2—¥-HLOF
AR A Y LR EEEELEAT SRR, 4HTASB L5, Micro PIMOS £FEL T s Ef0
FATZIVERWCLOF AL R+ 2} I —LOWERERTIC ECh S,



p.2 _ PDSS oERAE

2 PDSS OERFEE

PDSS otk it rownwTliNT 2. PDES ol s, Fo¥fhaoarsfa, B, Flo X H8
TEroFHEEERICRET. coThR, 8EofindFdc b ERNE LTWERSD, ¥AFL~0Tv ¥ FHICH
TERMRBMNECEST WS, ThbKDWTH, B#RoECENRLR<s e,

PDSS K, BETEAGRECS 5%, GNU-Emacs o FroEfL s 3. L5, Fu ¥ 7 LoRBHE,
WETEN R ERT S - GNU-Emacs T+ 2 452583 L,

BIFTH, PDSS Bifk, GNU-Emacs F. % O@HABECORBEFHICOWTRRT 5.

2.1 PDSS £ TO#EE

KLl 7o 7 L 0RBE sl a—Rh+4 AR TFo Lok E,
NES FEL 3 PEESA-F o TN
o et A
= F
e
Frizl
PDSS BfEcoieCil, = AL PDSS EofFA st bichd, Mooy FEEFFLcticks
T PDSS HiET 2.

S e

pdss refurn

21.1 awrF

PDSS FEMT I L, Yoyt "ir-" EFFRENE, chickT o ANE, ERMcEEihkaer ¥4
vETVAICL TR, RITEh 3, AR CHWI e v FERTFRT. toaor<y FORRICDWTHR,
412 Ta~=» V] & 8H,

+ comp(FileName,OutFileName) _
FileName T EE A ZEE " 11" @ KLl Y —2 + 774 A¥F 3wt A L, OutFileName BT H
LEEE " ase” 7L AEHITE,

s load(TileName)
FileName CHREE R IBEE " zav” D& —7+ 7744 (CHREWESICREYE: ".as0” OT V75 -
Frda) ta—rFEgico—-F35,

» save{ModuleName FileName)
ModuleName TRENLE Va—ADHTa— FE, FileName TRENLEME" . sav” OF 7 f L CH—
e o

« listing |
F e~ FENTVEEYa—ADHHTHTT 5.

+ public{ModuleName)
ModuleName TREINZEV 2 —ABBROET Y2 —AKREL T 338 (public EEEhTW38E8E) @
—EtFFT 5.

= halt
PDSS #8775,

Th, FROBESHWIEC LD, 1900wy FI{ viclilin vy FESLB L LHTE B,



PDSS ofEfHE  pd

w FHrer (1,0)
Biigm ow» FEHF ST+ 3,
e Eimmy (1)
fimawy FRETTLChb, Do~y FEEETT .
. mﬁ("’)
Al Edhi oy VEETHR, B3 chhil e ol R 7T 3. TEoRbIE all t 8B tdTox
HMFRENG.

2.1.2 266

CoTH, 74 fF o FHAIO e I LRI b, PDSS olEilihb e ¥ S Lnavaif A, SFEool
et .
IV RIS AT Ly ET 0 AL, T A A S sample k1l AL TE—F 3,

i=module sample.
i=public fib/2.

£ib(K,R):-true|fibi1(¥,1,1,T),R = [1]T].

fivi(N Fi,F2,R):-F2 > ¥|R = [].
tibi(KN,F1,F2,R):-F2 =< N|F := F1 + F2,fibi(N,F2,F,T),& = [F2|T].

ElFH. Eo 7o 7 A Bvisfcd s, € AR, 2—Fo i sg8gits s,

% pdsas  {PDSS DR
#++++ PDSS-KL1 V2.51.00 (Thu May 25 17:356:28 GNT+8:00 1988) wekss

........................ Shd mwoE o T RN W OEA N AR EE B A s s E R

L L L L e TR L e e T s
erwe Micro FPIMDS (version 2.5) shesskkstansd
e L L L
World is /pdss/pdss2.6/doc

Totel heap size is 200000 words

Total code =zize is 100632 bytes

S o i ol ol ol o o e ol ool o o o e ol ok ok ke ol ok

| ?- comp(“sample”,"sample"). {=v+if Ay 774 A sample.asmBERThd.
"gample” : Compiling ... fib/2,fibi/4 END.

done

[1ib/2]

suctess

yes,

| 7= load("sampla"). {7 7fA sample.asnP=— F{igKe— Y43, )
“sample” : Loading ... dons



pd4  PDSS Bk

Modnle name : sample

yes.
| 7- listing. doa—FERTWEEFa—ADHER)

e o e T T e e e e o e

Hodule_Name Trace Saved OSpyPN

sample T 0

yos.

| 7- public(sample). €% ¥ 2 —a sample AT public HE XM Tw S RE0—EHERY
fib/2, END.

yes.

| 7= sample:fib(10,L)|L. <7 w75 LOHETY
L= [1,1,2,3,5,8]

yes.
| 7= savef{sample,"sample”). {Fa—n gample OIFEFTFo— F¥ sample. sav ICe—7"p
“gagple" : Saving ... done

yes.
' ?- halt. {PDSS O#TH

2.2 GNU-Emacs FTOIEE

T T #Y%IC Emacs ST OEEIC DWTIT 2. £ofo PDSS B owTHME SR i, &
¥, Emacs T PDSS Bz~ Vst f#-0 ¢ 20,
PDSS il

24", Emacs ¥EMT L. PDSS & Emace hbloaw v FRPANTEICECLIENE LS.
Meta-X pdss return
FTELG VoL TOIoCHHEh s,

« PDSS-SHELL
PDSS Db LAy 4 ¥ FYThHd, Tuy¥Foa0n—F e, RiFEFRrsaevoavy FEADT
I, Billfio PDSS Btk Coiefiit, cov 4 v FOECRLE ST E L,

e PDSS-CONSOLE
FerILEThRoz s —$ B R LAY, FPe—xHFELADTIY 4 v PO THE,

FosS Lol a4

Z2F 4y FHEOA» 7 rRERLT, 207 o SLiElTi, col ¥k, 77 ABICHEEET “ L1 %44
Bk, coFuydatrarvadfat ek, T0v iy FyEvkoasvsy FEANT S,

Ctrl-C Ctrl-C



PDSS oA pb

4% & PDS5-COMPILER ¥ 4 ¥ FoHEbRT, S raf a1 B8fF30E, o2 -dREEIAABESKR, ©
DY PRl - YRETRENRS, TOBEH, Fe XS LA2BELAR, B A{ AT, TR
SAAEREHICE, ROLS5hA v PHRBREND.

PDSS KL1 Compiler: Success
Fa#ssma—FEXKiT

F2T PDSS-SHELL W 4 v ForofTl 5. AIETERERIC load(FileName) KX D F o7 6do— VL, 3T
e SHTPICRWE LA T — it PDSS-CONSOLE £ETRER L,
PDSS @7

PDS5-5HELL ##% halt. == FEANT Lo LKL X DETH 5.

2.3 Fa&LSLOFiigS

PDSS TR, tr—H#Kl2HGFEB0 I v—2, BRUF» Vo r 2% ERwCF <y ¥ 3§74, CoTH.
FELTrre—2BERAWEF Ay YOS8B Y.

2.3.1 hL—%

PDSS 2073 Fr—2i@plin, ENthic—2r LA L—2T8 5, FL—Sd—AEHOLS
RHEMECE oA, 20—l 2883 ETTE, cOoRFRAEFTEPRELf (v b bL—2H A VY EEn

Ga

o T—AFFLEH L
* EF0REEE oA oqR
o FRTs b DN
s — AR
® AT aT «T%}
(% B 3A T, BRIV T FAF I FARZISr Yo - g LiE L FETOPE

KLl tr—z2obE LR Ma—FeEA LA b e—2) e Te—AKdBELAFL—2 ) @280
BELbLE,
S—-FIEEELAEPL—2E1, Pe—R2Lkwna— FHEFFHERARIC bL—22f 75 b0TH D, TVa—
ATEC =R« T—FEHETES, LTTHINES—F» FL—REFE, 24, Eiclihd, ool
KRB LT L—2EfToc 4T, ChET—FDRAL FRLE, .
SoAKEELE - LK, ERFhAL T2l tctoTROoT—2 (ThbbtoT—2r0ETFLE-
THEEINET=A)F =250, BIVHFL—ZLAnhBHBTE40TRE, LFTHINET—1 .
bL—=2 LPER, Tk, BKHELES—AOTRAER T FL—2F 3L nilEBLTE, CREFT—ADIAL 2
L '

FleELiTchlde Bro7e T80 p(l) -2 FL—20HBECED p(Y) HEIofBchhak T
&, p(X) hOMUEHENE q(A,B) & x(B) RT—A+ FL—XDRBICASH p(Y) 2LPFFUHE RS q(4,B)
L r(B) Be—a - trv—2ofiiichbin,

Goal : p(X), plY).
Clause: p{a) :- true | q{A,B), r(B).

(8] Emacs ETEEL T 388, - ARTHOER S X U6 PDSS-CONSOLE Loffhbh 3,



_p6__ PDSS opEfAiE

28.2 a=wxF

e TRETo sy FHERAINLTWS,

» trace(ModuleName)
ModuleName CRENGZEF o —ADI—FDO b b—22—FE ON K73, coRF-4> 72— g
Bheic ON Kk &.
» potrace{ ModuleName)
ModuleName CREREEVa—AD3=FO b Lb—2E— ¥ OFF It3 35,
+ spy(ModuleName PredicateMame, Arity)
MeduleName TRERTD €Y 2 —AHD PredicateName/Arity & 3RO A 5k 5. T OB L —
A ®=F, Folu s 2~ FREBMK ON £ &,
s spying(ModuleName)
ModuleName THRERIEVa—APDRAL TR T A EBO—E #5153,
» nodebug
FrAw TV ¥ OFFET &,

23.3 FL—Haw=F

be=#a=r Fo—REUTEFF. LR, 637w 1) £88oc k,

» s[COUNT]
EDbr—2 v iehEs, COUNT 2R EAARSKRIORAF » THAG FL—23FA 43
ETkE S,

s gp[COUNT]
KDAS4 ERNTH BB~ FEETENRZET L —I %R\, L35, COUNT HISEXhABEIC

HEDOEEFERIECIL—28F%w, k33,

2.3.4 e

cofiTh, ooy FatarAda, o=F L0 -FD Fe—2fEsd. £4h, FL—%
SHACHE LR AR, 62 TEHNI +E8M.

| 7= lead("sample"). <{sample.sav ¥ =— Fikico— )
"sample" : Loading ... done
Module name : sampla

yes.
| 7= trace(sample). {E¥a—rsampleD=>—FDFL—2E—F% 08K}
Setting ... dome

yos.
[debugl?- sample:fib(10,L)IL. € L —= 0T
22>»» Priority: 3991 <<<<<

Call : [0004)sample:fib(i0,A). [steplll

Call : [0004]sample:£ibi(10,1,1,4). [stepl
Call : [DoO4)sample:fibi(10,1,2,4). [stepl¥



PDSS @R AE  pJd

Ccall : [0004)sample:fib1(10.2,3,4). [stepl’
Call : [ﬂﬂﬂé}aaﬂplq;iibi(15.3,5,&}, [=tepl¥
Call : [0004)sample:fibl1(10,5,8,4). [steply
€all : [0004]sample:fibi(10,8,13,4). [stepll
L =[1,1,2,3,5,8]

j"EEI-..
[debug] 7- sample:fib{10,L)|L. 4} L — o8
>x>>> Friority: 3991 <<<<<

Call : [0004)sample:fib(10,4). [stepl¥ 8 3 (AF7DFL—ZA}
Call : [0OO4]sample:fibi(i0,1,1,4). [stepll
Call : [0004]sample:fibi(10,1,2,A). [stepl}
Call : [0004]sample:fibi{10,2,3,4). [stepl¥
call : [0004]sample:fibi(10,3,5,A). [stepl¥
Call : [0004]sample:fibi(10,5,8,4). [stepll
call : [0004]sample:fibi(10,8,13,4). [stepll
L= [1,1,2,3,6,8]

yos.
[debug] 7= spy(sample,fibi,4), 3B figl/4 KHE-T& =4 OETEY
Setting ... done

yes.
[debugl 7~ sample:2ib(10,L}IL. 4214 DETH

>2>r> Priority: 3981 <<«

Call : [001E]sample:fib(10,A). [steply sp {MOEZAfZRATWEEFTs—FETrL=2)
Calls : [0015Ieample:fivi(10,1,1,4). [spl¥

Call* : [0015])sample:fibi(10,1,2,4). [spl¥

Call* : [001Blsample:fib1(10,2,3,4), [epl¥%

Call# : [0016]sample:fib1(10,3,6,4). [spl¥

Call* : [001B)sample:fib1(10,5,8,A). [spl%

Calls : [0015]sample:fib1(10,8,13,4). [spl¥%

L=1[1,1,2,3,6,8]

yes.
[debug] 7- epying(=ample). {& ¢ a—A sample WTASA & AT w5 REE—H)
fibl1/4, END.

yes.
[debug] 7- notrace{sample). ¢} Ll-—2.%—F OFF}
Resetting ... done

yaa.
[debug]l?- sample:fib{10,L)|L. {FL—2ELTOSHT}
L =[1,1,2,3,5,8]



PDSS ok

p.8

yos.
[debug] 7- nodsbug

yes.
| 7- halt.

{7
b
¥ — ¥ OFF}



KLl offE4#8  pd

3 KL1 OFEMLH

AFETH PDSS TETIMEL KLl o BBHRICo Wi~ 5, ., ABTR<3 KLl oSSR L 204
PDSS kksH s b oTh b, fior 274, B4 Multi-PSI V2 Eoi 0k BSDRESESHS S,

3.1 #=

KL1 # GHC (Guarded Horn Clauses) ¥ ZicEH 2 h A ZECR D, OSREHolte . — abiliter &
BorOoBHREOLEE, EROLLTELwIBALLONEIMAABE TS 3. KLl oXARRE L TFic
Py
H— ¥ OERb

~rFra=arirva vRUA - FBCE AT —AOETREANC T $ X FCBRAATECRE-TE?
LHEFERRGTENT. ThbE, B0 5 h7 oS ol X #RKEEAAVE Y PIEEN T TH 3,

Goal: 7= p{X,b).

Clause: pla,c) :- true | true.
Th. HERONEOF 2 v 7 VESLHCERETEN S, THDY, KOT 02 I i 3.

Goal: 7= p{{X,b},{a,c}).
Clanse: p(X,X) := true | true.

H—FEORIR

H— FRCEIETE 50 —MOoEARBCRRL TWi, #— FBCRETHEAEARB cowTh 3.6 &0
a1

EEHOR—#

H= e S BENOM—EOF = » FRFoTrhv, Thbh, KolA o3 A058 1 & 1 SREE
ghiavi¥ b, S—A0THCHbFPHEECEI TR b,

Goal: 7- X=Y, p(X,¥).
Clamse: plA,A) :- true | trus.

EY 2 —ALBRE
B0 u—ZORYFEVa - LTHETIC LD, Va2 aABilins v i n, 50300 X 5Tl
R 12077 {4 ARl 202 Y= — 2 BRTELIEE T3,

HE

TR EFFRMAEMM A AL, C OB ICSFTERSEIR OB LT ROMBAITA 5. 0S ki OIEEISAE
EROClETh S,

BIrHATE A
BRHHRT ST+ OFU T 5 A0 & EEIMAL & SR L BAEE A € KL1 BEoftifd 8 £ L 250E &,

SROEL
KLl Th&ERRSTAN L LTibh., A LB R TSt T3 c b AlECH 5,
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3.2 HHE

HE:EEBFHELT-REETE 72440 7 4 RARUFAAEO R B T35, HBICHE Y br—
A AP T —bEbdi—b e AP ) —LEFFRIEDOR Y - ARERERT NS, 2 be—a s 2} ) —ARE
REFET RO —LATHD, RT3 Do FERFCLHNTEL, LHE— b« T b —LHEEH
ﬁﬁtfﬁﬂﬁﬁﬁﬂﬂﬂfﬁﬂﬁﬁhmf{azPﬂ—#ﬂ$aoﬁ!@i—fﬂtmbﬁ—i-ZFﬂ-ﬁmﬂ
BFErMET 7o XA IER T3 0 Lic Y » THANES + BRI T RS,

R
o—J
o O o O O
HE
<1 |
O O O ' .
dxhkA—
TR Z MY =4 -
T
O N=C)
ARU=x

E 2: #@od #—

RBE A

PDSSTHALTWE MBH) LRT—ADV ¥ 700 vORTHE, CHEEHEMNS L) BRECIS LS
HERBEAULELAHEv, ETor—rRaTTnirolifcBLCcED, §T—AQI ¥ 2 s v toa—
ABRLT S HBEOTTREEAS, HRKHEORERNCEFTCEZ I X2 v e v FBEE 52 5 0 L 3T )
o Th, EREE BRI ( LREOREAC) BRcHT sRI S TRAC AT A I o TIB bR TE D, B0
LN (EREICHERE T starl T4AH) KHCO@ D) SRS EEMLEL X -RECEDNICSL bR 3, Ehk,
ETPCFRELASE K, todEofiiErS B Sl (OBD) 26 A7 A THEL TWAFNREHS
FLSAbhs (CoBE L L3 Mo FREPEL A -RETHFORE), SLYSLTh EBMETMATLE
5E5REESH TREOTFEFN) tLttofBorH— » 2 Y — A ERESH T 3. ERATHeS
BIERBTRELS5Car bu—a - 2} ) — LI add_resource(R) 23 2= ¥ FEHLH L,

T o4 YT 4 e

HEOL S —20BREL LT~ 207214V 74 EB#D 5, EUBL - PR OBBANTES L
T=rADTFANIF A OERETHMY € FERTED, CAEPBLETIAFVF 40T 2THFTIC LR
TEEW, T—AERTET I F T F 4 OHTHESCSwWTR 13 #oif<3,

3.2.1 HEOER
HEROLFICR L AT LCHBLT 3 Shoen’ £ ¥ a—A %5, Hile Yo —ric RIERdk 0B execute/7
HEEINT AL ([DHEERD execute/8 $HEATRE),
execute{=—F, 5|8, HEMARESSA41 7.4,
HEAB T FAFIF4, £7, avito—n, Li=})
execute (% ¥V~ —aA-F, HEEE, FIH, EEARET2/4I 54,
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HEABE S A4 4V% 4, %, avio—a, L#H—})

Loty [a—F) iR, 3ERD<2F {€Va—n&T b4 RELT b4, 5 180N} °hZ, (LB, M=—
FlReTcoBAc#REN 3, Multi-PSIV2 TR Ma—F] h=— FEIF— 2 2@FT 5, ) MBI80 & o~
ADS|HETUF LTI sTvhi,

THERABE A4 71 ) RERATEF IR - ABEHCES 79440 54 OTHREEIET 24
LOMT, FREED b\ EH 35034 EF2 0 LLE 4008 L Fogsod b, 0 ELRBRIOTE - EC#e,
4096 7 & execute TP UHT T L 2 FALMEICE S, THRARESS/4) F4] BEENOEFshET—n
BERTEIETIA 4 7 1 0 LIRETHET 3 2 00HT. ERE EOL bWFITF b2 8T 3 0 LLE 4006 1
TOBRTHED, 0K L execute BFFET = — 0 L RO, 4008 EIFTEROoTRIAFLACE S, L3
BLEMIDESEhD,

Hn
BEROBH S 244 Y F 4 (Smaz) —-'

BEZEEF I Y- 7945074 (Cp) — T
I Maz

THEORRT 544 VF 1 (NSmaz)
4096

VHBORESS A4 VT 1 (NSmin) —

Min
HMOBET 244V F 4 (Smin) ——e !
{En

NSmaz = Cp — (Cp— Smin) x %ﬁ-
NSmin = Smin + (Cp ~ Smin) x 4in
0< Maz <4096 Moz = [HENBET 214974

0= Min <4006 Min= THRABETSA 40544
0 < Min+ Maz < 4095

B 3: #0754+ U7+ OHE

M27) RERADEDL S PN RETELETIVy b w22 B4 8, EE o FOERE 58 B
Moct, Tavito—ralKEHEay be—n« 2} U =5, Med—F ] KHLHE— 2 by —apiz=Tr
AEn3, kb, BRI NATROTHRFRBLTIRTECS ), BEIF 2o 0 v 8l + o FERTwHw,

[#Al] 'Sho-en’ rexecute({primes,do,3},{1,300,PK},0,2, 16#"FFFFFEFF" +CTR,REP)

3.22 arpa—L«RAFY—L

T EE—A s AL —AKCHTCEHE TR E v FEREFOVOREDEE, v bp—2 . 2 Y —-LEET
SL. HEIRHEIND, A M) - LI AVREEEL 0L 0ORGRETICE b wO TR,
sbart
HRAD T — A 0ETYERTAIKT 5,
stop :
HENO S — A OEFTE—FRHT 5. start 5w FICE > CHETAREERIICF 52 2 MO 3,
abort
FRHOETENRT 5. COowr FEMLABRstart 3w F@oT b ETRENHES W,
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add_resource( Reduction)
HEOBEDIEY ¥ 7 & s v O LIB#IK Reduction TR A 3 %8I 3.

allow_resource_report
Mo REFEMN ] o L coEEc, DECTFEFANCSEENT., MEOTEAN] t—EHEF2 L

allow_resource_report <> FUHA s 2T MEROFREFN ] o8HEDbiLs,

statistics
HRoEHEEE WS b o, HEILLE— « 2 I —LKEMENT,
323 bHE—F+-ZAFV—4L
Ltlm b« 2 b —dd bl 3@ RETO L 0SS,
Sxba—A A Y=L DA v E—F N EEE
TRBavie—ns A ) —bnflEhk f v +—YeHT3EET, —H—KHIELTWE,

started

start A » v — FEEF L A,
stopped

stop A w— S ESHE L Fo
aborted

aborted A vt — 2 EFEF L k.
respurce_added

add_resource A v+ — VR REL .

resource_report_allowed
allow_resource_report A v e — VT FE L. ThElE, MEROFEFAN) 2850, thiiitin

S

statistics_started
statistics A = 4+ — S HFEL fe. MHHEHTL.’:ﬁJﬁ'ﬂSUEJ w=UC DT R L,

REmE
ChRBEodkiiEh ok L figT 304 0TE S,

terminated
HHoEFTHET Lk, #ToBhR, £1Caborted HR SR T W HETESE, XohTAbhHSTOS—
A DRI BT 5,

resource_low

BAMEIX 7o avBEBAEt9C ok, b LAV HTRERED kdho ko BB C OFINHRET
L iR k3. CoHEEt LABH =Y Ye—4+ 2} J— LK allow_resource_repart ¥+ T,
o resource_low HEEZ i,

kg
AL RS oM T L AR, TSl gt Iaototd s,

statistics(Infa}
HERAOFIHEME Info ko= 7435, Info B 1 EEo=ssT, BRI 5 o= vEsFzhe
Wi, V7 varBichTROEEMD Y 52 e BV S thTwE.

Gt
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CHEROPCFANATENBE LA @27 400 L, ANEER, ¥4 Fo » FEBRwTRN
FTEIAEEHRIEC LA TE D, MERCHAAERAT S L. TANRE L AERNICHMLERD = — A ap
ply(NewCode, NewArgv) ¥E L. NewCode, NewArgy iCfth b KHfFH_E T —Aia=7 7 4 EhIoR
2L5TE. b, NewCode IKHiZ+ S8R Public EF kb0 CABRE A b, $4. NewCode
= [0 KhaktESBfthbior— Rl TFah i,

exception(ExcpCode, Info, NewCode, NewArgv)
FHEHATHIERE L e ExcpCode RFN OIS+ FH T EORHE, Info RFAMNNET, PN ORI X
VEREZ 3 AN FICDWTHAE - TES8M. NewCode, NewArgy it BEFIH $inc Lks—aaithbhic
FTFLTR LT —rDa— VeS|t a=v 7443, ExepCode, Info lKDwWTHTFEiEF, i, BIF
T Caller RELARMEFAKRED = — ¥, OpCode BEERMBEOA ~3— ¥, Argv HIB~<27 £, Code
B{EZa—nE BEL SIBOR ) +HbT,

ExepCode B :: Info |
0 Tlegal Input Type = {0, Caller, OpCode, Pos, Argv}  Pos BFIES [$fE (1 ~ 7
I Range Overflow o {0, Caller, OpCode, Argv)
3 Integer Overflow i+ {0, Caller, OpCode, Argv)
&  Floating Point FError :: {0, Caller, OpCode, Argv}
A

Hegal Merger Input :: {0, Caller, OpCode, ML, FMI} Ml R w— 2y ~ORFEAHF— £
i FMIRw—r~DANA F =4
9 Reduction Failure = {0, Code, Argv}

10 Unification Failure = {0, X, Y} XYREFpa=v 35— avi
EF Sl L AeTE
12 Raised 2 {0, RType, Rinfo} RType Rinfo HEARE

i raise/3IC X oCTHAR S —L
16 Incerrect Priority = {0, Caller, OpCode, Argv}
17 Medule Not Found = {0, Code, Argv}
18 Predicate Not Found :: {0, Code, Argv}

deadlock(ExcpCode, Info)
HRATT » Foy s RESBRE . ExcpCode RFIANF» Fu s 2053 ¢ & 4 3BT EORE.
hhﬂﬂﬁﬁﬂfﬁCﬂﬁ%ﬂLHhﬂﬁﬂﬂmﬂmMﬁﬂ@ﬁIt&E¢D&ﬂnfyFnyfﬁﬁif
SE¥ohlitotfEoa— PR O(—ENGC oA nEkFf), DIype BF » Foo 7 ofiSHsHb
THRY (THBM), GoabList BT v FE 2 2 LTWET—AOA—} b hoTing o Fhbkalat,

Excplode FEEE 2 Info ALER
11 Deadlock :: {0, DGoal, DType, GoalsList} kL&

33 FS4FUF4

KLLC B~ A DRTREMEE (MTF, 7244V F 4 b ES) I —A0 LICHET 2BERS S, 7944
FACRRETFAXV 74 bPBESIA4FVF45DY, T AHINTHEFORE TS5 5 4 ¥ro. I
ARACED LR LDFNBI N LSADHRT IAFVFABEBY, AFrPamFt—ahTen s 2227
RFIPERET 24XV F45BAS 2450 71 e+ 3 (BR72A4 TV FARRESIAFVF 22D L%
EFBoNT, 2= FRTIAX)F 4 2ELbb Lo TETEBORY Vo ARED LB DAL C 32
FLTRWER ), HEBHO7 24 740/ FROBE 7244V 7 4 TH 5,

A=YRI-ADTILXY 74 e HRT BAXOBT -2 ORBES 243V 7 4 o EOT—ABEET 5150
QLR THRE DESECIRET 5. iiEE PIREEAECENER) « %51 [HIRERARSET L/,



p.l4 KLl OFMBHE — 753430 F 4

MREEMNSEE

COEETEREEERAT -2 ¥FHR LTI EE0RB YA 4V 74 o HE / FTRECHT 3 EEETHEET
ZHECE D, HoksABELTE .

Goal @ priority(*, #15)

COEET—n Goal DRBFFAFT 7412, Bk s einbind,

&\
MRORWT FA 4V 7 4 (Smaz) ———s | ———p—

FUEHT T—AD 74307 4 (OF) ——

HI-ADIS54FYF4 (NP) — 4098
Smin+ (Smaz — Smin) x BE ) < B1& < 4096)

4088

BiE

HEOFET 2 L4V 7 4 (Smin) . L

{Ei~

H 4 idEANSERICLE 754+ VF 4 OHA

FrR#ER A B CHaiie

LOMBLERRUNT T —AolB Y 5440 74 o ofiEd TR, coBS L EBoSE S
FAXVFA LR/ FIREBAZCERTER W, B )5 EBITE

Goal @ priority($, §15)

CorET—2 Goal OB A4V 7112, 8IS QKLY EAbLE,. B5okik, fikbil, @6
Lot bini,

PR
HEOBERT 7 A+ ) 7 4 (Smaz) T
CP 4 (Smaz —CP) x Ff (0 < 848 < 4096) 4096
HFT—ADFS54AYF4 (NP) —»
T
FUHT T —ADT 24+ 1574 (CP) ol | L
TRHORESFL A Y 74 (Smin) —
FEn

B 5 FRIiEAECAEEIs s 3544 Y51 OME (E)
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=T

HEDJHET I A4 ) 7 4 (Smaz) —s
MUHT A0S P24 FYF 4 (CP) — 'y

FL-ADTFAFVF 4 (NP) —
(—4096 < Bl5 < 0)

4086

CP =(CP ~ Smin) x B2l

HEROBETFA Y 5.4 (Smin)

{Ev

E 6 FEEEMACHEMEEIC LS Y544 Y T4 OHE (A)

34 LR
R RO 2 2 P ARROBCELc e LT, © ook GHC toHBA LIRS, GHC >
el g o=
L -'E":v“;r-—ﬂ-*ﬂﬁﬁ
= HffeniERtH
» =& cfdfl
BET NI, COSLTIM ) FAHE L~ ol NORTE~THE,

3.4.1 %va—mmﬁﬁ
T2 ADERRITOES 2 A0EMEER4S

- module E{fa—adf,
TEELLUAERLR W, 320V —ARoRBETROT Y2 —A C R8T 3 BER

= public MARA /5, XML/ o, ... .
CEET LTINS 5. HIART apply RT3 e, AEOLEFORICHEDY LEBEET publie EEET
SOFEDEOTHER, Tk, public HERY 7 4 A OKHE (BERRLIDET 250 K. 1T EHTHS B
BHBD. Chit Prolog olfif L5 OCHESSETS 5.

REOEREAFILTHEL RV, ThbY, 2oL LORBREFETICHELND L 5 £ BE, MLLASELCRH
CHcod-THHORBEE L LCROATLES, CAHT+ 7 A “Assemnbler: Doubly defined label.”
DEF -k S,

FLa—AROFHLBIR T 20K 2 Y 2 —AERHETRD L 5 KTFNICIRRT 3,

'E':ft:l.'—.ﬂ-':g : T— A
Hic, "¥Va—rE " ORPEWT—ARET, BV ARFEHLKCAS, £LT, BEEOBENLE S 2 —
ATERERINEC L. TRICKD, T¥a—ANBAN, BUEHENORSREICHS © 2rTEE,

3.4.2 OB

KLI TR YA JLEA v T e v 2G0h, BoEFEERLETLL T+ b LD & —H Lk wilis
FE S Cokih, ﬁfamﬂeﬁﬂﬂﬂm%ﬁdthﬂﬁmlﬂﬁfEMﬁ RRERT S Aol EARI TN
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G

ol SiF Xy
Ao (8 X o) K alternatively, W<, THICL D alternatively. ORI (8) CEEMELE
Exhd.
foo([X|2X],2) :- true | p(X,XX,Z).

altarnativaly.
foo(X,[2]122]) :- true | q(X,Z,2Z).

b
HEECEET (L oM £ otherwise. *®{, THICE D otherwise, LMMCEHRAMoSTHEELTH
BT otherwise, LIFROH (B) #9572 H 5.
foo([X|XX]) :~ X=a | palX,XX).

foo([X|Xx]) := Z=b | pb(X,XX).
cthervise,
foolX) := true | gq(X).

3.5 F—&%

PSS CH#H - LTWwEF—FRICRETOoHS 3, &y, coof2aF—flg-—#=—%—3 KLI
OT7aFrFLCRLD [H-TEHESBS bOKETDE,

o ZEE - A, A12, B, _abc, _
Prolog & HEIC, MALFEART v ¥ —2 a7 othd s HYFFIcERT 2, M—offiodcr, B—0f
D b ORE--DERE AL, XL, T¥F—2aT 1 XFOLOH, 2TH+0XHE L<lbRl,

# ThF4oo.oabe, "ABC', :=, 'can’’'t’
Prolog &R, ZNSCFCRE & BETF, IREXFET LR 3 ES, 318 cEbhc e
EHT D, fd, FIAF O BEET FAOERIO—HE LTHESEBSICH, SHE ' CEokkhie, BN
PRIFECECHEETE, ¥k, PV RVYAFLEIVENEARCEDRIOT, M- F—HT L5
(o—8) & LTEALAWIES 2l '

« XY ... 123, 18°ACE, B'37, +3, -E
W 10 EH TR L, —214T4R3648 Ll L, 2147483647 LIFOMM &2, cOL ¥, 8D +/- BE
AOo—@e L<fbhd, (FSORKEOED 3 LEHOo—FEURbAE v, )Tk, 286 36 BT
BCif 3 o J|OCE S, CHEFIAF @ @ TES vl oRLCcRRT I b0, COBSCRESY
MU ELCEEV, COBERR PDSS @) — X2 LTw307T, Prolbg tEhithka v 700
Syntax Error L% 388558, V—AF0 7L kCh<d oRiR B ey Bl cRALARS XS
v,

o FFEVIAORE --- 1,23, 1.0e10, 3.0E-30, -2.0
RS R

[#5 ) Brrt A BFY (e $ARE [ 8RS | ot

LniBLoHBETAG, o0 [ ARG T ek, 8FY 11 XL EORELRHT 5. RS
HEFATRELGE W, BN EERCHSREMMUANICS TR T, PDSS T HBENT (32bits) 2 BALT
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Bh, Chb, —3.402823 % 10% ~ 3.402823 < 10™ ofF % 10 A8 T HFoEE BB+ 5, Multi-PSI V2
L, Infinity #ESHRETA W,
FEMIRHE S Lo2=7 45— s v RABEBOY » b2 —vORBCTbAL, o7, BRLA
RICELICRATYH, 2=7 4 r— v a vl Bl T 288235, —Re., FEBVNIARY S Loz 4 =
a TS ETEN,

o UAF - [1,2,3], [X1Y]
JaM, [lckbfdfansg, Car & Cdr #f0dT2850 " £Hv., [carledr] P

o SFF {12, {34}, £(1), {3
Thid, EEv¥oobor &t~ WERFloMEHT, { kst rr 2 Ak sitnoe s, &
LT, WA 1(a) & {f,0) HECEEGS 45,

e ZFY vy ..ongbet, W, wnem
SR " THRONATTFIICEET 5. ¥, SUNM " BHE ALY v Yo—BE LTS SBEICH. 5HH
" THEo kR, FIAE R LEBCHTHRT S AL Y Z0BEESAXCR 1 2B Yy bETDY
DHEFTRTWE, POSS TREFIT . " oRINAZ M) v 2R EEF A XHE s FOR LY v
W Bo fi Prolog TERAD ¥ S STRIPI V2L ) 2 2 ERKCKST 2 2 k2o %\ (Prolog
THAMIYPRICF=—FOY R bk S, )00, w2 oI strings”..." TIELARS HAN, %
o BY» PRMOA M) »XUARERL LTHTRSHETE, Yo/ L beR2i e Loitt 350
TE R,
APV IESLOAZT 4y =Y a VIIERS A X BEFFE LT, AHOLCoEENFAL Y a— Fod
BB ERI L.

