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ABSTRACT

The development and imol em ent ation of refresh graphics

software for the Vector General Display System on a PDP~ 11

m inicom puter is discussed. M odificat ion and expansion of

exist ing software routines , along wi th additional software

design and develooment is pr~esen ted. As an addition to the

existing C programming l anguage, a version of BASIC was

impl emented as a second l anguage capable of utilizi ng the

Vector General software . the unsuccessfu l imp lementation of

a version of FORTRAN with the disp lay system software and

the prob l ems involved are discussed. Conclusions and

recommendatIons are offered , and a deta iled user ’s oSnual is

appen ded.
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I .I. IbTRODUCTION

The Vector General Graphics Dis’olay Unit in conj unction

w i t h  the PO P—i l / S O minicom puter provides the Naval

Postgraduate Schoo l Computer Laboratory w i t h  a sophisticated

three—dimensional graphics display system. Hardware

facilities orovide for three—dimensional rotation ,

translation , and scalin g of graphics data. Oepth~ cueing is

accomplished by var ying ob ject intens ity. A circle /arc

generator, i n  addition to a vector and character generator,

further enhances the system by allowin g the user to draw

arcs and circles w i t h specificatio n of only two or three

points. Ad ditional ly, external devices in the form -of an

alphanumeric keyboard , lighted function switches , control

dials , trackbal l , joystick , and lightpen orovide inte ract ive

control of the d i sol a y presentation.

Integral to the operation of th e Vector General is the

display controller. The disp lay controller is a processor

whICh receives data from a disolay list , decodes the data

into graphic commands, end activates the appropriate

generator to outout r~ e desired informati on. The

construction and maintenance of the displ ay l ist is

accomplished through the use of the Vector General Graphics

Library . The librar y functions as the interface between the

user m d  dis p l ay controller. Simple p rim i t ives are provided

allowing the user  to build the disp lay list. Additionall y,

7
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the software allows the disp lay controller to Communicate to

the use r i nf o r mat io n  obtained from ex te rna l  dev ices  wh i ch

may be used to prog rama t ica l ly  cont ro l  the dis pl ay

pr esentation.

Prev ious thes i s work by Thorpe (111 (12] , Vi sco (153 ,

and Stankowski 1101 pr ovided fundamental graphics software

and should be consulted for original design considerat ions.

The objective of work described in th i s thesis was to

review, modif y, and extend orevious work to provide more

useable graphics software for the Vector General Display

System. To th is  ex ten t  c e r t a i n  goals were se t .  A l l

previous work was to be reviewed , revised and updated. A

s ign i f icant  por t ion of t i me was to be spent in test ing and

debugging prev iously  untested routines. The design and

imp l ementation of software to supoort the trac kb all,

joystick , and ligP.tpen facilities was to be undertaken .

Extens ion  of ex i s t ing  rout ines to s i m p l i fy  the i r  a po l i ca t i o n

had to be acco mpl ished.  Expansion of ap pl i ca t i on  languages

w h iC h  supoort vec tor  g raphics to include BASIC and FORTRAN

was seen as a most significant goal of the research. The

cu lm inat ion  of the study was seen to be t he com p i l a t ion ,

test ing, and evaluation of all ex i sting and newly generated

software , and the incor p orat ion of all relevant information

into one user—oriented reference manual.

~~~~
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II. BAC KGROUND

A s most of the work discussed i n  this thesis concerns

mo dific*tions and extensions to orevious thesis work , a

description of prior work is~ in order. Thorpe and Raetz

(111 (121 designed the original data structures for

constructin g and ma intainin g the displ ay li st. The displa y

list was constructed by a series of subroutine calls wh iC h

produced the correct secuence of graphic commands resulting

in a picture generation.

The disolay WaS constructed on three h ie ra rch ica l

levels: oicture , object , and element. An element is the

sm allest pi cture segment that can be referenced, It

consists of a seauence of move , line, arc, circle, and

character commands. An elem ent must be associated w i t h  an

object before it can be d i so layed  and an ob j ect may com pr ise

a maximum of 10 elements. A picture refers to all the data

displ ayed on the screen and may consist of up to 10 objects.

Vfsco (151 was concerned w i th the design of a mult i-

processor sy stem to support r e a l — t i m e  i n t e r a c t i v e  graphi cs.

Due to the high p ri orit y of direct memory access (DMA)

requests necessary to supPort refresh graoh$cs, the multi—

* processor configuration w~ s envisioned as a so lu t i on  to  the

DMA bus tie~up orob l ern, Previous work done by Thorpe and

Rut: w•s modified by Visco to conform to the envisioned

9
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sy s tem.

Stan~ gwgki 110) expanded upon previous work by allowin g

the user to Const ruct  e lemen ts  arid ob j ec ts  w i t h  alp hanumeric

names rep l acing the previous numbering convention. The

object “TREEs could now contain elements “br anch l” through

‘branchlO” . Addit i on all y, Stankowski designed a number of

routines for the user to more e a s i ly  Const ruct  a d i splay

l i s t .

O ’ D e l l  (SI accom pl ished t he i m p leme nta t i o n ,  of  a

segmented— process me mory management UNIX operat ing sys tem

that had been p reviously designed by Emery (3).

Additionall y, design and imp lementation was done in a dual —

ported memory environment where des ignated oo rt i ons  of core

were sharable regions. O’Dell’ s work helped lay the

groundwork for a more generalized system in whi ch additio nal

l anguages could support graph ics orograms.

Previous paragraphs have oresented work comp leted prior

to the commen cement of research recorted In this thesis.

The adequacy of the interfa ce between the user and Vector

General was sti l l  in doubt. Software for the tr ac kba ll ,

joystick , and ligP.toen facilities was missin g and rout ines

for other external devices were not readily useable.

Al though routines were Present to construct and maintain the

display list , the ma jorit y of them had not been tested.

Com p atabi l it y w i t h  O ’Dell’ s SSUNIX and expansion of

f available l anguages beyond the C l anguage had yet to be

accomplished. With th is i n  mind , a descri p tion of the

modifications and enhancements to the system is presented in

10
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II!. LANGUAGE EXPANSION

r
A. GENER AL

In reviewin g the Vector General Displ ay System and the

Naval Postgraduate School Gra phics Laboratory, it was noted

that  most of t he s o f t w a r e  was w r i t t e n  ir~ C programming

l anguage. T h is  c i rcum itar ice demanded tha t  any further

l anguage introduction would require com p atab il it y wi th C and

the UNIX POP— Il operat i ng system. Two l anguages became the

focus of attention due mainly to their wide use and apparent

a b i l i ty  to c a l l  C subroutines. Versio ns of BASIC and

* FORTRAN were chosen as the l anguages to attempt

imp lementat ion with the Vector General software. As work

progressed on these languages, strengths and weaknesses were

noted for both that could effect fu”ther development and use

throughout the Graphics Laboratory. The following two

sect ions  w i l l  exp l o re  each language, t he i r  or ig ins  end

d i f f i c u l t i e s  in development,  and imp lementa t ion .

B. BAS IC

1. Background

- . In previous work, Robertson (93 implemented an Extended

BASIC compiler. BASIC (Beginner ’s All— p urp ose Symbolic

Ins t ruction Code ) was o r i g i n a l l y  develo p ed at Dartmouth

Co llege and has undergone many ~hang .s to suit user needs.

12
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The ex tens ions  imp lemented by Robertson include such i tems

as string manipulation, sequential access to external files ,

multi—dimensional array s , logical Operators for numeric and

string quantities , end the a b i l i t y  to call C subroutines.

The Extended BAS IC com p iler , hereafter referred to as

sim ply BAS IC, is not a ourely i n te rp re t i ve  compi ler .  It

generates an in termediate  code ( POP — t i  assembly l anguage)

from the BASIC source p rogram. BASIC ob jec t  modules and C

subroutine object modules are able to be l inked t ogether.

One f ina l  l ink and load operat io n prov ides the u l t i m a t e

interface between the two di fferent language modules.

The first step in understanding BASIC was to f o l l o w  the

operation of the shel l  command wh ich  cont ro ls  the

comp ilation , assembl y, and l inking . Th i s  she l l  command,

LBA X, is a use r—access ib le  executab le  command on the N aval

Postgraduate School’ s UNI X POP—Il file system. The command

goes through three phases of oPeration, all of wh i ch depend

on the option codes inc l uded (switches set) when the command

is issued. Th e first phase is the comp ile ohase. This

p hase Compiles the BASIC p rogram source code and emits a

PDP L1 assembl y l anguage f i l e  as the output. The second

phase causes the ass•~b l y of thi s assembly l anguage file

usin g the UNIX as semb ler command “as ”. This assembly emits

an “a.out ” fil e  for use in a final linki ng and loading

ohase. The final ahase uses the UNIX system loader Command ,

I— “I d”, to link and load all necessary object modules. The

LBA X sh el l  command automat ical ly loads the resoective BASIC

and C libraries to reconcile all undefined references. The

I 
- ~~~~~~~~~~ — - 
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output of this final link arid load chase is an executab le

“a.out ” file. Within this final stage of the LBAX Command ,

an option is Invoked to regulate the UNIX loader. This “— X”

switch option causes all C inte r nall y generated l abels to be

disre garded while retaining only those symbols local to the

routines themselves. The same switch is a lso used i n  the

loading phase of the C comp ile shell command “cc ”.

