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О Purpose and Scope of this Document 

This document describes а proposal for binding the functions of 
the Graphical Kernel Standard (GKS) to the PL/M programming 
languages PL/M-80 and PL/M-86. According to annex С of the 
functional description of GKS ll], а binding is defined as the 
expression of the abstract functions and data types of the 
standard in terms of constructs availaЬle in the host lan gua ge . 
Interfacing GKS to the PLjM programmin g languages may Ье 
considered а nontrivial task for two reason s : 

- PL/M-80 l2] and PljM-86 lЗJ have been specifi cally des i gned Ьу 
one of the main manufactbrs of microprocess in g compon ent s for 
t he primary purpose to run оп its own hardware , the INTEL 8080 
(8008) and 8086 series of microprocesso rs. PLjM-80 is 
principally upward compatiЬle to PL/M-86, i.e., а sou rce progra m 
written in PL/M-80 may Ье (with а few res tri cti ons) rec omp il ed 
with а PLjM-86 compiler. Thus, а сотто n GKS in te r face may Ье 
developed for both langua ge s. 

- nue to the poor data type prov1s1 ons and res tri ct ed and unsa fe 
parameter passing fa cilties of the PL/M lan guages , а one-t o-one 
mapping of many GKS data and paramet er t ypes to PL/M da t a and 
parameter types is defeated. This drawba ck has t o he 
compensated Ьу а cauti ous use of PL/M' s i nd irect add ress i ng 
capabilities. 

The following chapters are devoted t o e~c h of t he rul es (Ll) 
t hrough (L5) from ann ex С of t he standard and contain the 
accordin g GKS rul e , а mec hanism for i ts rea li za t ion , an d 
motivati ons for usin g the mechani sm. 

1 GKS Function s - PL/M Procedures Correspondence 

Ru le (Ll): "Al l GKS f unctions , othe r than inq uiry function s , 
sha ll appear atom i c to t he app li cation program." 

Mechanism: Eac h GKS f unction with the exc eption of some 
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iпquiry fuпctioпs has Ьееп realized Ьу опе correspoпdeпt PL/M 
procedure. The followiпg substitutioпs have Ьееп made for 
iпquiry fuпctioпs: 

All iпquiry fuпctioпs which returп а list or set of values, 
where the пumber of e l emeпts of the list or the пumber of 
members of the set may Ье altered Ьу the applicatioп program, 
are realized Ьу two procedures , termed NUMBER апd VALUE 
respectively. The parameters of NUMBER correspoпd to the 
parameters of the abstract fuпctioп, опlу list elemeпts or set 
members of user de fi пed leпgth or size are omitted. VALUE 
requires iп additioп to the parameters of the abstract fuпctioп 
ап iпput parameter, which has to Ье set Ьу the applicatioп 
program to the iпdex of the list elemeп t or set member to Ье 
iп ve stigated. This iпdex has to Ье iп the raпge {1 •• N), where 
N is the пumber of elemeпts of the list or members of the set 
returпed Ьу an iпv ocat ion of the correspond iпg NUMBER procedure. 
VALUE theп delivers the value of the elemeпt iп the list or the 
member of the set accord iпg to this iпdex. 

INQUIRE SET OF SEGMENT NAMES IN USE 
+ INOUIRE NUMBER OF SEGMENT NAMES IN USE 
+ INOUIRE VALUE OF SEGMENT NAMES IN USE 

А поt predefiп ed patterп represeпtatioп is iпq u ired iп а 
similar way, i.e., опсе for ea ch elemeпt of the array. The 
iпqu ire stroke device state fuпctioп is not substituted . One 
NlJMBER апd опе VAL UE fuпctioп have Ьее п def iпed for the eпtire 
group of fuпctioпs iпquiriп g the list of out put primitives 
iпdices. These procedures require опе more parameter: the type 
of the iп qu ired buпdle tаЫе. Опе procedure has also Ьееп 
prov ided for iпquiriпg the default data record of ап iпput 
device accordiпg to the availaЫe promptjecho type. This 
procedu re requires the input class as a~itioпa l parameter. 