3.6 #EAMREE
£ CTH PDSS TR IARB CDWTR<2 3, SEARTEHEOELCREATVE,

vector(X, “Size) u G

1 T
PRUC LBl RO ATRE 4 BT

AR o R X YRECE I FFMENT VI bo#D L, BEUELERN G ThEF— VB
TOMERTE ZAMEFR L, B OB KT A HCoXIRTETH S 2 EHT 5, 4. GB y—F
HTLHF A MCLRRETRETH S 0 L2 BHT 5. - DTV ESIER =7 74 SR I5 I (LT CREBAG
WEFFLCEOBEL) TR LEEHL, TOEAREORBIh T3 8FICL b, #— FEOBAIE Passive
Unification, 74 WTHHHE Active Unification #iifbiL 5. % ¥, T [ B2 boRH— VT
NREER, £7 i BOBNIERRE LTBBR ST L8R 2,

LREFNRAIC O W THHHA R IR S 2 v AN AT 300, BRAREIMESAA(TL AN S IC
EotTwi, 2020 3.7 HPBMaoc b,

36,1 #A7OFv2

wait(X) : G

X FFREEE GHEDHF. £l T,
atom(X) =« G

X :ﬁﬁﬂ&bﬁﬂ"ﬁn T b ad OB TRl R,
integer(X) =

X ﬂaﬁ&&&&ﬂﬂﬁ, Eﬁ.’&fpﬁm Thlli i,
floating_point{X) :
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X DREE L LT, BRSO & TN, R .
list(X) :: G
X MHEPEE GHON, V2 b THAERE. Fhlli i,
vector{X) i G
X HREEAE GHRE, <2 20 HE, T hilih Sl
string(X) 1 G
X BRBEELHEPN. = ) ¥ 27 CERERD. bl .
unbound({X, "Result) :: B
X ARG (Fheb b unbound /2 HRFT X NLARS) THREEZE R 6, Result i {PE, Addr, X} 23
28%az=v 74 LEHTE, cov, PE RENOHZ PEES (B, PDSSTREKD), Addr 2%
WOT FLz (BH) Ths, FTCRELIATHHE, Result i {X} #2774 LA
{HE) cofARBck 1 ib6hd PE, Addr @it GO % X hEET 3,

3.6.2 diff

diff(X, ¥) =« G
X &Y da=grATIArthwi bR ThiE@s. $oACFLH/ METhiC LEEETRIEE
Br. FHLUARDON, HTFows oRiidHnac LH5TE 5,
I A\= ¥ <=> diff(X,Y).
[EE] pERErLEXEECTbRE, CoRPORERIUNAh- BB KR EDREZRT~FIC, T
CHALy FTé, ¥ X, Y AERELOBE, HRI—E0E I CHBYLA, ToFEs tCTa=
7y 4TIk bEERE LTRbNE,

3.6.3 BEOIE

equal(Integerl, Inteper?) n G
Integer] & 7% il Integer? 2IAREMRE &b, THLEEH T D o Integer]l & Integer2 DML WL
. bl CRER. UTows odiiefwnic pirE s,
I == ¥ <=> aquallX,Y).
not_equal(Integerl, Integer2) : G
Integer] ¥ il Integer? HARERE & 1T TWHHEETH D 5o Integer] ¥ Integer? OENG]L { A
EERE), ThiAciEl, BTFov2r oBREAI L HNCE S,
I=\=7Y <=> not_equal(X,Y).
less_than(Integerl, Integer2) :: G
Integerl ¥ 7t Integer2 HRBEWE & HIHE. WHEBEH TS Y 5D Integer] DD Integer2 DEFE X H/ha
Wi EM. ThEMchEl. LTows cHicEAndc Lt s,
I<Y <=> less_than(l,¥).
I>7Y <=> less_than(Y,X).
not_less_than(Integerl, Integer2) :: G
Integer] ¥ 71 Integer? HRTEWE & H P WHFBHCS Y 5D Integer] DEA Integer2 OFEL /b2
Lhwne BRI, thilNcREl. BTFov? otk HWS T EHTEE,

X > Y <=> not_less_than(X,Y).
X =¢ Y <=> not_less_than(Y,X).
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3.6.4 EEOEN

add(Integerl, Integer2, "NewInteger) :: GB
Integer] il Integer? MATIRE & DM, WHOLTRIAN / Fi5t. Integerl 1T Integer? #1014 7
fH% Newinteger lK2=27{F 5. ZDLE, A—r—7o—Kh I LEHN/FM. UFo<? oBit:H
nWEZ LHTE L,
Z:=X+Y <=> add(X,Y,2).
subtract(Integerl, Integer2, “NewlInteger) :: GB
Integer]l L7kl Integer? HFAEEE I, B TETILIELN [/ FIf. Integerl 26 Integer? %8
Felf% Newlnteger K2=7 7448, b ¥, dA—rt—Tu—ic k3 &80/ i, LT s o#ict
AracesnrTEs,
Z:=X-Y <=> pubtract(X, Y,Z).
multiply (Integerl, Integer2, “NewlInteger) :: GB
Integer] % 7cit Integer? ZAZEA CH . BRCATESRN [ Fi. Integerl Io Integer? i A
ﬁ&th&grmi:?rﬁié,EmtE\#—H—7n—t&£&kﬂxwﬂﬂm?mvpvﬂﬁtm

whHEHTEL,
Z =YY <=> multipiy(x,y,Z).
divide(Integerl, Integer2, “NewlInteger) :: GB
Integer]l % 7l Integer? HAUER L bIEPWT, SHTEB RS / Fid. Integer2 22 0 & GHER /B
fto Integerl % Integer? CHl- AR % Newlnteger K2 =77 448, COL &, F—rimTn—jchEd
FRU I To=2 oRIBRBAwsc baiTE s,
Z2:=X/Y <=> divide(X,¥,I).
modulo(Integerl, Integer2, “NewlInteger) = GB
Integerl 7k Integer? SIRTEY & Il $MCh TSR/ PN Integer2 5 0 % b0/ @
#ho Integerl % Integer? TH#l= ek D & Newlnteger L2277 433, HFo~2 oBIE2Andc &5
TE¥ 3,
Z := X mod ¥ <=> module(X,Y.Z).
minus{Integer, "NewInteger) :: GB
Integer HATIRL 6 HHE. BETRTHIEEM / FiHe Integer RHBEEL AN Newlnteger ca=
FrATE, COkE, FoN—To—ChD L/ Fibte LTFOv s oRldtHwa e b HTES,
Y 1= =X <=> minus(X,Y).
[HEE] Multi-PSI V2 TRY#— F X Tk,
increment(Integer, “Newlnteger) :: GB
Integer FFRFERE SH P BT RS /B, Integer kK 1 A A% Newlnteger K2 =7 v 4
To: COLE, F—r—To—ichDLEH/F. LFovs cBIREEw2C LHTE S,
¥ := X+1 <> dincrement(X,Y).
[ZE#] Multi-PSI V2 TR+~ b EhTniNn,
decrement(Integer, “NewlInteger) :: GB
Integer SAEHRA O AN, BETAGNESN /FiN, Integer #nb 1 5|WAfli% Newlnteger L= 77
AT 8. COLE, F—r T u—ChELEN /AR LTFO~2 oBEFHWE C LHTES,
¥ := X-1 <=3 dacrement(X,Y}.
(28] Multi-PSI V2 TR H— } TR Ttk in,
abs{Integer, “NewlInteger) :: GB
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Integer RS b PR Bl RE / #fM. Integer OIFEHEEFY Newlnteger €2 =7 7 4
Fie COEE, F—r—To—iKhd il /. BETFovro#RifAvsc st s,

Y := aba(X) <=> abs(I,Y).

[HEE] Multi-PSI V2 TR — b ER Tk,
min(Integerl, Integer2, "Newlnteger) :: GB
Integer] ¥ 7R Integer? AEFEE G HPM, EEordnd£8 / #iM. Integerl & Integer? OrhEin
HoEE Newlnteger K227 7412, LFoOws oRicdflwWa C bHOR T,
Z :=min(X, ¥) <=> min(X,Y.Z).
[EE] Multi-PSI V2 TR #H— b X Tk in,
max(Integerl, Integer2, “NewlInteger) :: GB
Integer]l £A il Integer? FREEE &L PN, BR A&/ WM. Integerl & Integer? @A dw
HOffiE Newlnteger K2 =7 7445, UFoeseBR+HWEC F3HTEE,
Z = max(X, ¥) <=> max(X,Y,Z).
[#E] Multi-PSI V2 CHHF— T hTwAN,
and(Integerl, Integer2, “NewlInteger) :: GB
Integerl EAH Integer? FRBRL & HHE,. ERChHAERE /M. Integerl & Integer? D&Y »
FOREME L VST Newinteger K2=2 7435, HlTFovs @il tAvac LT3,
Z:=X /MY <=> and(X,Y,Z).

or{lntegerl, Integer2, “Newlnteger) :;: GB
Integer]l %7t Integer? FRPEE & P07, BT A ITER / 65, Integer] & Integer? O& ¥ »
ORI & VERY Newlnteger K2 =27 74 T3, HFOv s v#liEAnasc bHTd .

22N Y <=> or(LY,Z).

exclusive_or(Integerl, Integer2, “Newlnteger) :: GB
Integerl ¥ 7% i2 Integer? HAREEE b HIPH. BT TRES%E / Flit. Integer] & Integer? D&Y »
FOPHEAERREIE L DR Y Newlnteger K2=77 4335, HTov2oBittfvsc taitss,

Z:=Y1xorY <=> ezxclusive_or(X,Y,Z).

complement{Integer, “Newlnteger) :: GB
Integer SRR T b AW, BEHCA AN/ P Integer D&Y » F HEEL A% Newlnteger ic
=277 AT 5, LTOw sy oRitkflnsc b ECRE,

Y = %X} <=> complement(X,Y).
shift_left(Integer, Shift Width, “NewlInteger) :: GB _
Integer HFRBEIR T TR, BN CLOATRR / AiM. ShiftWidth FREETH A LR, 0LLE
N LTFoRSTAh AR/ M. Integer % ShiftWidth ¥ » FEPECKEE > > ¢ LERE Newlote
ger E2=7 7435, LTFows nHitEAvec baiTEs,

Z =X << Y «=> shift left(X,Y,Z).

shift_right(Integer, Siibft Width, “NewlInteger) : GB
Integer ZRERIW L & IRl BIHTETRHER / F. ShiftWidth AEEETN A LR, 0LLE
S ToRMch LAl / #. Integer ¥ ShiftWidth ¢ > FABEKEE S 7 | LERS Newlnte
ger b= Tr AT R, L FowrofitdHnic b olrE s, l

Z:=X> ¥ <=> shift_right(X,¥,2).
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3.6.0 FEEvNESBOLE

floating_point_equal(Floatl, Float2) :: G
Float]l #7f2 Float2 MAREHA & M, WEHTEMLSE TS D 50 Float]l & Float? Ot Lw &
FiErh. thiM vl DFo~2 ocfRsHnae 5 TEL,
X $=:=Y «<=> fleating point_equal(X,Y).
floating point_not_equal(Floatl, Float2) :: G
Float] 7 Float2 i fh S 10, NAMEZRMUSETH D 220 Float] & Float2 OEHRGL LA
W EEFRI. ERBATTRER. UTo~s uBiddAnd o LHTES,
X #=\= Y <=» floating_point_not_equal(X,¥).
floating_point_less_than(Float1, Float2) :: G
Floall 7tk Float2 #RE#EA &I, WA PR MLEECTH U 50 Float] Offidt Floal2 D&k b
FAL ERH. EhEATHEN. BMTFov s v@#iisfvac baTE L,
X 8< Y <=> floating point_less_than(X,Y).
X $> Y <=» floating point_less_than(Y,X).
ﬂoating_pu:rinl_uut_'[ess_tha.n(!‘loatl, Float2) :: G
Floatl % %cid Float2 2iREHEYL G HGE. T5HFEV NS TS D D Float] O Float? ol LRI
TR E B, TALATREN. MTFow s oBlZdHvscisvEz,
I 2= ¥ <= floating_peint_not_less_than(X, ¥).
X $=< ¥ «<=» oFloat ing peint_not_less_than(Y,X).

3.6.6 FEySMORERE

floating_point_add(Floatl, Float2, “NewFloat) 2 GB
Floatl %7t Float2 2R & TR, ERYMLABCA AR / #M. Floatl Ic Float? in4 &
e NewFloat L2277 4F8, cobE, A—~—vo—ChLLul/ AN, B Fo~? o X024 H
Zriivksd,
Z$:=X+Y <=> floating_point_add(X,Y,Z).
(L] Multi-PST V2 TRt —— 7 v — il / fiM e % & F. NewFloat ko infinity % T3,
ficating point_subtract(Floatl, Float2, “NewFloat) :: GB
Float] ¥ 7c i Float? BB bR, FRVMNISETR % / ikl Float! 216 Float? 5|
kit NewFloat IK2=7 74+ 3, COLE, F—stm o=iCh s il /M. BTFo-2oBiZtH
WA EETET,
Z $:= X =¥ <=» floating peint_subtract(X,¥,Z).
(B Multi-PSI V2 CRA — 7 o — 28 / PISIC A bF . NewFloat I infinity % ¥ 5.
floating_point_multiply(Floatl, Float2, “NewFloat) :: GB
Floatl ¥ 7k Floal? 2R28E%A L PN, FEVMIUSSCE D RILLE / Fi%. Floatl i Float? %80 &
fif% NewFloat Kaa=7 7438, COEE, F=r=To—chs LR [ Fie BIFo~2 adi2tfv
FCEHTESL,
Z4=Xs¥ <&=> floating_point_multiply(X,¥,Z).
(=] Multi-PSI V2 PRA—~—7 o — g8 / FiMc A 59, NewFloat € infinity ¥ H13 %,
floating point_divide(Float1, Float2, “NewFloat) = GB
Floatl %741 Float2 30 E% b H . ﬁﬁ’ﬁﬂﬁftﬁhﬂkﬁfﬂﬂm Float2 3¢ 0.0 # & s
/ #¥to Floatl # Float2 THl- kBt NewFloat K2=7 7/ F5, COLE, d—rim7o—lchDli
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B/ Fe LTow s oBICEBw3C EETEE,
Z8:=X/Y «<=> floating_point_divide(X,Y,Z).
[EE] Multi-PSI V2 CHA == 7 o — i/ I ICH 2 &3, NewFloat IC infinity 2+ 5.,
floating_point_minus({Float, "NewFloat) :: GB
Float ##AE#%Z b EHE. FRMESAETETRESH / #lit. Float $ SR L A% NewFloat it
=7 7473, UTFowrofliidHnwae b0 EL,
¥ $:= -X <=> {loating point_minus(X,Y).
(EE&] Multi-PSI V2 TH¥F— 2R Tk,
foating_point_abs{Float, “MNewFloat) :: GB
Float iR #%E o MMt MEVMNELSEC AR L %8/ FiR. Float DEEREE R NewFloat 2=
7143 5. BFo<2eREdlvdciiitia,
¥ $:= abs{X) <=> floating_point_abs(X,Y).
[HFE] Multi-PSI V2 DH4H—F 2 Twvin,
floating_point_min(Floatl, Float2, "NewFlaat) :: GB
Floatl £ 4K Float2 #RE®EL & TPl ERVMNUSHECATHISH / #%. Floatl * Float2 @b
HOli% NewFloat =7 v A3 2, BFow 2 o@libHnwar batrni s,
2 §:= min(X, Y) <=> floating point_min{X,¥,Z).
[EE8] Multi-PSI V2 THYFE—FERATWEN,
floating_point_max({Floatl, Float2, “NewFloat) :: GB
Float] ¥ 7k Float2 @b N, PR NSLSECR Sl / B8, Floatl & Float? ok #1a
Hoffi% NewFloat K227 74323, UTFows e#ER A LH0E 3,
Z $:= max{X, ¥) <=> floating_point_max(X,Y,Z).
(5] Multi-PS1 V2 ChR4++F—FIhtwin,
floating_point_floor(Float, “NewFloat) :: GR
Float H#AZE®L b HH. FEINIAITA GRIERE /Wi, Float XA ¢ A, ShoBNigtk
¥ NewFloat K2=7 74338, BFow2 e HiCEtFfvwsc bivt e,
Y $:= floer(X) <=r floating_point_floer(X,Y).
[EF] Multi-PSI V2 CHY¥H—- L EhTwnkn,
floating_point_sqrt(Float, “NewFloat) :: GR
Floal ZAEEE b1 Pl FRINIANCE LA / #iM. Float 2514 HH%EY / #id, Float oF
FBRERS NewFloat K227 7438, BlTFow s oEIZtAnic b HTES,
Y §:= sqrt(X) <=> floating point_sqrt(X,¥).
[EER] Multi-PSI V2 THRYHF—FEhTwihin,
floating_point_In(Float, “NewFloat) :: GB
Float #ARERE &1 Pli. EEMNARTAT IR / #ift. Float 3£ 0.0 LT % & 48 / #1%. Float
OEMHEERY NewFloat K227 7453, UTFO=2 o B¢ HW2C L HTE B,
Y $:= 1n(X) <=> floating peint_lnlX,Y).
[ZERE] Multi-PSI V2 CH#H—FEhTwikin,
floating_point_log(Float, “NewFloat) :: GB
Float iAEHRE b, FRIMEAECAR TR/ Fifte Float 2% 0.0 BIF& &% / #%4. Float
ORAABERD NewFloat €= 743 8. LTFow2 et Hvac btk s,
¥ $:= log(X) <=> floating point_log(X,¥).
(28] Multi-PSI V2 CR¥#—F TR A,
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Hoating_point_exp({Float, "NewFloat) :: GB
Floal HFRZEL Sl FH/MNEECA RS / FiM. ¢ © Float %3k NewFloat £2=7 7
AFD: TOEE, A—r—Tu—iCkd &M/ il UTOws o ERERWET LHTE 3,
¥ §:= exp(X} <=» floating point_sexp(X,Y).
(M) Multi-PSI V2 T4+ #F— FEThTwnkin,
Hoating point_pow(Floatl, Float2, "NewFloat) :: GB
Floatl ¥ 7 it Float? JiKZ#x b (IPET, EREhOSe 2 5 / Fid. Floatl 280 Float? S
HETEWREREN /PN, Floatl @ Floal? Bk NewFloat Ica=7 7y F2, 20k &, F—aie
Tu—iCh b LA Hie BlFOw 2 nBRERvwE C TR S,
Z $:= X *#+ ¥ «<=> floating point_pow(X,Y,Z).
[#8] Multi-PST V2 TH¥#— TR Tk,
floating point_sin{Float, "NewFloat) :: GB
Float ' REWA bR FEENLSECATLEEY [/ Fift. Float ©FOE# kY NewFloat o=
PrAT5. BFowsoBittlHwae b Hoga,
Y $:= sin(X) <=> floating peint_sin(X,Y).
[EERR] Multi-PSI V2 Ti##— F 2Tk A,
floating_point_cos{Float, "NewFloat) :: GB
Float #iAUE3E b . FRENIUSEC A L2l [ PIM. Float OO B Newlloat kK==
774 % % MTOvsr vt Mwnac bt a,
¥ %:= cos(X) <=> {float ing_point_cos(X,Y).
[eEEE) Multi-PSI V2 2H%#H—- ) ThTwin,
floating_point_tan(Float, "NewFloat) :: GB
Float 23AER % b T FRIMIABTATRISRE / Fidt. Float OIFEOME$ R NewFloat it =
FrAFE COLE, F—N—To—ChLLEN/FM. UTFowr clldbfnws tHT2,
Y $:= tan(X) <=> floating point_tan(X,¥).
(28] Multi-PSI V2 TR¥+E— TR TwEN,
floating_point_asin(Float, “NewFloat) :: GB
Float #iAE# T &Y. FRNUARTLE ISR / Bl Float 28 -1.0 BLE, 1.0 LTFohill
HH [ BlSte Float DMITHDH %SRS NewFloal K227 747 2, BTO<7 o Mild B35 C & HTE
He
Y $:= asin(X) <=> floaving_point_asin(X,¥).
"[HE] Multi-PSI V2 TR¥#— FER T,
floating_point_acos(Float, “NewFloat) :: GB
Floal FAEHE L oIPRT, FRINEEHET LR/ #2. Float 22 -1,0 BLE, 1.0 LIFohBhi
S | Bl Float OMAREDE TP NewFloat K2=7 7 {32, L Fo~s ol fAwac LTk
5. .
Y $:= acos(X) <= floating_point_acos(X,Y).
CEEE] Multi-PSI V2 wR4-H— b T Tk,
floating point_atan(Float, “NewFloat) :: GB
Float ¥ ARE#& L SHM. TR MNAECATLEER /M. Float oMTEO@EE R NewFloat it
=774F 5. BTFo<s eRHigdAwic i v s,
Y $:= atan(X) - <> floating point_atan(X,Y).

[#%] Multi-PSI V2 TRy #— b 2hTwnin,
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floating_point_atan{Floatl, FloatZ, “NewFloat) :: GI
Floatl %7t Float2 #FREZ®%E &bl FRYVMNLGECA B ESR / #ifte Float2 22 0.0 % & sk /
#loe Floatl/Float? OMIFMOME R NewFloat IK2 =7 74 T8, CLOF &, FA=r=To—iChs >
REL W HTFow2 ol Efwic e FETE L,
Z $:= atan(X/¥) <=> floating point_atan(X,Y,Z).
[EE] Multi-PSI V2 THA = R 2T,
floating_point_sinh({Float, "NewFloat) :: GB
Float HRERE &Pl FE/MUIR TR RS/ e Float ONHMRRIERE O F NewFloat
CA=774F 8. CoE ¥, d—rimTu—iChs &8 /Fifl. LLTOvs oBIRERWE T LHETERS,
Y $:= sinh(X) <=* floating point_sinh({X,¥).
[FEE] Multi-PSI V2 TH¥HE— FERTwkin,
floating_point_cosh(Float, “NewFloat) :: GB
Float Z3RE#&E O AL REEVMNEASC 2T M [ Fift. Float NSO % 5R® NewFloat
Ka=27{F5, COLE, F—r—To— ks L8 /PN UTFo<2 oBitdAvac it s,
T $:= cosh(X) <=> fleating point_cosh(X,¥).

[ZE8] Multi-PSI V2 CH¥#— F IR TwE v,
floating_point_tanh(Float, “NewFloat) :: GB
Float #4728 6Pl FRVMNUSEC 2T/ P, Float O3EARFEOME £ 5% NewFloat
Kz=r747%: UTovro@#RifvasctsniTis,
Y $:= tanh(X) <=> floating point_tamh(X,Y).
[EE#] Multi-PSI V2 R4 #H— F AR Tk v,

3.6.7 E - ZEVMNISHOTER

floating_point_to_integer(Float, “Integer) =: GR
Float 2iAE#% b, BB MNUERTATRIEAR /Ffl. Float $EMICEHE (MAEITFE Y #<)
L Integer IKa=Z 738, COLE, F—r-o—ichd Ll /AN, UFo<s ollleHw2
LiTE L,
Y := int(X) <=> floating_point_to_integer(X,Y).
integer_to_floating_point(Integer, “Float) :: GB
Integer HAZHE P SR ORI LM / Fidke Integer £ RN SBICER L Float k=7 7
43 8. UTFowsoRIgbHALC EHTEE,
Y $:= float(X) <=> integer_to_floating peint(X,¥).

3.6.8 ~ZYERE

vector(X, ~Size) :: G
X HRBEREGHAN <2 2 C3hEt0¥4 X% Size L2274+ 3. LU,

vector(X, ~Size, “NewVectar) «: B
X BERERL GHDE, <2 5 ChhEt 0¥ X% Size b2=774 L X # NewVector K2=7 745
S FHLFLIEFR.

new_vector(~Vector, Size) :: B
Size HREWEGETHE. Size FIFHABNCETAEFIN. Size OHKI VERINZ<2 F0KE X2
E—FRBOAET LV R 3@BA VAN, CHENOBSCHERMN Size THEX S A< S FAIC
L Vector kax=z7 4T85, ERLA~Z P OERRTATENR 0 CPHHEE RS,
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vector_clement(Vector, Position, “Element) :: G
Vector #AGEHRE ST <7 #LUNOHECBAE LN, Position HSREEE b N, FASKTEW
T Vector OERMELEOBEREMN. ThUNOBEICHE Vector @ Position HEHOEE%E Element & 2=
ZrdT i '

vector_element (Vector, Position, "Element, “NewVector) = B
Vector #FREEE HHPE. <7 FLNOETHNEHN. Position RS E G IR, FAERTAN
# Vector OBERNELEOESRAN. BN OESICR Vector @ Position FE OEX4 Flement » o=
FrATEEELI Vector # NewVector ka=7 7 43 5,

set_vector_element(Vector, Position, “OldElem, NewElem, “NewVect) :: B
Vector SARERET b B <2 & A OETHAEWMN. Position 2iREE % bHPE. IEABENTEN
& Vector OEEEL FoBESEAN. chUAOESIKE Vector @ Position BEHOEES OldFlem & =
=774 L. Vector @ Position FHB % Newllem FE¥HEAHL W22 2 22l L NewVect ko=
135,

3.6.9 A BMVULSEFE

string(X, ~Size, "ElementSize) =: G
XPREELbH G, A V) v T hHET0BENY Size ba=7 7 LEEYS A Z(EFors +H)
% ElementSize t=2=7 v {34, FALISH S0

string(X, “Size, “ElementSize, “NewSiring) :: B
X PREREOHTE. 2 ) Y X THREEOEREY Size Lba2=7 7 f LERS A X (BROL» }B)
% ElementSize t2=27 493524 X % NewString IKa=7 74435, L AL N

new _string("String, Size, ElementSize) :: B
Size PAFERE LPE. HABSCTLHUERA,. ElementSize 2RTEA M. 1 LLE 32 L Fosso
LHILEEAS. Size BIF ElementSize DI VERINIZ ) v /e —FEiRoAE T X0 AR A
SESVHA. ThEMNOBECH BRI Size, BRYA X (BROY » + ) 2 ElementSize @2 b 1 v 2
FWAKERL String b227 798, £HLAR VI v X OEERSCER 0 COWIEE RS,

string_element(String, Position, ~“Element) :: G
string BHRTEE LM 2 > YR A LR Position 2i42 8% bl IERMIHLIA ¥ % String
DERWLLEE b thbNoBsci String @ Position MEOEHE W L L€ Element ta=7
A3 &a

string_element{String, Position, “Element, “NewString) :: B _
String #XREEL LR, 2 b0 2L LHM. Position 25RERA LW, EABMLINE Al String
OERSLL FE 6FIN, thblA oS Ick String @ Position HEOBREEMN L LT Element ¢2=27 7
AT 5L E4iIC Siring ¥ NewString o=z v {3435,

set_string_clement(String, Position, NewElement, “NewString) :: B
String HEBELLPHT. 2 F I » LN A LFIN. Position METHAE L, BN LINE AR String
DERBELE L B NewElement 2RZEE HHRT. SRONZLHERN, String DERY A Z (HED
¥y FR) EBATLES B eRAMN. ThiM oS8 ICH String © Position ZEHOBE$ NewElement
CEESAATALA Y v ERL NewString ta=7r 445,

substring(String, Position, Length, “SubString, “NewString) :: B
String SRERE 8. A P XL bW, Position 3RERE 00, JEEEMLIN 2 A1 String
DEFRBLLLE OFIe Length HREWAE b7, EMMEULE 2 Position+Length SERBEML T
AN ThLANOBEICH String @ Position FAH b2 Length D%V~ LEFAAX I v 23
BLL SubString £ ==27 4% &, ¥4, String & NewString #=2=7 7 {7 3.

set_substring(Siring, Position, SubString, "NewString) = B
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String SR BRE O, 2 b U v LI E WM., Position BEEEL LN, SEMKEMLIN E K String
OEBEMLLER M, SubString HRTHA Ll String LU F A 7 (BERSA4X) 02 Y » 2L
% bFisk. %%, Position+(SubString X)) 31 String OBEHERACWHERN. thlN0BScH
String @ Position FEH 6% SubString CREAAZ PV X OEERLAZ Y » 3L NewString
tazrA¥2,
append_string(Stringl, String2, “NewString) :: B

Stringl JeUF String? SRBEE LA, FILE 4 7 (HES( X) 02 + I v 7LIHE LAN. Thilfog
TR Stringl OREOHEIC String? ONBEE BT AH AL 2 b U w2 #FE L NewString > 2=7 74+
He

3.6.10 7 +APAER

intern_atom("~Atom, String) » B
String X*AZEELHDH, ¥ b2 b ) » X ENCEREAN. ThLMOESKCR String ¥ HISFFE
EFET FATHREL Atom ;b= TrAF L,
(H8]) Multi-PSI V2 DA% ¢ OS ofgE s Lriditahd,

new_atom("Atom) :: B
FLWT FAFEEL Atom E2=7 7433, 20T FAREEEEEAL L,

atom_name(Atom, "String) =z B
Atom FREBRE 0EDPE. 7 FakBA LFMN. ThLNOBSICE Atom OIFHRE LR+ 5 3= —
FihoBA V¥ % String k22774335, PDSSTHREBY s bR} U v,
[ZER] Multi-PSI V2 THEZARIETE ¢ OS OEAEL LTilftan s,

atom_number{Atom, “Number) :: B
Atom HFRERET O HEPRT. T F Ak bFMN. TALADESICH Atom @T + AFR% Number &=
=Z7ATE. TFAFSRT P ARELRABIKCHY bR 3BT,

3.6.11 =o— FBE5E

predicate_to_code(Mod, Pred, Arity, "Code) :: B
Mod 2RERCTH AW T FALNCHEREFN, Pred BARECHAESE, 7+ ALNTRIAEE
fho Arity SRERT BN, FARRCEFRERAN. ThENOBEICH, €¥a—rf Mod, 238
£ Pred, 5188 Arity TH23 59— F¥ Code k2277 (T3, V2 —AREELEWES, BUHES
ERBEFELE W (EEINTwEWSEAT ) » 2 T2 HTWhW BEHE, TrAao O # Codelcaz
s i -

code_to_predicate(Code, "Mod, “Pred, *Arity, "Info) :: B
Code #RERTHNMDW, S ER<7 FLHALFHN. Code ®F 1 B ModuleName ¢, F2mo
LR T FALME bR HEIhALHOT Y a—adik . Code O 2 EEH Predi
cateName T, RERTHIHEPE. 7+ LLA L LN HE X RABHORIEN BN, Code @
WIERE PredArity ©, REETHhEPE. FREHRLE AN ALK TBIE ModuleName,
PredicateName, PredArity #, #h£h Mod, Pred, Arity r2=7 7443, Info b bkt B e g oo il
LT, 28 ZRTrnn () 3 23 ERTwE (1) bR Bt =7 7 /T8,

3.6.12 R b U—ui - BHi—}

merge(In, “Out) = B
oYy —REEL, 20v-—Vr—KHFEANR VL% In K, HAX F T —4% Out ko= 74
To: =V —ORENATRRELTFERT 5 2 20 0BE03 | REco 5B L LoRlid 6 ¢
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EHEEL S,
merge({[], 0) :- true | O=[].
merge([A1I], O) :- true | O=[AINO], merge(I, HO).
mexrge({}, 0) :- true | 0=[].
merge({I}, 0} :- true | merge(I, 0).
merge({I1,I12}, 0} := true | merge(I1, IZ, 0).
merge({I1,12,I3}, D) :- true | merge(Ii, I2, I3, O).

morge{ [, IZ, 0} :- true | merge(IZ, O).

merge(I1, [1, 0) :- true | merge(Ii, O).

merge{[A]I1], I2, 0} :- true | O=[4|NO], merge(I1, I2, NO).
merga(I1, [AlI2], O} :- true | O=[AIND], merge(I1, I2, NO}.
merge({}, IZ, O} :- true | merge(IZ, 0O).

merge(Il, {}, 0) :- true | merge(Ii, O).

merge({I3,6 14}, IZ, O} :- true | merge(IZ, Ia, Iz, O).
merge({I3,14,I5}, I2, 0} :- true | merge(I3, I4, I5, I2, D).

3.6.13 EiREHiaE

apply(Code, Args) i+ D
Code FRBERTRIHPN, IEE<7 FLNE LA, Code N1 BE¥ ModuleName T, FEHT
HhHPH. TN ELMN. BEdhiedilo®sy s —Aa R EFN. Code 0F 2 B%¥R Predi-
cateName T, REZECTEHEUN. T LA LA, FEInASMOREXERERMN. Code @
BIERE Arity T, REETHNEFN. FFEBNLS L 6 MM, Args HEEEL OPB. Arity TS
FRABERO<2 FHATAREAN. ThENOESKIIE Y2 — 283 ModuleName, JB358,2 Predi-
cateName T 2085 RS Args TFUERIT,

3.6.14 HHEAHND

read_console( "Integer) :: G
Td—n g ¥ P hbERERARAL.
[HB] ADIFL ol RMER2EIEET 2,

display_console(X) 1 G
Syy—AsD4¥ PV X OHEOME (fk ARTRTL) BEET,

put_console(X) 1 G
X rENORBSCREAE ASCI =— FrRALTa v Y—2 - 94 Foe 1 ICEB WM. LA
g XESE» b APV rolficlihnd ASCI 2 ) 2 eRELTavy -0y Foct
DAV v FONEETEMT. SR LA X BRI oS REROBS CRFRE L.