Provisions in the compil ation chase of a BASIC orogram

ensure the emission of the Proper assembly l anguaci codm

that allows interaction between the BASIC program and the C

subroutines. Prior to the actual call to a subroutine, the

“ ext er n ” statement causes the declaration of C subroutine

aria the des ignation of the t ype and number of parameters to

be cassed. The call to the subroutine is done by the “ c a l l ”

statement. The name of the subroutine and the actual

* p arameters cassed are included w i t h i n  this statement.

Provision s were a l so made to al l ow the user to assi gn return

values from the subroutines to predefined variables.

Initial invest igation In t o Robertson ’s BASIC comp iler

- proved that the comoller has the ca oab ll it y to al low BASIC

programs to call C l anguage subroutines. Robertson ’s

• Extended Basic Users Manual should be consulted for further

details concerning usage.

2. Testing and Imp lementation

Rober tson indicated that Exte nded BASIC could interact

w i th subsy stem s p resently used at the Naval Postgrad uate

Sc hoo l Gra ph ics Laborator y. Imp lem entatio n of this l anguage

Ia
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I

~~~ with the Vector General software was never accomplished by

Robertson, but the basic feasibilit y of imp l ementation did

exist. The f i r s t  t es t s  a t tem pted in t h i s  development were

conducted to determine the correctness of calling C

subroutines from the BASIC orogram . Prob l ems arose in the

pass ing of fl oatin g p oint parameters. In order for SUCh

parameters to be passed and aligned correctly within core

for the C subroutines, the values exoected by the C

subroutines had to be declared as double ore ciglon variables

w it hi n the calling program . C l anguage conventions expect

both floating point arid double precision variables to be

stored in b4 bit field s. By declarin g the floatin g point

p arameters as double orecision within the “extern ” statement

o~ BASIC , the p roblem was overcome . Upon the comp letion of

successfu l  parameter  oassi nt g between BAS IC and C

subroutines, continued tes tin g was undertaken to use BASIC

w i t h  the Vec tor  General L ibra ry  in drawina pictures on the

Vec to r  General d iso lay .

Since development of the Extended Bas ic  com pi ler  and i t s

accompanying software, the Graphics Library was physicall y

reloca ted w i t h i n  the UNIX f i le  system . M any of the special

device libraries were also renamed. Th~ LBAX shell command

had to be updated to reflect these changes. An up dated cocy

of the source and executable versions of the soecial device

li braries were olaced on the system for general use.

• In prep a ring a BASIC program for execution envo lving the

• Vector General dis p la y, differences wire noted in the format

• 

• of BASIC arid C programs. The C program contai n ed , as I t s

IS
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f i r s t  program s ta tement ,  an “inc lude ” statement . Thorpe

P (III and Stankowski (101 required this statement to load the

in i t iliz ed diso lay list in. the~ proper sequence. The

position of th is statement in the program ensured that upon

comp ilation , the disp lay l i s t  would be located at the

beginning o f th e orocess ’s data segmen t in core space. The

start of the display list could be located for refreshing by

knowing the position of the process ’s data segment.

The comp ilation technique mentioned in, the preceding

aaragraoh is an imo ortant design item in Vi sco ’s Vect or

• General device drive rs (151 . When designing the device

drivers , Vi sco had to ensure that the start of the dis play

list could be easil y located. He also wanted to ensure that

with a sherable core region, the onl y segment of the process

located within this region was the data segment. By

comp iling a C Vector General program with a “— i ”  switch set,

the f i l e  generated for execution is desi gn ated a 411

ffl etyp e. Thi g executable f i le is dist inguished in t hat  the

tezt and data segments reside in separate address soace (81 .

Upon execut ion , th e start of the data soace is a ligned at

the be ginn ing of a 32 K word boundary in core. The refresh

cy c le is ac complished by repeated execution of the display

list which begins at this 32 K word boundary.

Two maj or prob l ems had to be overcome in order to use

the Vector General display with a BASIC program that called

C subroutines. Unlike C, BASIC made no provisions for an

“inc l ude” statement. BASIC would have to cause the loading

of t he i n i t i a l i z e d  d is p lay l i s t  by some other means. A
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concatenation of an i n it iliz ati on l i s t  could not be appended

to the beg i nning of the BASIC program because of the failure

of the language to recognize certain key characters wit hi n

the list. Such characters as the “~~ “ or underscore

character , often used within , C variables , are unrecognizable

and return error conditions. A decision was made to call a

dummy C subroutine which would cause the loading of the

i n i t i a l i z e d  dis p l ay li st  i n  the proper sequence. Such a

change demanded a m odi f i c a t i o n  of the tec hni que by wh i ch the

Vector General device driver locates the dis p lay l i s t  data.

V i sco ’s temporary driv ers had to be m odi fied to find and

communicate the offset of the diso lay list from the

beginning of the data segment.

The second major problem that was encountered in

development of BASIC was the in ab i lit y of BASIC programs

with C subroutine calls to be designated as 411 filetyces

upon compilation. The standard fi le  emitted after a BASIC

compile was a 407 fIletyp e , text and data being m ixed w i t h i n

• : the f i l e .  No provisions were made i n  the LBAX shell command

for inclusion of the “—i” switch to spl it instruction arid

data space C I & 0 space ) .  When the l oading phase of the

she ll command was changec4 to inc l ude this option , execution

of t he f inal  executabl e ob ject module proved unsuccessful .

As no provisions were made in the comp iler to cause data and

• text instruc tions to be p laced  on sep,rate stacks, the

passin g of various para m eters to C subroutines was unable to

be accomo l i sh ed correctly. It was r ea l i zed  that changing

the BASIC corno f er to emit th, proper in t e r med i ate assembl y



l anguage code was beyond the scope of the ori ginal intent of

P~ t h i s  research.

A differ ent aporoach was taken in an attempt to overcome

the prob l em. This approach involved imp lementing a newl y

constructed UNIX operating system which used a segmented—

process memory manager in conjunction w i th crovisions for

shared core regions. The shared core regions were recentl y

installed in the hardware. O ’Dell (51 impl emented such a

system called SUNIX for the Naval Postgraduate School

Computer Laboratory . One version , SSUNTX , was implem ented

for the PDP—l1 /SO processor for use with the graphics

display equ i pment. Al though not operational , this hybrid

• UNIX operating system was planned to be imp l emented in the

comeu ter l aboratory . In discussions with O’De ll , SSUNIX was

described as a solution to BASIC’ s problem of intermixing

text and data instructions. SSUNIX could distinguish and

p roperly execute either the 141 1 or ‘407 filet yp e processes

with in the shared memor y region. The genera lization of the

Vec tor General device drivers and the proper interface

between the drivers arid the SSLINIX system wou ld be the final

items to reconcile in comp leting the imp lementation.

Through much testing and debugging, BASIC was

implemented as a second high—level programming l anguage for

use wit h the Vector General Graphics Displ ay System.

Portions of SSUNIX had to be modified to effect this goal.

A l l  docu m entation for changes to SSUNIX and the Vector

Genera) dev ice drivers are discussed in followin g sections.

The use of BASIC as a Vector General programm ing l anguage is

k 
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presented in Appendix A of the Vector General User ’s

Re ference Manual.

C. FORTRAN IV—PLUS

* 1. Bac kground

Much of the work in attemptin g the imp lem entation of F’4P

(FORTR AN IV Plus) with the Vector General software was

similar to work accomp lished in the BASIC imp l ementation.

F4P did reau i re several differ ent technioues for

development. More develooment work Is needed before FlIP can

become completely integrated w ith the Vector General

software.

F4P was developed for the Digital Eauipmen t Corporation

* (2) by the Commercial Union Leasing Corporation (CULC) to be

impl emented under the UNIX operating system. The Naval

Postgraduate School received executable versions of the

comp iler but had no access to the source code for it or

associated software. Thi s associated software included

files for converting reaular object modules into FlIP object

modules , files for p lacing FlIP ob ject modules into library

format, and files for linking FliP ob ject modules together

in to an executable object module. Source code and

documentat ion were riot ava i l ab le  during the development t ime

frame this lack of documentation and source for FlIP and

assoc iated routines mad, it very difficult to comp letel y

develo p FiIP’~ use of the Vector General software.

~~~~ Th, task of imolementing FlIP to call C subroutines
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pr oved to be quite di fferent than that of the BASIC and C

i n t e g r a t i o n .  Such an Imp lementa tion w i l l  reauire more

research and testin g before it is full y accomo lishea. Iwo

i mportant item s of im formation were kfl~ w n about FlIP and its

assoc iated software. FliP uses “DEC standard” objec t

modules ; these are quite differ ent than the C ob ject

mooules. A lso , prior to use, C ob ject modules would have to

be converted to FlIP readable ob j ect modules.

Iwo software items were available whi ch were advertised

to al low FlIP programs to cal l C programming language

subroutines. The “cony ” command coul d be used to convert a

C ob j ect modu le  f r i to  an FlIP readable object modu le. mi th

all current Vector General software written in C, separate

libraries made up of the converted C object modules would

have to be constructed . The “ca-llc ” routine was the second

* item designed to comolete the interface between the FLIP

program and the C subroutine. This routine stacks up

parameters for C subroutines, executes the external C

subroutine, and returns to the ca l l in g FlIP program .