Moti vatioпs: The scope of ап iпquiriпg facility the 
applicatioп programmer has at his disposal, may Ье defeated Ьу 
the restrictioп, that he has to make а wild guess of the leпgth 
of the list or array (or size of the set) returпed Ьу the 
correspoпdiпg fuпctioп. Ап obvious coпsequeпce would Ье 
iпcreased memory requiremeпts, which iп their turп may cause 
coпsideraЫe proЫems iп microprocessor based implemeпtatioпs. 
The proposed solutioп is maybe поt quite пiсе from а software 
eпgiпeeriпg point of view, as it requires the applicatioп 
programmer to calculate the пumber of times his program has to 
call VALIJE to obtaiп ап eпtire list, array or set. Therefore it 
is suggested, that calliп g VALUE with ап iпvalid iпdex will set 
the error iпdicator apprnpriately. 
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2 nerivatioп of PLjM Ideпtifiers 

Rule {L2): "The l aпguage Ьiпdiпg shall specify, for each GKS 
abstract fuпctioп паmе, exactly опе ideпtifier ассерtаЫе to the 
laпguage." 

Mechanism: For all words coпstitutiпg abstract GKS fuпctioп 
апd formal parameter пames (inquiry fuпctioпs have to Ье 
modified as iпdicated iп cha pter 1) perform the followiпg steps: 

{М1) The words POLYLINE апd POLYMARKER are substituted Ьу the 
words LINE апd МARKER respectively. 

POLYLINE + LI NE 

(М2) The words LIN ET YPE апd LINEWIПTH are substituted Ьу the 
striпgs LINE ТУРЕ апd LINE WIDTH respecti ve ly. 

SET LINEWIDTH + SET LINE WIDTH 

{МЗ) All proпouпs, prepostitioпs, coпjuпctioпs апd articles, 
пamely ALL, AND, AS, АТ, ВУ, FOR , IN, OF, ON, OR, OUT, ТНЕ , 
THI S, ТО, UP, WHICH, WIТH, as well as pare пthcses, commas, апd 
пumbers are omitted. 

REDRAW ALL SEGMENTS ON WORKSTATION + REDRAW SEGMENTS WORKSTATION 

(~) If after ап a ppl icatioп of steps (М1) to {МЗ) still more 
thaп six words remaiп, the trailiпg words are omitted. (~) is 
preseпtly applied to some of the formal parameter пames. 

MAXIMUM DISPLAY SURFACE SIZE DEVICE COORDINATE UNITS 
+ MAXIMUM DISPLAY SURFACE SIZE DEVICE COORDINATE 

(М5) All words loпger thaп five characters are truпcated оп the 
right to the loпgest word coпtaiпiпg less thaп or equal five 
characters which eпds with а сопsопапt. 

GENERALIZEП DRAWING PRIMITIVE + GENER DRAW PRIM 

(Мб) The remaiпiпg words are concateпated. То епhапсе 
readabi'l ity, the сопсаtепаt i оп poi пts are i пdi cated Ьу the 
uпderliпe character. Note, that PL/M syпtax req ui res the Dollar 
sign (which is ignored Ьу the compilers) instead of the 
underline character. 

GENER DRAW PRIM + GENER DRAW PRIM 
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(М7) Procedure identifiers are headed Ьу the letter 1G1
, 

parameter identifiers indicating an application controlled 
memory location Ьу the letter 1 Р 1 , parameter identifiers 
denoting а rnemory location controlled Ьу the implementation are 
headed Ьу the letter 1 Q1

• 

GENER DRAW PRIM + G GENER DRAW PRIM 

Motivations: А PL/M identifier may Ье up to 31 characters in 
length. For this reason, а simple concatenation of abstract GKS 
function descriptors would lead to the formation of invalid PL/M 
procedure identifiers. The wordlength chosen in (М5) raises 
from the consideration that STRING and STROKE have to Ье 
distinguished, while (М7) is explained in more detail in 
chapter 4. Some unpleasant truncations resulting from an 
application of (М5), like SWITC, PROMP, RECOR, ПEVIC, et al., 
seem to Ье more than compensated Ьу the fact, that procedure 
names may not Ье confused Ьу corrupting one letter only, or Ьу 
simply interchanging two Tetters. 

3 Data Types Mapping 

Rule (L3): "The language Ьinding shall specify, for each of the 
GKS data types, а correspondent data type ассерtаЫе to the host 
language, except where convenient for the host language, 
additional data types may Ье specified in terms of GKS data 
types." 