3.8.15 EDit

raise{Tag, Type, Info) :: B
Tag BAERERCH A TH. ERRLUICBhIFN, Type MERE (RERTH LS T2 w7F—4#)T
TEhdl. tallfo@Sch., coEdREAETI AR N oTERICAs-THEERLD
HRARFFT &2 72 Tag ORBRHERD . tOSREBRNCY o ifich - HBOLH— b 2 T —24
KLFOAy+—Vha=srftad, (32% Bl EoEYER)
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exception(12, {0, Type, Info}, NeuCods, HewArgv)

consume_resource(Red) 2 B
Red #&RREHTHAEDE, FEHLACHIARAN. COfAREAETIAALERBORE) ¥ 2 va
v¥i% Red THREINABXIBHNICMST. chick DRI bRA) X2 v e YEBEFET 2HSIC
b, BEOTFF ra »OfHR R resource_low 2% &,

hash(X, “Value, "NewX) :: B
X HREEEHCHILENYN, TALACEBSICR X %0 L IcBHEEEL Value ba2=7 74T 5. %%k,
X & NewX le==7744 5

current_processor( " ProcessorMNumber, "X, "Y) = B
T OMARAE Y ET LT —AZHTLT 3 PE ©FS % ProcessorNumber i€, PE Ok (o> PE &
)% X, Y ka=7r 75, PDSS THEK ProcessorNumber=0, X=1, Y=1 ¥2=7 747 5.

current_priority( " CurrentPriority, "ShoenMin, “ShoenMax) :: B
cORAREERTLAT—AS T 214V 74 % CurrentPriority £, FBEEOoRE /W77 440
7 4 ¥ ShoenMin/ShoenMax L2 =774+ 5,

3.7 =wzZnitE
KLl CH 7077 AolBtiEt @7 s 8 cEMo~ 7 n BRI AEL T2,
. EffEtow s o

# A=F 4= ¥Owiw
+ MiAtEO~2 o

o BN - o

o BROGIH~I e

» FfEHEDT @

Y- -l

Tk, Bl - F-HelodtBRTICLHTE LW,

3.7.1 ENEAOAO<ZO

thonw? o RBRYEET IHICHWbRE.

o #3fF
ICEFE ECHRE LA ES (BREc R LA b DICBIT 3. L LTH 22536 TCANERE.
IEF|doxrsn, BB T f07, *17, ... 0T, ST fRAT, BT /B, e Mt YT R IHT 5. K
WP EAEFOEMEL Rv,

string# " FH .
Fraab- 24702V ZiKh3, POSSTRASCII o—FRoh38 sy FA MY 2Kk S (Multi-
PSIV2oRIJISEE-—FREESZ By b2 T 5, )

asciig" X
ASCll oa—Firb kB3 8o bR FD 2Lk B,

s
Fraabs A FONES—FIChE. PDSSCREFEET ASCI =— Vet 5. (Multi-PSI V2 TR
JISEEE=— ¥, )

e N -

YRR ASCIH s — FEA S,
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| @ | HEmET | BW@o2—v |
==Y |equal{XY)

700 X =\=7Y | not_equal(X,Y)
{xcfxc) <y less_than(X.,Y)
I>Y less_than(Y X)

X =< Y | not_less_than{Y X)
X o= not_less_than{XY)

ARy S
EEIETTEEY BEg D8~ ]
X $=:i= Y fioating_point_equal(X.Y)

TOO X $=\= Y | floating_point_not_equal{X Y}
{xfx) X $< Y | floating_point_less_than(X,Y)

X $>Y | floating_point_less_than(Y ,X)

X $=< Y | floating_point_not_less_than(Y,X)
X $>= Y | floating_point_not_less_than{X,Y)

;1 Hfiltwovso

asciig WF

HFFHT ASCII == Fiek 8o CCORFRT b EF 5. (M asciin’[’)
keyglt

EITEET ASCII == F (10 & 3,

kay#ecr
e ASCH a—F {13} kL,

3.7.2 aZ7445—da0w4n0

%0 = Bl

ERLEA0a=7 4 r—vavicBRENG, H— FE, €74 8¢ 4 MATEE
EiD \= 55l

diff(£30, /33) KBz h 3. #=— Vo aas.
il =43

ErHAOa=7 4 r—va vEBRIAT, AL, HOH LTEEER O~ 7 o BENT b IOT,
EDc2=7 74 ENEORMNERE S #— VI, #7485 L LA, Prolog @ is IKHEMT 3.

%l $:= G

EdtHIDz=27 4 r—ra vEBEAINE. 2K L. SPCH L TERMNUART 0= 2 cBEAT DL
(0T, Elka=7 74 Th3ORMEREREL S, #— F8, K74 8He LEMATRE. Prolog o is kK2

T35

3.7.3 EEhBEOAD<ZO

SO r ol >, <, == SOMETFRTak boT, H- FofAREoib b citfdsr 2 M0
5 3. #0AAAE LB, <2 vfdich L TREMEN. Sl MNAREo<2 nBlaTbh 0T, BB E

DTN EIORRERE S .,
HERRATELTRE | KRTOsAIhTnE,
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e | B | W T | BERo R E D BARE
S = EEAATH Emh I TR
yix X+1 Z increment(X,7)
500 yix X+% A add(X,Y 7} floating_point_add{X,Y ,Z)
yix X-1 Z decrement( X ,Z)
yix X-Y Z subtract{X,Y 2} foating_point_subtract{X,Y Z)
B -X Z minus(X,Z) floating_point _minus{ X,2)
yix vy Z or(X,Y,Z)
yix XY Z and{X,Y.Z)
yix XxorY A exclusive_or( XY Z)
yix XY zZ multiply(X,Y,Z) floating_point_multiply(X,Y,Z)
400 | yix /Y7 Z divide[X,Y,Z) floating_point_divide( X,Y",Z)
vix | X<y Z shift_left(X,Y,Z)
vix | XY Z shift_right(X,Y %)
00 | xfx| XmodY Z module(X,Y,Z)
xly Xy z floating_point_pow(X,Y,Z)
abs(X) Z abs{X,2) floating_point_abs{X,Z)
HoEr min{X,Y) A min{X,Y Z) floating_point_min(X,Y,Z}
max(X,Y) Z max(X,Y,Z) floating_peint_max(X,Y,Z)
WX) Z complement(X,Z)
floor{X) & floating_point_faor(X,Z)
sqrt(X) Z fioating_point_sqrt(X,Z)
In(X) z floating_point_ln(X,Z)
log(X) 4 floating,_pomnt _log(X,Z)
exp{ X) Z floating_point_exp(X,Z)
ein(X) Z floating_point_sin{X,7)
cos(X) z floating_point_cos{ X, Z)
tan(X) Z floating_point_tan(X Z)
asin{X) z floating. point._asin{X,Z)
acos(X) Z floating_point_acos{X,Z)
atan(X) A ﬂoat.]'ug_puint_a.l.a.n[x,z}
atan{X/Y) Z floating_point_atan{X,Y,Z)
sinh(X) P ficating_point_sinh(X,2)
eosh(X) Z floating_point_cosh(X,Z)
tanh(X) 7 floating_point_tanh(X,Z)
int{F} 1 floating_point_to_integer(F.I)
float(1) F L integer_to_foating_point(L,F)

® 2 BiENosan-so

3.7.4 EERROLOD<ZN

BN oo~ etk +, -, =, / SORETEF I A boT. BERHE LT AN SEB L. F—S a4
FoHEHMERRTHL D woTHENCTbERRELZ bR v, cow > o BB FoESTTbRLE,

e :=, §:= =2 vOH (Prolog ICI1 3 is ICHY)
BRRRSETE =77 4 ¥ b, = HEIT. $:= PR NIUSBUR

» Wiii#to~ 7 o Ol
FNTFhoOBMHBERSHBEND. § 2 LIBNH, ¢ %2590 MU SE,
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o BEROE ¥~ s o <= $<= OfFT
MEERA LI ClREETNATIMct > F 3T h 3. <= PEEH. $<= HFER AR,
o (), () KX VHERMKER T LABS
FiRRERs (), G cBE s bz, -G B, () SERVNEUAESRE,
Fl: p(~(X+¥+1}) &% add(X,¥,A),add(A,1,B),p(B) CEMEH 5.
T, BRHE~2 o BERICHTARELES KR, toRATHRESTRRE,
BRTLELTHRE? T b 0ufREnTwna, b, BEEoNERI I WE XS BaT oD, fiolie
MEFTvE-EoKeiEE () tHbr s t ek RT3,
[7] Multi-PSI V2 TREZBMNIUAHOBHKCML T HMERR £ 0 LRI Tk,
B QMR O~ 7 o BRETLAIHTHIK L 2boT, w2 e BRI LAVWBEES L, Cofs
s p—rEfAWZ e L CBBEENEIT s bR S,

« T(EE)
Moy o BRARSE TN, H:otobdsds,
+ "{IH)

HEBBETD oG by T A0BROLSOHER, VBl o BEORE X 1 2,

3.7.5 EEEEOS|¥~=7n

FCOBEHHTWLTRH-TwB LS RTM(FAK IS — L — FHO A b ) —a%) 4 REEE OB IC
CERT I ORFRICEMBTH L, DX 5 EBSCERA~ 7 ol 2 OHHET S B0 v s o] 0
b, COEBOSM=2 olE Yo —AsKICHSE (Fe—a k) WD R, —WAECEE (r—2k) |
B#&d, ThE¥RLUTFOL I B CEEETS.

i= implicit S[EE : F40 {, SIE : 47 , « o« },

i— local_implicit H#E : #47 {, GI8E : 847, » 00 3,

coT 5G] REROIREBET B 34RICR Y., T HABTHET S ¥k, M54 7] BED3]
SOMEEHEETILOT, CCTHE X ALHINC - T RERENOREELNEM LR S, BARS I AT
& # 4 7tk shared, stream, oldnew, string ® 4 BifIH»® 3.

i, Fe—sAbRROSMOEERE YA — A REOHET (public EROER) k—ERITE C TR,
CHHEPTEET S cLRTE R v,

r—AAHRORBOEERAET=Th kv, 0Bk, Lot oREYKA ) FArTSEaHcs
3, ¥k, FIEEHEELEWT,

= local _dmplieit.
EEGECERSKCE., TRLBo—- A EROL B E-C 2 8WET S, B, implicit T8 & local_implicit
EECRLEMOS IBEESToC LRTE LW,

MM O5 M~ 7 o OBRETTS 5, TbhhOlEH, RESENNCFS ¢ LHETE D, 5 RBHERY
WEFEE (BRHLE) CR, TOMEROF > 7% - DILHIKE - FAWTERTRERE W, --> T
SNAWOBRBICHE., EETATWI5(HHM, HEILANT, it h w8 |BollicdmEhd, T4
b, SI@oEEL

l. #o—staAiBRoT &

2. o—HALEERO &

J. HRE A
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DI~ bh s,
[#1
:= module test.
'= public XXX.

:= implicit a:oldnew, b:shared.

pli) --> true | g(X), r.
Yk T oEE ST REEREOE #E a, b DX,

L

:= local_implicit d:oldnew.
WoCHLUERREIROBEE LT a, b, d HEHIC LK D,

" ¥ B

:= local_implicit d:shared, e:stream.
WOCHLDERRRERoE B ELT 2, b, d, e BFLC LILES,
UhOSIEE 4 of A TR shared KED D HIKIEE,

:= local_implicit.

WoohEBRREROSEELT a, b 02y,

RS L EACEET S BA R, FRACENCHERET & 2R AN AN, ERBRET < $<= B
F o= P FBERS EOETER (2o vEaz=274) T 0ADLOTHE, <7FPR MY v XOREECH
FOUF (B BWRER) OB

k5 BE (FPvav)
RBREIAB A T2, TRV u vRHRLLTWERS 242 ) v 7OERES L 8T 5.

LT, @r0sA4 70 Lkt 0EREFHRARALTRE S,

shared & 5|8
LoD, F7 4 BORBRTE A0 EEHBE. Thond i —n@ritad 5. 3 NEc
BRLTWIFMOMETE L WS H <=, $<= ¥ -T

ETE <= LWl
EEfE 3¢ FLwE

EFTHHEX W, T5T5L, chllfE(FhDS, HERPTELIVWRT) CEMF iRz coESsshilich
Z. ¥, <= OHIRBREEO~ Y oBIRM, (e OSORERNARED < 2 o BEMATbOLE,

[(#]] EE: :- implicit counter:shared,

a) BRAT: p --> true | q, r.
Bit&%: plcat) :- true | g(Cnt), r(Cnt).

b) BRl: p ——> true | Bcounter <= Ecounter + 2, q.
BE{#: piCnt) :~ true | add(Cnt,2,Cnwi), qlCnei).
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c) EBR: p -—> true |

Ecounter <= kcounter+l, Ecounter <= gcountersl, g.

BRI plCnt) :- true |
add(Cnt,2,Cnt1), oultiply(Cnti,2,Cnt2), qlCnt2).

d) BfEl: p -—> trua | Ecounter <= Ecounter(2), q.
R plCot) :- true |
set_vector_element{Cnt,2 Elem,Ele=,_}, gq{(Elem).

stream 8 518
CZOEDSIHE, #F 4 BOBREETR CEi0s 1 HEN 2SS, R0 E~— Y2 R, ~» FEoRET
SREEEREE D, A VY - LRERSAHEScREoBIc, MLAWEEY I 2 OB <= oG TRE<,
bR <<= [EX1, UHE2, ]

[#] &=: :- implicit window:stream.

a) FEWAL: p --> true | g, T.
HfEE: plWin) :- true | Win={In1,In2}, q{Ini), r(Ia2).

b} ERA: P —-> true | kwindow <<= [Fﬂt'b{"gu.:uu.k"}], r.
BE#: p(Win) :- true | Win=[putb("gazomk")|Winl], z(Wini),

oldnew & 5|&

IO MECSIEAEHC R b0TEY, Prologickit 3 DG LBl TwI2, 2 OB B differ-
ence list KIREENTWEVADELZ>T VS, KLI TR, HHTMEAF—FA L LT=I EFMok k5 1l
B BROMH L2 JCHTIBREBRC I KhB LT arI 0750 en$<, COL5ABRDALY
CORDE | EIIFRCHMTH S, difference list & LTHWABSICH stream B EFPLFo 5%, V2 i
BRTL SIEEMRAREhTWE,

EBEE <<= [EHL, B2, ]
SlEOEIEESTH B, shared B & FEIR <=, $<= 2F-T

ESIEE <= FLWE
b B|HE te= FHLWH
ETZCELTERL, ke, FIMOMA-<r FCHIBEOIEE LAY, <= O TRBESEE D~ 7 v R
#y $<= OEVRER MNUERT O~ 2 e BEBESTRERLS,
[BEEORE (1)]
ERME (b ay) < HLNEE
EHIBE (e e v) $e FHLWEE

(EEoEE]
ESIE (KPP avy) W <= oFEnLis.

(EEoES (2)]
ESIMA (KY¥vay) <= [EE1, BEE2, ]
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B L. BH(l) RUESH(2) BT 4 BOLoHETRETS b, AR set_vector_element/5 HE@HH I,
AERRToRoMEERTc LY, #— FETH vector_element/3 2l bh, HF 4 S TH set_vector_element/5
FEbhd, F—0fiiEFo5 ERolExlEr DOG tER, E26f6, EAOTFCEECEEERE. EFH(1)
X (2) OB (1) TR F0XEV s vEHE <8¢ OHDTRERLZOICHL, (2) TR DK
v u B D difference list OFIE L EL <<= DBEDD ) X + DERHA difference list DEXR L LTHAL, Fik
RKERE=FFOEVra yEFRLEy b T3, bnigokd,

Lo, oldnew B RED dd it 8B T3 AR L A RKELVHT (A VY EFAVY Y T o 7 L2000
SHERATRTOMYERTE L v 2B ER).

& 5|#E (old)

[(A] TweE: :- implicit mutter:oldnew.

a) BiA: p —> true | g, .
BEEi#: p(0ld,New) := true | g(01d,Mid), r(Mid, New),

b) EEBdil: p ——> true | Emutter <<= [nahal, r.
BE#%: p(0ld4,¥ew) :- true | Old=[nahalMid], r{Mid,New).

c) BRARI: p ——> trume | kmutter(3) <= naha, r.
BEi&: p(0ld,¥ew) :- true |
set_vector_element(0ld,3,_,naha,Mid), r{Mid,New).

a) EBFRAl: p --> true | &mutter(i) <= &mutter(3), r.

IBEHE#: p(0ld,New) :- true |
set_vector_element(0ld,3,Elem,Elem, Midi),
get_vector_element(Midi, 1, ,Elem,Mid2), r(Mid2, Kew).

) BEE: p --> true I_ fmmttear{2?) <<= [naha,uwhi,ehel, r.

EEp9#: p(0ld,New) :- true |
set_vector_element(01d,2, [nahs,uhi,ehel|Cdar], Cdr, Hid),
r(Mid,New).

1) BMEl: p --> true | kmutter <= Imutter+2, r.
EEPALe: p(0ld,New) :- true | add{01d,2,Mid), r(Mid,New).

g} B plX) --> true |
X = [Emutter(old)|XX], #mutter <= Emutter+2, p(XX).

BEREe: - p(0ld,New,X) ;- true |
X=[014[1X], add(D1d,2,Mid), p(Mid, New, XX).

string & 3i%k
COBERELMIC oldnew WEF LTS, @AT SRAREN string_element/3 BIF set_string_element, /4
THEIAFMEEES,

BTULEOOEEEE
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M5 B F O F A -V RRT - ADFEH L PR I 2 WBEK R, BESh T35 IRoBICE
CLTthfhEn2=74r—vavifibh 3,
shared B = RiC ) Lk n,
stream ® 2 TrA [ bax=v74,
oldonew & Old & New #a=7 7.4,
string § ¢ Old & New #z2=7 7.4,

RO | Bo A

EMOFBEN S EES LAMOHT { 81 IEROS MEHL - BB FEHETABICH,. thboT—1g
& 3 CEAERY, Thic kb, HEmYAS ISRMIISEh .

:= module test,

i= public go/0.

1= implicit input  : stream,
cutput : oldnew,
counter : shared.

g0 = true |

merge(FILEout, FILEin),
file:create(FILEin, "del.dal™, ),
file:create{Answer, "/tmp/miyadel”, =),
loop(FILEout, Answer,[], 100 ,_).

leop(_) --* &counter =< 0 | true.
otherwisa.
loop(A) -=> true |
kcounter <= kcounter - 1,
ginput <<= [getc(X)],
{{ check(X, koutput, Ekcounter) }},
leopld).

check(ascii#a, Oh,0t, Counter) :- true | Oh=[putt(Counter),nll0t].
othervise.
chock{_, Oh,0t, _) :- truoe | Oh=0t.

LofTH. input, output, counter % 5 J ECRPE IMAErY v —SAKETih, TAFTAOER stream, old-
new, shared TH &5, FIED LS EHEHEETO L, 22 28 > CEIRABICHET IEOBRIBEATI Lo
L2 oBBERICERTA S, FlLEEROBIEEE bop BEFo L5 cBHERE,

locp(In, Oh,0t, Cnt, A) := Cnt =< O | In=[], Oh=0t.
otherwise.
loop(In, Oh,0t, Cnt, 4) :- trus |

Cotl := Cnt=1, In=[getc(X)|Inil,

check(X, Dh,Om, Cnti),

loop{Inl, Om,0t, Cntl, 4).
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{{ & 3 TEENAERE check/d RO FEHATIOEIE A5 H0ER/ L LTEME ATV AKER. ©
DX ERBICEROTEOMEEL A-EERERO X 51K, Fc e 58S 2E-TEIETRAE LR,

(58] BROSIMICH, TOSMO2 4 7EMFEAC FO X5 AHEHALT L E v, <2 cORBERLE ORE
Kbt THHICBMRT I TR, BHoh KB« Al (FiHE—0s |8k LTV R L d=2=2774 LD
EEOFFHFTok) CHLTHUELAYOHE, 7o X I LTEETHEE L,

3.7.6 FHEFEO=wsO

riLtt DEC-10 Prolog @ & 5 €1 & 2o fffo BROPTEROSEIEORT £ HTCETH 3. AEFEL 5,
foo(X,Y) := true |
{ X=:=0 -> p(Y,Z);
>0 -»qiY,z):

otherwize;
true -> r(Y,.Z) },
s{X,Z).

LAZ7 e 74T > oEDRICEE W= —A (#) HEfteh b, HlUCERERkT— A B2 0EEFHEL
ERSKEFLTHELWT =2 () Td3, sv-A507 ) Fut v YR EROL A AT 0y 3 A SR AL b8
ok s hflolcBMT A,
foolL,¥) :- true |
"$fo00/2/0°(X,Y,2),
s(X,2).

"$foe/2/0"(X,Y,2) - E=:=0 | p(¥Y,Z).

'$f00/2/0° (X,Y,2Z) - X > 0 | qlY,Z).

otherwise,

'$#foa/2/0'(X,¥,2) :- tros | x(Y,Z).
AAE $feo/2/0 R I Vet o ¥ l-THACER SN ARECBE. ST B0 AMRET § °HBES
(T, 2—¥—R$ THEIRTEEALEVWHEAW), 4k, B2h 35 (£4ETHTHbALETH)

 (EESESHCEPRAER) ofit k3,
[HEE] BHRF RT3 LS LD PCRfO N = I B T3 HARB L AR £ 1,
[£E] BED Prolog fR = v 4 2 CREBMHRA A F LTREbEwL, BLHOGKC 2 2L EoSioEt

FPE(CLATE RV, KL EETAIRE.

3.7.7T =ZO 5477V
CHRYRATFLAQFAIFVICUHEATWES I P T, V2 —AEROERTES C L2 HBLABSCKED
FLL. EERKOE S KETFS.
i= with_macro = 2 oPHH.
CCn, v/ oBEERT HLATBE,
w S eRPRO T AR ATFATESbREF AL I KRN E, CORET T A AT

filsio#normal = 0,
fileiofend of_file => 1.
fileiofread_srror =» 2,
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fileio#write_error =»> 3.

DESETIo0EEETLS. &d., HEOHETHEST xxtyyy X 5K # ¥ oAb DT, 1xx BT FAT
hohHitbiv,
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4 Micro PIMOS

Micre PIMOS & 2 PDSS LT KLl 2—Ficiic o8 — v 2 2 5360 Bl R OS ofiita b, &KX
e Siogle User, Single Task &AM : LcBIF S Cwv 2. Micro PIMOS 243+ 39 — Y AKRETFo b o#
Bz,

L R N Y -
AHATEBE (P4 v Fo, 77 4 %)
» O— FEH
Fn SO ER

Micro PIMOS TRaw» F f ¥ 27V 2 LTHa b o= ¥ FRETF R 7 RSN TRTENL D,

AA2R 32 FCHEALADEOBAEL HnCRHTATWE,
[FEE] SN SERo # PREEL FOY y 25888 - Micro PIMOS CRICREMAEHTWE, COBa—¥iia—
F#PE s AERofmT Micro PIMOS o#AEEFIEL Al toitflos Y 1531 Yo b EERALCHE LY
e BEHn, T0ERFEHL T ia—FoTS—aHa-¥OEET, b 5—F Micro PIMOS kK L CEES
HMEL{thREbhn,

al (12 ¥ }) 19 (45} 16 (16 €2 ) 0
=88 (KL1) Micro PIMOS | =2—¥#—»HHICRHELTA-

Bl 7: #EOGHNS ¥

4.1 aAv K -AH57U4

Miere PIMOS @2 —+¥t Micro PIMOS OEBRKCEFINZ oy F £ ¥ 270 2 34 L€ PDSS 26/
TOCERRD: I vvieA w47V A5EHTEE, Tor7 L tavr YAk S, 7w
7 HRERE | - OF A ¥ FORR [debugl ?-Td 35,

¥, Iy Vw3 7Y FoEHRIC "~/ .pdasrc” B3 774 AdibhH, thkoawrFe7r4a el
THEMCRTT 300, SRRt RETICLHTES. a~v v P 77424 KDWTH take/l =<
Fé@Eor &, '

4.1.1 a=wrFAhES

awyFifvikdswer P77 A ERBEOswy FEB{CLHETES, owy FREWoTFIC Y
b BFolRRcSfTahd.
e Bye(“,”)
fof <y Vigk, BFCETT 5.
e Eiap(" ;")
Mos<y FRROXTETE, #3022~ FRESTT 5 (B,
o BERE(C17)
Moo=~y FROETHTHR, &2 cBrn BN (WHORE S v CEND) oRELE hA it BRT
Do O all WL EETOERDOMAEIRT &,
h, 2w FlE () TEHALT, 22 PLARBYTEC LHTEE,
[#1] | 7- comp("bench");(stat(bench:primes(1,300,P))|P),save(bench).

% "bench.kli" ®arA4 ALl —2A benchiprimes Ea—Fo
% =P RFeAfTT S, F—ADNTEML THENRoBTE
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L HE. ERNFEICESR P OEPER.
Ehawr P24 (#—L)PoORMEEO - v REMEI N3, w7 PiC2wTH LTREEM,

[#] | 7- X=168"FF", Y=16#2 ,2="FF"|all.
X=255
Y=168"FF"
Z="FF"

41.2 awx»F

Bitowy F e A w27 #0HRHLTwWE owy FERL T LRSS, 200, Tr{ ALKCEEESTE
. BELAE? A ABEEESEEE L TwARRE, *o7 rf LBt A7 rfACH LT wy F
FEfTTLACLEET T R, FTAARREANY) ¢ - T FAOXELTHBLT G AN,

#HiAREE
gy Fef wd 7 2 0RFF s Bl ot 2 HARE s FE LTETABECR 8. 24, = EHiF
W~ 7 o il eital 4 @RATRECH 5.
=kl
ModuleName: Goal

ModuleName TREI LT V= —AT Goal 2HEfTH 3. BRIV F & o3 8o LEEIC L BESTNciEn b
Riefidits Yah., V5 varflcneids a8 TS s kb a—wicl ¢,

help
~aFawr Vo-=-KEFRd 5,

belp(Type)
Type(BR I ART L&) THEIRAFf 7Dy FO—BEEFTTE. 24 7ERADLOIEETE
Do

1: bui]tin, .0 basic, 3: mde, 4: dir, 5: dr:bu.gl 6: env.aﬂ
gc
bE—7Hilgo GC ¢+ EfT 5.
gelall)
k- FHEEE L o — Ve GC ERMT 3.
take(FileMName)
FileName CRERI v P77 JATETTE, s FPr A Kla~vy F -4 v 8 70 2 05EFC
Fdavy FRLIEHESNT LAV, AV MR KLL 0T or 3 ab@mE Y & /¢ +/ 384 5.
cputime
PDSS # 5 B ChLEEFCICHEBLACPU 24 8 %2FHRET 5, CPU 4 A0MiE s ) E,
cputime( " Time)
PDSS 30t b ChBET LB LACPU 84 L% Time 2277 A 43, Time HESCBEira
308k
apply(CommandName, ArgsList)
CommandName CRENSE L =w > F§ Argslist THREEN A5 [BoOEERICH LTEFT 5, Com-
mandName It ModuleName:PredicateName 4 @f°% 5,
stat
Bio izl —ofEtRrii.

stot{Commands)
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HFEED 7= F# Commands ¥ AT LA L ¥ 0T (CPU 2 L) LV H 7 0 a v WEBFRT 3,

window({10Stream)
FLwoga v Fodd-FvdE, I0Stream KK+ 3 == Vi, AHTSECEEBRoC b, v g ¥
A EEMCAT R S,
add_op(Precedence, Type, Operator)
swrFeArFFIEmy v Pt L—4 BN a,
(B8] BEEIOIA T EHFCEEES (fx — fy, of = ¥f, xfy — xfx — yix), H2ELEBRT3,
remove_op{Operator)
g e d w2 TN 800 s » Fodbit-ir—4% Operator OEHTETHET 2,
remove_op(Precedence, Type, Operator)
Y F e A ETIZDU v Fohbd-Lr—& 2HERT5,
operator{Operator)
dw v e v ETVREDY 4 v FPOF 20 —4 Operator DRI FTT 5,
operator{OperatoriName, ~Definition)
sy FeAdvEF P EDY 4 Food-Lr—2 Operator @ (L {Precedence, Type)) ¥ Defini-
tion L2 =7rf ¥ &,
replace_op_pool(~01dOpPool, NewOpPool)
[~ r—%F=a% OldOpPool baz77f L, 4L —2 F—r% NewOpPool EEEF 3, 521 —
# F—aaBA ik [{OpName, [{Precedence, Type), ..]}, ] T# 5.
change_op_pool{ NewOpPool)
FA = =k NewQpPool EEET 2,
halt
FPDS5S #8735 CoMvwTwvi Y ¥ FYHSTEBNCH L 6hs.

I—Fawi¥

comp(FileName)
FileName THES 38K ".x11" O KLl Y =2 - 7rfadaradal, o— Flikico— Fi 3.
Hrte—FLEEY2=AD -2 2— YR OFF,

comp(FileName, QutFileName)
FileName TirZ2 HIME " 11" DKLl ¥~ X+ Zr f 2% =324 2L, OuiFikName 021
L~ asm” D7 7 A AT E,

compile(FileName)
FileName THEILIEE ".XI1" O KL1 V-2« 2 rfrf o voif AL, B " ase" 07 74 A0l
NF 5. 0, 9—FHR~De—F, M . sav" 077 fA~De—7%§Th%5, FileName K77
Angol 2 L WEETE S,

load(FileName)
FileName THREZhSRIE . sav” 0% =7+ 77 4 A (CAHBABRSICREE " 28n" OT ¥ T35 «
Zrda)ka— FERICr— V43, FiAke—FLAEYa—ADFL—2 + — Fit OFF,

dload(FileName)
FileName THEZLEBHE ".cav” Ok~ 7« 774 A4 [ C LEBWEBEIC HEE ".asn” OT €79 »
Fria) k- VKo —43. FACKE—FLAREY2—ADIL—2 + = FRRONo COBF 7o
7-=—FIERMK ON KX 3.

save(ModuleName)
ModuleName TREhEE Y2 —20RfTa— Vi, BSENCHEERATAVZ VY (F7 44 FH "=/, PDSSsave”,
ch_savedir == FOREM) KEVa—A k77 /A HL LTe—FF 2.
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save{ ModuleName, FileName)
ModuleName TRANIE=Va—2 08 To— F¥ FileName T i@l sav o7 r f 22—+
EE-T

save_all
BMro—FIRTw3iEFa—roW, save(ModuleName) s =¥ Fo+—FLTwhnEda -2 TR
HENTHEINAETAVvI P CE—F T 3,

ch_savedir{Directory)
F=tm—F®save_all D@ LEE74 L2 + % Directory THEEIREF4 V2 FICEET S, €0
Ef, Directory MFEETIEF 2 F XL,

listing
Bice—Yihtwisda—r ot d#s43,

Listing{“Modules)
e —FERTWIEYVa—AE0T PATERLTEIA FEEMR L, Modules ta2=7743 5,

public{ModuleMame)
ModuleName TREHEE Va2 —ADOE P a — K LHL T & REE (public EE & 1 TwE iiEE) o—
BEFLTS,

public{ ModuleName, “Public)
ModuleName CREREE Y a —A DD E P a —A KA L Tw 108 (public EFE AT 3 1%) off
@EHEBETIIA P EE/EL, Public 2a=77yA+2, SERL ({BBWET LA, TIFL ) s 28
mF Hy

FAlbrpVageF

cd( Directory)

Al b= F4bd b % Directory CHEFTEF /L2 P CEET &,
pwd

v b e FALZ Y VOAREERTT S,
pwd(~World)

AvviteFivstioszgE, Wold ba=v743 5,
Is(WildCard)

WildCard TRINE 77 A 2D ERETT L,
Is{WildCard, ~Files)

WildCard CRENEF7A 2D 2EFEE VR FIEL, Files ta=774{F32,
rm(WildCard)

WildCard TRENZ T rf A% F 4 L2 D hbHRT 2,

Fitwdaw¥

trace({ModuleName)
ModuleName TR hidesda—ar0a—FDr—2+ 2—F¥ONKT 3, COEEFA ¥ 2}
HEBIC ON K4 3,

notrace{ModuleName)
ModuleName CREN I EFa—A0I—FD -2+ 2— FE OFF £+ 3.

spy{ModuleName, PredicateName, Arity)
ModuleName T/RINZ T Y 2 —AHD PredicateName /Arity 2 2 REEO XA 255, coMbL—2 -
=—F, Fy ¥ 2— FRARMKE ON £X 3.
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nospy(ModuleName, PredicateName, Arity)
ModuleName CiR& #. 3% ¥ 2 —AM® PredicateName/Arity 2 S0 2 k0 5,

spying{ModuleName)
ModuleName ORENEEVa—Ahn 24 T RTWERBO—EEFTT D,

spying(ModuleName, Spying)
ModuleName THRENIEYa—afOAAL ThATW5EEOY 2 FREREL, Spying K227 74 F
. BER [HIEBET VL, TITa} Ewnd 2HEE~Z 4,

debug
Foigd e 2—Fg ON KT 2.

nodebug
Foiy ¥+ T—=F% OFF KT 5,

hacktrace

Ae 2 be— A (Fr Fex 288 ofBT=—FEON KT 2,

nobacktrace
Sy s b L— X (F 2 F oy 2 ) OFRT— Fi OFF K13,

varchk(FileName, Mode, Form)
FileName THE2AIBEE"K1" O KLl Y—2 - 77 f Al L€ Mode TR L A= — FOEHF = »
2 %Fhwn, Form THEINABLTY 4 v FOLHEET B, FileName KR7 7/ 280 Y R + b EET
¥ 2. Mode, Form ERETFoLoiERTE s,

Mode: o it one o Fu—FXHRK—2FH LAMTT EWEEEFERT 3,
mEAH mrb o MRB #R< R 3XME RT3,
a Ehckall e one & mrbh oFE— FoENREHETT 5.

Form: s ¥ &tk short e BT re—F¢—FTRENT 5.
1 ¥%HK long o BETIFe—ZRETF/ A vFr I LTHAT S,

varchk(FileName, Mode)
*— F Mode 58 ¥ = » 7 2T v, long BLcETRT 5.

varchk(FileName)
F=} one TEHF = » FEThwv, long B THFFT .

xref(FileName, Mode)
FileName THREEHEZHE ".x11" O KLl V=A » 77 A AlCH LT Mode THREL A E—FTHmR)
FrLvR e Fxe 2 EFREN, D4 ¥ FPEERT S, FileName K77 /20T = FHIETE S,
EOPE, TV AR L F e » FEXRhE, Mode tREToLoMEETE S,
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c ¥k check e EEFEHLOF 2w DL TFR S,

| £ hst - BRV 2 (REoTE/ WMol FWHT 2.