Differences that did riot exist in the BASIC

imp l ementation were encountered in the ca lling of C

subrouti nes by FlIP pr ograms. A l l  C subroutines had to be

se o a r a t e ly  comp iled by the C comp iler into object modules

prior to convers ion,  The FliP “ l inker ” o r o h f b i ts

• concatenated subrout ines f rom being compi led together and

properly linked with the calling FLIP object modules. Al so ,
* 

as previousl y mentioned , the C subroutine objec t modules had

to be converted to FLIP readable ob ject modules by the “cony ”

20
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command.

The software that would allow the communication between

FLIP and C subroutines Is the “c a l l c ” routine. The source

for this routine is an Mu assembly l anguage routine which

* 

had to be assemb l ed by the Macro assembler. This Macro

asse mbler is one of the executable files which was Included

in the associated software supporting the FLIP comp iler. The

resulting “cal)c .ob ,” arid a seldom used “ca llcv .obj ” modules

provide the user with the facilit y to place the parameters

to be passed to the C subroutine in a stack and to jump to

• the C subroutine whi ch is called. The completion of the

subroutine allows control to return to the F L I P  calling

program, The “ca llc.ob ,” module would have to be include d

in the link phase of all the modules in order to obtain an

executable FLIP file . An important feature of the “ca ll c ”

• routine is that it works wi th pointers to the parameters

rather than , the parameters themselves. Th is C oarameter

representation necessitated changing the C subroutines to

expect pointers to the Parameters instead of the values of

the parameters.

In dealin g with the requ i rement for separate com pil a t io n ,

of subroutines and the call by name parameter passing, a

separate Vector General library was needed to accom p lish the

task. The “l ibr ” command would have to be utilized to Place

• the m odu les in a single library similar to the archiv e

command “ar ” within the C l anguage. Each Vector General

Librar y subroutine had to be updated to reflect the oassing

of L va lues and then recomoiled. After conversion of the

21



• object modules into FlIP readable object modules, the modules

would have to be placed in a new FLIP Vector General Librar y .

The followin g section wi l l  discuss the testing and attempted

imp l ementation of FlIP as a third l anguage capable of using

the Vector General software.

2. Testing and Impl ementation

Af ter general tests were conducted and proved the

ability of FlIP to correctl y ca ll C subrou tfn~ s, testin g was

conducted on a simpl e FLIP program that would use the newly

constructed Vecto r General Librar y of FLIP object modules.

Two non—fatal errors cont$nu’.d to arise in the testi ng runs.

The two C library subrou .ines, “ecvt ” and “fcvt ”, were

described as multi p ly defined in the error listin g. Upon

review of the source Code listings for the two items, it

became evident t ha t  four different assembly l anguage

* subroutines were involved: “ ‘ecvt ”, “4-fcvt ”, “ecvt ” , “fcvt ”.

FLIP does not recognize the “.- “ or underscore char acter , but

unlike BAS IC, it disregards the symbol entir ely. Through

continued testin g, the non—distinction between the two

similar pairs of subroutine names was found to be rio

detriment to Program loading and execut ion. Correcti on o~

this oroblem would reoufre rewriting the C subroutine calls.

A second error of some significance was found while

t,$ting proceeded. According to C programm i ng l anguage

documentation (71 , C allows a user to assign a floatin g

point value to an integer var iable. Such an assignment

performs t runcation towards zero on the floatin g point value

- 
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and assi gns the whole number value to the integer variable.

- • An inconsistency was found in the methods that C and FLIP use

i n  tP~~ t runcation of floating point numbers.

-The converting command “cony ” was found to change this

basic coding seauence to a sequence which placed the
(

truncated floating ooint value into a long integer with a

ilength of 32 bits. Such a change would , in effect, cause

; only the uooer lb b its of inf orma tion to be used. To remedy
I

the situation , w ithout being able to p hysically upaate the

source code of the convert routine , all instances of such an

operation would have to be located aria corrected w i t h i n  th,

C subroutine. Each instance was changed to ref le ct tha t the

integer variable was a temporary long integer variable.

This was immediatel y followed by the long integer variable

being assigned to a lb b’t integer. The change was proven

• effective and was In stitut ed in  the FLIP Vector General

Librar y for the “vgabscale ” , “varelscale ”, and “vqpscal”

routines.

Af ter continued testing, one final , fatal prob l em was

discovered wit h the interactio n between the FLIP and the

Vector General software. when Vector General subroutines

are converted into FLIP readable object modules , certain

switches are set by default. These switches govern the

o ver la y  use in the “linker ” phase and the global recognition

of different segments whi ch are changed to “osec t s ”. It

becomes oogsible for more than one coov of global variables

to ex i st. In checking the disp lay li st located in core, two

sep arate disp lay lists were found to exist, ea c h containing

23
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informatio n not held by the other. Informati on necessary

for refreshing the dis p lay list was inaccessable to the

device drivers. In short , one comple te uodated dis p lay list

did not exist.

The inability to implement FLIP as the third l anguage

capable of uti lizing the Vector General Graphics Display

System was not the result of any one item. The lack of

source code for the software, poor documentation on FLIP

accompanying software , and inherent differences in the

structure of C and FLIP were all contributin g ?actors. The

imp lementation of FLIP in the Vector General environment

should be oossib le by obtai ning proper documentation. The

fina l hurdle to overcome would be the eroblem of multi pl e

cooies of the disola y list. Recommendations for future work

in this area w I l l  be made in the final chapter of this

tPiesi s.
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!V. GRAPHICS SOFTWARE

Modi fications and enhancements to graohics software fall

within three categories: external device interfac i ng,

disp lay li s t suooorting software , and general system

impr ovements.

A. EXTERNAL DEVICE INTERFACING

The external devices may be used to p r ogramat icall y

control the dis o lay presentation. Al p hanumeric, analog,

logical , p ositio ning, and light oen data may be returned to

the user ’s orogram through the graphics routines.

1. ~eyboard

Alph anumeric data entry is accomplishe d through the

Vector General keyboard. Depression of any key enters an B

bit A SCII character code into the keyboard register and sets

the pri o rity Interru ot request ind i catin g a char acter has

been entered . Upon executi ng the interru pt handler, the

character code Is olaced in a keyboard buffer to await a

ca l l from the user ’s program. The “cge t ” routine was

designed to return the data entered from the keyboard. The

* “cge t ” routine buffers the data until a carriage return is

received , whereupon the entire alphanumeric string is made

• available to the user ’s program. The buffering of i nput

data was designed to allow erasing of erroneous data. A~ no

25
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data is avai lable to the user ’s program pr ior to a carriage

return, incorrectly entered data may be removed by repeated

con trol—a keystrokes.

The “cget ” routine solved the requirement for returnin g

alph anumeric data strings to the user ’ s program.

Determination of integer and floating p oint numbers,

however, presented an additi ona l orob l em . Recognition of

integer or floating p oint numbers from a character string

requires the conver sion of ASCI I data to num erical data.

The system—resident C library contained two routines, ‘“geti”

and “getf” , wh ich accom p li sh the desired ASCI I to integer or

float conversions. Use of the system routines was judged

more desirable than inventing new software.

Two new routines, “fg~ t ” and “iget ”, were writte n whi ch

set condition flags and pass control to the system “get f”

and “geti” rou tines to accom p lish the conversions. A new

“aetchar ” routine was written to replace the system—resident

“getchar ” routine. Upon executing either the “getf” or

“geti” routine, a call is made to the new “getc har ” routine

to obtain a character. N ormall y, the default i nput device

would be interrogated for the desired character. However,

due to the condition flag set in the orevious execution of

the “f get ” or “fge t ” routines , the “getcP,ar ” rout ine

requests the ch aracter from t he Vector General keyboard.

Rep eated ca ll s  to “getchar ” are made by the sys tem “geti ”

• and “g .tf” routines until a carriage return is received.

• The routine determines the integer or floati ng point number

it has within i t s  ASCI I s t r ing  and returns that number to
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p 4
the callin g routine. The result is that the user is able to

obtain integer or floating Point numbers from either th~
console or Vector General keyboard witho ut an excessive

amount of additional software.

2. Function Switches

The 32 l ighted funct ion s w i t c h e s  provide for logi cal

t r u e / f a l s e  i nf o rma t i on  to be a v a i l a b l e  to the user ’s

program. Three routin es were added to enhance the use of

the function switches. The “fsman ” routine was designed to

return the status of the desired function switch. If

phy sicall y depressed, a logi cal value of t rue or one (1) is

returned to the user. If not deoressed, a logical value of

false or zero (0) is returned.

The “limo ” routine was des,qned to light or ext inguish

the l amp of the desired functio n swit ch. No dependence on

the status of the function switch is inherent in the

opera tion of the “la mp ” routine. The routine can be used to

light a function switch to indicate that a Certain condition

has been attained.

The “fstog ” routine was designed to further extend the

ease in util i zin g the function switches. The “fstog ”

routine creates the illusion the function switches are

toggles which f lla flop their logical value as well as their

la mp status with each depression of the switch.

_ _ 
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3. Con trol Dials

An alog inf ormation Is made av ailable to the user through

the use of the 10 control dial s. Integer values returned
* 

from the control dials vary from —20418 to 20417, the maximum

obta inable from the 12 bit system register. Floating p0th:

values returned to the user through the dia l routine,

however , vary from —1.0 to 1.0. Thi s range can be easil y

extended wit hin the user ’s program. analog values obtained

j through the dial routine are useful for adjusting other

program variables such as rotation rates and translation

soeeds.