GKS 
Data Туре 

I NТEGER 
REAL 
STR I NG 

N АМЕ 1
) 

ENUMERAТION 
DATA RECORD 

PLjM 
Data Туре 

WORП 

REAL 
WORD 
CHARS 
W()R [) 
ВУТЕ 
STRlJCTURE 

PL/M-80 
Literal 

1 ADПRESS 1 

1 (4} ВУТЕ 1 

1 A!1DRESS 1 

1 (1 ) ВУТЕ 1 

1 ADDRESS 1 

PL/ M-86 
L itera l 

1 (1) ВУТЕ 1 

1
) File names and connection identifiers are treated as 

STRINGs . 

Fi g. 1: GKS + PL/M Data Types Mappi ng 
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Mechanism: While PL/M-80 provides only two data types (ВУТЕ 
and ADDRESS), PL/M-86 has five of them (RYTE, WORD, INTEGER, 
REAL, and POINТER). The mappi ng of GKS data types to PL/M data 
types (including appropriate literal substitutions) is presented 
in Figure 1. 

Motivations: With the exception of the pixel inquiry 
functions GKS knows nothing like а negative integer. For this 
reason PL/M-86 integers have been sacrificed to maintain 
compatibility with PL/M-80; GKS integers are mapped to PL/M 
words. An implementation may restrict the range of valid values 
for word variaЫes to the range (1 •• 65534) and use 65535 as 
the "invalid" value for the pixel inquiry functions (65535 
corresponds to -1 in PL/M 1 s unsigned integer arithmetic). The 
real data type of PL/M-86 is implementation dependent, four 
bytes for PLjM-80 is the convention used Ьу the 8080 floating 
point lihrary l4 ]. Strings are mapped to а word variaЫe 
indicating the length of the string and to а byte array which 
contains the character sequence. Names are general ly mapped to 
words, with one exception: File names and connection identifiers 
are mapped to а word variaЫe indicating the length of the 
identifier and а byte array containing the identifier as 
character string. This allows а more flexiЫe adaption to the 
host operating system. Enumeration data types are mapped to 
byte values, compound data types are mapped according to the 
mapping of their constituents, data records are mapped to PL/ M 
structures, ordered pairs are splitted into the i r components . 

4 Ра rameter Types Mappi ng 

Rule (L4): "The language Ьinding shall specify, for each GKS 
abstract function, how the corresponding l anguage function is to 
Ье invoked, and the means whereby each of t he abst ract input 
parameters is transmitted to the language function and each of 
the ahstract output parameters is recei ved from the l anguage 
function . " 

Mechanism: PLjM languages provide on ly one parameter transfer 
mechanism, namely call-by-value . Thus, an indirect referencing 
mechanism for returning values to the application program has to 
Ье used. This is achieved Ьу а combination of PL/ M1 S pointer 
facility and based variaЬles, see Figure 2. 

Only input parameters of type byte and word are passed 
directly via the paramete r list, all other input parameters are 
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r,кs Input PL/M Input PLjM Output 
Parameter Parameter Parameter 

INTEGER WORD Р WORD 
REAL Р REAL P-REAL 
STRING WORD P-WORD 

Р CHARS P-CHARS 
NAME 1

) WORD P-WORD 
ENUMERAТION ВУТЕ Р-ВУТЕ 
DATA RECORD Р STRUCTURE Q=STRUCTURE 

1
) File names and connection identifiers are treated as 

STRINGs. 

Figure 2: GKS + PLjM Parameter Types Mapping 

passed with the help of the pointer facility - this is indicated 
Ьу а 'Р' before the PLjM type. While the value of ап output 
parameter of simple type - indicated Ьу а 'Р' too - is written 
directly to а location under control of the application program, 
certain output data types or output data records are passed via 
ап area which is administrated Ьу the implementation: The GKS 
procedure returns the location of а compound data type or data 
record with the help of а quoted pointe r - indicated Ьу а 'О' 
before the type - and the arplication program may use ап array 
or а structure based at the location referenced Ьу this pointer 
for retrieving the inquited value. This template mechanism has 
to Ье used for data records and strings, lists, arrays, and sets 
of predefined length or size. The procedure realizing the ореп 
GKS function returns ап error file identifier, which has to Ье 
used Ьу ап eventual application depende nt error handling 
procedure. 

Motivations: The concept of quoted pointers relieves the 
application programmer from the proЫem of allocating а maybe 
unpredictaЫe amount of space for storing the inquired values of 
data records, strings, lists, arrays, or sets of implementation 
or workstation dependent length or size . Lists, arrays and sets 
of application dependent size are inquired as indicated in 
chapter 1. 
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5 Reserved Words 

Rule (L5): "The language Ьinding shall specify а set of 
identifiers, ассерtаЫе to the language, which may Ье used Ьу ап 
implementation for internal communication." 