& TRt systern -oees PSS &2 ¥a—ad B8R L2 B+ HNT 3.

b %t builtin ~ «oeer HF 4 OEARIE R T WA RELENTE,

g X7k guard oo #H— FOEGARIEE @ > T B RIS N T 5.

a ¥kt all e R eETEYHNTE,

¥z e BERKEESREYOOIXOREY X P ERAT B,
HECTEF IO,

* Module { # @ % ¥ a — A28
* Predicate/Arity (¥ 4 AR
* Module:Predicate/Arity (&% h-R7E)

. gllard{Fdecatefiritﬂ (#— F@m

shorl. ﬂﬁn“jﬂﬂﬂ& V4 FY AL EWT check 3T,
short(Mode) seees RIROWRERE Y 4 ¥ FYEHAL AW Mode #5817,
update e G777 AL EHBLABEK, A—0EVa—rfiibok
EScRELRHEFICESNEESE LT check £27,
update{ Mode) s BHR7 7 AAEHEELABESL, A—oxYa—AEHidak

BECFETHEFC®RAAEHLY & LT Mode 2 5577,
xref{ FileName)
E=Fcheek T2 PR 77 LvAFxyr¥Ths,
xref(FileName, Mode, OutFile)
ZRAY LY AR Fa2r2ETn, )R+ E OutFile IKHHT 5. Mode KKK check FET ¢ DM AdE
Zrki.
profile{ModuleName, Mode)
ModuleName THEZHR € P2 —AHTRBIATWIRBIFFEN S LAERE ¥ 2 <y ¥ LABST
YAV FOIETT 5. ModuleName KEEYa—aA£m) 2 } bR TE 3, Mode KRETF O il

BtEL,
c ¥%fd call oo FURTARERSEWEICY — + LTEFT 3.
& FA 4L susp - PR FLEERSSWHcY — b LTERT 5.
o ik ne o a— Fiic R8s htwalFcEFd 5,
profile(ModuleName)

==V call T profile == FE#EFT5,

resel_profile(ModuleMName)
ModuleName CHIEE 1.5 € ¥ a —AWNCRERE LT 12 RIHIFRE h A FR L 22y FLAR®EY
Ty b¥ 5. ModuleName CREYa—ALZ0 ) 2 L iFETE 2,

ﬁ:r-r}l\f
ChbDavy FRITY Fe A v 8 71 A i - T s BT Ol T FE T 350V 0THE, avr o 4
YETI P ORSENKHRE e ois s,

setenv({iWame, Value)
Name T/RE N SRR E Value THET 3HICRET 3, Name 27 F4IC, Value RIEEEICE T
ORRERCRSHENT,
getenv(Name, ~Value)
Name TRINGEFTYWOME Value La2x=77 433,
printesv(Name)
Name TR & 3BT OMEMTT 5.

printesy
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[&m(7r2) | B ]
world Ly b Frr2t o agnxr) vy,
trace Fe—4#@Fbe—2« — PO on ¥4 ofl. (FEMR off)
backtrace Ay & b= AROFETE~ FTER on £ off. (YHAER on)
modules awY P4 —FFEEVa—AF (T L) FEELTEI 2},

reduction FRAPERENCELE ) Fr a vEEI-cBArE 10000 082 2n2,
(0 < $&f < 100000, $I4HE L 10000)
ucounter VERFOY 4 » FOR7 74 LOBHERAN v v 2,

savedir save/]l B save_all DHELAIFI -2 Pl aAREDR L) v,
(HIEAf R -/ PDSSsave")
loaddir A== VO T r A AT —FFEF 47 PN OAREDT R b,

(¥R R [~/ . PDSSsave”, FA TV «F4LF P TDAzE, . .]
W FA TPV FaLr bl oAZEREN Ty S LB TS, )
auto_load A= te—=FEfFinE4S007 7 70 yes T noe (FIREIR yes)

plength awyFeAdwd TN End v ¥ oEFrsheMEROREES. (FHIEEL 20)
pdepth ey P A rE TV d0u sy FOCERILIEERORAEE. (PIAHEI 5)
pvar gw¥ A vaTFlEaoy ;v ivoofiiodE ines— POl ou ¥4 na.

(nu Ttk _0,_1,_2, ... #F, na ¢ ABC, ... &R, F1HHEE nu)
|3 AavrF A& FUVSORREN

Iwy ¥ e 4 ¥ E 7Y 5 OB ORNEROT S TOfERFT 5,
resatenv

Ty Forodf w70 8 OFOEEERO T COMEFIFEL (b i 28 LB L) ¥ 5.

4.2 AHH#Es

Micro PIMOS @ ARAH—ERCHY 4 ¥ FU ko7 A0 IS 5. 2—F—RAWNY =¥ 2 $7H
LAVvES, Micro PIMOS 2B+ 2 MM ErFUMFc oic kb [JO KT 80w v F e 2 ) —LLPEER}
VT—LeBECEHTEE, awr s AV —LKRETFOFRTHe [JO == FEFTCLHETE, 2hE
EoTa=¥—RARNMEEFICLHCEE, awy P A I —4% [ CHLESE, [/O RARMIK? 2—
Rahd, £, vy Ab I —bAlCEv=Vr=HiBATHTRnE,

4.2.1 a=wrF- A M)—LDOHEF

PAvEY

window:create(Stream, WindowName, “Status)
Va4 Fod WindowName BE» AT X )od v FOREliL, 2094 v FOY KBRS s~<y
Fexb)—2L% Stream L=2=7743 5. Status CHLFosad==srf3Ih3,
suceess e W
error(cannot_create_window) - Sl v v Fedd—7rrEEn
ercor(bad_window_name_type) - %R WindowName 28 E» FAFY » 7 Thn
[HER] tERREED Y 4 » FORERAREL S S, show ow v FOERIAT,
window:create(Stream, WindowName)
4 FoE WindowName BEs FR PV X0 FodElL, 2004 v FOYCRMEEa~w>
FeAFY—2&% Stream ¢ =774 T3, ElSEHT &L 8 2 S kilgiETING,
[ER] &REEDY 1~ VY RELARBK S 5. show =<~ FCERELE,
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Fr4l

file:ereate(Stream, FileName, Mode, “Status)
Fr A AL FileName (B Ex» L2 I v mzrdad, E—FMode (THL, B T=F , w: 24 b, a7
AP Td—Frl, 207 r KRB b v K- A Y —4% Stream 2 2= 7 ¥ 5, Status I£
RLUFoO oM=L EhE,

success e HEh
error{cannot_open_file) - iy Trfadd—TrTEhEAn
err:::r{har]_ﬁln_name_t}rpe} ------ £ FileName 228 € » FA P w20k n
error{bad_open_mode_type) - e Mode 27 FATEW
error(bad_open_mode) e Sy Mode 38 rwa BHOT FPATHE

file:create(Stream, FileName, Mode)
PrdafFileName B FAFYV )7 rd A%, E—F Mode (TFA, R U-F wZf a7
Ry F)ed =T v, TOTTAACEBNI vy F e 77 A AD0F—F v HEERT S 2 R 2 SRR
TEhda

422 aO<wxF

Twr Fe A Y —AKHHE S 2wy FEUTICTRT. ChbREIIEEDERED 74 ¥ Fv [ 7 74 2360
[ Wl He ik g P

AMEI=F
/0 dhba ANk Tkt 3,

gete{*Char) .
I/O b 1 IFd b, £0a—F (ASCII 9—V, 0< 59— F < 255) % Char b 2=7 7435, =¥
Fed7 77 AA%LHET L end of file tax=rrf+5,

getl( " String)

/O Dubo 1 {72 BRI, EREEEy FA MY »FEERL Siring 22277433, v FFF 77
AT Fa end_of file #2277 438,

getb(~Duffer, Size)

I/O & Size(Size > 0) CRIRSEADFETIAIAR, ThEES s P AT » 7@l L Buffer &
227 AT 5. YA FvhbnANtRhomiTed o ABEP, AP TEr P AT e 7riag
ok, 2CECONTEEANLETZ, v F 47 77 A 2B GHT b 4 end_of file 2=
=SS -

gett(~Term)

/O shbo & — 4 | BT S0EF (CVF F 4+ 27 AR €V F 4 242 ¥0) HIRL, £0
XFERIOWFTETA WA —LCERL, &Rt Term 2277446, BT 2 -2 385,
DAY FOTREOTL YO EZ2—$BTL, BUAIF LR S, 7rfrTRaer - {27
FOV L PP %Rl TOEOL—LERLAAD. 2 F T e 774 2R bET L end_of_file
¥x=7rAT 5, '

gett(*Term, "Status)
gett/l o= F ERIER LM, Status KB FoOboHa=77f 3h35.
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SUCCESS s = b B SR R TR
syntax_error(Position) - WFHEX 3 —

ambiguous(Pesition) - EERARBH

end_of file o T FFTr 7740
eof_in_quote v Fp—bRAKZFFrdF P70

Status #2 syntax_error, ambiguous, eof_in_goute @&, Term K b—2 ¥« 12 b (-1 getthn,/4
PEE ta=7 7475,
petft("Term, "NumberOfVariables)
gett/1l == FERIERCLT® L, F—opoiil SVAR(NVN) o&F¥. N REFEES(0 < N <
NumberOfVariables), VN BERE (B> 2+ Vv ¥)TH o, £h. FHOMENT NumberOfVari-
ables K2=7 7435 (HEH > 0) = F-F7 - 77424801 Term KT P4 end_of _file & Num-
berOfVariables KX 0 &t hETha=77 175,
getft (" Term, “NumberOfVariables, ~Status)
getft/2 LIBIERIC A2, Status E2wWTH gett/2 £3F,
skip{Char)
3Fo—F Char #HET &4, = F 37 7742t CRAMET.
(B8] BAALBEMTLE (= F -7 774 aChok) BEOANERICKT + & end_of_file ¥ LEH
b
HhEaw>-§
I/JO ~HhiEk+ 2,
putc{Char)
[JO ~3%¥=2— ¥ Char {(ASCII =— F, 0 < Char < 255) DR A3 F+ B .
putl{String)
1/O ~ String (8 ¥ » 2 } U ¥ ¥) TRENILTFILBRHBL, HEEHS.
putb{Buifler)
IO ~ Buffer (B ¥> b2 FY 7)) CREASEENEMENT. &FTRTHAE .
putb({Buffer, Count)
1/O ~ Buffer @%b Count XE¥HMHT 5. Buffer ®E 22 Count X b/ Bl puth/1 2L,
putt{Term, Length, Depth)
I/O ~ Term CRENS A — L3 WEHT. ol WEEORETH Length (Length > 0), #X % Depth
(Depth > 0) ¥BLIWIE ... LERILCTHIENEL. Prolog @ write ICiF%,
[(iEE] T rakza— i EfTbRWOT, COavy FOBETHLAGOMRETL G gett getht THH S
LML wOTHEE,
putt{Term)
putt/d = ¥V EREF L, MitkoRe s ONBRT 7 + 2 HEERHHT 5.
puttq(Term, Length, Depth)
putt/3 tREELCAY, SBRBELCT AP — HtF#775. Prolog @ writeq K824,
puttg(Term)
putt/l & REFLCAS, SECELTT F a2z F— b EF5.
nl
;TETS.
tab({IN)
TEE N (0 < N < 1000) CREAGEAGHAT S,
[#%] Micro PIMOS & 1/O 74 2 : OfiEEREMRLT A5, HHF—207 vy & v 7EFAWHNHED
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My ZTEEBTWEDT, vy FEd-sEdTRENERE W, A 2 7E /O ~EbhEOR, BTFoES
THI.

s RNy 7rHE-REE o F

s Hush == FE2HFH AR

o [/O #EL Ry

o ANER v ¥ show/hide 2= FREZH0 AR (74 ¥ FY02)

HiFRe=t oyl
puttf1, puttq/l =¥ FETRICH T2 EHEoR WEHIEQF 7 x4 HESFEET 5,
print_length(Length)
BiEkoR X OO 7 7 + A b % Length (Length > 0) TR BECHET 5. FOHHE Y 1 > Foics
LT 10, 7rdrkiLTR 100 THE,
print_depth{Depth)
BEEkOEE oMo 7 7 4 4 b % Depth (Depth > 0) CREHSHEICEET 5 FNHER Y 4 > FoicHL
T, 7rAakcELTlR 100 TR,
print_var_mode{ VariableMode)
ENT LT # — 4L SVAR(NVN), $VAR(N) oM NEALEE T 2. VarableMode BT F A ‘na’ 24
it ‘o0’ @wThdht 5L S, FMHER na’ TH3F,
na - Name Mode = SVAR[N,VN) — VN (ZE&X } U » 2) o)
SVAR(N) — ABC.. CHH
nu ~ Number Mode = SVAR(N,VN) — _N (XEFS) CHHb
EVAR(N) — _N (EHEES) CHh

HWhBv7raz ¥

WhADAy 7 7y OMECHT 22~y FThi,
fush(~Status)
Ny F Pk —F2HNT 5. BAEETFE & Status 7 + A4 ‘done’ Haz=rrfEh3,
buffer_length{BufferLength)
4w 7 7 D4 A ZE Bufferlength {BufferLength > 0) KEEF 3, ~» 7744 TPl Y 4 » FoH
Bl2 A b, 77 i 2048 4},

AET
HRHTIC A S MATF T3 av v Fuds,

add_op(Precedence, Type, OperatorName)
B Precedence (1 < Precedence < 1200), 8 Type (7 b &: fx, fy, xf, ¥i, xfy, xfx, yix @wFhh), Hi
OperatorName (7 + &) OMET BN+ 3,
[HE] ERELAOF A FLHFTELE VB (fx — fy, xf — yf, 2y — xfx — yix), HFEELEERT .

remove_op(OperatorName)
W OperatorName B S THIET 5.

remove_op{Precedence, Type, OperatorName)
WAL Precedence (1 < Precedence < 1200), & Type (7 F &: fx, fy, xf, ¥f, xfy, xfx, yix @wFh), £51
OperatorName (7 } &) OMETEEET .

operator{OperatorName, *“Definition)
#8l2 OperatorName (7 F &) OMEFOREEERL T3 Y X b #24R% L Definition ba=7r T8,
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ERe (WL, 2} oflths.
replace_op_pool("0ldOpPool, NewOpPool)
[BA~b—# F—n¥ OldOpPool Lo =774 L, F-b— % F—n¥% NewOpPool KEWF 8, F =1 —
# F—noEd R [{OpName, [{Precedence, Typel, ..]}, ..]CH 3.
change_op_pool(NewOpPool)
F2L—4# F—rk NewOpPool IKEET 3,

—{Ean

do{CommandList)
a=wy FOU X+ Commandlist #—8EL € [JO KKB2, =V 2 —LD=—2%fFaTd Com
mandList @ =+ > FORERE X b2,

v ¥

close("Status)
/O #rmn—FF 8, close ow v FEBokllovwr Fe2 T —AlCawy Fafidc bitTihn,
(O LS C & HETF 50A) Status ICRT kL4 ‘success” a7 23,

T4 FeaTnl

V¥ FUROAFREI v FTHSE,

show
BhTwivy v FYeRRT5,

hide
HEENTHWI Y ¥ Fo iRt

clear
TAVFEYRr I TS,

beep
i b,

prompt{-0Old, New)
gett, getht == FEGRCHAT A IRED Yo r 7 b3+ 0O (B2 R LY ¥Xlz=774{L, 7
¥ZrE New (B2 b2 bU ) icBWH 2, Yoy Bl "7- v,

4.3 F4 L7 pVOER

Micro PIMOS @F 4 L2 } U « ¥ — 22 HA LA WSS, ARNH— U2 LERIC, Micro PIMOS 2%+
SRBMETURFCLCIIFTALI MY s 2w Y F e A b I —LEMERA b ) A iBEC L HTH B, 2—WF—
REDA P —sCawy FEMTCLICLOF 4 L2 VKBTS 0EEFS C LM 02 S, avr P2 b ) —
LHEFPCH 2% O LA E W,

4.3.1 av>» K+« Z b U—LOMESE

directory:create(Stream, DirectoryName, ~Status)
F4 L2+ V4E DirectoryName (8> L2+ ) YEVDFACEI LI ET S ERL, F4L2 b N -
aw¥Fe«x Y —4%F Stream £=2=7 7 {3, Status KCREFOLOH2=77 4313,
success e R

error{cannot_access) 0 oo Bl FALZPIET 2R TER N
error{bad_directory_name_type) «-- Sl DirectoryName 28 E» FR b1 ¥ ¥ Thin
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4.3.2 awrF
FALIPI@Qawy P A —LiCRiEt S awy FREIFERT.
pathname( PathName)
FALFPIDZAAZE By PR Y ¥} E PathName K2=2 7 4 F 35,
listing{ WildCard, ~FileNames, ~“Status)
WildCard (B » F2 I P THEINEZ 77 A AROA2EDT 2 24K L, FileNames K2=7 7
A4 4, Status KREFoioMa=774 Xh 5,
SUCCess weeeee GEER
error{cannot_listing) -« o VAT 4w rTEENoR
delete{WildCard, ~“Status)
WildCard (B ¥ » b2 MY »2N) CHEIRE 7T A AREF 4L 2 ) ALARRT 5. Status IKCRETo 4
oiz=7r{Ihd,
S1CCAES weeees HEER
errorf{cannot_delete) - B BT d kdok
open(Stream, FileName, Mode, “Status)
ZrAaf FileName B2 b2 I v @ordad, E—FMode (TFA D V—F w24 b, a7
Ay F)edF—F YL, FOTTAACEEE v F+ A Y —Ak Stream :2=7 7432, Status ¢
BUTO40R2=274 %,

EUCEREE 0 amesss HExh

error{cannot_open_file) o ol Fr{ At —FrrELn
error(bad_file_name_type) - S FileName 88 €2 PR MU ¥ Tl
error(bad_open_mode_type) - S Mode 57 b AT
error(bad_open_mode) s S0 Mode 2 r,wa L OT FATHE

4.4 AHIBOF AR« ZFYV—L4

Micro PIMOS Wb AN T A4 2B+ EEFACEZ L5, BTOoS4 77 1 2EHBLTWw3. CTh
Lo KL1 © Micro PIMOS Blia 05 (Fl4AF PIMOS) 2 St T 2 a08MTH b, BRD=—¥
HLTFelATErAf 2 A P I —=LF@ERTELERH, CREXDBLEREFAf 2y 2 b 1 =4t Micro
PIMOS KX DERI LT wEOT, BiEokovr FEEEoTba—¥— - 2 2 rofBich s K0T, LER
HEEEh LA Eilh .

4.4,1 Foi4 X » Z b U—LOFER

Micro PIMOS Mo FoAd 2« APV —LEEOM[BIC I VRO HFC T Es, ThEhoEFa—-fid
mpimos_io_device T% Ling
mpimos_window_device:windows(Stream)
T4 ET e o, ZOBEFEHOR ) —4F Stream k=T r 15,
mpimos_ file_device:files{Stream}
Fr AR e T ZDEBREEHFFOR V) —=L%F Stream 2 2=7 74+ &,
mpimos_timer_device:timer(Stream)
Ao Frid 20BEEEHFOA LV —L% Stream 23277475,

442 aA"LE

INTROFAL 2 A ) —AREr LM EE v P, B —F v E AV 4w Y, 7744, T4
L FPIDER ) —LEEEC ERETEE v FiL, f18@-] cEfoa s AHAHOF {2« A —AD
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boERICLTHEOT, TLbEEMOC L, AEL, ZrAr/ Vi v FvoAlawry FELTRETO O
LERATEL v,
s Vi¥FY
AH getl{*Line, “Status, Cdr) oA TRE,
rete/d, geth /4, pettkn /4 BT E R,
Wh puth{Buffer, “Status, Cdr) & X EETRE
pute/3, putl/3, putt/5 REHATE LW,
* 7TgA
AJ} petb{Size, ~Buffer, ~Status, Cdr) O EFHE.
getefd, getl/3, gettkn /4 RERT ¥,
Hi#1 putb({Buffer, “Status, Cdr) o2 @ FTEE,
pute/3, putl/3, putt /5 REHTE A,

4.5 a—FOETE

Micre PIMOS Icbi} & = — FVEEMEOL b IicHRD b 0D 3.

s U—FENRAEVa—2rDEMEEDE Yo — A b ERTEE (ALK, fioe YA KARMLT w3 RES
D—H, 254 FRT B RIELO—ES) £T0 LERICE T TETT 585

o v F o4 RTY #db save(ModuleName) 4 save_all =¥ FiffoC+—F LAEYa— 20t —
koo om = VEREE.

A= toe—FOHEERITFAILZ2 FIR, = F - ¥ 770 5 0BT loaddic ofi TS bR S, +—
Fro— FEBETESANEEa—F—RHBOs— L« Fyiy P VOEFK " /.PDSSsave” AEF 4L 2 } 1
ST LHHE Ly, THEENEY loaddir OF—BIRE X U savedir ©F 7 + A Hill#i =/ . PDSSsave” T
AT, ChoORNEROEREWRECH T, 3 —F « o— FBRETIIH L Ao wRFREBES S anto_load Ot
‘no' IKFEZ LOARETHE,

4.6 BISAEORT

PDSS ici} 5 KL1 THELTWZHANCHE 8 -T KRLALOHXS L. Mice PIMOS CRa—¥F. 222
MeRELAPNOMER s~y Ko A v a8 TV FRR2% 4 Y FYCRRENE, T, FNERC LA 20
AR T I h, t0f 22 BERALTWERE (Y1 v FoP7 s 2) HBEENE,

Micro PIMOS K X D @& 1 AN CH, RETHELTwERANLS K Micro PIMOS KX THESATW
SEHLBE., P4 v FVRHT Iy FEBRIE A, BELEwI 7 A A b —F v LIS L LASSR Y
TH I, CHbOFNRBERCLERERAN LER. fiNotfiffosr Fo A v 7V 20807 4 ¥ FO CH
FEN, AREFEC LA 2R REDNCEEET I H. T2 22 2@HLTWARERRR RS,
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5 EBNEFIvarnSxsy

PDSS %3f77 3 #&, W GNU-Emacs 0 FCRfTT 3. RITRHEELS &y ChBRL AnSiETd
Us PDSS 0@ TOMIEES@A &, PDSS Bk Tlind 2 L 48 525, CoBSICHBAESHEELS,

9.1 GNU-Emacs FTTOET

PDSS % GNU-Emacs O FCHEfTF 38K, GNU-Emacs KH LT FOL 5% 2 FE# 54 5B
FALTIVHe— VEH PDSS MEHE S,

meta-X pdss refurn

IE EHROL T s v EHRE LA VWEICE metaX KA ST ctrhU #FANT S, #Fira v« i3 LT
R 2WTHETE~E,

ctrl-U meta-X pdes refurn
PDS5 Option?: [ 445244 ) return

PDSS #*EMEhE L, ¥Favy—r 04 v ¥ EMIERE Y 4 v FU#fEbid, cov g v FoRETD
PL—2%fTo7 b read_console £ display_console @ AMISEE Lc@BahE Y A FwthHbd. PNSS o
LA A P FER L AR v 2 A A = b s A—F 2% Micro PIMOS DEMES. A —F
L+ Micro PIMOS @ERET 5. Micro PIMOS #ERXh i tavr Fef v i 77 FOANMBIRAY 4 ¥ Fo
FHBCER I h - Yoo YA RS,

GNU-Emacs O FCEBZhBE, PDSS 36 0ANEREEDMAD & A 50T, ANERD &0 ICLEHF
EWHELETIC AR (b -t =%na YI—ACHT I ANER TSRS T ) A, T4 F
YDAy hE—ae ¥—-ARc kY PDSS #0750 L5 TR S, ¢ H GNU-Emaes DL T2 I TERS
RTnIAOT, KOkohowy FREEAAZ, CHLAKLERELTWE LORBIOTIHL ] 480
rEEoDE,

etk Cetrl-C & be—2 75 %4407 5.
ebel-C ctrl-2 o AR —F 1% AN,
: Micro PIMOS T # A7 o T R ERT .,

ctrlC etk T A= — F 2% AT,
Micro PIMOS CRAZ 2 D1 OMEETOY X2 4w »BEFT.

etel-C ! n GC #E2ErT 5.

ctrl-C @ i PDSS OFfrEHasET a4 5,

ebrl-C etrl-B = PDSS KBF 5 Window Buffer Menu Lol S

etrk-C ESC o PDSS rayodigdhdz,

etrl-C k t BHEN -V ARFEINTE Window oS %A 3,

etrl-C etk K = PDSS C4aE LA Window @B $EIR+ Ha
etrl-CoetrlY & REBICAHLAXIF ¢ BRI 5.

cirk-C ctrhF @ ERAREOw=2TASWRT S,
etrl-C [ D Awr e E TN Dy F D2 a T AR ETT .

(ZE®] ctrl-X k © PDSS IBEF 5% 4 > F 9 2B LA 8BS, T DRORITERRREE LTk n,

5.2 PDSS B&EToET
FDSS % GNU-Emacs 3@ bTEsS+3AKHL Foa<» FERTTLHERE W,

pdss [ /45 4% | return
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GNU-Emacs ¥@HAWBESICHEY 4 » FU~DHNRETRE - THHERE, ¥k, FLhl2O9 4}
VCANFL LA LATEREUEMET S, V4 v Fo~pavie—a . s—krifELELLZvOT, b
DIk —— FE D ALHESH— } Th b CAHE—H—Fhb ctrlC #ANTEC LT, FTuv T
K- THERs~ YEANT I LTRSS,

53 ATz nSHsy
ERRCHEECEZA T sy AS A LTSRS TS, AT A olECHN FTobond ), £
hodEEFsc ik Bl - A emTHar L iirE 3,

~hKNN

~cHEN
Trd AL

+t/=t

-y

~dNNN

-bNNN

=rRR,55, N8N =

—a

it Heap Area @K ® X4 NNN word 2+ 3, (F7 42 +i 200000 word, 1 word

= § byte)

it Code Area DJCE & % NNN byte &3 3, (77 4 kit 500000 byte)
AT e T s fAD b ERBLAT 7 AL ERF T 2 7 -

FrdatLTib EiT 5,

B AF=bT o T e T A AW EBWETE [ LEv, (F742 M +t)

#TF 8, -v ¥#BT 5 & Heap Bottom &l T Fr X _IXX TE#ET

H., COT VLA GC KL o T8H SO OESEHpg,

i DA Fa— T X% Depth First IK2WF 5. NN K (execute Séic

3)TRO K X 3 RITOR X FMEWET 5,

i T ADAY P a—1 v P % Breadth First IKEWET 3. FNN i (execute S8 IC

LE)TRO EL dEToEssiRtET 5.

T—ADAFFa—1 % Depth First ¥%F L L, Sk 0 —Ha—n% =
FPam) v e ka-oRRCEFLLICED, vAF Tt $OBEOIE
EEESEFE Y iar— 1T 55— FEEETS, RR BS—A$ 25 Yo
Vo2 fa—-oRECETRETA— v b CHET 5. 55 RIS S LR
TEHSoMEMET 5. WON H (execute &S L E)TRO K L 2 FFoEs
BEHEET L.

f A w—WURARERLET 5. dbx CTABRARET Sy YT EECHS,

ChbOFTray A7 5 HRETEHER2EVRAEE TS,
« EEREFIC PDSS Option 7: ~@ AR, pdss 2w FOBEICY ViRET 5.

f#l-1)

FDSS Optieon 7: =-h300000 -c50000 —v (GNU-Emacs @ TFCET)

#i-2)

[UNIX]Y pdss -h300000 -cEO0OD =v (PDSS BitkTsfT)
o BiSEEH (PDSSOPT) KX BiRET 5.

B}

[UNIXIY setenv PDSSOPT "-h300000 -cEOQOD —vy"
[UNIX]Y pdss
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6 FL—H

PDSS TEELTWE b L—+iconTRESEd 2,

6.1 #zF

HES@}P—3H£$Wﬂf—bﬁﬁprhzT%ﬂ\f—kﬁﬁ@lﬁ&&ﬁﬂ&a&ﬁﬂih—xﬁﬁh
NDe CDF T EFL=R ot v} L0RL,

o T—AFFIRHL
Hikit 3§50 oo
AT o D

o e By

¢ AT T TR (MR LRIV BT A F Y FABAY S A XA S L 5)

KLl@br—20ft LCR M2~ FroiEH LA FL- &) & EfTH0 Mo—AKEE LA L=2] ©2:FD
HELLN D,

FTFREELA L - 2Ll b2l — FRRRUBERARIC F L—2 2775 LOTH Y, ©Fam
ATEE bL—2 « 2— FEHPTES, LIFoRCASS—F - PL—2 e, ¥4, FoiEh, MRoRE
KAGERELT PL—REFSC L bTE, chbo— Fozsif bifs,

FTACHEE LA P~ ki, tepk NAET—A L+ OTREOT—A {?&bﬁ%ﬂﬁ—bmﬁﬁm‘tﬂ
THEINDIT-A) & L L—2F 8 BEVR L —ALEWAEHET 5 b0THh3, HFCRCAES—n -
b=z, i, ﬁmﬁiﬁlﬂ&f—ﬂf@ﬁﬁﬂi‘}b—zj’ﬁtmﬁﬁ%{.-{rt‘ CREF—ADRAL L
e

FIE#ELT2ES, LFO7 0 Y347 foo 2id—na . } b ZOBRIICH D, bar 4 EDRREIC & o fe & F
&, foo REEHIRI p 4., HtohomfiliLg QT ha—ar -« PL—2ORREIC 3K, BLa—F P,
q,rTh, bar hEFUFHELAT—AIT—0 bl O HRE & b,

foo - p. bar - p. Pi-q,r.

NEETHZ—F*FP—AQONKWFEﬁﬁﬂf§ﬁ¢ﬁ%¥J-hﬂﬂﬁET5ttﬁfg‘#—k-bhw
ZmONHFFHEMﬂﬁfUHT‘ﬁﬁ*hbP—?—?ﬂfhﬁfﬂk%OFFETSE&ﬁ?SEIEK&a
Thﬁp{Lf‘¢ﬂ="F-Fb—ltf—h'¥P—ImﬁHﬁONE&othéf—&Eﬂ%FF—RTEI
SIKLTwWE,
zﬁJEﬂhfn.ﬂ—F'EﬁJﬂDNﬁWF%gﬁﬁfﬁﬁ$tﬁﬁn—bﬁtﬁﬁﬁTﬁET6Ctﬁﬂia
5—»-1ﬁdﬂﬁﬁ¢xLp—?hfﬁfmaf-hKEﬂEETac&ﬁwiaﬂ{Lt‘mﬂxﬁtqﬁuw
HASbeEHETEL LSk aTInE,

* S—FHRAIAERTWI OTRE,

o F—adiaAf ETRTHELOTHE,

-z—FﬁIHJEﬂfma%meam,ﬁkﬁ1ﬁﬂ»ﬁzﬂ#éﬂtwaﬁmf55¢

-=—Fﬁ3ﬁ4$hfh6tmT&Daﬂ?x5—»%3A4Eﬂfh5%®?bég

6.2 BFH
FL—YOFERREO LS 400t HF-Twa,

[0012] cALL *$ modula:goal(al,a2)
1 2 3 4

I tos—aAdBRL T a8 ID



p-od Fl—# — a<¥F

2 k=2« A4 v o
CALL  — A Fa—bbEHERAT LICX 3T —AFFIHL
Call ¢ TRO kK X & —nFFH L
SUSP 5|8 BE T o8 0T
Susp: FFAA 17 oRE{EEFOSHOPIN
RESU :: rpiiyd & O
FAIL ;3 =— -y
SWARP :: R T =7« T }
3 RAL TS F
# COT=ARETLTnE = FHEZAf ERTvE,
o LAl r Al T nE,
4 =a—A
Efms—Ladh, GHEFNCEREACWEREED S 2 4 o (B138 MEB-ON offfll) Kt £ 0 F =4
ErRoOBEEK x FETENB,
A, BREEOEEC I U ToLS ciRE G,
o TRBOAERER:
SHICTAT 74w bOFRTFD ' M-l 11, _2381
o T—aiCk o TEIEIESRET W S RE
FiEoETHENCEINOEREK ' #MvAibo.. X217, _2361°
s v—FOANTH LB
¥iHoXEEERoRlomi ' 2wk b o, 117, _29861°
¥, ChooFrRofE, FLb—2RLTwEF 344V F 48T I0LE, 7743V Fa3EBTERE,

6.3 avw»F
Fr—HicH+ 2o POy vy 22 2 2053

sy FE o ANEX SB[ 7= v

Help = 7
Ty P,
MNo Trace :: X

ETrFr—zZLikwn,

No Goal Trace :: x
AT —ADTFROS—A» b =23 OFFIET 5, CHIEL D, F0—nhMEHERES—AR D
b == FfThitin,

Set Goal Spy :: 4
HRLARATHRLTWES—ADAAL 775,

Reset Goal Spy :: G
FEELAMATERLTWES—AD 2 AL kLD E,

Set Module Debug Mode :: d MODULE [ MODULE ... |
HELAEYa—ADF»o s 7302y b T 6. Chick), COEFa—reRTLAES K-
FL—ARfTbh .

Reset Module Debug Mode ;: D MODULE | MODULE .., ]
HELAEY2—ADFA2 Y277V €2 T8, ChAKLY, tOEYa—adETLTHI—F -
FL—ZfThikn,
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et Procedure Spy 1+ p MODULE:PROCEDURE [ MODULE:PROCEDURE ... ]
HRLARE=—Foz-41 %85,

Reset Procedure Spy :: P MODULE:PROCEDURE [ MODULE:PROCEDURE ... |
WELARS - o Rty LB E,

Step = s [COUNT]

ROFL—2 4 ¥ b TIhE 2. COUNT AR ENABRESKRED R » THAT | L—RE{Tho kil
ThE L,

Step to Next Spicd Procedure :: sp [COUNT]

BOAAL ENTW BB — FHETEREE O L — 24T vkt 5. COUNT FREELEESCRE
DEHEETETEREET v — A Fhokirl ¥ 2,

Step to Next Spied Goal i sg [COUNT]

DA ERTVET—AMNETIhEi e} L—R2 %kt s, COUNT BERALREESCRTOE
BENRFERIECIL—2 b fFh okt 2 5,

Step to Next Spied Procedure or Spied Goal :: ss [COUNT]

KDAAL ERT MBS — FRETINL e MO AL ENTWIT—ABRTERIECIL—2%
Tkt 4. COUNT ﬁﬁﬂéh&%t&f@@ﬂfﬁxﬁéﬂﬁif Fr—2%Thakirvlbt s,

Step to Next Spied Procedure and Spied Goal @ 88 [COUNT]

KOPRE= = FL = A BRI RAAL FRT S bORITTFERTET b L=2%fTnitE 5, COUNT ##
EINABECH EOEMAEORTIRIET I L — 23 FhoAlbol 3 5o

Skip to Next Spied Procedure :: np [COUNT]

DA, ERTWEEE I ~ VT EREE T FL—2 LA, COUNT BIRE & RS 22 oEe
EREfFEn v 3,

Skip to Next Spied Goal = ng [COUNT]

EDAAL ERTR BT —AREFTERBET b =2 Lk, COUNT 2if5mr NEBHFCEoEAz g
T hAkETIEES,

Skip to Next Spied Procedure or Spied Goal == ns [COUNT]

EORAL IR TWERBE = — VURTENE 2, KOAALZRTWE T=ARETERLEET I L—2L
v, COUNT PHEENEES Kt OB R Bl T 3.