• ‘I. Trac kbal l

Previousl y mentioned devices have no connection with

* what the user is o r im ar il y interested in, the di spl ay

screen. The tr ackball is an external device designed to

provide visua l p ositionin g feedback to the user of data on

the disola y screen. Thi s vi sual feedback is obtained by the

• aopearance of a small , blinkin g cursor on the displa y

screen. Movement of the user ’s hand across the round,

p lastic trackba ll causes the software—generated cursor to

• move in an aooroprlate manner.

The disp lay of the trac kball cursor is accompli shed in a

manner similar to other elements. A sequence of commands is

executed by the display controller which draws a small cross

at the origin of the X— Y ax i s. Each refresh cycle the

• t rac k b a l l ’ s X and V coordinate registers are uodated and

used to modif y the coordinate axis of the cursor. The
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cursor is moved reflecting any user movement of the

trac kba ll. To insure cursor disp lay, all cursor generating

code is inserted in the disp le y li st prior to the code for

any other element.

Two routines were designed to be used with the trackba ll

facilities. The “cur so r” routine was designed to activate

or deactivate the displ ay of the trac kba ll cursor.

Ac tivation is accomp lished by ensuring that the displ ay

controlle r executes the cursor drawin g code. Deactivation

is accomplished by the disp lay controller skipp i ng the

cursor generating code wit hin the disp lay list. The “posit ”

routine was designed to return to the user ’s prog ram the

position of the cursor on the disp lay screen. The “posit ”

routine returns a f l o a t i ng  point va lue of the cursor ’s

position w i th i n the defined coordinate system and is not

dependent on the active display of the trac kbal l Cursor.

5. Joystick

The joysti ck is an external device similar to the

tr .ckball in that it provides visual p ositioning feedback to

the user. Unlik e the trac kba ll , the joystick apoears to

move t h ree d im e ns i o n a ) ly .  Movement along the Z axis is

acco m oli shed by variance in the intensity level of the

b linking joystick cursor. A~ the user twists the joystick

knob to move the cursor further back into the displ ay

screen , the In tensit y level of the cursor displ ay i s  reduced

giving the •ooearance that It is fading into the distance.

Joystick cursor generating Commands are inserted and
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uodated in the d i s p lay  l i s t  just  l i k e  the t r ac kba l l  cursor

commands. Both the “curso r” and “posit ” rout ines work

!~ua11y 
w el l for the joystick with the addition that a Z

* dimension is avai lable for the joystick “posit ” rou tine.

Both the trac kbal l and joystick Cursors are useful i n

providing the user wit h visual feedback to interact ivel y

positio n displ ay elements.

b. Lightoen

Wh i le the tr ackba ll , joystick , and associated cursors

provide oositioning informati on, the ligh tpen is unique in

its abilit y for pointin g or ide ntif ying a portion of the

display. The light oen does not write on the screen, but

senses li ght from the disp lay on its phot ocel l. Not all

elements drawn on the display screen cause lightoen

interrupts. An element ’s lightoen enable bit must be set

w i t h  the “lqhtpen ” routine or no lightoen interru pt w i l l

occur. Once the enable bit is set and the operator is

oointIng the lightoen at a portion of the element, the

display controller causes the lightpe n interrupt to occur.

Th, objective of the lightpen interru p t handler is to

determine what portion of the dis pl ay caused the interru ot.

After aop ropriate action Is taken, th, processor is allowed

to contin ue what is was executin g pri or to the interrupt.

To determ ine what element eaused the in te r ru p t each element

is given an element number. This element number is loaded

in a re gis ter Just prior to the actual drawin g of the

elem ent. Ueon encountering a l igh t oen interrupt, the
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interrupt handler interroga tes the element number register

to determine the element causing the interrupt. Each

• element has a lightoen flag associated with it within the

data structures. Upon det ermining the element which caused

the interrupt the interru pt handler sets the aporopriate

• flag and releases the processor to continue what it was

do i ng prior to the interrupt . The interrupt handler was

kept as simp le as possible to minimize the amount of time

the orocessor must spend on interrupts.

Two new routines were designed to help support the

llghtpen facilities. The “penhit ” routine was designed to

return ‘o the user a logical true /false rep l y. This reply

was in answer to whether a particular element or object had

generated a ligPitoen hit. The routine determines which

element or ob ject is in auestion , checks the app ropriate

• element lightoen flag, and returns the results to the user.

The routine was made general enough that it could check for

a lightp en hit on an indivi dua l element, an object, or the

entire Picture.

The “c lr hit ” routine was designed to clear indi v iøua l ,

grouos, or all elements of previous lightoen strikes. The

routine resets lightpen flags to the clear p ositio n in

preparation for identif ying new lightoen strikes.

Although the caoabilities of the lightpen make it an

ideal dev i c e  for pointing o ide ntifyin g portions of the

d iso lay ,  the inc lus ion 0f add i t i ona l  s o f t w a r e  made the

lightp en an equal ly good positioni ng device. By includi ng

additional draw commands in the dis p la y l i st in the same
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area as the commands for the trackba ll and joystick cursors,

r 
• 

a lightoen cursor was made avai l able to the user. The

l ightpen cursor is an octogon sha oed obj ec t  wh i ch  may be

moved with the help of the lightoen. The lightpen cursor

was constructed with eight elements comprising the eight

sid.s of the cursor. Uoon approaching the ligb tp en cursor

with the lightpen , the cursor appears to latch on and follow

the lightoen about the disp lay screen.

The tracking of the light oen cursor is accomplished by

determining wh i ch side of the liqhtpen cursor first

in itiates a lightoen h it. Moving of the coordinate axis of

the cursor is then accompl ished, minimizing the distance

between the center of the cursor and the lightp en . The

determination of the side initiating the lightp en strike is

accomplished within the interruot handler. Distinction

between the sides of the light oen cursor and other lightp en

hookable elements is accomplished by providin g the lightoen

cursor w Ith 8 unioue element numbers.

A s with the tra ckb all and joystick , two routines provide

light oen cursor positioni ng informatio n to the user. The

“cursor ” routine is essential in activating and deactivating

the dis p la y of the l igPit pen cursor. Unl ike the t rac kbal l

and joystiCk cursors, the lightoen cursor must be displayed

to be updated. The “oosit ” routine returns the floating

point position of the lightpen cursor within the defined

~
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8. DISPLAY LIST SUPPORTING SOFTWARE

In reviewing , revising , and extending existing software,

many tests and changes were required. The “arc ” and

“circle ” routines were rewritten to provide for correct

manipulation of associated center and endpoint arguments.

The “setvector ” arid “eridele ” routines were revised to ensure

proper termination of displ ay li st element blocks and to

correct deficie ncies in the generation of auto—increment

arcs and circles. The “intsc ale ” routine was revised and

extended to allow the user to specify whether intensit y

cutoff plane provisions were to be in effect. Changes to

• other routines included additio nal software to inhibit error

conditions , and correlating routines to oroviae op timal use

of available disp lay lis t space. Three routines received

p articular attention and require a ful l er expl anation .

I, Remove Routine

As or ig inally designed the graphic system data

structures provide for a display list of a fixed length i n

size. Should all the disp lay list be utilized , no

add i tional data would be dis p lay ed. For example , should tne

first element of the first ob jec t th e user builds use uc the

entire displ ay list , no additional elements could be

disolayed even though only one element of one ob ject had

been used. Normall y such a situatio n would not occur;

however ,  should numerous large elements be constructed this

same prob l em, lack of av ailable disp lay list space , could

arise. The “remove ” routine was des igned to help solve the
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~r - . r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.— - — — .-  - --•,——--—-- —--,----—-—----• ----—----••——-



problem . The user specifies those elements no l onger

essential to the disp lay which can be eliminated, thereby

creating available space within the disp lay list for

additional elements.

A somewhat analogous situation occurs within the memory

management techni ques of most operating systems. Various

methods have been devised to recover avai lable memory

segments and reduce fragmen tation. The imp ortance of

recovering unused or fragmented memory space in memory

management techniques cannot be overemohasized . The

efficienc y of the entire system may depend on the judicious

use of available memory . As the importance of recovering

available disolay list space for a process already running

in memory is somewhat lower than for memor y management

techniques , a less sophisti cated method was designed for the

“remove ” rou tine.

Upon receivin g a list of nonessential elements from the a

user, the “ remove ” rou tine sequentiall y processes the

removal of each block of elemen t commands. The freed block

is buroed or bubb l ed through the displ ay li st by movin g

succeeding element blocks ue within the disol ay list . The

movement of element blocks within the disp lay list requires

th, adjustment of address oointers to these element bloc ks

to ensure proper operation of the disp lay . A~ the location

of ac t i v e  element b locks  are moved to free unused memor y

locations , dis olay list refreshing is inhib ited during this

ooera tion . This procedure , though cost ly in executio n time ~~~~~

for a series of elements , was deemed more suitable than a
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more sophisticated method wh Ich would have cost the user

additional memory soace. A dditionall y, t h i s simp le

technique was preferred because the “remove ” routine was not

expected to be used so frequentl y wi th i n  a program that a

momentary delay In execution would be noticed.

2. Printv Routine

As ori gina l ly implemeiited, the graph ics software

provided for only one tyPe of element containing

alphanumeric data. The “chare le ” routine was used to

soecif y the contents of the character string which could

contain any of the characters available in the Vector

General character set olus a few format instruction codes.

Provisions for changing the contents of an element ’s

characte r string were nonexistent.