Mechanism: Ап implementation has to restrict its puЬlic 
identifiers to Ье used for internal communication to the group 
of identifiers beginning with the string 'GKS'. 

Motivation: The mechanism follows the recommendation of the 
standard. 

Editorial Remarks: The scope of this puЬlication did not permit 
а reproduction of the complete PL/M binding. Reference l5] 
contains the declarations for all PLjM procedures realizing the 
functions of the standard as used Ьу ап application program with 
the help of the compiler's include directive. Additionally, l5] 
contains а list of all literal declarations used for the mapping 
of enumeration data types. All procedure declarations as well 
as the literal declarations have Ьееп checked Ьу the PL/M-80 and 
PL/M-86 compilers. In а final editing step all Dollar signs 
have Ьееп substituted Ьу the underline character as explained in 
chapter 2. 
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В Объеди ненном инст итуте яде рных ис следова ний . начал 

выходить сбо рник "l.rpamкue сообще ния ОИЯИ " . В нем 

буду т помещат ься ста ть и, содержащие ори ги наль ные н аучные, 

научно-техни ческие, методические и прикладные результаты, 

требующи е срочной публи кации . Будучи частью "Сообщений 

ОИЯ И" , с тат ь и, вошедшие в сборни к , и меют , ка к и другие 

изда ния ОИЯ И, статус официал ь ных публи ка ц ий . 

С борн ик "Кр аткие сообще ни я ОИЯ И" будет выходит ь 

регуляр но . 

The Joint Institute for Nucl ear Re search begins puЬl i 
shing а co ll ection of paper s entit led JINR Rapid Communi 
cations wh ich i s а section of t he JI NR Communicat io ns 
and is i ntended f or t he accelerated puЫicat i on of i mpor
tant results оп the following subjects : 

Physics of el ementary part i cl es and atomi c nucle i. 
Theoret ical phys ic s . 
Experimenta l techniques and me thods. 
Accel erators . 
Cryogenics. 
Comput ing ma t hemati cs and methods . 
Solid state phys ics . Li quids . 
Theory of condenced ma t ter. 
App lied r esearc hes . 

Being а pa r t of the JINR Commun icat io ns, the article s 
of new col lection like all other puЫ ications of 
t he Joint Ins t itut e for Nu cl ea r Research have t he status 
of offi cia l puЫ icat i o n s . 

JINR Rapid Comnтunications wi ll Ье i ss ued regul ar ly . 

Рудалич М., Фогт Г. Е 11-84-656 
PL/M- интерфейс для GKS 7.2 

Стандарт Graphical Kernal System (GKS) определяет языково
независимое ядро графической системы . Для интеграции в програм

мный язык, GKS вводится в языковозависимый слой в соответстви 

с частными правилами этого языка. GКS-интерфейс языка являет

ся документом, описыв ающим как GКS-функции могут быть доступны 

программам, написанным на специфическом языке . 

В данной работе nредлагается интерфейс GKS к языкам nро

граммирования PL/M-80 и PL/M-86 . В функциональном описании 
GKS имеется пять правил, которые должны быть соблюдены при 
стыковке GKS с языком программирования. Каждая глава этой рабо

ты посвящена одному из этих правил и содержит описание правила, 

механизм для его реализации и мотивировки выбора этого меха

низма. 

Работа выполнена в Лаборатории вычислительной техники 

и автоматики ОИЯИ . 

Сообщение Объединенного института ядерных исследований . Дубна 1984 

Rudalics М ., Voigt G. 
PL/ M Binding for GKS 7. 2 . 

Е 1 1-84-656 

The Graphical Kernel Sys tem (GKS) de f ines а language inde
pendent nucleus of а graphi ca l system. For integration into 
а programming language, GKS has to Ье embedded in а language 
dependent layer obeying the particular convent i ons of t hat lan
guage. А GKS language binding i s а document, describ i ng how GKS 
f unctions may Ье accessed Ьу programs written in а specific 
language. 

In this paper а binding of GKS to the PL/M programming lan
guages PL/M-80 and PL/M-86 is proposed. The functional descrip
tion of GKS lists five rules, which have to Ье observed when 
binding GKS to а language. Each chapter of this paper is devo
ted to one of these rules and contains а description of the ru
le, а mechanism for its realization, and motivations for choo
sing the mechanism. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
Communication of the Joint lnstitute for Nuclear Research. Dubna 1984 