Skip to Next Spied Procedure and Spied Goal :: NS [COUNT]

KOREEa— FET—ABRC A TN CWE L OREETEREE T L—2 L#&w, COUNT #fsEdh
EEOICR T OEBEGETE hkBCIE S,

Enqueane This Goal to Head of Ready Goal Queue 1 < _
BELARGTHERLT W I~ A L WMMIC, Z¥ Pa—1 w2, Fa—OEHEKEY £ a—33, RESU
LSWAP DL —2 « #HA v b CIETES,

Enqueue This Goal to Tail of Ready Goal Queue :: >
HELARATHLLTWET— A e BN, 2% Yoty r. Fa—oRECzr$a—i5, CALL,
Call, RESU & SWAP @} b—2 « 4 3 } THETE L,

Depth First Schedule :: << [DEPTH]

F=aDR Pa—1 2% Depth First KXW+ 5. DEPTH i (execute 5 &I X 5)TRO i€ L 250
AT MET S, Frar P,

Breadth First Schedule :: >»> [DEPTH]

H=ADAF Fa—1 v 2% Breadth First KEE+3. DEPTH i (execute frdric X 3)TRO K X 35265
OEITREHET 8. F 742 1 100,

Random Schedule :: »< [RATE [SEED [DEPTH]|]

T—ADAF Fa—02% Depth Firet ML L. ke X Db Dy 2.
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oREcETC el h, wAF T oty OBSOIFREMARTEFEY {2 L— b EE— FICEEY
s RATE BT—A#Arda—1v¥ - Fa—oREcEiHET A=ty v OHET 5. SEED Hi#Efil
e T sl Y¥iERET 5. DEPTH i (execute i ic X 5)TRO € X 2 KFTOHEXHR L HET
Ba

Re-Write Goal :: w LENGTH [DEPTH]
Print-Length, Print-Depth ¥ —RfyicE i T — A L HEFTT 5.

Where call from :: where
Fr—-Af@T— A0 UE LTS —ADE Fa—AERFREETNT, Sridioadfi—ta—F R
HADREE (BT D = — F) 0S80 2477,

Monitor Variable :: m VARIABLE_NAME [NAME] [LIMIT]
EHAAREIhARCIONY == 27 5. REETRAMAY 2+ (2 T —4) of S EH0ERH®R
FLHCEOMEETT 5. NAME #8332, == T 08BN E B0 s c b sivE,
DFRREOLFITERT 5. LIMIT 28 &, BEtEnAc@e¢ AT oL LIMITEE LTS
FEEFT 5, LIMIT #HELEvE, B A B0 ETL, s~ FOANGB LS,
BEFRT S0, REEThdhily) = oS tofoBSoRENT AL, 12 oSkl LT
HEAD S# a5 s,

mond L => @AW - U= Fois
mond WEE == @ YL oo Uz Bl mis

OB AN TEfowr FCRUFoboxe s,
7 R -
x C COEH VR IDe=8 0 v iyl
& [COUNT] : COUNTEa=» FEBICE L WTEET
w LENGTH [DEPTH)] D ERELARCmETL

m VAR [NAME] [LIMIT] :: fiklce=4% %> 73

Inspect Ready Queue :: ir [PRIORITY]
LF4 rFa—ROT-AEHTRT 5, PRIORITY B hABBCHEDHE S F/ XV F 4 + Fa=
ADT—A Kt EFTT 5.

Inspect Variable ;1 iv VARIABLE_NAME
% L AEROWMEEETT 5. 6L HOOK # MOOOK o (Fhbb:oXMoREELFH-TwE
T ABMCHFLEL T 2EE) CREOERI N> TwEr—2 ¢ BRT 5, MGHOK o (+hbbv—
V=D ANER 2 TWEEROBE) CRED— Yy —DHNAOISHITINEG,

Inspect Shoen tree i is
fBELeREToERD y ) -t 3R+ o, SAPRETMR. A0 TSMEE, 4885 s
b Eh'\ 1 ﬂﬂﬁﬂﬂ@mx 2 """"5 ﬂﬂﬁﬂﬂ IDn ﬁﬂﬂﬁﬁ*mFtﬁu
R: v7.44048
S fEEARAE
A n TH— AR
Trace Shoen tree :: ts
HBow ) —MEDrv—2+ 77 7% ON/OFF K484 3, 72 7% ON 0SS, EROL, T#—
b, #—i3d—pRBokRAT. TofiEoy ) —¢BRTS, v —oFiRARERIEL,
Set Tracer Variable :: set NAME [VALUE]
NAME Cfe@ & hic P r—9—0ERclit v 7 5o lpHEEE Lo AS KR OEROME T
Ti. FRBUEEOF7 24 HERLTFEFT,



Pl—4% — 2=w |

pa7

pv o

rl
pd =
i Gate Switch (Fb—2 « #4 v FDERRET FL— 25T H 0t 4 hERHE A
A2F)e nlshomE 5 LT 5. £XFRGEK CALL/Ca11, SUSP/Susp,

Print Variable Mode, n #a 824 5. n 12 Name-Mode (r.B,C,..)s alt
Address Mode (_NNN) % @345,

Print Length. BHcHEi s,

Frint Depth. ®HcfHa+3,

RESU, SWAP, FAIL & Gate Switch i3 2. ‘o™ i Neo-Trace, “t™ i Trace
(Not Stop), “s" it Trace (Stop) & QW+ 2.

i Gate Switch - CALL. n, t, s ofhdtigedz,
i Gate Switch — SUSP, n, t, s @ dEET S,
= Gate Switch — RESU, n,t, s OfhdE#iEd 2,
= Gate Switch - SWAP, n, ¢, s DRI FHET 2.
= Gate Switch - FAIL, o, t, s ofdhsdigm+ 2,
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7T FvFoyZigH
PDSS £3HE&F > VYo 20BHEECR 2 2oV oHE L, —FH, —ECCoBERAINIFT» Fu s b
., . ETRECRAEZNET v PRy 035, - GCC oSSR, e X2 AnETHF > Fey ¥
K- TwhiEdy thiS8Rlind &, Eirsaiiiiiicg, #3480 ioldBH EILAW,
LIFTCHPDSSTRAEZAhEF » Fo v 2 OB : tolsdo Fr—4+ol TR,

—EGCTFy FowsB2REN:: Type=0

Al - B = — A EF LEES.
Goal :: 7- add(X,_,Y), divide(Y,_,Z), module(Z,_,_).
swd—aty v FOEEREAIEESO LB,
Gc-1 KLi-Data  Srec Grec FPrec HeapTotal Code
Uzed : 2504 20 75 10 30112 ¢
Deadlock: : [0001]$$$SYSTEM  modulo(A~,B,C)
Deadlock: : [0001]1$6$SYSTEM: divide (D™ ,E, A7)

Deadleck: : [0001]$$$SYSTEM: add(F~,G,D")
##% Pravions goal is deadleck root!

Shoen is terminated by deadlock!

After: 083 14 ET 3 15344 0
Gled 1611 8 18 T 14768 o
word rac rec - rec byte byte

GC Time: 40 msec
Dy d—atsr FUKERERDS “Previous goal is deadlock root!” H. EEKHRIRTWET—AHF o ¥
By 2 LT S —ABOF— 5 5 BT SEFMER LR L LTBITLABE K, EoRiEFEAOBICE T
ST LERMET S, EFMERSHENIPSLHLEL, BT LVBR—2THAV, ¥k, r—THECETW
HHBEIFEL L,

BEMEGLHOBRELTORAVER (FiRt4 FEM) ORSLEEES ELE: Type=10

W - ElFo7er7 LCp(X) #EFERLES.

Goal :: 7- module:ge.
Clause=1i :: go 1= p(X).

Clause-2 :: pla) :- trus | true.
Ty —ATL Y FORBEREINIMHBRO L 2D,

w## Deadlock occorred. [suspend(UNDEFoo)]
== Waiting for instantiation of a void variable,

[0001]module:p(A).
OT—AIEL > TABEIIS Z LD VERODRERERFE S5 & L Type=11

#l- LFor o740 p(X) oRTHETE o(X) SETIALES,

Goal :: 7- module:go.
Clanse-1 :: go :- true | p(X), q(X).

Clause-2 :: p(a) :- true | true.
Clange-3 :: g{a) := trua | true.

Iry—avivFYECHERERENREEKD D,
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##+ Deadlock cccurred. [suspend(ED0Koo)]

#&& Waiting for inetantiatien of a variable which never be instantiated,
[0001 module:q(4~),

[ﬂ'ﬂ-DI]mdula:pl:h'}.

HAERLISHEL T L=—u T—DANEROREEERES &L Type=12
Fl-LTFoersare margs(In,Out) oSfTHTE p(X) HEHTE hABE.

Goal :: 7- medule:go.
Clause-1 :: go  := true | merge(In, Out), plIn}, --.
Clawse-2 :: p{a) :- true | true.

YV —AVL Y PV EERIRIFERKO Ly,
*#* Deadlock eccurrsd. [suspend(MGHOKo)]
*++ Waiting for instantiation of a merger input variable.

[eo01]module:p(a-),
[0001Imerge(4*,B) in module: go/0

AEER TSI —AENT DL S HRMEH A FEBEA=77{LTLE%: Type=20
ﬁ-ﬂF@fﬁfﬁthﬁ}ﬂxﬁﬂT&qﬁﬂlﬁifiﬁk#ﬁoYﬁiﬂﬁ&ﬂﬁFﬁﬁT&ixﬁﬁﬂ

RERELTHES FEMC: A BECLACch s,

Goal :: 7~ module:go,

Clause-1 :: go :- p(X), q(X,Y).

Clause-2 :: p{a) :- true | true.

Clause-3 :: g(A,B) :~ true | A=B.
SR G LY VORERERIMERED LY,

### Deadlock occurred. [wnify(EODKoo,VOID)]
*#* A variable vhich has a goal waiting for instantiation is unified with

**#¢ a void variable,
#*% hification eccurred in module:q/2
[0001]Imodule:p(a~).

F P r—RANEREAA FEREaA =T LTLE ok Type=21

Bl - LIFo 7 o 7 9 40 nerge(In,0ut) DIEFTHTE p(In, ) 2RTEhAHES,

Goal :: 7~ moduel:po,

Clause-1 :: go :- true | merge(In, Dut), plIn,_ ), q{0ut).
Clause-2 :: p(4,B) :- true | A=R.

Clause-3 :: q([_lcdr]) :- true | q(cdr).

SVt PO KERE OB LB,

*++ Deadlock will oceur. [unify(MGHOKo,VOID)]

*#% A merger input variable is unified with a void variable.
*** Unification cccurred in module:p/2

[0001]merge(A~,B) in module:go/0

AN o TS — AT B LSRR A= Ty A LT L E o Type=22
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#l - LTFo7rey2irplX) RiIF qX) SEFTETEC(LY) ST hABS.

Goal :: ?- module:go.
Clause-1 :: go := true | p{x}, q(¥), r(X,¥).
Clause-2 :: pl(a) :- true | trus.
Clavse-3 :: gla) :- true | truae.
Clause=4 :: r{A,B) := true | A=E.

sy —avs v P TEREREA IR EED,
=»+ Deadlock occurred. [unify(HOOKoo ,HOOKoo)]
wkk Unifying twe variables which have geals waiting for instantiation.
=#* Unification occurred in module:r/2
[0001]module:p(A™).
[0001)module:q{B”).

BEEEfFTu - At RZT 5L 3 0ERET—SC+r—0AhEREA =77/ LTLE 2%: Type=23

Bl - LIFp 7o ¥ 3 L0 nerge(In,Out) BlF p(X) FEHFETHE X, In) HEFEAEES,
Goal :: 7- module:go.
Clause-1 :: go  := true | merge({In, Out), p{X), gq(X, In), r(Out).
Clause-2 :: pla) :- trus | true.
Clauge-3 :: g(A,B) :- true | A=B.
Clause-4 :: r{[_|Cdr]) :- true | r(Cdr).

T —al gy FRCERENIERRKO LB,

wa* Deadlock occurred. [enify{EOCKoo ,MGROKe)]

### Unifying variable which haz a goal waiting for instantiation is unified
#wx and a marger input variabla.

=#* Unification cccurred in module:q/2

[0001]medule:plA~).

[0001)merge(B~,C) in meodule:ge/0

TP e—ODANERR LRI T A LTLES = Type=24

#l - ElFo 7 o272 LCmnerge(Inl,Outl) BLF merge(In2,0ut2) SEfTAE TH In1=In2 REFE h s,

Goal :: 7- module:go.

Clause-1 :: go :- true | merge{Inil, Cutl), merge(InZ, Out2),
p(Ini,In2), q{0uti), r{Out2).

Clause-2 :: p(A,B) :- true | A=B.

Cleuse—3 :: g{[_|Cdr]) :- true | gq(Cdr).

Clause=4 :: r{[_|Cdr]) := true [ r{Cdr).

a¥y—ATsrFUCHEREhAREREOEED,

x4 Daadlock will eccur. [unify(MGHOKo ,MSHOKa)]
#ws Unifying two merger input wvariables.

#*#% Unification cccurred in medule:p/2
[0001]merge(A™.B) in module:go/O
[0001)merge{C",D} in module:go/0
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Eﬁmiﬁﬂfv§ﬁ~ktﬁT5§i#fﬁiﬂﬁﬁLtUi!ﬁmﬁmj—ﬂwaﬁﬁmbm{E?tﬂn@gﬂu

Fl-ETo7e 77 46Tp(l) SETETE (X)) EBFiALE88,
Goal :: 7= module:go.
Clause-1 :: go  := true | p(X), q{X).
Clause-2 :: pla) :- true | true.
Clause-3 :: q(_) :- true | trus.
TvYe—Al g PRI RIS e,
4% Daadlock occurred. [collect(HODKoo)]

*=#* A variable which has a geal waiting for instantiation was abandoned.
##% Collect_value occurred in module:g/l
[0001 module:p(A~).

=P —OANEREARKELEVE FEQT—MEHERLE (ot Type=31

Bl - LITFo 70 77 LT nerge(In,0ut) HEFETH plIn) 2EF2 hi s,

Goal :: 7= modula:go.
Clamse-1 :: go  := true | merge(In, Out), p(In), g{fut).
Clause-2 :: p(_) := true | true.
Clause-3 :; ([ |Cdr]) :- true | gq(Cdr).

TS a4 Y FUCEFEAIEERKOLED,
=x% Deadlock will eccur. [collect(MGEOKo)]
**+ A merger input variable was abandoned.

##* Collect_value occurred in module:p/1
[0001]merge(a” ,B) in module:go/0
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Hi3-1 AHDADF/ A X

PDSS TRARMAOT AL AL LTV 47 F Y, FrAAatfl=dBiLTwniE, 2a—F-HLOFAA =
KRESA P — A EO vy FERFTCER LD FAIAFFRFTEICEHTEL, TREDF A AltE
¥ a = pdss_window_device, pdas_file_device, pdss_timer_device 02#EIR TNV E,

kE, COAMDBAT A4 A0HRE "FEP « ZEM 1/0 4 v 3 7 = — 2 4HE (V09 cBLTWwE. Lk
L, 2ToBELERTIc LEHEL v, Bohod o t— PRy i—Thakb, Tt EwLOLH S,

Fh, COTEHELTWE fepttrxxxr 2 Wi w2 oA, F4750 w2 pvdbh, chabkflivinesra—
ATHE

i= with_macro pdss.

EWSHERTILENSES,

Feld X« &b U —LOER

T A A ) —LRROBRBCLIEIMFCLMCEE, ChOOETFHEZI s L~ BEBHLAEC1EH
EHPFAT C bATE, 2EEEHROPFH LS 5.

pdss_window_device:windows(Stream)

FAYEFD «FALACEELZ ALY — 4% Stream 2 a=77 {35,
pdss_file_device:files({Stream)

FrdaFAL 2ACBESZA Y —4F Stream ta=77 4735,
pdss_timer_device:timer{Stream)

RA= o FTHAAZEBEL A Y —4LF Stream 2 2=7 74T 5,

Fel{ A -awF

L v FeFAifz

VA¥F7 »F-54 2k GNU-Emacs ETwAF - 04 v FYOBERRETFEF 4 2085, cOF»i4

ACHERD 2wy FERZ T EHETE B,

create(BufferName, WindowStream, ~Status, Cdr)
#ty 77 &Y BufferName (R » PR I 2 ) CHEVA Y FOEA—F L, OV 4 > ForicEs
LA FY —L% WindowStream K2 =7 r f 3, & —7 v HITH L 2 BSiC 1 Status I feptnornal
Ba=774EN 5. PDSS THEARKAI—7>TESY 4 ¥ FYOo#n 16 @ECodioT, +hi
HAABSrRA— 7RIl Status IE fep#abnormal H==77{&h 3.
A—Fr L4y Fy AV —akRiERF s AN a vy FoUlIfa~>y FEREC EETRS
(FIRICH, THE— b+ P v ETFrvaw s L v BI DD resetfd s= v FiBokEokn
WHhEbhwv)e Tk, A I —2(FACELY 4 ¥ FYRERMSK? o—X2h 3,

create{ WindowStream, “Status, Cdr)
2w 7 rEORE W create/I BEHTEE A,

get_max_size(X, Y, PathName, “Characters, ~Lines, “Status, Cdr)
R Characters=80, Lines=40, Status=fep#normal %3E¥.

2, Frfa T R

ZrAn s FrRAAR UNIX @7 7 AABRTRITF A 203 5. COFA4RCHKOT v PR

ECLEHTES,

open(PathName, Mode, FileStream, “Status, Cdr)
42 PathName (B ¥ 2 F Y » 7)) CBE7 74 A% €— F Mode (7 + 4: fepfiread = V —
Fe®x=F, fopturita= F 4 } + = |, fepllappend = 7> F: - F)CH—-7¥L, £D7 7
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AACHEF DAY ~ L% FileStream 227 7 4 53, #— 7 > L 8BS ICH Status i fep#normal
=T 7 Ehd. RALROEETY r{ At —FroEAVEBSCH fepiabnormal H=2x=7 7
1203 F=T Y L7742 R bV —bcRERTEAM A2~ FER@Es v FE2ac b
HTEBe (77 AADBED reset/d #EoTHBERDS, ) Fh, ALV —AYEILEE 7740
REHBEMIC Y v—-Zxh T,

directory(PathName, DirectoryStream, ~Status, Cdr)
AZEYN PathName (B ¥ o b2 ) v 2) Ch o742 1Y TA—FYL, FOFIL2 ) CBH
63FH—A%DmmmHHHMnEa=?r4TE¢#-7VﬁmmLkﬁam&mumm1ﬂmmmu
HAaz7r{EhE, AL LORETE - 708 5 nEEICH feptabnornal Ha =7 7 4 T,
A=TYLETAVI P+ 2 Y L BBET 3o~ PR B LHTEE (FAL2 b I DE
boreset/d ¥HoTHDBEHBE), A, A LI —LEELEET4 L2 b THEBMIC? o—Xx
Lbe

3, Fd=w. 54 =

FAT TR ARE A <WNEERIET 271 20 B, COFH A ZKBED <y Fe®dT TR

5o BHEIOBIR S IBTH25, TMCH v v L I NZORBEETS 2 (G0 EH&Eh3),

get_count("Count, “Status, Cdr)
FHIORF 0 0 BhoBEEETD I Bt Comt K=2=77 4335, Status icft fep#normal oz
=7rdERS,

on_at{Count, “Now, “Status, Cdr)
Count THEENAMIICAS &, Now It fep#uake_up k2= 743 35, Status K=< » F 3
LU ol AT teptnomal $o=7 r 433,

on_after{Count, “Now, ~Status, Cdr) _
Count THREZZhABIIHERT2 5. Now Ic fepfuake up K2=27 7 33, Status Ko<
Fé#ZEDH - 2B N T feptnomual $2=7 443,

DALES T4, FaL2 b UDawLE

L va¥¥Fe, srdastifiof@Haw ¥
CRRY 4 ¥ PO L2 rdacilit o~y Fob s, .
reset(AbortLine, ~AttentionLine, “Status, Cdr)
TR P2 FAvETFverav s 54 vkifd, COavy Pl IJO 2 b ) —bpttb @ x h el
HEhhbhidhdbhk v, AboriLine ick O BRE TH— b LicvniSic, doiiine fepfabort ¥
AZT AT B Ci—Ha=7r 4/ Thik, HEn reset/d o= FOTH~F« FA b TFy
Yay e DA EETe, AL —2% (] CBED S5pDELLhTETRE bR, Atten-
tionLine KCE 754 2l bHAL n — F(BM) $am7rfEhd, COBBICR /O 2T #— b
Bin, next_attention/3 s> FICX D7 Freav . 34 w3880 EEIADRER bW,
next_attention(~ Attention, ~Status, Cdr) .
Trveuy  FAvORERYVEIT, T7voa YANRB oFeiT dm b LA < LwRifEbh
<
2 oA o e e ¥
CHEY A4 ¥ FOBIFT—F « 22— Fed— v LA7 7 A LTI C i OEEawy Fohz,
getc("Char, ~Status, Cdr)
1 XFERARLEONFa— F# Char K2=7 7445, FAAL BB L B S ICH Status K£iE
Tepfnormal H2=22 7 A Ehd, LY F- 47+ 774K aklBoKCH feptend of_fila
et g T (P
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[2E#] Muilti-PSI V2 FEP TR #— F ik,
getl(-~Line, ~Status, Cdr)
173 53AREAEE Y PRI Y XICLT Line K== 7413, CORdfTa— FREI B
s BAALKWEL 2BSICH Status ICH fepinormal =774 INE, BLEZYF+ 47 »
FrAAE BB feplend of_file =774 EZh I,
[##]) Multi-PSI V2 FEP @7 7 f A TH¥H— b3k,
getb(Size, *Buffer, “Status, Cdr)
Size (8 CHEEINAESAS PEEDRRAARLE Y bRV ¥ XIC LT Buffer ta=77415,
TAYFUhbLOANTRPCHTCE s ABSCRETECYANLE T Z. BAARFREDLEBSK
tL Status I fepfnomal Hor=Fr A 2HT, LI P37+ 77 A Ao IBSICH feptend_of_file
Wa=rFrl &b,
[FEEY Multi-PSI V2FEP @7 4 » FoDi#H— FIfrhn,
gettkn(~TokenList, “Status, "NumberOfVariables, Cdr)
F—b ETMEL 5 3FFIER 3L, T0XFHO F—2 »HEFETY. EELAE -2 DI =
b % TokenList ta=7 74+ 3%, Tk, F—# v+ V2 FohoEHofiEs® NumberOfVariables
lta=rr433, & ol ¥LTIRT,

v :: $VAR(N,String)

F L i atorm| Atom)

2 i integer{Integer)

ERR) R o float(Float)

AFU¥& o ostring{String)

Fr¥iF o open(Atom)

=5 = sign(Atom)

WRRCF i RATEEFLEETET A
WETF—4& o illegal(String)

R : end

RAALMAEED U A8 S0 b Status ICH fepfnormal Ha=Zrfdhi. bLzv F-27 - 77
ARF S IBOH fopttend_of _file Haz? 7/ I8, =2 VBt —RB 3 BSCH
fepfabnormal =7 rd 2 hd,
[E#] Multi-PSI V2 FEP TiR# =T fdn, .
3. HElolhaw s ¥

ChHT s v FopXUEdf b 2—FEERTAvFr2—Fod—Frv LAk 7S LTRSD kY

TEEawrFThHd,

pute(Char, “Status, Cdr)
Char (88) C/REh 3 (ASCI) = — Fo 1 IFW¥HIF. Status ICH fepfnommal la=r77 4 %
o
[EE] Multi-PSI V2 FEP TH¥#—FEhhk v,

putl{Line, “Status, Cdr)
Line( B¥» FA I »Z)TRTREA T v 72 BHL, T 5. Status ICH feptnormal A==
FrAahd.
(28] Multi-PSI V2 FEP TH¥ #— F & Lk v,

putb(Buffer, “Status, Cdr)
Buffer (B ¥» FAFV » 2 ) CREASA T v X3 EEHT. Status Kk feptnormal S =77 4
-3 (-

putt{Term, Length, Depth, “Status, Cdr)
Term CREND F — L WlED R % 5% Length LIFY, BE® 37 Depth HIAORBECTERE T, Length
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FLU Depth T ELAWSH ... BWMAETH 5, Status i fepfnormal =T rf EhE, oo
I FRFSy FRHIEKERALCWE0T, Term KATHEEME A.B.C DL K hh
o L/« MRB+ HOOK oRERFFMEHE.
[iE8] Multi-PSI V2 FEP TRY #— F &hiwn,
4, v FolflEa—» ¥
CRRO A ¥ FORHLTATELC MO L awy PO,
cloze( “Status)
Y4 FOEML 5, Status K fep#normal Ha=7rfEhd,
flush(-Status, Cdr)
ZICH LA, Status ICH fep#normal #a=7 7y A i, MALAF—2 41 flush/2 2EFFLAE ¢
T & HEA flush 245,
beep(~Status, Cdr)
“AEMLT . Status ICH fep¥nomal H2=7 74 13,
clear(~Status, Cdr)
AP EBR IR T-EAREMEF. Status KR fep¥normal Ha=7r{f Ehi,
show(~Status, Cdr)
VA FodRs ZHEKT S, Status oH feptnormal Ha=7 7 EhZ, Fbhahbow 4
?F?HEi&hﬁﬂm&ﬂfhéﬁTtﬂ=vVFKIﬂEialﬁmTEﬁEﬁ$iq
hide{ -Status, Cdr)
T4YFOERALRIBICT 5. Status ICK feptnormal H2=7 7 4 Xh 3,
activate(~Status, Cdr)
show/2 XML,
deactivate(~Status, Cdr)
hide/2 > B,
set_inside_size(Characters, Lines, “Status, Cdr)
ZIH L&, Status ICF fepimormal o= 74 X3,
set_size(fep#manipulator, “Status, Cdr)
ZICH L&, Status ICH fep#normal #2=7 74 1.3,
set_position(X, Y, “Status, Cdr)
BICL LA, Status ICH fep#normal #Ha=7r4f &3,
set_position(fep#manipulator, “Status, Cdr)
Tk L%, Status kKK fep#normal Ha=7 7.4 i,
set_title(String, ~Status, Cdr)
I L%y, Status ICH fep#normal #a=7 74 23,
reshape(X, Y, Characters, Lines, “Status, Cdr)
L LAve Status ICH fepnormal Ha=7 v XH 5.
reshape(fep#manipulator, “Status, Cdr}
ZICH LAkv, Status IKH fepfrormal H2=7 74 2h 5,
set_font(PathName, ~Status, Cdr)
ZICH LAw, Status I fepfnormal H==7 v f X5,
scleet_buffer(BufferName, “Status, Cdr)
#ERTEEW,
get_inside_size(~Characters, ~Lines, “Status, Cdr)
BiC Characters=80, Lines=20, Status=fepénormal #iE+4.
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get_position(~X, Y, ~“Status, Cdr)
e X=0, Y=0, Status=tfep#normal %3ET,

get_title( “Title, “Status, Cdr)
A Pl L eBCHRE Ly 7 r BRIET,

get_font(PathName, “Status, Cdr)
FHTERZv,

§. 7rArRBf@E@=~<F

thiR7r ALl LTETRLC M TES v FTRS,

close(~Status)
FrAngro—X¥3,; Status ICH fepinermal Ha=7rf Thd,

end_of_file("Status, Cdr)
FrA iy F o7 7y £ AlREn i Status 1€ fepiyes 2 =7 v {53, 45 ThnEIC
H fephne Fa=7 7175,

pathname(-PathName, ~Status, Cdr)
77 A ADAZEY PathName IGET . Status K€k fep#normal =7y { ZHh I,

6. FarLs b EEEw ¥

CRRFALZ P EHLTENRLCEHTCEDaw Y F BB,

pathname(“PathName, ~Status, Cdr)
Falbst)oAaEmd PathName K+, Status 0k fepénormal Ha=7 r 4 Xh 5.

listing(WildCard, FileNameStream, ~Status, Cdr)
WildCard B> )X PV ¥ 7)) THEERE77AADAZEDT XA PRRIMTE Y =24% File-
NameStream ICE T, Status ICH fepinormal H2=7 7 {4 h$, FileNameStream iCit next_file_name(*“FileNam
“Status, Cdr) 2 d o= ¥ FERTCLHETE, FieName K1 0077425 (B¥s bR Y »2)
HEE . Slatus It fepfnormal #2=7 7/ E# I, b5 7 74 A0S ICH Status IC fepfend_of_file
Hazzrd&hb,

delete(WildCard, ~Status, Cdr)
WildCard (8 €5 b2 ) v 2) OHEIAE 7 7 A A2 THIRT 3. PDSS CR—EMLAZ 742
FEHET ST LR T¥ v Status KR fepdnomal ia=7 74 TH.3.

undelete(WildCard, ~Status, Cdr)
it LAwv, Status IKH fepfnormal #Ha2=7 74 3413,

purge(WildCard, ~Status, Cdr)
ZiEb LEwv, Status ICH feptnormal #2=7 74 Fh i,

deleted(WildCard, “FileNameStream, “Status, Cdr)
WildCard (B ¥y FA MY ¥ ) CHBENS 7 742055, NBRFO7 7 A ADAZEDY A F ¥H
BHF 2 b Y — 4% FileNameStream IGET. A% L, c0 ¥ 2 b REFECH S, Status i€ fepinormal
Ha2=7r{Eh3,

expunge( “Status, Cdr)
TCh L, Status ICH fepfnormal a=7r 4 2h 3,
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T8%-2 a—F .« F4 %

CHEI—FEBRELCWEF 1 203D, LOF {2 -2V —Lkle0avy FEFEFcbcEha—
FRBEF 2 8LTToc b i0E 2, (BHRATHI—F+« Fo94 v 2+ 1= Ak Micro PIMOS TOARMALT
BHa—FIEBL TN, )

assemble_module(*ModuleName, FileName, “Status)
FileName (8 €'y b2 b ¥ ) OHBERE 7 7 f AT v ¥ AL, 5— PERKE <, ModuleName i
BTtrFrihiktda—afoT rataz7 7445, Status ICi ‘success’, ‘cannot_open_file’, ‘mem-
ory _limit’, ‘module_protected’, ‘load_errer’ MwFhddiz=o {242 e

load_module(~ModuleName, FileName, ~Status)
FileName (8 €'» PR M) v 7) OHBENL 77 A2 e o — FRBK O~ FT 3, 7744+ DB £— 7
BART+ v 7 IEA. ModuleName K — FERAESa—AEDT F A T2 74+ 5, Status Ic
K “success’, ‘cannot_open_file’, ‘memory_limit’, ‘module_protected’, ‘load_error’ @ w77 4
T3,

save_module(ModuleName, FileName, “Status)
FileName (§ ¥'» FX F VU » ) CHiEE ik 7 7 4 ¢ ModuleName (Friajog@Ehksda—ny
=%, Status IR ‘success’, ‘cannot_open_file’, ‘module_not_found’ @ wfhihfia=7r4 20
-

remove_module{ ModuleName, “Status)
ModuleName (7 b &) TREIAA TS — A 2HEF 3. Status £H ‘success’, ‘module_pot_found’ , ‘mod-
ule_protected’ DwnwFhddia=vr i xh 3,

debug(Flag, ~Status)
FoipZ - FO ONJOFF #F5, Flag BT 4T ‘on’ £ l2 ‘off LA &, Status ICH ‘success’ ¥
%zt ‘undefined_mode' =227 4 2R3,

backtrace(Flag, ~Status)
K P Pe—A (—ERGCCRIEART » Fuy 7 « T—AOHR) ® ON/OFF $75. Flag &7 b &
Ton’ ik off’ #5458, Status KK ‘success’ T A H ‘undefined_mode’ =77 { EHhE,

trace_module(ModuleName, Mode, “Status)
ModuleName (T F L) CRINAET Y2 —AD bl — R+ £— F& Mode KZW4 5, Mode 27 F &7
‘on’ B ofl # 54 3, Status ICH ‘success’, ‘module_net_found', ‘undefined_mode’, ‘native_code_module’
D=2y {205,

get_module_status(ModuleName, ~Mode, “Status)
ModuleName (7 L) CRERAEFa—rD FL—R s 22— F TH45: Mode EREFL—2 s 2—FD
ONJOFF XY ‘on’ $A&H of #2=7 74315, Status ICH ‘success’, ‘module_not_found®, ‘na-
tive_code_module’ dwFhhBazrr S 203,

spy_predicate(ModuleName, PredicateName, Arity, Mode, ~Status)
ModuleName (7 + &) TR&hi € P a—ANO PredicateName/Arity TR AARBED FL—2 » £— F
& Mode KEWE T 5, Mode BT F4T'n’ $A R o' $54 3, Status kit ‘success’, ‘module_not_found®,
‘predicate_not_found’, ‘undefined_mode’, ‘native_code_module’ DnFhiflar= sy L 25,

get_spied_predicates(ModuleName, ~Predicates, “Status)
ModuleName (7 F &) CREIRAE Y2 —AT2AL ZHTWE BEOEEE Y 2 OB LT Predicates
Cax=or433. EEFX28Er 0 {BEET VYA, TY 74 } oL, Status it ‘siccess’, ‘mod-
ule_not_found' @ wFhdhia=r7r 4303,

get_public_predicates(ModuleName, “Public, ~Status)
ModuleName (7 b &) TRERAE Ya—A0 publie EE 2 T wIREONELY = toBc LT Pub
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lic La=r7r/45. FEREIBERY 2T {RERT +L, TV F4 )} o, Status ICH ‘suceess’,
‘module_not_found' @wiFhhla=7r4Eh5,
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1148 -3 PIMOS & a—F4 U5 4

LLTHRATE2—F A4 I 74 » 702 F LR PIMOS 0AKBEBINALOTHE, PDSS o @H+z
&ﬁ?ﬁiqCﬂ&ﬂiw?&H?Jﬂﬂﬁﬁﬂaéﬁg—ktﬁﬂﬂfttﬁln\MMGHMOSmiui'
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s ¥~k LoOP F—xa: Bag, Stack, Queue, Sorted Dag

» ¥—f§& D7 —2: Keyed Bag, Keyed Set, Keyed Sorted Bag, Keyed Sorted Set

1. e
—BICELE KLl F—FTd—BicHic s smL88+3,

comparatorssort(X, Y, ~5, "L, “Swapped)
X &Y ©FNMERNRE S ETTHD, P wBES K, kEnFEL KGET. AEFSL-BerR X 28
iy Y& LKKES (ks b 8EEE stable vh 2 Ewvdle Th, XHEY L AEhakBan Swapped
K yes &y &b AHHHE no TiET.