A search was conducted to determine the most feasible

way of pr oviding for an element which could handle changing

character strings and also provide expanded formatting

cap abil ities. The success of the “fget ” and “iqet ” routines

in using system routines focussed attention on the system

“p r intf ” routine. The “p r intf” routine converts, formats ,

and prin ts its parameters after the first argument , under

control of the firs t argument. The f i r s t  argument, the

format argument, consists of characters and conversion

specifications. It was felt that a combination of the

“chard ,” and “pr In tf” routines could expand the use of

ch aracter s t r i ngs  used wi thi n the Vector General Displ ay

I _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _  _ _ _
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Sy ste m .

In accomp lishing the merger of the “p r intf ” and

“charele ” routines two new routines were written. The

“orintv ” routine contains arguments from both the “charele ”

and “p rin t f” routines . Positio ning and character string

initialization arguments are similar to those in “c hare l e ”

while format and conversion arguments are similar to the

“p rin t f” routine. The “orin tv ” routine oasses its format

and conversion arguments to the system “pr intf” routine to

accomplish the actual convertin g and formatting of the A SCEI

character string. As the “p r ln t f” routine must call the

system “outchar ” routine to OutPut characters, a newly

t designed “outchar ” routine was substituted for the system

resident routine to outPut characters to both the console

and Vector General displ ay screen . -

The “pr lntv ” routine gives the user a greatl y expanded

cap abilit y in handlin g character strings. Al though the

•orintv ” element requires add itional dis p la y list soace over

that of a “c h are l e ” elem ent , the expanded formatti ng and

conversion cap abilities of the “p rint y ” element , in addition

to its abilit y to be used reoeated ly for different character

st r ings ,  makes it a highly useful enhancement to the displ ay

list supporting software.

3. D l so l ay  Routine

As mentioned previousl y, an element—object link must be

established to display elements on the screen. While both

the “remove ” and “erase” rou tines caused the disappearance



of an element from the displ ay screen, no routine was

ava i l a b le  ~o activate or deactiva te the disola y of an

element without affecting the element—obj ect association.

The “disp~,ay ” routine was designed to accom p lish such a

ourpose. By replac ing certain graphic commands wit h i n  the

disp lay li st with subroutine return commands , the displ ay

controller may be made to skip execution of an element ’s

draw commands. This eff ective ly deactivates the disp lay of

the element without affecting the element— objec t

associations. A ctivation of the element is then

accomplished by reinserting the original commanc~s in the

disp lay li st such that the disp la y controller executes the

element ’s draw commands on the next refresh cycle. The

• “disp lay ” routine allow s the user to turn an element ’s

disp lay on or off without affectin g the necessary element—

object associations. Thus the number of routines required

to activate or deactivate an element ’s disp la y is less than

if either the “remove ” or “erase ” routine had been called.

C. GENERAL SYSTEM IMPROVEMENTS

M any of the revisions and extensions to system software

prev iously mentioned could equally q u a l i fy  as general Sy s tem

improvements as their presence ensures a smoother i n t e r f a c e

betwee n the user and t he d i s o l a y  controller. Of parti cu lar

concern in this category are the areas of system

i n i t i a l i z a t i o n  and error dia gn ostics.

_ _ _ _ _ _ _ _ _  —
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1. System Initialization

The “sy sin it ” routine is the first graph ics routine

called within a user ’s orogram. The routine was designed to

estab lish links from the user ’s process to the Vector

General disp lay unit so that refresh data could be sent to

the disp lay un it and external device information could be

returned to the user. The presence of two Vector General

disp lay u n i t s required di fferentiation between units. The

user speci fies the desired dis p l a y unit with the argument

passed to the “sy sin it ” routine. To insure m aximum

opportu nity for execution of a user ’s program, software was

added that attempts to link a user with the secondary

display unit should the system be unab le to link to the

user ’s primar y choice. the user ’s process is terminated

only when the system has failed in attempts to link the user

with both disp la y units.

2. Error D i agnostics

Recogni zing that users wi l l  make errors, the design and

imp l ementation of error detection and recovery facilities

was identified as a necessary expense. The price oaid for
4

error detection and diignostics depends uoor the

sophi stication desired . The PL/C comp iler is an example of

extr emely forgiving and diagn ostical ly helpful software.

Recognizing that such a system i s  not Cheap in terms of

required supporting software , the requirements for a

reasonable sy ste m of error diagnostics were reviewed.

It was felt that al l detected errors should be
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identified to the user. Presentation of error diagnostics ,

P however, is as i mporta nt as the actual error detection.

Cry ot ic error messages w ith numbers which must be looked uo

in manuals, do l i t t l e  to help the user d iagnose problems .

Concise error messages whic h identify the error, the routine

where i t  occurred , olus giv e reference to additional

in form ation were deemed more suitable and could be obtained

with minimal overhead.

The error dia gnostic routine was rewritten to provide

the user wit h four items upon error detection. An error

type is specified so the user may realize what has caused

the error. A dditional ly, the argument in error and the

routine in which it occurred are soecified to ensure that

the user p inp oints the problem . Should the orecedinq

information be in sufficient , the last item provided is an

error number with which the user may obtai n a detailed

expl anation of the error from the Ve ctor General User ’s

Re ference Manual.

Graceful error recovery could be considered an art.

Termination of a user ’s program upon in i t i a l  error

detection , while easil y accomp lishable , would tend to not

only deflate egos but also discourage p otentia l users. A l l

software routines were designed and impl emented to detect,

iden t i fy ,  and “g r a c e f u l ly ” recover from user errors.

Al though the detection and i denti fication of errors is

fairly standard throughout the routines , the recovery

methods vary from routine to routine. Within some routines ,

default Parameters are assumed upon error detection to

• 39
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ensure con t inua t ion  of the rout ine. Other instances may

occur, however, where no de fau l t  oara meter could be assumed.

In such instances the only form of recovery is to exi t the

• 

- 

routine and- return control to the user ’s program . fl i t h the

exception of the “sy sinit ” rou tine, no routine w i l l  cause

te rmina t ion  of the user ’s orogram. T h i s  was done to ensure

that some oart of the user ’s dis p la y Is presented , pr oviding

the user some amount of self—co nf Idence and a starting point

for using the error diagnosti cs to Pinp oint remainin g errors

in the program.

410
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V. M O D I F r c A t r o N s  TO SSUNT X SYSTEM SOFTWARE

A. GENER AL

Investi gat ion was begun into the develooment of SSUNIX

to further generalize the use of other languages with the

Vector General Graph ics Disp la y System. A~ a result of the

Extended BASIC com p iler ’s inabilit y to separate the

instruction and data segments of an executable file , SSUNIX

was imp l emented on the POP—Il/SO A processor within the

Computer Laboratory. Af ter studying the UNIX and SSU~ IX

systems and reviewin g O’D e ll’ s recommendations for final

integration w i t h  the Vector General software , modifications

were made to complete the Im p lementation. Further

modifications were made when problems arose in the SSUNIX

system of core allocation. The m odi fications made to SSUNIX

software were in two general areas of the system software.

Modif i ca t i ons  were made t~ the SSUNIX source code and to the

Vector General device driver code.

p O ’Dell (53 imo l emente,d a segmented—process memory

management version of the UNIX operating system which was 4

previousl y develooed by Emery (33 . O’Del l also imp l emented

an additiona l version , SSUNIK, which was designed for a

s hared memory environm ent. The UNI X operating system (bi ,

~~~ 

4

from -which the above modified systems were constructed , is a

time— shar ing sy s t e m  dev el ooed at B.ll Laboratories. The

—p
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UNIX sys tem was currently in operation at the Naval

Postgraduate School Computer Laborator y on the PDP II/50

processors. The notable accompl ishment of the SSUNIX

ooerating system is that it ali gns a process ’s data segment

or comb i ned data and test segments into a region of shared,

dual—ported memory. The process image Is then locked in

thi s memor y region for execution.

Pr i or to O’De l l ’ s accomp lishments, Visco 1151 had

suggested that Emery ’s original design was a promising

technique for allocating a Vector General process ’s data

segment into a shared memory region. This dual—ported

memory region could subsequently be accessable by a slave

processor whi ch would continuousl y access the disp lay list

data by DMA (Direct Memory Access). Visco ’s slave processor

design would alleviate the POP—Il /SO bus tie— up problem

which was caused by the high Inter ruot precedence of a

refresh cycle. The accessab ilit y of the shared memory

region by the main processor would orovide the real—ti m e

requirements for multipr ogr amming in the refresh graph ics

envir onment. Vis co believed that by ensuring onl y data

segments would be located in the 32 K word shared core

region there would be greater efficiency and less likelihood

• of having programs too large for execution.

A key factor for the imp l ementation of SSUNIX was its

propensity ‘o distinguish between processes where data and

~~~ text were separated segments in core (4111 filetypes ) and

f i l e s  where data and text were mixed (407 fIletypes ).

SSUNIX causes both filetyoes to be loaded into the shared

412
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memory region and executed alike. SSUNIX proved to be the

P~ solution to the oroblem of executing the BASIC executab le

object module where test and data reside together. Looking

beyond BASIC’ s problems , SSUNIX is of such a general nature

that other user l anguages can be more easily implemented

w Ith the Vector General software. The future Integrati on of

FLIP wi th the SSUN S[X system should requ i re no further

m odfica tion s to SSUNIX .

B. MOD IFICATIONS TO SSUNIX SYSTEM CODE

M odificatio ns to SSLJNIX were made in two general areas:

the interface code between the user and the system software,

and the correction of the orocess for allocating core orior

to locking the process in the shared core region. These

changes were tested and instituted in the SSUNIX system.