S AROETE
ﬁ#ﬁﬁ#?ﬁﬂ&i&éxﬁ¢ﬁmﬂﬁﬂ7Mﬂx¢HﬁtLfﬁﬂf?h&ﬁ#ﬁ,szfﬂﬁﬁmﬁt
ERIND, HEXEF L2 7R MIRRUTO L5 K28+ 2,

M o EROFHE 0 R RN oA MR,

L g I NI 7 + & HSORNEE.

PR e BHOHBAOANER. KX L, XFFOS A THREL SBECRI [ YK E
& DANESR.

O 35 TP Car OZ/NMR. Car 218 L i Cdr oo hBSE.

e ¥ SETCO ERBOFNEF ERESESLOARE 1 BE, theSLbhrsomg ..

W[ x o MR
2 iy ey
ﬂmlﬂ-‘" P J-Eﬂﬁi’ﬂ'ﬂt'fﬁn

hasher:hash(X, “H, “Y)
xfﬁd#mxarumeﬁ&ﬂyw;mnrﬁyvaLf\%mm&ﬂtﬁf.&myfnx%%mt

$ET. H CRETHRAORKAEE LTEX LS,
i a BAMOERS -
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@S e,

ST hA e T HARS,

« XFF] - Cb x BFIOER + Cm x FRER + Ce x BEOER + EREL. XL &
# Ch, Cm, Ce H KLO o#AR3E - M.

S = SRTELE Car@opiaffi4 b x Cdr @ » 22 {fls
7B e R, IS, BEOSERICHT S (2 OBKEER + 1) x RO~ v vafl) 0
o+ EHEH,

3. =i LDT=—IL
—RIC LR KLl F— 20y ML CPH o BRI 5,

Bag
EFRNET — Ao ARD, T LS ERBEL AV, BRTEETICRMIET Lok, PIcBRLAEE
BT O hEERET W,
pool:bag({Stream)
Bag OF 7 Yz & P EEHR L, TC~OX Y —4 Stream ¥ 25,
Xyt—dokasl:
empty(~ YorlN)
FEo bl yes , £S5 TR no 2ET,
pue(X)
ERDEW.
get("X)
BEROHD ML, Bag A0 EOBERFMATL ShlbbAn, MOMT &, TOEER Bag bk k
o BRELWOKBMOIMESIETEL 7= TAT &,
get_all{~0)
TEESBENIET. HIHEAIBARERO I R rvhd, EofsKcr 0 $ET.
get_and_put{~X, Y)
BEREMVEL, MCABCH L -ERET 3, BERSEWE 724275,

Stack
ZEAMICH Bag LRCEHR, BOHLEX LIFO KA -2Twd,

pool:stack({Stream)
Stack @A 7 V= 7 P RERL, £Z~DR b Y — L4 Stream #8535,

Awl—$70kan : Bag &80

gueun
AN Bag LMUAZ, B H LR FIFO Kh>Cw 5o

pool:queue(Stream)
Queue A7 F= 7 FHEEL, £2~0OA F J—.4 Stream 185,

Awh—iFa ki Bag & EE.
Sorted Bag

EXRMICH Bag ERCAZ, ROMLESR “pEvH" KEsTwvd, HBA—F># stable 26, (FwiR
T)hEwEicARWHE EOESPRELTERIHE LS,
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pool:sorted_bag({Stream}
FMoREL—F » (comparatorsort/5) 4 & T Sorted Bag @A 7%= 7 F#&ER L, FC~DR b T —4
Stream ECD M.

pocl:sorted_bag(Comparator, Stream)
BISICHBA—~Ford {EVa—A LT + 4, RBLET LA, TI54 | OB CHBISCEED, £
DHEEA—F {45 T Sorted Bag #4H L, £C~DR F Y —4 Stream #HO T, c T, FTthi
IEEH comparatorisort/5 LR L5 |1SAM, HET, public B2 AT -2 0EMBE,

Aoyt—7abal:

Bag tFffle A% L get X DORATORPOLOEEL, get_all b WHCET.
4. F—Hxn7—n0

fEND KLl F— 2 & &~ & ORI LT 30 2 B2 2 815 2,

Keyed Bag

BEANE S —[ET—ny nyraF—FARIVEBELTWE,

pool:keyed_bag(Stream)
FRD » & 2 8 (hasher:hash/3) 4 ¥ Keyed Bag @3 7 ¥ = # F 388 L, £C~O2 F ¥ — 4 Stream
FROHF. v vaF—FAantl ZouEE 1 THE,

pool:keyed_bag(Stream, Size)
ﬁzﬂ&mny91?—f»me1mEMM%HE?a:ttxn~ma@nvyauﬂmummmﬁﬂL
HEShAF T4 X7 Keyed Bag ©F 792 7 FHERL, TE~O2 F U —4 Stream 0 by
Fa

pool:keyed_bag(Hasher, Stream, Size)
WIGMIC » LBl E { TV a—a BT o, BBET 4, TV 74 } ORETHEL, £23 8K >
#;i—?»b#{i@ﬁﬂﬂ%ﬁifﬁcémtb\ﬁﬁéﬂkﬁ??nﬂﬁ.i—fh?JTﬂme
Bag %ML, 22~DX } ¥ — 4 Stream MY M. £ 20, HPLAAMRER hasher:hash/3 EL
5IRUERL AIE T, public EHEATWELERD B,

HykE—FFatan:

empty(~YorN)
b yes . 25 TEFAHE no 2iET,

empty({Key, “YorIN}
¥t Key EHLWERAEBNRHE no. £ 5ThTHI yes ¥iET.

put{Key, X)
4 =21 Key, {22 X oBE0EN,

get(Key, "X)
F = Key QEROHRIH L. MU*—0b0nEND 2 BEICH ERHEAT ¢ & 0Bk n, b H+
LT —Rhbh{hd, BREAWDODKHRIHES LT3 7={2F3,

get_all(~0) :
PEELERIHT. MOMERE L ODERR {Key, Data} ©J 2 b Ch 3. ZolBach O £iET.

get_all{Key, ~0) .
*—% Key DERLEER MY . ROMEAZI b00BRAE Data D 2 b b 5. ST boHEABR
H O #&+.

get_and_put{Key, “X, Y)
#—2i Key OBREMD ZL, B CABCH LvERERRT I, BEREE2WE 724272,
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Keyead Set
HEzHELndr—FHEDT—2,
poalikeyed_set{Stream )
B o i o BEE (hasherhash/3) fH & T Keyed Set 04 757« 7 + &tEE L, £~ A + I — A& Stream
WO, »vrai—Trord XoPFEE 1 b2,
pool:keyed_set{Stream, Size) _
HIBMIC v raF—FAnd{ ZoPHEEHEETIC LD, E¥MO o 2 B8 (hasher:hash/3),
EEINAEF—7TAHA ST Keyed Set OF 7 Y22 b ¥EMRL, £FC~0A P —4 Stream FEOHHET.
pool:keyed_set{Hasher, Stream, Size)
HBIGEIC v v BlfE (EYa—AET b L, BEBET 4L, T 74 )} O CEEL. H2T78C»
vaF-—Trovd ZOYFEEERET S C te k), EREAE 2 L 2BH 7T A4 A 2T Keyed Set
TPEREL, £FC~0x ) —4 Stream 2O, £ 20, HEE AR hasher:hash /3 EFECHIEE
#, WET, publc EEE T3 BEXED 5,
Ayt—SFObkal:

empty({~YorN}
BhoH yes, TATETAE no BT
empty(Key, ~YorN)
F gt Key LR LwERDI BRI no, T4 vhEBRE yes BT,
put{Key, X, ~01dX)
F—2 Key, i85 X OFEROEN. #—3 Key @b o b WFH S, OldX o { | } oo
EEN b §—2 Key obOFEHRE OldX kit |} #EEh &,
get(Key, “X)
&3 Key 0FROBROH L. MIHF LT —2dbh L. EREAVOIEIHES ETELE7=42
T 5.
get_all(“0)
FREEENOHT. HOHETA S § 00BLlk {Key, Data) @ 2 b ThH 5, oS O ¥iET,
get_all{Key, ~0)
F—2 Key DEREWR VBT, HEFstodbdhd O, B 1 EE0) 2 F3ES,
get_and_put{Key, "X, Y)
F—5 Key OBEREMOEL, FICHECHLERERINT 5. BERMA WL = 2T2,

Keyed Sorted Bag
Sorted bag LEBEAE, ¥ - ES—FHEHLTTFS AERA .
pool:keyed_sorted_bag(Stream)
FHRD B —F ¥ (comparatorsort/5) {1 ¥ T Keyed Sorted Bag @& 7 =% F¥&ERL, Fc~D2}
=4 Stream ¥ 22774 T 5.
poolkkeyed_sorted_bag(Comparator, Stream}
1ML —F v i {TFa—AfZT VA, REBET VA, TV 74 ) oL CEETSCLECLY, £
DHEA—F i &0 Keyed Sorted Bag 2483 3. 20, #HEE L ABSER comparator:sort/5 =ML
5B, ABT. publc EB I hTwaLEEBE,
VS Sathe =l =
Keyed Bag tEERAH, MO LRCF—0hETwHEHCEHIHIC 4RO TWS AHERY 5, H#Edstable T
FL*—oboflld @SR ANEEHCERD B+,
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Keyed Sorted Set

Keyed Sorted Bag CEEIAS, $—0RHEN A WEHRRAE &,
pocl:keyed_sorted_set{Stream)

S o HEEA—F  (comparator:sort/5) f# & T Keyed Sorted Set oF 7 &= 2 FPEEREL, Fre~mx b
B —A4 Streamn $H D M3,

puul:key&d_s:&rted_set{Comp&mtm, Stream)
HIGWICHBA—F vk {EVa—ABT v 4, BEET FL, T 54 | oELelgEtIc ek, 7
DHBA —F {3 EC Keyed Sorted Set #4435, ¢ oo, & ENAeIRER comparatorsort/5 &7
§IBER, NEC, public EEIhTwa LSS,

Ayt—FOoradl:
Keyed Set ERBL. AL, get_all/l K+ —aphx wEiCET,
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LIF®® 2 — A4 PDSS TR TnEDT, FMUAME2—¥ 55 & LRTEEEA. (B
T\ d b OHRTRE )

*Sho—an’ pdss_code_device
* directory pdea_window_devica
® file pdae_file_device
* windew pdss_timer_device
* mpimos_io_device klicmp_ blttbl
mpimos_monogyny_list_index ¥licmp_command
mpimos_booter klicmp_compile
Epimos_builtin_predicate klicmp_mr'b
mpimos_cmd_basic klicmp_normalize
mpimes_<md_ code klicmp_cutput
mpimes_cmd_debug klicmp _reader
mpimos_cmd_directory kliemp register
Epimos_cmd_senvironment Ellcmp_macro
mpimos_cmd_utl kllcmp_macro_arg
mpimes_code_manager klicop_mtbl
mpimos_command_interpreter Ellcmp_struct
mpimos_directory

mpimos_directory_device_driver
ppimos_file
mpimes_file_device_driver
mpimos_file_manager
npiuos_nindun_davicp
mpimos_file_device
mpimos_timer_device
mpimos_macro_expander
mpimos_module _pool
mpimos_cpeade_table
mpimos_operator_manipulater
mpimoE_parser
mpimos_task_monitor
mpimos _unparser
Epimos_utility

* mpimos_varchk
mpimos_sindow
mpimos_window_device_driver
mpimes_window_manager

* mpimos_xref

* mpimos_xref_table

* mpimos_pretty_printer
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Micro PIMOS @ % 4 » F¥ [/ 7 7 A A CRFOHEDA A L =5 HEE IR TV B,

1200
1200
1260
11560
1150
1150
1180
1150
1100
1100
1080
1050
1000
800
To0
700
TOo
To0
700
TO0
TO00
TO0
700
oo
ToOo
T00
TOo
TO0
ToO
TOO
Too
To0
o0
TO0
TOO
BOO
500
500
OO
BOOD
500
oo

xfx
iz
ix
ix
ix
Ix
Ix
Ix
iy
iy
xfx
iy
iy
ix
xix
xix
xix
xfx
zix
xfx
b &% 4
xfx
xfx
xfx
xfx
xfx
xix
xzfx
xfx
xix
xix
fx
xfx
ifx
xfy
yix
1x
¥ix
ix
Fix
yix
yix

e

module

public
implicit
local_implicit
with_maczro

\Y

x0T

400
400
400
400
200
300
200
180
150
100
190

vix
yix
yix
yIix
xfy
ziz
Ix
zf
xf
fx
ix

<<
ax
hh

mod

++



p.T6 g — BlAsdE—%

18%-6 HAEE—E
L A ATDFx 22

wais(X) :: G

atom(X) :: G
integexr(X) :: G
floating peint(X) :: G
list(X) :: G

vector(l) :: G

string(Ll) :: G
unbound(X, “PE, “Addr, “NewX) :: B

2. diff
diff{X, ¥Y) 1+ G

EOFA L —FTHERLTE L A=

3. B oK

aqual (Integerl, Integer2) :: G
not_equal{Integeri, Integer2) :: §
less_than{Integeri, Integer2) :: G
not_lese_than({Integerl, Integer2) :: G

o= rifRLTd v ==, S\=, €, =<, », 3=

4. B OMME

add(Integerl, Integer2, "NewInteger) ;: GB
subtract{Integerl, Integer?, “NewInteger) :: GB
multiply(Integerl, Integer2, “NewInteger) :: GB
divide(Integerl, Integer?, “HewInteger) :: GB
medulo{Integerl, Integer2, ~Newlnteger) :: GB
minus(Integer, “NewInteger) :: GB
increment{Integer, “NewInteger) :: GB
decrement(Integer, ~NewInteger) :: GB

aba(Integer, “NewInteger) :: GB

min(Integerl, Integer2, ~NewInteger) :: GB
max{Integerl, Integer2, "Newlnteger) :: GB
and(Integeri, Integer2, ~NewIntsger) :: GB
or{Integeri, Integer2, “NewInteger) :: GB
exclusive_or(Integerl, Integer2, "'anntagur} :: GB
complement (Integer, “NHewInteger) :: GB
shift_left(Integer, ShiftWidth, "NewInteger) :: GB
shift_right({Integer, ShiftWidth, “HewInteger) :: GB
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5. PRI EO e

floating point_equal(Floatil, Float2) :: G
floating point_not_equal{Floatl, Float2) :: &
floating_point_less_than(Fleatl, Flsat2) :: g
floating point_not_less_than(Floatl, Float2) :: @

ot L—2vlABLTh L $=:=, $=\=, $<, =<, 3>, $o=

. ER AR OTE

floating point_add(Floatl, Float2, “NewFloat} :: GB
floating point_subtract(Flsati, FloatZ, "NewFloat) :: GB
floating point_multiply(Floati, Fleat2, “NewFloat) :: GB
Tioating_point_divide(Floatl, Flsat2, “NewFloat) :: GE
floating peoint_minus(Float, “NewFleoat) :: GB

Tloating point_abs(Float, ~NewFloat) :: GB

Tloating point_min(Floati, Float2, “NewFloat) :: GB
tloating_point_max(Floati, Float2, "NewFleat) :: GB
floating point_fleer(Fleat, “NewFloat) :: GB
floating_point_sgrt(Fleat, “NewFloat) :: GB

floating point_ln{Float, “FewFleat) :: GB

floating point_leg(Float,
floating_point_exp(Fleat,
floating point_pow{Floati,
floating peint_sin{Float,
floating point_cos(Float,
fleating peint_tan(Float,
floating_point_asin(Float,
floating_point_acos{Float,
floating point_atan(Float,

Tleoating point_atan{Fleoati,

floating point_sinh{Fleoat,
Tloating peint_cosh(Float,
floating point_tanh(Float,

“NewFleat) :: GH
“HewFloat} :: GB

Float2, “NewFloat) :: GB
“HewFloat) :: GB
“HewFloat) :: GB
“NewFloat) :: GB
“NewFleat) :: GB
“NewFloat) :: GB
“"NewFloat) :: GB

Float2, “NewFleoat) :: GB
“HewFloat) :: GB
“NewFloat) :: GB
“NewFloat) :: GB

§:=, $<= LEOF L — S EAWTRBLTL I W,

+, =, *

£, e

7. WEB - FERYV NS BT

floating_point_to_integer(Float, “Integer) :: GB

integer_to_floating point(

Integer, “Float) :: GB
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8.

10.

11.

12.

13.

14.

15.

~ 7 5 DGR
vactor(X, ~“Size) :: G

vactor(X, "Size, "NewVector) :: B

nevw_vector{ Vector, Sizae) :: B

vector_element{Vector, Position, "Element) :: G
vector_element{Vector, Position, "Element, *NewVector) :: B

set_vector_element(Vector, Position, “D1dElem, NewElem, “NewWact) :: B

. AP D v FRER

string(X, "Size, "ElemeéntSize) :: G

string(X, “Size, “Element5ize, “NewString) :: B

new_string{ String, Size, ElementSize} ;: B

string element(String, Position, “Element) :: G
etring_element(String, Position, "Element, “NewString) :: B
set_string_element(String, Position, NewElement, “NewString) :: B
substring(String, Pesition, Length, ~SubString, ~NewString) :: B
set_substring(String, Position, SubString, ~NewString) :: B
append_string(Stringl, String2, “NewString) :: B

T+ LB

intern_atom(~Atom, String) :: B
new_atom{“Atom} :: B
atom_neme(Avom, “String) :: B

atom_number{itom, “Number) :: B

= — FRSER
predicate_to_code(Mod, Pred, Arity, “Code) :: B
code_to_predicate(Code, “Mod, "Pred, “Arity, “Infe)} :: B

A b D —d o Bi—}
merge(In, ~Out) :: B

R HRE
apply(Cods, Args) :: B

RRARA
read_console(“Integer) :: G
display_console(X) :: G
put_console(Xl) :: &

Eofh

raise(Tag, Type, Info) :: B
consume_resource{Red) :: B
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bhash(X, “Valne, “NewX) :: B
current_processor{ ProcessorNumber, *X, “Y¥) :: B

current_priority(“CurreatPriority, ~ShoenMin, ~ShoenMax) :: B
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o Hlegal Input Type = 0
HARFEO AN BT I AT BN o 4 0B bk,
. Range Overflow 12 1
EUADEE (REDESEN) o AN BICBZ s hTvw3EEN 0 b o MR bk,
# Integer Overflow =2 3
BERR LT AR, A7 e LA, DCIIBHERNGZ KR ENE.
# Flodting Point Error 2 §
FEVMEBEOoA NS EH 2 AT - @AM Ao oR bR, ¥, BHEETo AR, F—wi—
Fo—FREL ik,
» Illegal Merger Input :: 8
w—Fr—DANCHLT O, V2, 22 2RNoF— ka7 f LES E LA,
s Heduction Failure :: 9
T—ADETICRLC Y oEFHE B h ok,
# Unification Feilure :: 10
RFEAWOL=T 4 r—Lom B LA,
¢ Haised 2 12
HUAGEAR raise/3 HMETFE i
» Incorrect Priority @ 16
HEThAYIAFI Aol EE T wa@AI L v,
« Module Not Found = 17
P FERTnhvESa-A2BMLIS L LA,
+ Predicate Not Found @ 18
HETR ATV —rRiFR e kSR ER T AT v,
s Deadlock = 11
HRATF» Ve 2RESARRE A,
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B
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31 (12€0 1)

19 (4¥=) 16

(16 ¥ 5 })

=ea (KL1)

Micre PIMOS

A—¥—HERCERLTAW

E 8: HEOENS S

» b 16— BHB-~0 /0 2 ) —aoFk,

F 17 — EHE-~nx 5 —tfloEE,
k19 — FF.
F 20 — Deadlock.

k21 — lllegal Input Typeg

b 22 — Range Overflow,

F 23 — Integer Overflow,

F 24 — Floating Point Error.
b 25 — .

b 26 — Illegal Merger Input.
F 27 — Reduetion Failure,

i 28 =— Unification Failure,

F 290 — Inerrect Priority,

b 30 — Module Not Found.
F 31 — Predicate Not Found,

# b 18— Micro PIMOS @ Shell ¥ 4 ¥ F&r o~ A o 40— 2214,
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4% -9 GNU-Emacs 5475 Y

PDSS ik L TwS GNU-Emacs 74 77V CH, KLl oo 2 L #RBRT 28E&0 “kll-mode™ & PDSS
OEFTRC#bHNS “PDSS-mode” #5353, HTFrhthThos—FtEREhTWaEa~vr FO—SERT,
1. kll-mode

ctel-C ctrl-C
awr FREFLAC T rHAOETOFS AR KLl OF e FAL LT v Al nd 5,

ctrl-C etel-R
PDSS=COMPILER ¥ &%y ¥ rICHEE T h AN OF £ 2 b oY —=T14,

etrl-C etrl-D
PDSS=CONPILER A 34> 77 OWERX KLl oY e XS Lk LTav L aT s, colf, Kav
YFEFETLESN v 7707 7 A AEDBR—O7 74 ARENIT 7T - ¥ —A7 74 A (+.a8m)
TEL, BRI A0 ATEEL, s.sav 77 f ATERT .
Ciid cirl-C cirl-R == FEAEHASHY4T, 7o 20nEFELETEYOAT N v i A
LESEMEAT L. coENIEH +amn T ARBBRLE-HERW.

meta-X pdss-kllemp-switch-indexing-mode

meta-X pdss-kllemp-switch-mrbge-mode

meta-X pdss-kllcmp-switch-system-mode
Prolog i = ¥4 3047 2 v 4 ¥+ 3, FIBELCON/OFF @ + 2, 5|8 1/0 0 ON/OFF
ER B, ATV n yOHE, TN OWTRT ¥ AL Aflawy ¥ 7 oy Yy (pdssemp) D
EoHEEROCL L, TR, m s 7 v e viCHET 2,
KLl 2 w4 ZREALTWI @8I0, ColirZnAagk,
(%] PDSS=COMPILE % 3% » 7 7 ICEBHOEHE 7o 7 FHEFREH 34, 2—¥YRAEXDIC
Bfl% oy 7y ICANT 3 EEER . (HOER)

ctrl-C ctel-F
AR v =T A 2 ETT 3,

2. PDSS-mode
a VAVFY [ Ry T TRIF

metas-.
Aoy (Hl0) ML LT, Ao 77T 7= LM IMSIC S 3TN R L
LTEFT L, FLawr P ¥ &7V 80wy FOFESTCES,

ctrl-C ctrl-Y
HANC AN L e L R WIT 5,

etrl-C k
FDNy 7 THNOF R ELTAERTE,

ctrl-C ctrl-K
PDSS #=FTH3L2T0X Ny 7 r D7 %X FEHBRT 5.

ctrl-C ctrl-B
PSS E=FDHo 7708377+ A=a—% iRT &,

ctrl-C m
Coawy FETFLAFTOKEND “ETVa—aAd BIE" 0 8 —v#BLawr FEANL
UBCMATE: F—¥TERoT=Fivr 1T IBSCEROEMEFAT EHICH S LE
ﬂﬂ

ctrl-C cirl-F
EHAEREOw =2 TASHRT 2,
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ctrl-C
SR A BV D P D~ = TASET T 5,

ctrl-X k
#HF i Kill-Buffer ©% 2 22, PDS5S DF o ARXTHOESH Kill-Buffer #55TIC8S% 1
e

b, KL1 72 # 7 &§iy

ctrl-C ctrl-Z
Lo FTRHEFTERLI O 4 v FY « 7uti@T o Friav A L0 —hie 1 84,
Micro PIMOS THAZ 7@k Lt 5.

ctrl-C etrl-T .
CRy 7T RHAGTSKLI OV A ¥ FY « 7o2ADT 25 vvavs 2 b1 —4k 2 %84,
Micro PIMOS TR # 2 7 EFHSEOERER : Lt 5,

c. £%al-—XEE

ctrl-C !
Ha—Vobr e rolf

ctrl-C @
PDSS &lko i@k, Micro PIMOS @9 4 v F& & LTHi- Tk ZriR‘IOEEHIAL,

ctrl-C ESC
PDSS W=l 2.
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BEEFTWEHETAET T 5. (Prolog i, KLl RTR#icEmT 2. )
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p-85

F§%-11 H>7I.TnsFSL

1= madile sample.
i— public primes/1, primes/Z,

primea{¥) :- true | primes(N, FL),
window:create([show|Window], "sample"), outconv(PL, Window).
primes(N, PL) :- true | gen(2, N, WL}, sife(NL, PL).

gen{Max, 5):~ true | gen(1, Max, S).
gen(N, Max, 5) :- N =< Hax, M := N+1 | S=[Ni51], gen{M, Max, Si),
gen(N, Max, 5) :- § > Max | 5=03.

sift([P|L], S) :~ true | S=[P)S1], filtec(P, L, K), sift(K, s1).
sife{[], S) = true | 5=[1.

Tilter(P, [QIL], K) :- Q mod Ps:=0 | filter(P, L, K).
filter(pr, [QIL], K} :~ Q mod P=\=0 | K=[QlK1], filter(P, L, Ki).
filter(P, [1, K} := true | K=[J.

cutconv([P|PL], W) :- true | W=[putt(P),n1|¥1], outconv(PL, Wi).
outconv([l, W) :- true | W=[putb("END"),getc(_)].

L T A A A AR Y AR Ay A
I EITRIR
T L e e e et e

| ?- sample:primes={i0,PL},
yes,
| 7- sample:primes(10,PL)|PL.

PL = [2,2,5,7]

Yes.

| 7= sample:primes(10).

yes.
| = halt.
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a. PDS5(= 1 a b—#, Micro PIMOS) @oi— P a 85

b, zweid Fosi=ing v HE

. “FYORREAETe ST L

d. FusTsolibE el

e, EiRo w2 L 8H L Ebi & BB

2 BhkoFersionArveahd, Koo LI {4 TTE v,

& varchk MGA L e dh,

b. deadlock LA#a. v 2 LAPCROL $ B0 —ABHAHET rf A2 Y v FY~Daw
F-2F)—asflbhtwnhvi, HH7F—2 cA2REEHS LT RETT. 3207 e

FrLgF = LTTFE N,

mpimos_file:xxxxxx({ ... } HHwWH
opimos_windew:xzxxx( ... )
merge( ... )} in mpimos_file:xxxxx/x

merge( ... ) in mpimos_windew:xxxxx/x
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PDSS (V2.52) Installation Manual

17/09/1990

ICOT 1st. Lab.

PDSS “PIMOS Development Support System” is the KL1 system on an ordinary (not multi-
processor) UNIX machine. PDSS was developed by TCOT as an environment for PIMOS devel-
opment. PDSS includes compiler, byte-code interpreter and Micro PIMOS {command interpreter,

I/0 libraries, ...}. 'NSS also includes two emacs lisp libraries: KL1-mode and PDS5-mode. KI.1-

mode is the major mode for editing KL1 source code. PDSS-mode is the major made for interacting
with PDSS through multiple emacs buflers. In ICOT, We are using PDSS on SUN-3, SUN-4 and

Sequent Symmetry, and you can easily install PDSS on BSD 4.2, 4.3 UNIX system.

1  Contents of PDSS tape

PDSS tape contains following directories and files. You must provide TMB of file space to read

PDSS from tape, and approximately 16MD for full install. If you caunot provide so much file space,

goe moxt section.

TEAIm

conlents size

Makefile Makefile. 2
pdsscmp Shell seript to compile KL1 program. i
ernmlator KL1-B byte code interpreter = ahstract KL1 machine, 46
runtime Runtime support libraries written in KL1. 130
mpimas Micra PIMOS = Commurd interpreter and 1/0 libraries. 1554
cowmpiler KL1 compiler written in KL1, 1758
HIACTO KL1 macro definition files. 12

+ debugutl  Tool programs to test KL1 source code. 280
4+ pimos.utl  Library programs developed by PIMOS gronp. 184
+ compilerpl KL1 cross compiler written in SICStus Prolog. 159
+  OIacs Iimacs Lisp libraries, KLl-mode and PDSS-mode. BT
+  test KL test programs. 549
b sample KL1 sample programs. 124
T Thiz “+" mark means optional module. joat}

(C) Copyright 1990. Institute for New Generation Computer Technology, Japan.
ALL RIGHTS RESERVED.



2 Restore PDSS from tape

Since PDSS tape was written in tar format, execute [ullowing command to restore it. By this
command, PDSS will be restored into the new directory named “pdss” under current directory.

% tar xf fdev/rts0 pdss

Device name of the tape drive. This name depends
o macline and media. If you don't know it, refer to
the manual of vour machine

If vour system doesn't have so much file space, execute following command instead of above
one. This command doesn't read source code and assembly langnage code of KL1 programs. but
reads only object code for KL1 machine emulator. This procedure is applicable for the instal-
lation onto CISC machines, e, B80X0 or 80386, See the comment about KIB_PACKED_CODE in

“emulator/config.h” file.

Y tar xf Jdevfrts0 FILES.SMALL
Y tar xf Sdev/rts0 ‘cat FILES.SMALL®

After restore from tape, it is IMPORTANT that you must rename or remove “compiler-pl”
directary hefore making PDISS when you don’t have SICStus Prolog. When you don't have GNU
Fmacs, yon must rename or remove “emacs” directory. And you may rename or remove other

unnecessary optional modunle direclories which you don’t need.

3 Edit the makefile and configuration-file

You musl edit some files before make 1'1)55, since these files contain descriptions depending on

machines or site,

o Makefile
Change BTNDTR’: value to suit your site. It is used as a target directory of “make install”.

e emulator/Makefile
Change BINDIR's value to suit your site. It is used as a target directory of “make install”.
(Change CFLAGS's value if vou need.

o emulator/config.h
You must change same definitions according to comments in the file. When your machine
uses CISC type CPT (680X0, 80386), you don’t need to change others but path names. But,
if your machine use RISC type CPU, you mnst change XLB_PACKED_CODE's value to NO.

» compiler_pl/libdir.pl {(When vou use eross compiler written in Prolog)
Change path name to suit your site,

o omages/Makefile (When you use emacs lisp hibraries)
Change LIBDIR's value to suit your site. It is used as a target directory of “make install”.
Change EMACS's value to suit your site. It is a path name of GNU Emacs used to compile
libraries.

o emacs/pdss-init.el (When you use emacs lisp libraries)
Change pdss-directory-name’s value to suit your site. It is a path name of the PDSS toplevel
directory.



o pdsscmp Change path nomes al top 5 lines to suit your site,

4 Make

Now, make PDES. I you don't change KLE_PACKED_CODE's value nor KLE_4BYTE_REL_ADDR's

value, execule following command in PDSS toplevel directory.
% omake quick
FBut, when you change these value, execute following command. By this command, all KL1-
assembrer codes will be re-assembled.
¥ make reaszsm
When make command has finished successully, execule following command to copy executable
files to shared “bin” directory.
% make install
And elaen PD3S directory if you want.
¥ make clean

Refer to a log of PDSS making in appendix-1. It was made on SUN SpareStation-1 {SunQ5S
4003 ) in OO,

5 Emacs LISP libraries

NS5 inclndes two emacs lisp libraries: KL1-mode and PDSS-mode. KLI-mode is the major
mode for editing KL1 source code. PDSS-mode is the major mode for interacting with PDSS
through mulliple emaes buffers. When you want to use these libraries, insert following command
into “.emacs” file in vour home directory. I yon want to set up the environment as all users in

wour machine can use these libraries, insert same command into “site-init.el” file of your machine.
(load "pdss-init")

T'he version of GNU Emacs nsed in ICOT is Nemacs version 3.2.3 {Nihon-go GNU Emacs, which
is Japanese version of Emacs based on 18.55.31), s0 a few changes might be required if your Emacs

verzion is different.

6 When your machine is not BSD UNIX

Since PDES was written for BSD UNIX, vou must make many changes ta install PIISS an
System-V UNIX. You must edit at least following files.

# emulator/pdss.c
signal ()}, sigblock(), sigsetmask () and kill() are used by signal handler.
getrusage() is used to get cpu-time information,

¢ emulator/io.c
aignal(), sigblock(), sigmask() and sigsetmask() are used by signal handler.
ioctl() and fentl() are used to control 1/O device.

3



o emulator /bl svstem.r

getrusage() is nsed to get cpu-time information.

emilator/bltaodev.c

opandir{}. clausedir(} and readdir(} are used to read directory,

unlink{} 15 nwsed to remove file.

re_compl) and re_exec() are used for regular exprossion,

emulator/timer.c

signal (), sigblock(]}, sigmask() and sigsetmask(} are used by signal handler.

alarm{} is nsad {or timer intermpt

timel) is used to get current time,

Appendix-1

b
%1
LOG

]

Makefile
compiler/
compiler_pl/

'a".

Log of PI)SS makeing in 1C0O7T
This is a log of makeing PDES on SUN SparcStation-1 (5un05 4.0.3¢) in ICOT.

debug_utl/
dec.e/
dec.jf
emacs,/

ﬂ IV SmAcs emacs.notuse

i

Y mv compiler_pl compiler_pl.notuse

o
ﬁ
n
'.*'.

Y make reassm
cd emulator

touch pdse.h
e -0 -sund
cc =0 =gund
cc -0 -suné
ce -0 -sunt
cc =0 =-sund
ce =0 -sund
ce -0 -=und
ce =0 =sund
ce =0 =sund
cc -0 ~-sund
cc =0 =gung
cec -0 -sun4
cc -0 -sund
ce =0 =-sung
co =0 =sung
cc -0 -sund
cc -0 =-sund
cc -0 -sund
ce =0 =-sund
cc =0 =syund

=-c
=C
-C
-
=c
™)
=c
™
=c
-c
=C
=-C
=<
-c
=C
=C
=c
=-C
-
=-c

; make all

pdss.c
option.c
emulate.c
blt_ basic.
blt_fleat.
blt_shoan.
blt_icdev.
blt_code.c
blt_system.c
deraf.c
passive.c
unify.c
goal.c
shoan.c
exception.c
memory.c
atom.o
module. o
deode.c
float.c

[A RN+ I e e

aemzlator/

#i
¥
#
e

i

.22
##

How, 1 am in PDS5 directory.
pimos_utl/
runtime/
sample/
tast/

Since T don't use emacs,
I rename this directory.
Since I don’t use 5ICStus Prolog,
I rename this directory.

Edit some files here.

Since I change KLB_FACKED_CODE,
I sxecute "make reassm".



cc =0 =sun4 -c string.c
cc -0 -suné -c gc.c

cc =0 =-sund -c¢ pgec_ctrl.
cc =0 -sund ~c gc_cell.
cc -0 -sund -c¢ gecocode.
ce -0 -sund -c  pe_dead.
ce -0 -sund -c mrbgc.c

cec =0 -sun4 -c  instr.c

ce =0 =sund -c  invassm.c

cec =0 =sund4 =-c assembla.c
ce -0 -sund -c =avelcad.c

L e I )

Routine _write_predicate too big: ## Swap area shortage.
use 4 lower level of optimizaticn or ## (ICOT'= SUN have
increase =stack limit and / or #% snall swap area.)

size of swap space

compiler{irept} error: alloca: out of memory

=% Error code 1

maka: Fatal error: Command failed for target ‘saveload.o’
Current working directory Jfusr2/pdss/pdss2.5/emulator
*ik Error code 1

make: Fatal error: Command failed for target ‘reassm’

% (cd emulator; cc -sund -c  saveload.c) ## Retry to compile.
fusrifpdss/pdeel .5 eamulator

% make reassm ## Continute "make reassm".
cd emulator ; make all

cc -0 -~-sun4 -c¢ native.c

cc -0 -sund -c tracer.c

cc =0 =sund -c print.c

cec -0 -sun4 -¢ io.c

ec =0 =-sgund -¢  iosub.c

ce =0 =sund -c timer.c

cc -0 -sund -¢ path.c

ce -0 -sund4 -c¢  ctype.c

cc -0 -o pdes.x -D"MAKEDATE=\"'date’\"" version.c pdss.c option.o emulate.o blt
-basic.o blt_float.o blt_shoen.o blt_icdev.o blt_code.o blt_system.o deref.oc pa
sgive.o unify.o goal.o ghoen.o exception.o memory.o atom.o medule.o deode.o fle
at.o string.o gc.o ge_ctrl.o go_cell.o go_cede.o geo_dead.s mrbge.o instr.o inva
sem.o assemble.o saveload.o native.o tracer.c print.o ic.o losub.o timer.o path
.0 ctype.o -lm

mv -f pdss.x pdss

rm -f version.o

cc -0 -sund -c¢ pdssasm.c

et -0 -o pdssasm.x -D"MAKEDATE=\"'date'\"" version.c pdssasm.oc memory.o atom.o
medule.o instr.o assemble.o saveload.o fleat.o ctype.o -lm

mv -f pdssasm.x pdssasm

rm -f version.o

cc -0 -sun4 -c pdssmerge.c

£t =o pdssmerge.x pdssmerge.o

mv -f pdssmerge.x pdssmerge

gh -c "test ! =d compiler_pl [| (cd compiler_pl ; make all)}"

cd runtime ; make reassm

for £ in ‘echo coddev.sav windev.sav fildev.sav timdev.sav shoen.sav | sed *s/\
sav/ /gt do .. femulator/pdssasm $f; done

s*+= PDSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990} #aks

Make save file coddev... 0K

wxkwe PDSS-ASM V2.52.06 (Mom Jul 16 17:53:54 JS5T 1980) #x*s

Make save file windev... OK

kakk PDES-AEM V2.52.06 (Mon Jul 16 17:53:B4 JST 1990) #kxx

Make save file fildav... OK

wakk POSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) #%+#

Make gave file timdev... 0K



wxwk PPSS-ASM Y2 .52.06 (Mon Jul 16 17:53:54 JST 1820) #w*s

Make save file shoen... COK

cd mpimos ; make Ireassm

for f in ‘echo boot.sav op.sav opthl.sav parser.sav unparser.sav shell.sav mac
ro_ex.sav  task_menitor.sav utl.sav code_man.sav medule_pool.sav window.sav wi

ndow_man.sav window_drv.sav file.sav Tile_man.szav [ile_drv.sav dir.sav dir_dr
v.zav timer_man.sav  dummy_window. sav dummy_file.sav dummy_dir.sav builtin.sav
cmd_basic.sav cmd_code.sav cmd_debug.sayv  omd_dir.sav cmd_env.sav cmd_utl.sav

pool_mli.sav mpimos_iodev.sav mpimos _windev.sav mpimos_fildev.sav mpimos_timd
ev.sav | sed 'sf/\.sav//g’"; do ../emulater/pdssasm $f; done

4% PDIS-ASH V2.52.06 {(Mon Jul 16 17:53:54 JST 1950) =#s==

Make save file boot... DK

s¥#% POSS-ASM V2.52.06 (Mon Jul 16 17:53:54 13T 1980) =#s=

Make save file op... 0K

s+%e PDSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 19507 #&#%

Make save file optkl... DK

sxx PNSS-ASM V2.52.06 (Mon Jul 16 17:53:54 15T 1990) =%

Make save file parser... 0K
#+4+ PDSS-ASM V2,52.06 (Men Jul 16 17:53:54 JST 1990) =kes
Make save file unparser... 0K

wxwx PDSS-ASM V2.52.06 (Mon Jul 16 1T7:53:54 JST 1990) #t#%
Make save file szhell... DK
swx= PDSS-ASM V2.52.08 (Mon Jul 168 17:53:54 J87 1990) ks

Make save file macre_ex... DK
whwd POSS~-ASM V2,682 06 (Mon Jul 16 17:53:54 JST 1990) =x==
Make save file task_monitor... 0O

wxxx PDSS-ASM V2.52.06 (Mon Jul 18 17:53:54 JST 1990) wwex
Make sawve file utl... 0K

wkms PDSS-A5SM V2. 82 06 (Mon Jul 16 17:53:54 JST 1980) =w=x
Make save file code_man... 0K

sporw PDSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1890) #**%
Make save file module_peool... DK

whwn PDSS5-ASM V2.52.086 (Mon Jul 16 17:53:54 JST 1890) swwk
Make save file windew... OK

s¥%% PD3S-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) ===
Make save file window_man... 0K

swww PDSS-A5M V2.52.06 (Mon Jul 16 17:53:54 JST 1980) sk
Make savae file window_drv... 0K

#xkk PDSS-ASM V2 .EZ.06 (Mon Jul 16 17:53:54 JST 1930) ===
Make save file file... QK

wxxx PDSS-ASM V2.52.08 {(Mon Jul 18 17:53:54 JST 1990) #&++
Make save file file_man... 0K

=xx% PDSS-ASM VZ.52.068 {(Mon Jul 16 17:53:54 JST 1890) #%*=
Maka save file file_drv... DK

#4xx PDSS5-ASM V2.52.06 (Mon Jul 16 1T:53:54 JST 1920) #wwx=
Make save file dir... 0K

akwk DDSS-ASM V2.52.08 (Men Jul 16 17:53:54 J8T 1990) *é++
Make save file dir_drv... OK

wksd PDSS-ASM V2.52.06 (Mon Jul 16 17:53:54 J5T 1990) ##e=
Make save file timer man... 0K

=kkx PDSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) #&+#
Make save file dummy_window... DE

s++% PDSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) swks
Make save file dummy_file... OK

*xdk PDSS-A5M V2.52.06 (Mon Jul 16 17:53:54 JST 1990) sk«
Make save file dummy_dir... 0K

wwww PDSS-ASM VZ.52.068 (Mon Jul 16 17:53:54 JST 1990) #**x*
Make save file builtin... 0K

#++% PDSS-ASH V2.52.06 (Mon Jul 16 17:53:54 JST 1990) %=
Make save file cmd_basic... OK

wwkw PDSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1880) sx*x
Make sava file cmd_code... 0K



#xkx PDSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990} w#=x
Make save file cmd_debug... OK

*#*4% PDSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) ==+
Make save Tile cmd_dir... 0K

#=+% FDS5-A3SM V2.52.06 (Mon Jul 16 17:53:54 J5T 1990) #*%=

Make save file cmd_env. .. 0K
waww POSS-ASM V2,582,068 (Mon Jul 16 17:53:54 JST 1900) #=+#
Make save file emd_utl... DK

wxsx PDSS=ASM V2 .52.06 (Mon Jul 16 17:53:54 IJST 1990) »xx»
Make save file pool mli... OK
#=x% PDES~ASM V2.52.06 (Mon Jul i6 17:53:54 JST 1900) wwws

Make save file mpimos_iodev... 0K
wwww PDSS=-ASM VZ.B52.068 (Men Jul 16 17:53:54 JST 1990) w*#x
Make save file mpimos_windev... 0K

t vk FDSS-ASM V2.582.06 (Mon Jul 16 17:53:54 J5T 1930) ##k+
Make save file mpimos_fildewv... O
#kex PDSS-AGM V2 .52.06 (Mon Jul 18 17:53:54 JST 1220) s

Make save file mpimos_timdew... 0K

cd compiler v make reassm

for £ in 'echo blt.sav com.sav comp.sav mrb.sav norm.sav outp.sav reader.sav T
& .53V MAacarg.sav macro.sav mactbl.sav struct.sav | sed 's/\.sav//g’'; do ../em

ulator/pdasasm $f; done
wexx PDSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) sw=x
Make save file blt... 0K

wkdx PDSS-ASM VZ.52.068 (Monm Jul 16 17:53:54 JST 19807 sk

Make save file com... OK
wxknw POOG-ASM V2.52.06 (Men Jul 16 17:53:54 JST 1920) s+
Make save file comp... DK

#+++ PDSS-ASM V2.52.08 (Mon Jul 16 17:53:54 JST 1990} sesw
Make save file mrb... OK
4% PDSS-ASM V2.62.06 (Mon Jul 16 17:53:54 JST 19890) ks

Make save file norm... OK
swkm POSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 19900 sk
Make save file outp... 0K

#x4% PDSS-ASM V2.52.08 (Mon Jul 18 17:53:54 JST 1990) sokw=
Make save file readar... 0K

wakk PDSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) ##*#%
Make save file reg... OK

#vex DBPOSE-A8M V252,08 (Mon Jul 16 17:53:54 JST 1090) =#x*

Make save file macarg... Q0K
k¥¥%% PLOSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) s+
Make save file macro... DK

w#xxd POSS-ASM V2.52.06 (Mon Jul 16 17:53:54 J5T 1990) =wws

Make =ave file mactbl... OK

#xx% DDSS5-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) #w=#

Make save file struct... OK

sh -c "test ! -d debug_utl Il (cd debug_utl ; make reassm)"

for £ in "echo mpimos_xref.sav mpimos_xref_table.sav mpimos_pretty_printer,sav
mpimos_varchk.sav | sed ‘sf\.sav//g"‘; do ../emulator/pdssasm $f; done

*xk POES-A5M V2.52.06 (Mem Jul 16 17:53:54 JST 1950) *ex=

Make save file mpimos_xref... 0K

#+k% POES-ASM V2.52.06 (Mon Jul 16 17:53:54 J5T 1990} #okks

Make save file mpimos_xref _table... OK

s¥kd PPIS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) %+

Make save file mpimes_pretty_printer... OK

wwwn POSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1590) =##»

Make save file mpimes_varchk... QK

sh -c "test ! -d pimos_utl || (cd pimos_utl ; make reassm)"

for f in ‘echo comparateor.sav hasher.sav keyed_bag.sav keyed_sorted_bag.sav po

ol.sav queue.sav sorted_bapg.sav stack.sav | sed 's/\.sav//g’‘; do ../ emulator/p
dssasm f; dona

#+++ PDSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) #+++



Make gave file comparator... OK

sxkx POSS=ASM V2 .52.06 (Mom Jul 16 17:55:54 JST 1980} sxs#
Make save file hasher... OK

=xkw POSS-ASM V2.52.08 (Mon Jul L6 17:53:54 JS5T 1990} #sx#
Make save [ile keyad_bag... 0K

smuww POSS-ASM VZ.52.08 (Mon Jul 16 17:83:54 JST 19801 #4##
Make save file keyed_sorted_bag... 0K

*ex* PDSS-ASM V2 .EZ.068 (Mon Jul 16 17:53:54 J5T 13290) =%«
Mzke save file pool... OK

wxwx PDSS-ASM V2,.52.08 (Mon Jul 16 L(7:53:54 JST 1990) #exx
Make save file queua... 0K

wawx POSS-49M V2,52.06 (Mon Jul 16 17:53:54 JST 19900 s+x+
Make save file En'rt:ad_'ba.g. .. OK

#k4x PDES-ASM V2 B2 .06 (Mon Jul 16 17:83:54 J3T 19500 wwww
Make save file stack... 0K

sh -c "test ! -d emacs [l (zd emacs + make alll}”

%

A ## Make command has completed.
p ## Now, I test PDES.

% cd emulator

fusr2/pdss/pdsa2.5/emulator

% pdas

wkkws POSS-KL1 V2.52.06 (Mon Jul 16 17:53:41 JST 1980) skwsx

O B o O Ol R O O o O N B O R e e e
wkkk Micro PIMOS {version 2.5) sswkwssmkkwxs
T I T LTI L T T P e T T e P T T T
World is fusr2/pdss/pdss2.5/emulator

Total heap size is 200000 words

Total code size is 274688 bytes
s o oo e o o o ok o oo oo

| %= compile(sample).

“gample' : Compiling ... primes/0,primes/2,gen/3,=sift/2,filter/3,display/1i,END

[primes/0]
successdons

Loading ... done
Module name : sample
Sauing ... done

yes.

| 7- stat(sample:primes).
[2,3,6,7,11,13,17,19,23,29,21,37,...]
Total of 5880 reducticns in 290 msec.

yes.
| 7= halt.

i



Appendix-IT  Sample of “emulator/config.h” file
Following was emulator/config h file used in 1C0T.

f**q*+****smmm:#***t*****tt***at******1***##**#************!*****#*#*t****

PDSS MEDF 4 w4 PV [/ 77 A ARBORE.

>> PDSS_LIBDIR: FDSS #iirb LAiBEHC, Fv 24 LFA 77 V2 FLICWL T4
L2 h o, BREPISSO Py Ty g7 b EFRT,

>> PDSS_SUPDIR: iTh LHFHE 7 744 STARTUP ABwTHEF4 L2 VDR E,
STARTUP 7 7 4 Adtid, L b EFRgidbte-2% KLl £¥a—207 7
A gl BEPIOT—LBHEIEIR L TH S,

>> PDSS_OBJECT.FILE: =3 al— & AKDSAF, Native Code Module #Hiyic
v rrAipcibdde (UL, BAE Native Code Generater il
FaE—-FERTVEV )

Configuration of the directory/file enviromment Ior PDSS.

»» PDSS_LIBDIR: A path name of the directory which FDSS search for runtime
libraries at initial startup time. Normally, this is equal to the
PDS5 toplevel directory.

»» PDSS_SUPDIR: A path name of the directory which contains STARTUP file.
STARTUR file describes path names (relative path from PDSS_LIBDIR)
of the runtime library which are read at initial startup time, and
initial goal name.

>» PNSS_OBJECT_FILE: A path name of the PDSS byte-code interpreter executable
object. It is uesd by dynamic native code module linker.

{(But, native code generator is not supported yet.)
**:***:***sm*mtt*mtxwm*#*mtttt*ttt**tt**1#1##:4#**#&*'***#!*#**t##**##i#*f
#define PDSS_LIEDIR "fusr/locald/pdssirelease"
tdefine PDSS_SUPDIR "fusr/local3/pdss/release/emulator”

#define PDSS_OBJECT_FILE "/usr/local3d/pdss/release/emulator/pdss”

o e e o ok oo o e oK K K K 8 K K o T o o e ook ook ol e oo o O R K

PLSS @ = — Fofal B+ 548,

»> KLB_PACKED_CODE: CHia' YES oE&ichl, KLI-B @ a— FREELATIE
REETHITERD, CORG, BEREON A FOF—2 47— FOKIR
b FiclEn TR E#AEhE, ) <o ¥ CPU 4 RISC 24 7 OBS
i, ch¥s N0 K LT BEARE,

»» KLE_4BYTE_REL_ADDR: ©ludl YES @xE&icil, KL1-B @ =— Fic kil 284
T Fir 2l dbyte TEEENRS, £5 7T 2byte TEB TR S,

Configuratien for instruction trace.

»» KLE_PACKED_CODE: If this switch's value is ‘YES', KL1-B instruction
code (byte-code) is filled in continuously. In this case, wmultiple
byte data (e.g. integer) is written not in word alignment. IL your
machine uses RISC type CPU, you must define this switch ‘RO

»» KLE_4BYTE_REL_ADDR: Tf this switch's value iz "YES?, PDES use 4 byte
relative address instead of 2 byte one.

ﬂl’*'h:l"i*******tt**t*t***********-l‘*****‘*‘***"***************************}r

#define KLBE_PACKED_CODE TES

$#define KLB_4BYTE_REL_4UDH NO

o 0k o o s e o o o o o o T o Rk R Rk Rk ok kR ok

PDSS HMFT 5 A2V 077 x4 FOKE A DIEE.

>> HEAP_SIZE: - FfRMKOART T, PERZ Y v—F (@ 4 )
PDSS k= ¥—HEm G SO, L oTier — il ten
KEEEmET L.

>> CODE_SIZE: =— FlROKRE Eo MR~ by CCTHET DR 7 — Fafk
OREECHEL, PSS RNERRIC, ¥ 2 A LTA T2 ) Ldiiidls
Fe W ICHRERA DRAL, £0BR) LERICHY T - E LTERT 8.

Configuration for the default memory siza.

»» HEAF_SIZE: Size of head area. This specifies the number of tagged-words
{8 byte) in the HALF of heap area, since PD35 use copylng GC.

»» CODE_AREA: Size of code area. This specifies the number of bytes in the
whole code area. PDSS loads runtime libraries into top of tha code
area at initial startup time, then PDS3 divide code area into 2

8



parte and use divided one for user codes.
T e e e e L e Pt
#define HEAP_SIZE 200000
#define CODE_SIZE 1000000

f*ummmnt*#xt#***##*lt*;i**#t*s:t#t:***-#t*tmt*t*##*t*‘*******#Hl**#tm&*#m*
MRB-GC (R &,
>> MREGC_SWITCH: 412! YES O&E-FIc MRE Ic k230 6C £f15.
»> MRBGC_COLLECT_VALUE_DEPTH: Collect Value #yrCEliild 2 iEtkaoiEx,
»» MREGC_DEREF_TYPE: i FEFO e & 4 7,
0 --> BSAT—H MRB=ON & o k%0EMETbi v,
1 -—-» AR T—H MRE=ON i Ah-AfoEN4T59.
»>» MREGC_FREE_LIST_TYPE: A WHR|HoEe 71— 2 | oaffidh.
O --> 1W,2W,3W, ... ,TW,BW,18W,32W o 10 BELEET L.
1 --» 1W,2W,4W,8W,16W,32W,64W, 1288 @ sTIEEFEET .
»> MREGC_STATISTICS: MRE-GC i+ 2 #HiHERI#8E .
0 --> HEHEITh AR v,
1 -=> 7V =02 rDERRROHEIH LTS
2 --> 1+ @R e OUBERR OB LT 5.
Configuration for MRBE-GC.
»» MABGC_SWITCH: If this switch’s value is ‘YE2®, PDSS collect garbage
incrementally by the MRE scheme in real time.
»» MABGC_COLLECT_VALUE_DEPTH: The maximum depth of the nested data structure
which collected by collect_value instruction.
»» MABGC_DEREF_TYPE: The switch of garbape collection in dereference routinae.
¢ -» If MRE-ON peointer is found in reference path, PD35 den't try
to collect garbage in the forward path of this pointer.
1 -» In spite of MHB-ON pointer is found in reference path, FDSS
try to collect garbage in the forward path of this pointer.
*» MREGC_FREE_LIST_TYFE: The wariation of free lists.
0 -» Use 10 kinds (1W,2W,3W,...,TW,BW,16W and 32W) of free lists.
1 -% Use 8 kinds (iW,2W,4W,BW,18W,32VW,84W and 128W) of free lists.
»>> MRBGC_STATISTICS: The switch of statistics of MRB-GC.
0 => PDSE domn't collect statistics information of MRB-GC,
1 =% PDB5 collect statistics information about free list omly.
2 -» PD35 collect statistice information about free list and
incremental garbage collecting instructions.
t*##*m#**#t**##**t****mt***#*ﬂltﬁm#t**ltttt*!t*l*m!x!*t‘tiﬂ!tlt!ﬂ!t!**!!*f

#define MRBGC_SWITCH YES
#define MREGC_COLLECT _VALUE_DEFTH 100
#define MREGC_DEREF_TYPE 1
#define MREGC_FREE_LIST_TYPE a
#define MRBGC_STATISTICS o

s e o e o oo oo o o o o e o o o o oo sk s e o s o e o o R
MRB %FHLAF » Fo o 7 URIEFSL) @ eager detection BT 385,
»» EAGER_DEADLOCK _DETECTION:

CiLdt YES MBS eager detection #7749,
Configuration for eager detection of deadlock (perpetual suspension).
»> EAGER_DEADLOCK_DETECTION:

If this switch's walue is ‘YES', PDSS deetect deadlock eagerly.
**tt#tt#ttt##t*tt#t##lt*t*t##*—t!t*tt**ltt#**#**#**—##**#ltttlt*ll#!t#!##ll‘f

#define EAGER_DEADLOCK_DETECTION YES

ftttt**t*tl#*#*t*ttttttt*ttttﬁ1t*t#t#***#***#1********#*#***tttt**#tttttti

Ready Goal FPool KM+ LETE.

»» TWO_WAY_READY_GOAL_PDOL: CZdudi YES @S, S RE0 220 A0%
ff o Ready Goal Pool ¥R+ 25, b, 222 k¥ —0ilfHC
Ez aZo0, COBKCH, T—ADAY ¥ a—1 v % Breadth First
KEETLRGTESL, N0 OBSICH., 22y 2 EXORiCk S,

Configuration for ready goal pool.

> TWO_WAY_READY_GOAL_POOL: If this switch's value is ‘YES', PDSS5 use ready
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goal pool with two entry peint: top and last. In this case, ready
goal pool can be used as stack or gueue, and user can select depth
first or breadth first scheduling. If it's value is ‘ND’, reday goal
pool iz stack and scheduling is depth first only.
*ti****#*tt**#j#t#tttlt#l#tl*#t**#*t*t#l#t**'l**ll**.t*****‘****ﬂ‘*******f

#define TWO_WAY_READY_GOAL_POOL YES

s o ok e ok o ke ol ke s o o s o o o sk o oo o ke o e sk o ko s e o s e b o o ko e ok o ok o ok ok ok ok ke ks

o — 00 I WREERE I o e FFen LB [ S g e

>> GC_SWAF_GODALS_WHEN_PANIC: Zhai YES OESICH., 2 ¥— GC Tu - 7K
MBFHNOMTE L s B, —A-« 2% 5 2@ highest F7A X V54
ohoT—ADEFEANEL L, chic kb, EREFXEDIOT
- 7HEAMTE S LS e SRS L,

>> GC_ABORT_TASK_WHEN_PANIC: C#i# YES DBSICH. sE— G0 Te— 7
AT LA X EIET & Al o fo (GO IR A OIC GO EER 7 7 VN5 T S ) FFiC,
D DF AT ETH— b5, CiC kb, PDSS SHEAEEHTHS
DEpi e

Configuration for emergency measures of copying GOC.

2> CC_EWAP_GUALS_WHEN_PANIC: I this switch's value is ‘YES', FD33 swap
goals in ready goal pool when copying GC get only small gain.

By this goal swapping, the sequence of goal execution is changed and
some data on heap may be consumed and collected.

»>» GC_ABORT _TASK_WHEN_PANIC: If this switch's wvalue is ‘YES', PDSS abort
user task when copying GC get little gain. By this abortion, many
heap wesd by user task are released and whole P33 may not abort.

*#t***t**tt**tl**x*$$t$*11****#*****#***tt***t****t#**ttt**#ttﬂ****t!m*ﬁtf

tdefine GC_SWAP_GOALS_WHEN_PANIC YES

#define GC_ABORT_TASK_WHEN_PANIC YES

f*#*#*****#***#*********#********#*#**#***********#***#****************#**
T b F— T Al 5B,

»> MAX_ATOMS: PDSS TiHTY¥3 T + Lo,

Confipuratien for atem table.

*» MAX_ATOMS: Maximum number of atoms.

s o oo o o R o oo o o o o o o o o o oA o o kg
#define MAX_ATOMS B00G

frezdbrdhrtkrdidhidbhrk kbRt bR kb kR FRRFAFFRRBRER AR ERARREFRFRRR R AR ERARER
HERA S I P 7 & T
>> TGNORE_TNTEGER_OVERFLOW: C ofifAt YES & b, SAREEICEH Y 2 REmE
OF =i — 7 o —F T 5,
> IGNORE_INTEGER_OVERFLOW: If this value is ‘YES’, PDSS ignores integer
overflow in builtin predicates.
T e

#define IGNORE_INTEGER_DVERFLOW NO

f**#****H###**##*FI*HFt!M#ttkﬂm#t#tﬂ***#*ﬂ*#*****#tm###*H*lt****#**#****t*

Ay lrFan s r—iea yICET AR

>» PASSIVE_UNIFY_DEPTH: Z @{Hil Passive Unification (wait_value, diff)
CRiEKE L R D E RS 5. oW TTRAT OREEE
L % v Ei iy k BT

Configuration for passive unification.

*» PASSIVE_UNIFY_DEFTH: This is the maximum depth of the nested structures
which compare in passive unification (wait_value, diff). If PDSS
can’t confirm the result of unification while PDSS compare until
this depth, PDS5 regards the unification as failure.

**m*t**#tt!*****t#*tt*t*##**tt**t*‘***tt****t****t***tlt**ﬁ**t!l!**t!*t*tf

#define PASSIVE_UNIFY_DEPTH 100
FE T T R e e P e P R e A P e Ry e e L PR L L L e L

o vy =TT S .
>» PRINT_LENGTH, PRINT_DEPTH: a ¥V —A—~mi—aliKEns, B +Ex



OFIEOFEHE. che#Es a8 ... THHT &,

Configuration for console outputs.

»» PRINT_LENGTH, PRINT_DEFTH: These are initial maximum length and depth
of structure which can be displayed in the conscle. PDES print the
rpart over this limitation link “...".

t**#t*;n**l$**$$i%t***?*##?#**i*****t*****#***i****l**i*t**#t****?**#*?*#f

#define PRINT_LENGTH I2

#define PRINT_DEFTH &

0 s o R o o o R O oo R R R R R ok

A= — IO DR

>> MAX_PRINTAELE_STRING_ATOM_LENGTH: %4 ¥ F% /) 7 v A AMICHNAMER S
/T EAOE:ORKE, B > T A oMY coFEEET 5,

Configuration for parser.

»» WAX_PRINTABLE _STRING_ATUM_LENGTH: The maximum length of atom/string
which can be displayed inte window/file. This limitation is also
used for atom-string conversion.

4:***:*#*t****zt**:*x***z****#:r.**t*.t****htt****#:H:tt**ttt***a****###*i*#*—#f

#define MAX _PRINTABLE_STRING_ATOM_LENGTH 10000

,‘I?***‘i**Jl‘!*d-**l‘1'***if***#**#*#t****tl****l*###****#***l‘#***‘it***#***il**!’*

FAMEE DS = - Pl & T,

»» COUNT_DCODE_REDUCTION: — o ‘YES® A b, #HARESAHZ -0 F L.,

Tt (D=Coda) ST Fa— Ik, TOT—ADT00 F ira i
FWileo 7 — - L [FECE L 5.

Configpuration for builtin predicate suspension.

»>» COUNT_DCODE_REDUCTION: If this switch's value ie ‘YES', PDSS count
reductions by [-code goals which are generated by builtin predicate
suspension.

e e e e

#define COUNT_DCODE_REDUCTION NO

L R E s T T e L PP T L P e e e S E L e s

AYRPFTwavw b b— 2T LERE.

»> INSTRUCTION_TRACE: C#upi YES DIRFICH., KL1-B A4 ¥R b7 r g
Hfde b v 2AdnfEt .

»» TNSTRUCTION_COUNT: CdufAl YES efigicid. KL1-B oSl b o3y
B iEtE T 96

»» INSTRUCTION_ERANCH_COUNT: Z#u & INSTRUCTION_COUNT A& % YES &
WA, KL1-B OfSEEC & AR oRHETS .

Configuration for instruction trace.

*» INETHUCTION_THACE: 1If this switch's value iz ‘YES', PDSS can trace
KL1-B instructions.

»» INSTRUCTIOK_COUNT: If this switch's value is *YES', PDSS counts tha
number of times each EKLI1-B instuction is executed.

*» INSTRUCTION_BRAKCH_COUNT: If both this switch's values and
INSTRUCTION_COUNT'e walue ara ‘YES', FDSS counte the number of
branches in each KL1-8 instuction.

0 o oo o o o o o o oo b o o o o o o o o ok oo o o o o o o o o o e s e

#define INSTRUCTION_TRACE HO

#dafine INSTRUCTION_COUNT ND

#define INSTRUCTION_BRANCH_COUNT NOD

12
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19909 14 8
1COT 8] Bk

PDSS (V2.52) 4 » X b—LDF5|

PDSS 2t “PIMOS Development Support System™ @BETHE D, Fofio kb PIMOS 0%
B LTI E (vod T oty 0] LA EE ETEET 5 KLL o 27 479, PDSS
v 2, A b= FAr2—F0 2, 5LE, MicroPIMOS (2= FA w270 & L A
HIAT Ty REHEEN TS, £/, 220 Emacs Lisp 74777, KLl-mode * I'DSS-
mode KL TS, KELl-mode @ KLI O Y —Aa— FRERI ADO I Yr—F—FTh b,
PDSS-mode 7 Emacs OEEO~ 5 7 7 RE LT PDSS ##ET L2004 Pv—x— ¥ rd, ICOT
i, PDSS # SUN-3, SUN-4 5 X Sequent Symmetry LB LT3 b, BSD 4.2, 4.3 UNIX %
FELE 2T Ll 2fllcd v 2 t—ATES YOt haT nd,

1 PDSS OF—70AR

PDSS b7 — 7B TOX 57T 4 L2 b I L7 7 AABBERTwE, ChLDETEFIAL
FeWiClE IMB, A4 24 2ABICRIIMB 2 7 4 4R -1— 20T, 4 L. © R ot
HHE CE ARSI OFRHLEEC L CTE v,

] P S i
Makefile  Makefile 2
pdascmp KLl Y- 2% ar A Afaddncboezra s 17} i
emnlator RIA-B i po—=FAq =714 = KL1 $is N D4f
runtime KLI TR L2 v 2A L3475 130
mpimos Micre PIMOS = o= P w2 =0 2 LA L5475 1554
compiler FLlideh LA KLl awesd 3 L758
HIACTG KlLlwsonEZ®#7rA A 12

+ debugutl KLl Y=-2REFRIFLY—ATaZIL0 280
+  pimos_utl PIMOS -7 3L e 24 750 7 5h 184
+ compiler pl - SICStus Prolog <wgluf L KL1 2> 44 5 359
+ eliacs Ewaes Lisp 74 77 ¥ (KLl-mode & PDSS-mode) a7
o test KLIFAFTnF T 549
+  sample KLl #»Tasgafia 124
TCm " O 7 v n v DE P AR B, ) KB

(C} Copyright 1990, Institute for New Generation Compui. r Techrology, Tapan.
ALL RIGHTS RESERVED.



2 F=7HhEOYRRTHE
PDSS o5 —Ftar Fa—<w PR EATHT A0, "AFTTa8CRETFoLSA
- PRETFFIL L v, cofEy, BEas v bF 4 L2 b fpdss” 2 A ERIOT 4 L2 B Y
PRI, FORCETHRAAENE,
% tar xf fdev/rtsO pdss
,,,,,,,,, TSNS, AT R, BN
i A7 4 7 AT DO CENA S DEEET S
PSS D b LARL A nESICE, 4 ¥R F—
AEOV D FAERATTE 0
i, FARP AA—2MDHECEBOCR, BFOX5Kd3t, KLl tERrRAEYa 20
Ve R e KTy Fa— PeELAbod)bn, #7525 ha= P ST OoTEEESS
MeoFrrprEtd, cokimLTh, HEIGR0OK0 0386wk 5% CISC 24 70 CPU &7
D= FDIBEICEA v R AR ERE T, Cemulator/eonfig " @ KLE_PACKED _CODE ICB§+ 5 o
A PEBELTFE W,

% tar xI Sfdev/rtsl FILES.SMALL
% tar xf fdev/rts0 ‘cat FILES.SMALL®

FoFhLoV R FPTHEET LAG, ST TOFES AT FEw, $ L SIC5tus Prolog %
FoTwiwBESk, “rompiler pl” F4 w2 BT & rename A dremove LT FE v B L GNT
Emacs #Ff = TwnH-ESEE, “cmacs™ F 4 & 0% rename T 5 2 remove LT T & sy 040,
FFva vy EY 2= ADPTEZOL WS ORI, £iu¥ rename 75 P remove LT FE v,

3 Makefile & configuration-file MIGHE

AA ZEiTESHNC, BIFO XS kv wilfiGedd MEUGFOMGESAKLZ 74 A BT 5008
b b

o Makelile
48 BINDIR OERFHOOH S FiCB LA ZET S, cihult, “make install” #7747k
Bpen & —4 o b TRV,

o emuletor/ Makelile
¥ BINDIR @k BAood{ te@ Lt d 0 £FT L. shil, “make install” #f7%h -k
& —%w b ELTEDLILD.
EH CFLAGS ot HEciidEY oK EE T 5.

» emulator/config.h
FTAARD A v FRES>CHEREVEF T SLFEDH D, W LA YR F—aLo=e w3 CISC
# 4 7o CPURROXO0, BOZRE) #F - Tw EBRSICE, "2 G0ERMARE L i T A8
Feo LAL. RISOC 24 70 OPU ##E- T &S iCK, KLBE_PACKER_CODE @@+ NO
KEEFIaENBET,

e compiler_pl/libdir.pl (4 L Prolog CFddue 2 o2 o v 25 A L)
RAZHREADOHS B LA OREET S,

= emacs/Makefile (% L Emacs Lisp 74 72 V25 & b)
EMHM LIBDIR DEEHDOY A MiCH LA DIEEE T 5, Chi, "make install” #f7hk =7

2



Fjo g —% o ELTilihitd,
L EMACS OEX¥BESOH A FICELALOKEEF S, citl, Emacs Lisp 7472 1% =
:a"'f{-"f ‘rr-'_,’-%ﬁ'_bpcﬁbi’b‘sa

e emacs/pdss-initel (% L Emacs Lisp 94 75 Y25 &8
2Rl pdss-directory-nane OEXHAOVA FCEHL L OREET 50 ZhiI PDSS o b o
LA T A Ly P I OAREET L,

o pdssemp
BHO ST TERLT WEAAER BT,
4 Make

A4 #ik, L KLB_PACKED CODE » KLE_4BYTE_RED_ADDR M # &8 L Tk nilew ., LT
DT FEPDSS Db L ~NADT 4 L7 I TETLT TS\,

% make guick

B LChGOEERT L A2JBEICH, Uioe=wr FEFTLTFI v, COBSKRE, 70 KL
Tl Pa—FEeHFTFTarFaL g3,

¥ make reassm

B SA BRI B, BFOa-2 2 Fick d PSS #2847 1 L2 bl ica¥—L, @
Dbz L5 LET.