The nature and exol anat lons for the changes are discussed in

the following paragraphs in thi s section.

The first modification to SSUNIX was the updatin g of the

shared memory region Parameters located within the “ma in ”

subroutine of the system. SSUNIX is alerted by “getshr ”

that a shared memory region of core is requested for

execution of a process. The first parameter oassed to the

system is the region of shared core that is requested.

These regions of shared cor e are assi gn ed t he i dentif ying

numbers 0 (blocks 2000 — 41000) and I (blockS 5000 — 6000).
Each block of core reoresents 641 by tes of core soace.

Region 0 Is  32 K words in s i z e  while region I Ii Lb k words

_ _ _ _ _  - —---~~
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in size. Region 0 was originall y declared as 1000 blocks in

P length beginning at block 3000. The size of this fi rst

region had to be corrected In SSUNIX’ s “main ” routine. The

true s i ze  of the region is 2000 bloc ks in l ength beginning

at block 2000.

The second modification to the assembly l anguage code of

“getshr ” was the addition of a oarameter to be oassed to the

system. The parameter oassed is the address of the first

word of the disolay list. The address represents the offset

value of the first word of the disp lay list from the

beginning of the data segment. If the t e x t  and data

segments ~re not spl it ,  the o f f s e t  is f rom the beginning of

the mixed text and data. This method identifies the first

word of the disolay li st to the device driver whether or not

text and data were sp lit. If I & D soace were spl it and

• “vgdata ” was inc l uded at the beginning of the C program, the

offset would be zero indi cating that the dis p lay list starts

at the beginnin g of the process ’s data space. If, as in a

BASIC process, I & 0 space were not so l it the offset would

be added with the offset of the data segment from the

beginning of the shared memory region.

Prior to the inclusion of the offset address in tne

“oetshr ” ro tine , both “getshr ” and “freeshr ” had to be

introduced into the Vector General Librar y . The previ ous

c a l l s  to “ r t lme ” and “nonrtime ” under the UNIX system were

ch anged to “g.tshr” and “freeshr ” ca lls . The differenc e was

th at the shared memory confi guration of core requ i red the

Vec tor General orocesses to request this shared core reg ion

414
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for load i ng and execution.

In order to use the offset value oassed to the system by

~he “gets h r ” call , a small routine called “vgdso ff” was

added to SSUNIX . when “getshr ” is called by the Vector

General user code, a new var iable “firstwda ddr ” is assigned

the value of the the offset of the first word of the displa y

list. The “vgdsoff” routine returns the value of

“firstwdaddr ” to a callin g routine in the device driver.

The only routine that would call for this value wou ld be

“vqdev5O.c ” which is the POP— il/SO device driver for the

Vecto r General Disp lay Processor. Th is offset value passed

to the driver code is  a ke~ factor in all owi ng various user

l anguages to use the Vector General software. A it hou t th i s

offset, the ability to generalize the refresh method for

di fferent l anguages would be difficult.

• The final modification to the SSUNIX system was the

result of a cond ition that had p reviously gene unnoticed.

~ith the help of O’D.fl, the so’~rce of an error in core

all ocation by SSUNIX was traced to a routine ca lled

“mall oc ”. This rou tine allocates soace in core to the

process being l oaded by first checking the core “free map ”.

The “fr ee map ”, whi ch i s  a mapping of free care areas, keeps

trac k of the areas of core wh i C h  are free to be used for

stora g e of a orocess.  SSUN!X f i r s t  swa ps a pr ocess out of

L core onto disk. The process is then copied back into core

in an area not within the shared memory reg i on so it is out

of its Own way. “Malloc ” failed to take into account that a

large free core area could e xist from just below the upper
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address of the shared memory region to the too of av ailable

core area. If the area beneath the shared core region was

not large enough to store the process, the next free area to

be checked would be this large area. This area was

unavai lable for storage as the set flag “shar flg ” Indicated

the reg i on was in the shared memory region . As the

beginning of the area was l oca ted  in the shared core region,

the entire area was mark ed unava i lable for orocess swapp i ng.

A routine called “solit,ao ” was oesigned and imo l ementel

to remedy the problem by updating the core “free map ” to

reflect that the region above the upper boundary of the

shar.d core was available for storage. “Splitmac ” is called

in the “shalloc ” routine just prior to a call to “ceswap ”.

“ Cesw ap ” o r i g i n a l ly  called the “m al lo c ” routine to assign

the core area for temoorary storaae. “Sp litmap ” changes the

representation of the free core region to two free core

regions wh iCh would be seoarated by the upper boundary of

the shared core region. Th, area w i t h i n  the shared core

• region would not be used due to the set “sPar flg ” , whil e the

area above the boundary would be properly allocated.

Other core allocation conditions were reviewed to

oetermine If additional prob l ems could arise. No oth e r

prob l ems were noted, and the uodated version of SSUNIX was

found to function properly .

I_ _ _
_ _ _  
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C. MODIFICATIONS TO DEVICE DRIVER CODE

A~ previousl y ment ioned , the device driver code for the

Vector General was modified to allow the execution of

processes wit h or without spli t text and data segments.

Visco designed the original device drivers , “nvgdev3U .c” and

“nvgdev5O.c ”, to Support the Vector General in a multi-

p rocessor mode of operation. The two processors were to

interact in refreshi ng and updating the Vector General

disp lay list. Inherent in the design was the assumption

that all processes would be of the 41 11 filet yoe , where text

and data segments are seoarated . The data segment would be

located alone in the sharable core region . In order to

discuss the m odifications to the drivers , a br iet

• description of each driver is presented.

The “nvgdev34.c” driver is the proposed PDP—ll/341

resident device driver for the Vector General. It

communicates to the POP— il/SO by messages that are passed

through a hardware interface device called the DR— l i—K . The

driver is oassed several Items of important informatio n by

the messa ge orocess: the offset of 0 soace with i n the shared

memory; the use of Vector General numbers 0 or U and, the

time to begin refreshing the displ ay list. This driver is
‘I

also resp onsible for handling the Interrupts generated by

the Vector Gene ra l disp lay controller.

The ‘nv gd .v SO. c ” d r i v e r  is  the POP—l i /So  processor

resf d~nt device driver that supports the Vector General in

the two processor mode. This driver formats and sends

-~~~~ 
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messages to the PDP—11 /34 processor through the DR—li— K
~~

dev ice. The messages sent by this driver designate the

offset of the data soace from the beginn ing of the 32 K word

shared memory region to dete rmine where the disolay list

• begins in core.

The temporary device drivers , “tvqdev3LI.c ” and

“tvgdev5O .c ”, were designed to support the Vector General in

a single processor moae. The two drivers were originall y

written by Visco to simulate and test the Operation of the

two processor design until the POP II/34 processor could be

installed . Both tempory device drivers w i l l  continue to

drive the Vector General until the slave processor is

integrated into the system .

The drivers were aesigned with two goals in mind . The

first goal has been aiscussed before. The PDP— l1/341 driver ,

• as the refresh processor, would refresh the disolay list.

The second design goal was that the PDP—I1/50 driver had to

inform the slave orocessor of the location of the disp lay

list for refreshing purposes. In generalizin g the driver

code these two goals remained preeminent. The fo llow ing

paraqraohs document the exact modifications made to the

device drivers currentl y used under the SSUNIX operating

Sy stem.

1. Modi fications to TVGOEV5O.C

Onl y one addition was made to thi s driver. Within the

• “ vgopen ” rout ine , a check was made to determ ine if I & 0

soace was solit. If it was not sp lit, indicat ing a 407

418
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process, a message was sent to the 34 device driver which

passed the o f f s e t  pf the fir st word ~f the displ ay l ist from

the beginning of the process. The message was dis tin guished

in the 34 driver from other messages by virtue of its sign

b it being set. The messaae was constructed by setting the

sign bit for the value returned from the prev iousl y

deve l oped “vgdso ff” routine within SSUNIX. A return to the

50 driver was made after the message was processed by the 34

driver. The use of the messages In the 341 driver w i l l  be

discussed in the following section.

2. Modi fi cations to TVGDEV34.C

The functioning of the 34 device driver depends on the

informati on aassed to it by the 50 device driver. Several

• m odifications had to be made to the driver to generalize the

code for additional language imolementat ion . The first

modification was the Processing of the offset message oassed

by the 50 driver in cases where I & 0 soace was not sp lit.

This message is received by the “vg34com ” routine and is

converted to a positive value. A new variable ,

“sharmemo ff” , is set to the oassed value. The value of

‘sharm emoff” remains zero if a 411  orocess is executed

because the variable had previously been initialized as zero

and no additional m •ssage wou ld have been passed to the

driver. If the variable had a oos ltive value , indicating a

407 process , the item would be used in the “vgopen ” routine

• located within the driv er code. Three seoarate variables

deoend on this var iable for determining values thet the
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refresh cycle and the PDP—ll/3L4 memory management operation

are based on.

The PD P— 11/ 34 is unable to address i t ems  in a user ’s

disolay lis t by sim p ly referencing symbol names. It is ab le

to address only the 32 K words of the dual—ported shared

memory. By using the memory management hardware and the

message information passed by the 50 driver , the correct

phy sical addresses of the display list items can be located

in core. The page address registers , when properly se t ,

a llow this mapping or conversion of virtual to physical

addresses in core (11.
F

Th ree variables called “vgpar ”, “vgre al” , and “pp ” all

involve the use of memor y management. The “oo” var iable is

a virtua l address pointer that can be used in addressing any

i t em in the di~ play list which resides in the shared memor y

• region of core. This variable can be used to address up to

4 K words of core which is more than adeauate for addressing

the several hundred words in the display list that m igh t be

addressed.

The result of the modifications made to t hi s device

driver was the correct refreshing of both 407 and 411

fHetyoe processes. All  other added items within t h i s

driver reflect additional interrupt handlin g capabilities

for the external devices of t he system.

—S
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VI. CONCLUSIONS A ND RECOMMENDATIONS

The primary objective of work descr ibed in t h i s  thes is

was the imp lementat ion of enhanced user s o f t w a r e  with the

Vector General Disp lay System. This objective was attacked

on two fronts. The first approach was to test, correct , and

expand the software oreviousl y avai lable on the system,

wh ich would impr ove user Interact ion. The second approach

was to imp l ement other user l anguages, sp ecifical ly versions

of BASIC and FORTRAN, with the Vector Genera l software.

Together, the two aporoaches provided the successful

imp l ementat ion of a oackage which - 
~
ette

~ 
supports user

interaction with the Vector General Disp lay System. This

• chapter provides further recommendations to improve the

system in the areas  of the disp lay list design , language

development, and system software Imp lementation.

A . DISPLA Y LIST DESIGN

In the present design of the Vector General software, a

structure withi n the disp lay li st is uti lized to store user

commands to be executed on the Vector General disp lay . This

st ructure “vqdlbuf ” is of a fixed l ength, 41 K words of the

shared memory. An improvement in thi s technigue of havin g a

fixed l ength disp lay list could be investigated. One

p ossibi lity would be the Imp l ementation of software to

4
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increase the s i z e  of the s t ruc tu re  w h i c h  wou ld  u t i l iz e  the

unused portion of the sharable mem ory region. This software

imp lem entation would be useful when no other process needs

the shared memory region and the parent process requires

addi tional core soace.

6. LANGUAGE DEVELOPMENT

FUR (FORTcAM IV Plus) was not completely imol emented

w i t h  the Vector General software due to problems encountered

w ith the interaction between the F4P and C l anguages. It is

recommended that investigati on continue in reconcilin g the

0overlay ” orob l em caused by C converted subrouti ne s havin g

more than one copy of gl oball y declared variables.

• Prerequisit e to understanding this problem is the

acquisition of source code and documentation for the F4P

compiler , the “cony ” subroutine, and the F4P “l ink er ”.

Comp letion of the the F4P and C interface wou ld further

expand the utilization of the Vector General Graph ics System

to users with know l edge ~f other l anguages.
t

The In a bilit y of Robertson ’-, BASIC compil er to sp lit I ~.

0 soace Is viewed as a less important prob l em . SSUNIX and

driver design modifications were imp lemented to overcome

execution prob l ems of the 8ASIC Vector General programs.

The expense of BA SIC ’s inabil i t y to solit text and cata

segments requ i red the allotment of more shared memor y in

• loading the combined text and data segment. By re—working

the c~ompil er to allow the stacking of data and text in

52 
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separate data and text segments , more compl ex BAS IC programs

could be executed in the shared core region allotted for

execution. A dditional testin g of large BAS IC programs could

help determine the limitatio ns of loading both text and data

segments into the shared memory region.

C. SYSTEM SOFTWARE IM PLEMENTATION

An increp sin~ item of i mportance to the software

developed in~ this thesis and orev ious software wor k is the

continuing supPort of the SSUNIX operating system in the

Naval Postgraduate Schoo l Graph ics Laborator y . It is

recommended that increasin g emphasis and test inc be placed

on SSUNIX while ru’nn ing in a day—to—da y operational

environment to ensure its re l i a b i l i t y .

The Imp l ementation of the PDP— 1j/34 processor in a

dual - orocessor mode with the PDP— 11/50 orocessor should be

of primary importance for the Vecto r General Display System

to alleviate the current bus tie—u p oroblem . An

investigation into the communicatio n reQuirements between

the slave and the master processors should be conducted.

The hardware interfaces for the 32K word shared core region

and the Vector General displ ay device should also be

imp l emented.

I
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APPENDIX A

P I

USER’S REFERENCE MANUAL

• The purpose of this document is to orovide the user with

the information necessary to execute programs empl oying the

Vector General graphics disolay. This manu al was originall y

prepared by B. J. Stankowski in June 1976 and revised by N.

p, Mar~ jno and 0. C. En dic o t t  In December 1977.

Section I provides a brief introduction to the Vector

General dis olay system, the software support library, and

the prerequisites for their effective utilization. Section

II describes the Vector General system in more detail,

• expanding uoon the hardware features, System interface , and

externa l device cap abilities. Section III contains

informati on on the initialization of the Vector General

disp lay system . Section IV describes the disola y

Compositio n , element constructio n, and cicture, object, and

element re lat ionsh ips .  Sec t i on  V o rov ides  a b r ie f

t description of the user support routines avai l ab le in the

• supoort library . Finall y, Section VI provides in form ation

necessary for com oil ing and executin g user programs

.mployinq the Vector General graphics dis p lay unit.

I _____ _ _ _ _ _  -



- • —

- TABLE OF CONTENT S

I. INTRODUCTION ................. .......... ............ 58

II. THE VECTOR GENERAL DISPLAY SYSTE’~................. 59

A . THE DISPLAY................. ................... 59

B. HARDWARE FEATURES........... ................... 60

C. THE SYSTEM TNTEPFACE......................... .. 60

0. INTER FACE mY TH EXTERNAL DEVICES......... ....... ol

1. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2 Function Switches.......................... 62

• 3. Cont ro l  Dials.......................... .... 62

41. Trackbal I •.•........ ,........... .... ....... 63

5. Joystick........................ .....,..... 63

6. Lightoen ................................... 64

III. INITIALIZATION...... .. .. ,.. ...... . . . .. .. . ... . ... .

A. INTERFACE IN IT IA LIZAT ION .... ................... 65

8. DISPLAY INITIA LIZATION ...... ................... 65

1. Coordinate System.......................... 65

2. Picture Scale........ ...................... bb

IV. CREATING A PICTURE.............. .......... ........ 68

A • PICTURE STRUCTURE........... ................... 66

8. CONSTRUCTI NG AN ELEMENT........................ 71

• 1. Draw Element Block.................. ....... 72

a. Setvector........ ...................... 73

b. M~vC.......,....,.........,.,.......... 76

55

- 

c . — Li ne . . . . . . . . . . . . . . . . . . . . . . . . . . . . e . . • ~ ~ ~ 71