% make install
B (4 LBECh D IFREIC -7 r A ATEIEL 24,
% maka clean

FR-TCICOT CAA 2 2 FwAROa Y533 0T, TATESCLTFI v, £0B0EH
SUN SpareStation-1 (Sun0S§ 4.0.3¢) =%,

5 FEmacs S4F51

PSS 1 2 2@ Emacs Lisp 24 77 V., KlLl-made * PDSS-mode FHEHEEL TS, KLl mode
R DY 20— FRBRTL DDA r—2— P10, PDSS-mode it Emacs DDA
FrEBLTPDSS #HERI I AVHOI Pe—F—F0F, CHLDTL V50 2 Fe NEREIC I
A=W Ddh =L F 4 L2 P KD D “emacs” Ty A AT~y FABALTTFE vy # 72,
Fa—W—ABFLE LT IHSTREL YO “le-init.el” FrAadEALTTFE n,

{load "pdss-init")
¥, ICOT TvERHL Twv5 GNU-Bmacs & “GNU Kmacs 18.55.31" #~<—ziC LA “Nemacs
version 3.2.37 T3, ol s TwIEESICHE, TEALT A DA TS A,

6 BSD UNIX LIS I—BilidsES

PDS5S iz BSD UNIX bTEWFY 5 L 2BMKEBANLTwEOT, System-V Ho UNIX 0B
TOIRHCHES OERELLE L LET, 24 L AT oRFCEERLEICA T4,

4



e cmulutor/ pdss.c

signal(), sigblock(). sigsetmask() H XV kill() FeZF v FITHBRTV L,
getrusage() A CPU Time AL TR T A,

o enulatorfiow

signal (), sighblock(). sigmask() B LIf sigsetmask() & Fdaow FITELLT WL,
foctl() 2 XTF fontll)} # /O F A = OfliECEL R TS,

s emulator /Bl system.e

getzusage() & CPU Time 28~ 25 KHEbR TV,

o emulator/ bt dodev.c

opendir(). clausedir{} B LT readdir() #IF 4 L2 } TomlAFs P OEniclbaintey
B

unlink() 247 7 4 ~@ B0 CELL T,

re_comp(} 3 L1F re_exec() HMIEERE 0MIOBICELILTINE,

o coulator/timer.e

signal(), sigblock(). sigmask() & L UF sigsetmask() & ¥ ¥y FITHELILT D,
alarm() A& A == b AZOEBICEHIL TV E,
time() AEAEZFRIITASCELELTVE,

Hix-1 1COT Tt X4 2004
ELFE ICOT @ SUN SparcStation-1 {Sun08% 4.0.3c) BT A4 # % F-foo i od, BFiCL

TFE v

i

% 1ls g4 PDSEMF 4 LF REUICINE,

LoG debug_utl/ emelazorS pimos_utl/

Makefile doc.e/f macro/ Tuntime/

compiler/ doc.i/ opimes/ sample/

compiler_pl/ emacs/ pdsscmp* test/

¥ mv amacs emacs.notuse #8 SElE Emacs @bk ndt,

'.l’. # ZOTF 42 R % rename T35,

% mv compiler_pl compiler_pl.notuse ## 3ICStus Prolog Hflib&woT,

U # radF 4 L-F R0k rename FH,

A

Y 4 ZCTROMDT A Y edit T 5.
%

Y make reassm ## KLB_PACKED_CODE @ B#%Is o T
ed emulator ; make all §%8 "make reassm" T 7.

touch pdss.h

cc -0 -sund -c pdss.c

cc -0 -sun% -¢ oeptien.c

cc -0 -sung -c¢ emulate.c

cc =0 =sund -¢ blt_baszic.c

ee =0 =gunt =-c blz_float.c

cc =0 =-sun% -c blt_shoen.c

cc =0 =-sund -c blt_iodev.c

cc =0 =sund -c blt_code.c

cc =0 =sund -c blt_system.c



ce -0 -sund -c deref.c

cc =0 =sund -c  passive.c
ce =0 -sun4 -¢  unify.c

cc -0 -sund -c¢ goal.c

cc =0 -sund -c shoen.c

ce =1 =-sund -c  exception.c
ce =0 -szund -c memory.c
gz -0 -sund -c  atom.c

ce -0 -sunt -c module.c
coe -0 -sund -¢  deede.c

ce =0 -zurd -& float.c

ce =0 =sund -c  string.c
cc -0 -sun4 -c gc.c

cc -0 -sund -c pe_ctrl.c
ec =0 -sund -c gc_cell.c
cec -0 -sund -c¢ ge_code.c
cc -0 -sund -c geoodead.c
cc -0 -sung -c mrbgec.c

ce =0 -sund -¢ instr.c

e -0 -sund -¢ invassm.c
ce =0 -sund -c assemble. ¢
ce =0 -sun4 -c¢ saveload.c

Routine _write_predicate too big: ¥ AT o FIEEAE R
use a lower level of optimization or ## (TCOT 2 SUN X AT » 7550
increase stack limit and / er #8 O LLAATELTAW)

size of awap space

compiler{iropt) error: alloca: out of memory

=++ Error code 1

make: Fatal errer: Command failed for tarpet ‘saveload.o’
Current working directory /usr2/pdss/pdss2.5/emulator
#*+ Error code 1

make: Fatal errvor: Command failed for target ‘reassm'

4 (cd emulator; cec -sund -c saveload.c) B FEITU P AR5 S,
/usr2/pdss/pdss2 .5/ /emulator

% make reassm ## "make reassm" THEENFZ
cd emulator ; make all

cc =0 -sund -c native.c

cc -0 -sund4 -c¢ tracar.c

cc -0 -sun4 -c print.c

ce =0 -suntd ~c ie.c

ce -0 =-sund -¢ icsub.c

c¢ =0 -sund - timer.c

ce -0 ~-gund -c  path.c

ot =0 -sund -c ctype.c

cc -0 -o pdss.x -D"MAKEDATE=\"'date‘\"" version.c pdss.c option.o emulate.o blt
-basic.o blt_float.o blt_shoen.o blt_iedev.o blt_code.o blt_system.o deref.o pa
ssive.o unify.o geal.o shoen.o exception.o memory.o atom.o moduls.o deode.o flo
at.o string.o gc.o go_ctrl.o ge_cell.o go_code.o ge_dead.o mrbge.o instr.e inva
ssm.o assemble.o savelpad.o native.o tracer.o print.o io.o iosub.o timer.o path
@ ctype.o =1m

mv =f pdss.x pdss

rm -f versien.o

ce =0 =sgund -c pdssasm.c

ce -0 -o pdssasm.x -D"MAKEDATE=\"'date‘\"" version.c pdsszasm.c memery.s atom.o

module.o instr.o assemble.o saveload.o float.o ctype.o -lm

mv -f pdssasm.x pdezsasm

rm ~f version.o

cc -0 -sund -c pdssmerge.c

€C -0 pdssmerge.x pdssmerge.o

mv -f pdssmerge.x pdesmerge

gh =c "test ! -d compiler_pl || (cd compiler_pl ; make all)"



cd runtime . make reassm
for £ in ‘echo coddev.sav windev.sav fildev.sav timdev.sav shoen.sav | sed *'s/\

savf ety de .. femulator/pdssasm §f; done

wwkx POSS-A5M V2,52 08 (Mon Jul 18 17:53:54 JST 19907 swex
Make =zave file coddev... DK

##44 FOSS=-ASM VZ.52.06 {Mon Jul 16 17:535:54 JS5T 1980) #+&s
Make save Iile windev... UK

wxmx POSS-ASM V2.52.08 (Mon Jul 16 17:53:54 J3T 1990) =wxs
Make save file fildevw... QK

ke PDSS-ASM VZ.52.06 (Mon Jul (8 17:53:54 15T 1930) xw*x
Make zave file timdev... 0K

sxk% PDSS-ASM V2.52.06 (Mon Jul 16 17:53:84 J5T 1930) #*®ew
Make save file shoen... 0O

cd mpimos ; make reassm

for £ in ‘echo boot. sav op.sav optbl.sav parser.sav unparser.sav shell.sav mac

ro_aXx.sav task_meniter.sav utl.sav code_man.sav medule_pool.szav  window.sav wi

ndow_man.sav window_drv.sav file.sav file_man.sav file_drv.sav dir.sav dir_dr

v.sa¥ timer_man.sav dummy_winduu_sau dummyhfile.sav dummy_dir.sav buizltin.sav
cmd_basic.zav cmd_code.sav cmd_debug. sav  cmd_dir.sav cmd_env.sav emd_utl.sav

poocl_mli.sav mpimos_icdev.sav mpimos_windev.sav mpimos_fildev.sav mpimos_timd

ev.sav | sed 's/\.sav//g''; do ../emulator/pdssasm $f; done

##4% POES-AEM V2.82.08 {Mon Jul 18 1T7:53:54 J5T 1990) www=

Make gave file beot... OK

wxxd POSE-ASM V2.52.06 (Mon Jul 16 17:53:584 JST 1990) &

Make save file op... OK

wam DPOSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) ssw

Make save file cptbl... OK

#dhkx PDSS=ASM V2. 52 .08 (Mon Jul 16 L7:E3:B4 JET 1990) #ss=

Kake save file parser... OK

=xsk DOSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 19801 #¢*#

Make save file unparser... OK

w44k PDSS-45M V252,08 (Mon Jul 18 17:53:54 JST 1980) wwws

Make save file szhell... 0K

#%4x POSS-ASM V2.57.06 (Mon Jul 16 17:53:54 JST 19900 *+*#*

Make save file macro_ex... OK

xkkx PDSS-ASM V2 ,52.08 (Mon Jul 16 17:53:54 J5T 19900 =%+*

Make save file task_moniter... DK

wkkk PDIS-ASM V2.52.08 (Mon Jul 16 17:53:54 JST 19900 ==«

Make save file utl... OK

wkws DDSS-ASM V2,582,086 (Mon Jul 16 17:53:54 JST 1990) #+=+

Make save file code_man... DK

#44+ PLOSS-ASM V2. 52,08 (Mon Jul 16 17:53:54 JS5T 1990) ws*=

Make save file module_pocl... OK

wkdy POSSE=-ASM VZ2.BZ2.068 (Mon Jul 18 17:55:54 JST 19900 sk

Make save file window... O

wkxs POSE-ASM V2 ,52.06 (Mon Jul 16 17:53:54 JST 1290) #wws

Make zave file window_man... 0K

**x%% PDSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) »==x

Make save file window_drv... 0K

=d%x PDSE-ASM V2.52.06 (Mon Jul 16 17:53:54 J3T 1990) #*ss

Make save file file... OK

*#4%% PDSS-A3M V2.52.08 (Mon Jul 16 17:53:54 JST 1990) #*x*

Make save file file_man... 0K

**¥k POSS-AZM V2.82.068 (Mon Jul 16 17:53:54 JST 19930) =++=*

Make save file file_ drv... 0K

=xex PDES-ASH V2.52.06 {Mon Jul 16 17:53:54 JST 1990) =

Make save file dir... 0K

#+%+ PDSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) s«

Make save file dir_drv... OK

=www PDSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) ##+=

Make save file timer_man... 0O

#¥4% PDIS-ASM VZ.52.06 (Mon Jul 16 17:53:54 JST 1990) s#x=



Makae
ok ok
Make
EEEE
Make
1L
Make
EEEEY
Make
o
Make
ok
Hake
Fok ok
Make
e e e
Make
kxx
Make
e
Make
Ao
Maka
DR
Make
W
Malksa
EkkE

Make

save file dummy_window...
PDS5~ASM VZ2.52.06 {Mon Jul
save file dummy fila... OK

PDSS-ASM V2.52.06 {(Man
save file dummy_dir...
POSE=ASM V2.52.08 (Mon
gave file builtin...
PDS5-ASM V2.52.06 (Mon
save file czmd_basic...

oK

Jul
0K
Jul

Jul
OK

FDES-ASM V2.52.06 (Mon Jul
save Tile cmd_code.,., 0F
POE2-A2M V2. 52,08 (Mon Jul
save file cmd debug... OK
FDSS-45M V2 .62.068 (Mon Jul
save file cmd _dir... 0K
PDSS-ASM V2.52.08 (Mon Jul

save file cmd_env... 0K

PDSS-AZM V2 .52 .08

save file cmd_utl...

PDGE-ASM V2.52.06

(Mon Jul
oK
(Mon Jul

save file peoel_mli... OK

PDSS-ASM V2.52.06 (Mon Jul
save file mpimos_iodev...

PDS5-ASM V2.52.06 (Mon Jul
save Iile mpimes_windev...
PDSS-ASM V2.52.06 {(Mon Jul
gave file mpimos_fildev. ..
PDE2-42M V2.52.06 (Mon Jul
save file mpimos_timdev. ..

DE
16

18
16
1&
16
16
16
16
16
16
16
GK
16
0K
1]
0K

16
0K

17:53:54
17:53:54
17:53:54
17:53:54
17:583:54
17:53:54
17:53:54
17:53:54
17:53:54
17:55:54
17:53:54
17:53:54
17:53:54

17:53:54

JST
JET
J5T
J&T
J5T
JET
J5T
J3T
JET
J5T
J5T
J5T
J5T

JBT

1990)
1990)
1990)
1990)
1990}
1980)
1990)
1990}
1990)
1990)
1990)
1920)
1930)

1990

o

e ek

g

Lt

LE 2 8

LE LT

ek

EEEE

bk

EEL S ]

bt g &

RkEE

o

FEXH

ed compiler i make reassm
for £ in ‘echo blt.sav com.sav comp.sav mrb.sav norm.Sav outp.sSav reader.sav T
ag.Sav MACATE.SaAV macro.sav mactbl.sav struct.sav | sed 'sf\.sav//g'"; do ../ em

ulator/pdesasm $f; done
POES-ASM VZ2.52.06 (Mom Jul 16 17:53:54 JST 1990) sss=

LR R
Make
EE b3 ]
Make
* ok
Make
o
Makea
E ST
Make
oy
Malka
*kk
Make
ERE 3
Hake
T
Maka
LER$
Make
ok ok
Make
e
Make

sh -c "test ! -d debug_utl

save file blt... 0K
PDES-ASM V2.52.06 (Mon Jul
gave file com... CK
PDSS-ASM V2.52.06 (Mon Jul
save file comp... DK
PDSS-A2M V2.52.08 (Mon Jul
save file mrb... DK
PDSS-A5M V2.52.06 (Mom Jul
gave file norm... OK
FDES=-ASM V2.,52.06 (Mon Jul
save file outp... 0K
PDE5-ASM V2.52.06 (Mon Jul
sava file reader... O
PDEE-AZM V2.52.06 (Mon Jul
save file reg... OK
POS3-45M V2 .52.08 (Mon Jul
save file macarg... OK
FDS5-ASM V2.52.06 (Mon .Jul
gave file macro... 0K
PR2S-AZM V2.52.08 {(Mon Jul
save file mactbl... OH
PDSS-ASM V2.52.06 (Mon Jul
save file struct... 0K

Il

1€
15
ig
18
16
18
16
16
16
16

16

17:53:54
17:53:54
17:53:54
17:53:54
17:53:54
17:53:54
17:53:54
17:53:54
17:53:54
17:53:54
17:53:54

JS5T
J5T
J5T
JET
JST
J5T
J5T
J5T
JST
JET

JET

(cd debug_usl

1880)
1990)
1990)
1230)
1990)
1890)
1890)
1990)
1920)
1990)

1990}

; make reassm)"

Lt

ek ok

ko

Hokok ok

*

ok

LE 2 2

ok

ok

FEEE

L

for f in ‘echo mpimos_xref.sav mpimos_xref_table.sav mpimos_pretty_printer.sav
mpimos_varchk.sav | sed 's/\.sav//g’‘; do ../emulator/pdssasm $f; done

#44% PDES-ASM V2. 52,06 (Mon Jul 16 17:53:54 JST 1990) #=s=

Hake zave file mpimos_xref... OK



#xx¢ PDSS-A5M V2. 52,08 (Mon Jul 16 17:53:54 JST 1990) ===

Make zave file mpimos_xref_table... 0K

ks PDS5-45M V2.52.08 (Mon Jul 16 17:53:54 JST 1990) s+

Make save file mpimoe_pretty_printer... 0K

wwww POSS-ASM V2.52.06 (Mon Jul 16 17:53:54 JS5T 1990} s+«

Make save file mpimos_varchk... 0K

sh -c "teat ! -d pimes_utl Il {cd pimos_utl : make reassm)"

for f in ‘echo comparator.sav hasher.sav keyed_bag.sav keyed_sorted_bag.sav po
ol.sar queue.sav sorted_bag.sav stack.sav | sed 's/\.sav/fg'‘; do ../emulator/p
dssasm $1; done

wik PDES-ASM V2.52.08 (Mon Jul 16 17:53:54 ST 1990) skws

Make save file comparator... OK
#4ke PDESS-ASM V2.52.08 (Mon Jul 18 {7:53:54 JST 19890) #x«s
Make save file hasher... OK

=##x PDSS-ASM V2.52.06 (Mon Jul 16 17:E3:84 JST 1990) *+x=
Make save file keyed _bag... 0K

=xwk POSS-ASHM V2.52.06 (Mon Jul 16 17:53:54 JST 1990) #é++
Make save file keved_sorted_bag... OK

¥4k PDES-ASM V2.52.06 (Mon Jul 16 17:E3:54 JST 1990) #wwx
Make save file pool... OK

wxdx PDSS-ASM VZ.52.06 (Mon Jul 16 17:53:54 J5T 19907 #+=+
Make save file gueue... OK

*kex PDES-ASM V2.52.08 (Mon Jul 16 L7:53:54 J5T 1990) ks
Make save file sorted_bag... DK

#xsk PDSS-ASM V2.62.06 (Mon Jul 18 17:53:54 JST 1990) =wws
Make save file stack... OK

gsh -c "test ! -d amacs Il {cd emacs ; make all)V

!

i B T CETTO v ARET,
b iR POSS BRI AFAPLTAS,

% cd emulator
fusr?/odasfpdas? 6/emulator

4 pdss
=wsdkx PDSS-KL1 V2.52.06 (Mon Jul 16 17:53:41 JST 1990} *sk**

e S T Tt L Ll
wkwx Micro PIMOS {(version 2.5) #sdksskkmkmm
ok o o R R R R o oot o e oo oo o ok o oo o O O R
World is fusrl/pdss/pdss2.5/emulator

Toetal heap size is 200000 words

Total code size is 2T48EE bytas

oo o o oo o S ok oo o o A

| ?- compile(sample).

“sampla" : Compiling ... primes/0,primes/2,gen/3,sift/2,filter/3, display/1 END.
lprimes/0]

successdone

Loading ... done

Module name : sample

Saving ... done

yes.

| 7- stat({sample:primes).
[2,3,B,7,11,13,17,19,25,29 31,37, ...]
Total of 5880 reductions in 290 msec.

yes.
| 7= halt.
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fTi&-11  “emulator/config.h” 774 ILOH > FiL
EUFiL, ICOT T Tw 3 "emulator/configh”™ 7 7 4 A 0¥,

f****************“***i**i*#*ti#*t.i-ltnt*#l***mtt*t***a**#a—**mm*w*:***r**a**:‘:r*
FRES a7 4 w2 RV ) 7oy A4 AT ORE,
>» PDSS_LIBDIR: PDSS #5inb EMAWHC, Z¥ 84 A4 7TV EELICW T 4

b P DA, JEHEIPISSO by TSR F 4L b EE,
>» PDSS_SUPDIR: 35 LHAIZ v 4 STARTUP BB wTHLF4 L2 FHoAnE,

STARTUZ = p o A-iThl, 75 HifRICEAAT<F K1 =22 —amT >

ArFGE, MOOT- AERFTBR L TH B,
> PLESS_OBJECT_FILE: =3 s b— 2 KED-22 4, Native Code Module #Ei9ic

Ve rgalyicfibits, (L L. BfE Native Code Generator K

Pl FERCTnAEN, )

Configuration of the directory/file environment for PDSS.
#» PDES_LIBDIK: A path name of the directory which PDSS zearch for runtime
livraries at initial startup time. Normally, this is equal to the

PDES topleval directory.
>> PDSS_SUPDIR: A path name of the directory which contains STARTUP file.

STARTUP file describes path names (relative path from PDSS_LTBDIR)

of the runtime library which are read at initial startup time, and

initial goal name.
>> PDS5_OBJECT_FILE: A path name of the FDSS byte-code interpreter exaecutable
object. It is uesd by dynamic native code module linker.

(But, native code generator is not supported yet.)
H-nmvM*x***#ut*namm“u*ﬁ**n:tnmsmut:n#rmmruﬂtu****wHM*H,.I’
#define PDES_LIBDIR "fusrflocali/pdss/release"

#define PDSS_SUPDTR "Jusr/local3/pdss/release/cmulator”
Rdefine PDSS_DBJECT_FILE "/usr/loecald/pdss/release/emulator/pdss"

f*****‘******'**#*#**#**%-ﬁt*ﬁlttﬂi*itl‘***#*#*##**tii##1****t$!t***h**t*$tiit

FOS3 w = — FoflicM+ nis,

>> KLB_PACKED_CODE: Zh#t YES @Eil, KLI-B @ — FRISWATHRA
PWHETHIFT L5, COBE, BHGORHA A, +toF—2 Ly - Fogn
KobheFegd i Ehd, ) <> CPU # RISC &4 Foks
Itil, Th¥ N0 K LT aEND S,

+» KLB_ABYTE_REL_ADDR: it YES DIB&icit. KL1-B o= — Fic i &%
TFL2i dbyte THREENI, +5TATRE 2byre THFBIH .

Configuration for imstruction traca.

»> KLE_PACKED_CODE: If this switch’s value iz ‘YES’, KL1-E instructicn
code (byte-code) is filled in centinuously. In this case, multiple
byte data (e.g. integer) is writtenm mot in vord alignment. If your
machine uses RISC type CPU, you must define this switch ‘HG’.

»*» KLB_4BYTE_REL_ADDR: If this switch's value is ‘YES’, PD2S use 4 byte
relative address instead of 2 hyte one.

*******#****#**1'**********t****#**#*******t******m*#*tltt**ti**?-ﬁ**tlﬁlﬂltlf

#define KLB_PACKED_CODE YES

#daeTine KLB_4EYTE_KEL_ADDR N0

o O R oo o o o ok ko ook R ko

PDSS HEHF LAV OF 7 40 F DA X DIRE,

>> HEAP_SIZE: b—FRHMOEE, BEs YHEY—F (8 ~4 1),
PDSS THav—=4aom 6 :f750T, ZochRee—7ERoESD
KEEERELT 3.

>> CODE_SIZE: a— FHEBOANE &, BliZ 4 b coTiiEisoka— Fok
DNETTHLH, PSS BiLb EHBHC, F¥v 24474 770 £5adir
FeDICSERR DER L, LOR) BYHCH) Ca—¥F=F L LTHRT 2,

Configuration for the default memory siza.

>> HEAP_GIZE: Size of head area. This specifies the number of tagged-werds
(8 byte) in the HALF of heap area, since PDSS use copying GC.

>> CODE_AREA: Size of code area. This specifies the number of bytea in the
whole code area. PDSS loads runtime libraries into top of the code
area at initial startup time, then PDSS divide sode area into 2
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parte and use divided one for user codes.
e o o R B R R R Rk R R R kR R R R R R R Rk Rk
#define HEAP_SIZE 200000
ddefine CODE_SIZE 1000000

JEEE R A R R R R R R I E AR EFHE TR ARE R R AR E SRR F AR F R E LR
MRB-GC 1[4 SaEiEs
>> MRBGC_SWITCH: Cdudl YES DIE&IC MRE i X 2RH oC %779,
53 MARGC COLLECT_VALUE_DEPTH: Collect Value fgrcll- S#SEaoiEs,
>> MRBGC_DEREF_TYPE: FL-7EEOBINOE 4 7,
0 ==> BT A-C F MRB=ON 0¥ = e fToid & fTif v,
1 --> FFaC—H MRB=ON kAol eiTs.
>» MRBGC_FREE_LIST_TYPE: A®VHEFHoHho -1 =2 b o,
0 ==> 1W,2W,3W, ... ,TW,8W,18W, 320 o 10 EEEHET 5.
1 == 1W,2W,4W,BW,16W,32W,64W, 128K @ BT HEN L.
>> MRBGC_STATISTICS: MRE-GC i B+ 3 #EHSHoMEt.
0 --» BEHiEThaiv,
1 ==> 7Y 2 KRR T5.
2 -3 1 ¢ G0 LoEBRHORETH TS,
Configuration for MRE-GC.
»>» MERGC_SWITOH: Tf this switch’s value is ‘YES', FDSS collect garbage
incrementally by the MRE scheme in real time,
»> MRBGC _COLLECT_VALUE_DEPTH: The maximum depth of the nested data structura
which collected by collect _walue instruction.
»> MRBGC_DEREF_TYPE: The switch of garbage collection in derefersnce routine.
O -3 If MRE-ON pointer is found in reference path, FDS5 don't try
to collsct garbage in the forward path of this peointer.
1 -» In spite of MAB-ON pointer is found in reference path, PDES
try te collect garbage in the forward path of this pointer.
*» MRBGC_FREE_LIST_TYPE: The variation of free lists.
0 -» Use 10 %inds (IW,26,3W,...,7W,8%,16%W and 32W) of free lists.
1 -» Use 8 kinds (1W,2W,4W,8W, 16W,32W,64%W and 128W) of free lists.
»> MRBGC _ETATISTICS: The switch of statistics of MRB-GC.
0 -» PD35 don't cellect statistics information of MRE-GC.
i =» PO3S collect statistics information about free list cnly.
2 =-» PD3S collect statistics information about free List and

incremental garbage collecting instructionms.
sk ook e ok o ok ok ool o o oo ok oo oo o e o e o o o o R O O A o o ke

#define MHBGC_SWITCH YES
#define MEBGC_COLLECT_VALUE_DEPTH 100
#define MRBGC_DEREF_TYPE 1
#idefine MRBGC_FREE_LIST_TYPE 0
#define MRBGC_STATISTICS o

f**mt#*1**t***#**at***t#****###**##******#**!****tl***ttt**tt**.!*tt*ﬂt*ﬁ*
MEB 2HFLAT » Fay 2 URIEEFFL) @ eager detection KR D&k
»>» EAGER_DEADLOCE_DETECTION:

CiLhl YES DESKE eager detection #¥#7A 5,
Configuration for sager detection of deadlock (perpetual suspension).
>>» EAGER_DEADLOCK_DETECTION:

If this switch's valus is ‘YES', PDSS deetect deadlock eagerly.
St o R ok o ok S O R e

#define EAGER_DEADLOCK_DETECTLOK YES

f**t**#********?***?t*******f#*******H!tt**.'t*t*tHttﬁ.ﬂ.t.‘.t‘t***t****tt
Ready Goal Pool ICRET &8,
>» THO_WAY_BEADY_GODAL_PDOL: C#i#i YES oS icit, #iErE#®0z-0A0n%
-7 Ready Goal Pool &£®EHET O, Wb, 2% v 2 k& a—mlic
iz 2mr, CORKCH., T—A0RY Fa—=1 % Breadth First
T ELTES, N0 oS, 2AF e F A edich D,
Configuration for ready goal pool.
»» TWO_WAY_READY_GOAL_POOL: If this switch’s walue iz ‘YES®, PDES use ready

10



goal pool with twe entry peint: top and last. In this case, ready
goal pool can be used as stack or queue, and user can select depth
first or breadth first scheduling. If it's value is ‘NO’, reday goal
pool is stack and scheduling is depth first only.

AR RS LA RS EEEE SRR SRR Bl L el e R R e T ey

fdefine TWO_WAY_READY_GOAL_FPODL YES

f****8***8*******#*****F****11****!***ﬂtt#*$$#*t*t**ii***:*******i**#$$$#l

= GO P iCYRTHREIC & - e AR B 2

»» GC_SWAF_GODALS_WEEN_PANIC: Zhi#i YES @@fFicid., =¥ — G0 Tve—7{EH
ﬁ@ﬁbmﬂfﬁﬁﬁﬁﬁﬁﬁxﬁ-k-zﬁv?ﬂhEMM:f?J?HTd
DFDT—LOEEFARELDL, thick b, ETEFLELI0T
b HANTE S L5 Ik SRS S,

>» GO_ABORT_TASK_WHEN_PANIC: Cd#udd YES @&, =v¥— 60 Te— 75
PUT LA EPINTE Edo e (GCHEZOIC GCERT 7 XL o T 5] BT,

T F-DEATETHE— TS, ChiC XD, PDSS AR TS
D ELF,

Configuration for emergency measures of copying GC.

2> GC_SWAP_GOALS_WHEN_PANIC: If this switch’s value is °YES', PD3S swap
geals in ready goal peol when copying GC get only small gain.

By this geal swapping, the sequence of goal execution is changed and
some data on heap may be consumed and collected.

»> GU_ABORT_TASH_WHEN_PANIC: If this switch's walue is ‘YES', PDSS abort
user task when copying GC get little gain. By this abortion, many
heap uesd by user task are released and whole PDSS may not abort.

**-*#*:**:w***t**#ﬁ#*#i*#**t*****ammtt**mm*#*m*tx**:#**ttt**##***rm*mmtmm}

#define GO_SWAF_GOALS_WHEN_PANIC YES

#define GC_ABORT_TASK_WHEM_PANIC YES

f14*a1**¢t**tt******r*mtmm*mxt***#*#***#t#tm*tt*#*+**#m$mmattmttntmnm*m:tt
Froad—7aclaie,

»> MAX_ATOMS: PDSS T{EFTEEZT F&0H.

Configuration for atom table.

2 MAK_ATOMS: Maximum number of atoms.

R S R R o oo ook RN S R R Rk ok ok
#define MAX_ATOMS 82000

fﬁmmtﬂmm!*m**#t**t**#t*lt*t*!tttt#i#**m%tlt*tltmm*ﬂ:**#*#t!*t***t#**#*#*tt
BT AT e,
>> IGNORE_INTEGER_DVERFLOW: ZOffi#s YES A& i, $AREEC 1 2 88
e - 1171 = kol
»» IGHORE_INTEGER_OVERFLOW: If this wvalue i= °‘YES', PDSS ignores integer
overflow in builtin predicates.
***t*l**4**#i*#***#mt$*ttttt*****t#***‘1###*******#***1*!*!!*#*!!#*###tttf
fdefine IGNOAE_INTEGER_OVERFLOW NO

f#t******l**t*t*!t*ﬂ*l**ll##**t**!mHtll********#####it*ﬁHlil**t***t***t***

T d g - va v KT ABRE,

*» PASSIVE_UNIFY_ DEPTH: © ¢ff X Passive Unification (wait_value, diff)
THESER LR REF @ E 2T T 5. CoEE 20E-T L BT
LA wSEic i e il

Configuration for passive unification.

»> PASSIVE_UNIFY_DEPTH: This is the maximum depth of the nested structures
which compare in passive unification (wait_value, diff). If FDSS
can’t confirm the result of unification while PDSS compare until
thiz depth, FDS2 regards the unification as failure.

'******#******##**t#*mttm!ttt**tt**#*********t**ttii***#1***#&**#1**#***1f

#define PASSIVE_UNIFY_DEPTH 100

ft*:::#*tt##*t*#vam*rm*atm**ht***i***tm*ra*txmu:tt*&#t***ittt*ttt*tt***t#*
= vy —a e BT S5,
>> PRINT_LENGTH, PRINT_DEPTH: 2y Y —a~D¥—AHHCLH S, BE 25X
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OWIROIEHE, ChEEE: SR .. TN D,

Confipuration for console outputs.

»> PRINT_LENGTH, FRINT_DEFTH: These are initial maximum length and depth
of structure which can be displayed in the comsole. PDSS print the
part over this limitatiem 1ink ", . ",

****#*****ri**ﬂ¥***$T#***¥***I*iili*#i#****tl***:***t***htﬁilﬁiﬁﬂﬁl***it*f

fdefine PRINT_LENCTH 12

fdefine PRINT_DEPTH &

fr***m**#******#t****ir**mt***1***-****#*****t***********t***iat****m**:#*

BT DR,

»> MAX_PRINTARLE_STEING_ATOM_LENGTH: ¥ 4 > V7 / 7 » 4 Ao ik d s
i/ T rhoEEOfAE, TV --> T A IR CofRE R B,

Configuration for parser.

*» MAX_PRINTAELE_STREING_ATOM_LENGTH: The maximum length of atom/string
which can be displayed into windew/file. This limitation is alsec
used for atom-string conversion.

I T T e e e e e T e R T e

#define MAX_PRINTAELE_STRING_ATOM_LENGTH 10000

ft#t#l-‘:ittiittl#tt#tltt##tlt#l**F#**mlt*mlﬁlﬁltmmm‘.‘tm**t***l’***tlt***tm*mlu*

HIAPR DS 2 L el 550,

>> COUNT_DCODE_REDUCTION: C@ofii#t ‘YES' A&, MAlbiEs¥a-1x VL.,

T—n (D=Code) iz ¥ Fao—ThiHr, Tog—atagnl Froe vy
et T — A R EERICE S B

Configuraticn for builtin predicate suspension.

»» QOUNT_DCODE_REDUCTION; If this switch’s value is *YE3?, PDSS count
reductions by D-code goals which are generated by builtin predicate
zuspenslon.

L L tit d

#define COUNT_DCODE_RECUCTION NO

f***t**l*¢*4*#*****-****‘*******iﬂﬁ**ttt***rl****#***t***i***#*t*****-****

A v P FE ey b L— OB R

» INSTRUCTION_TRACE: “ii#i YES @'*%lfﬁh EL1-B oA v A b F & g
o bL—anufEt k2,

>> INSTRUCTION_COURT: it YES i3, KL1-B oof S8 L oEF
E it e froe.

»» INSTRUCTION_BRANCH_COUNT: Zdu & INSTRUCTION_COUNT #E[A &% YES @
mEici. KLi-B o&aiEc oSy EmioRstETs.

Cenfiguration for instruction trace.

*» INSTRUCTION TRACE: If this switch’s value is 'YES', PDSS can trace
KL1-B in=tructicns.

»» INSTRUCTION_COUNT: If thisz switch's value is 'YES', PDSS counte the
number of times each KL1-B instuction is executed.

»» INSTRUCTION _BRANCH_COUNT: If beth this switch's value and
IHSTRUCTION_COUNT's value are *YE2', PD2S counts the number of
branchas in sach KL1-F instuction.

*t*#****i***l**l*****ll#**1#**#***#****ittt**1###**#***#**#*****mmttmtrttf

#define INSTRUCTION_TRACE NO

#dafine INSTRUCTION_COQUNT ND

#define INSTRUCTION_BREANCH_COUNT NO
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