____________________________-- -- —-5 - - -— - - - —~~~ - --- ---—--—--- - - ____________



— - ----— - S - -- -- - S

d. Circle................... .............. 78

e. Arc.....,....... ,..... ........... ,..... 79

2. Character Element... ............. ........ .. 8!

a. Charele.............................. .. 81

• b. Pr,ntv. ................................ 85

C. LINKING ELEMENTS TO OBJECTS.......... .......... 86

1. Object Routlne.... ................... ...... 86

2. Copye le R outi r~e..... ............... ..... ... 87

V • USER SUPPORT ROUTINES....... ..................... .. 89

A . PICTU RE REPRESENTATION...... . ..... . ... .. . ...... 89
1. 81 ,nk..... ..... ................... ......... 89

2. Erase.... ........... ..................... .. 89

• 3. Remove. ..................... ............... 90

4. Display......... ....,.................. . •.. 90

5. Re fresh....,. ..• .. . ••...•. ..•. .. . . .... ..•..

6. Offset............. .,..,.,................. 91

7. Psca le... .......... ................... ..... 91

8. Intensity Offset. .........,................ 91

9 • Intensity Scale...... . .. .. .. • .. .. .. . . .. . . .. 91

B. PICTURE MANIPULATION...... • . . . . . • •.... ... . . . . . . 92

I • Rotate......,..,................. ,......... 92

2 • Scale.... ......... ....... ............ ...... 92

3. Tran,late.... ,............. ........ ........ 92

4~ Plac e . . . .. . . . . ., . . . . . . . . . . ., ,. .,.. . ... . . . . .  92

C. EXTERN AL DEVICES ................ ............... 93

• 1. Cursor......,....... ......... ........ ...... 93

2. Posit.. ..... ............... ........ ........ 93

— - — 

Sb 

—

~~~~ 

- 

~~~~

—— —

~~~~~



—5- -- - 
____________________

3 • Key b o a r d .. . .. .. ., . . . . . . . . . . . . . ., . . . .. . . .. . .  93

a • get • . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . .
b. Fget...........,..........,...,........ 93

c. Iget............... ......... ........... 941

• 4. Li ghtoen.. ................................. 941

a. Laht pen .. . .. ., . .., . .. .. .. .. .. .. .. . .. .. .  94

b. Penhit.. ....,...........,.............. 941

c • Clrhit.,..,.................,.....,.... 95

S • Func tio n Switches....... •.•...... ..•. ...... 95

a • Fsman ........,...,...... ............... 95

b . Fstog... ................... ............ 95

C. Lamo............. ........... ...... ..... 95

d. 4anlnt.......,......................,.. 95

6. Control  Dials.. ...... .....,................ 96

VI. RUNNING A VECTOR GENER AL PROGRAM .......... ........ 97

A. PROGR AM FORMAT AND COMPILATION..............,.. 97

1 • C Programs.............,................... 97

2 • Basic Programs.. ........................... 98 .

B • SAMPLE PROGRAMS.... ............................100

1 • C Proqram s.....,.....,.....,...............100

2 • Basic  P req ram . . . . . . . . • . . . . . . . . . . . • . . . . . . . . . 1 01

C. ERROR DIAGNOSTICS..............e...............t04

*

- —  - -• — 5 -



I. INTRODUCTION

The Vector General Is an interactive graphics displa y

system whi ch has been interfaced w i t h  the PDP lL/50

compu ter. The disp lay interacts w i t h  a PDP II user by

disp laying p ictorial information on the surface of a cathode

ray tube and by accepting inf orm ation from its external

control devices. The exter nal devices consist of an

alphanumeric keyboard , 32 lighted function switches , 10

contro l  d ia ls,  a t ra c k b a l l ,  a joy stick , and a lightoen ,

An interact ive graphics software orogram librar y has

been const ruc ted to i n t e r f a c e  the user and the V e c t o r

4 General diso lay controller. The software oackage provides

the user w ith suffi cient routines to easily construct and

mani pulate graphic display s. Al though the routines were

written in C, the user has the Choice of two high — level

l anguages w I t h  w h i ch to program. BAS iC programs may now

also interface with the Vector General through the use of

the routines in the software support librar y .

Thi s manual does not attempt to discuss in detail the

• electronic functions of the Vector General , or its int erface

w ith the POP—Il . The ouroose of this manual is to instruc t

a user in the creation and mani p u lation of o$cto ri al data on

the Vector General dis p l ay . A knowledge of C or Basic is 
5

5

assumed.

I ~~~~~~~~~~~~~~~~~~~~~~~~ - 
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II. THE VECTOR GENERAL DISPLAY SYSTEM

A more detailed discuss ion of the Vector General can be

found in the Users Manual for the Vector General Disp lay

Un it f12) and the Design Manual for the Vector General

Display Unit t i l l .

A . THE DISPLAY

The Vector General is a cathode ray tube (CRT) disp lay

on whi ch a v i sible pattern can be created by the movement of

• an electron beam . The electron beam causes a florescent

spot to aopear on the face of the disp lay tube. The

movement of the beam Is controlled by a method called random

scan, which in effect steers the spot in a straigh t line

between two points on the displ ay screen . The resulting

l i n e or vector, combined w i t h  others , creates a picture or

p attern on the disp lay screen .

To maintain a clear Picture on the disp la y screen

requ i res that the oattern be redrawn on the tube repeatedly

at aoorox lsately thirt y to forty times a second. Each

rep etition is ca l led a frame and the freguency w ith which i t

• is redrawn Is called the refresh rate. If the pattern is

not reoeated often enough a deg radation of the pictur e w i l l

occur on the dis pl ay screen. This degr adation Is called

f l i ck er.
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8. HARDWARE FEATURES

The system has several hardware features, in addition to

a vector generator, which grea tl y extend i t s  cacabilites.

Th~ s~ includ e the abi lity to produce three—dim ension al

figures, an ASCII character se t ,  and the hardware generation

of arcs and circles. Other features provide the hardware

mechanisms for the ro ta t i on  and t r a n s l a t i o n  of user

specified picture segments. These hardware features are

controlled and coordinated by the disp lay controller. The

controlle r Is responsible for handlin g the comm urications

between the user, the external control devices and t~ e

d isplay hardware.

The m ain purpose of the external control devices is to

facilit ate user interaction with the disolay . These devices

inc l ude an alphanumeri c keyboard , 32 lighted function
S 

switches , 10 control di al s , a tr ackba ll , a joystick , and a

1 ightpen.

Addi t ional  in format ion  on the Ve c to r  General hardware

can be found in the Graohlcs Disp lay Reference Manual (131

and t he Graphics Displ ay System Technical Manual (1411 .

I
-

- 

C. THE SYSTEM INTERFACE I
A Vector General user def ines  p ictor ial data and its

mani pulation within a Basic or C program. The execu t i on  of

the oro g ram causes t he Ve ctor  Genera l s o f t w a r e  i n t e r f a c e  to

be activated. It is this software which communicates user

f re quests and rece ives  in fo r m at io n  f rom the Vector General

60



controller. The software oasses user requests, in the proper

form, to the diola y controller . The control ler w i l l

activate the oroper hardware generator (le. character,

vector, • arc /circle ) wh ich w i l l  output the desired

information on the di ol ay screen. The controller w i l l  also

oass informati on from the external control devices back to

the user v i a  the i n t e r f a c e  s o f t w a r e .  Thi s relationsh ip is

i l lu s t r a t e d  in f igure A—I ,

USER
PROGRAM

____ KEYBO ARD

PDP— i1/S0
4
J
~~ JO YSTICK J

USER• INTERFACE

____ 

-5-

V ECTOR
ARC/C IRCLE 

~
-

CHA RACT ER 5_L_
~11 

TRAC K BALL
GENERATORS

LIGMT PEN JDISPL AY

In terface Relationshi p w i t h  the Vector General
FIGURE A— I

0. INTERF ACE mY TH EXTERNA L DEVICES

• Eich of the the external devices comm unicate directl y to

the Vector General contro ller. In form ation from these

dev i c es is returned to the user via the c o n t r o l l e r  and th~

iser int e r f ace .  The user o ro q ram may u t i l i z e  t he in formatio n

_ _ _ _  
_ _ _ _ _  _  •



returned from these devices to control program flow . Thi s -

al l ows a user to interactively control and mani pulate the

p ictorial informati on at display tim e. Sp ecific user

routines which activate these external devices and provide a

communicati ons channel with the user are discussed in detail

in later sections of thi s manual.

1. Alphanumeric Keyboard

The alphanum eric keyboard all ows the user to i nput

information in the form of ASCI I character codes. Through

the user interface the user can dis p lay the information on

the Vector General disolay screen. The data entered from

the keyboard can also be returned to the user program for

processing.

2. FunctIon Switches

• The 32 lighted function swItches provide the user

with info rmation which car be used to interact ively

mani pulate oi ctor ial date at disolay time. Each function

switch can be assigned specific meanin g by the user program.

The user interface returns to the user inf ormation on which

function switches have been pressed. A user program could

use t h I s Inform ation to selectively rotate , translate or •

perhap s sca le  particular picture seoments.

3. Con trol D i a l s  S

The 10 control dials provide numeric informati on to
1’

• the dis p la y contro ller , specifying the degree to which each

d i a l has been turned. This information , through the

62 
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software, can be provided to the user. A user program may
Pt

utilize the values of the va r i ab l e  cont ro l  d ia l s  in

determinin g the distance or rate at which a portion of the

picture may be moved or rotated.

U . Trac koall

The trac kba ll is an external device which uses a

software—generated blinkin g cursor to provide visual

positioni ng feedback to the user. The rolling action of the

user ’s hand across the round tr ackbal l steers the cursor

about the disp lay screen , A routine is ava il able to return

the tr .ckball cursor position w i t h i n  the def ined coord inate

system so the user may pr og ramatically use this information.

Addi tionall y, a routine is available to activate or

deactivate the displ ay of the software—generated cursor .

Positioning informati on may be returned to the user whet her

or not the cursor is disp layed.

S. Joystick

The joys tick is an ex ternal  device,  w h i c h  l i k e  the

t r ack ba ll ,  uses a software—generated bl ink ing cursor to

provide positionin g feedbac k to the user. Unl ike the

trac kball which moves about only the X Y  plane, the joystick

cu rsor appears to move in three dimensions. M oveme nt about

the X— Y plan e is acco m olis P ed b~ pushing the joy stick fore— 
S

aft , and side—to—side. Movement along the Z a x i s

(perp endicular to the dis p lay screen) is acc omp lished

manuall y by twistin g the knob on to~ of th, Joystick and

visuall y on the screen by usin g the de p th— cuei n g f a c i l i t i e s

— 
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and varying the cursor intensity. Like the tr ackb all , 4
routines are available to return to the user the joystick

Cursor position and activate or deactivate the display of

the cursor. 
-

6. Lightpen

The lightoen , a wand containing a photo cell , can be

used to selectivel y point to different oicture segments on

the disp lay screen. The interface provides a user orogram

with information on which Picture segment was oointed to by

the lightpen. A user program can turn the lightp en

selectabilit y of specific picture segments on or off. For

• example, a user might select sections of a oicture for

erasure by oointin g to them with the liqhtp en.

The software additionally provides for generation of a

5 
lightpen cursor. The l i ghtpen cursor is a small ron—

blinking octagon which may be moved about the dis pl ay screen

with the lightpen . Two soeeds of ligh tp en movement are

ava i lable. Routines for returning the lightp en cursor

position and activation /deactivation of the cursor dis p lay

are availab le within the software package.
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III. INITIA LIZA TION

• A . INTERF ACE INITIA LIZAT ION

The Vector General disp lay system and the graph ics

software w ith the POP—li must be initialized before any data

can be displayed. The in i tialization routine s y s iri t must

be called before any other routines are util i zed. Th is

routine sets all the system default parameters , such as the

screen coordinate system.

If for some reason the i nitialization cannot be

comoleted the user program w i l l  be terminated. This error

usuall y occurs because another user is accessing the Vector

• General.

B. DISPLAY INITIALIZ ATI ON

I. Coordinate System

The user can sp eci fy a two or thr ee—di mensional

cartesian coordinate system. All display coordinate values

• referenced by the user wi l l  be Interpreted according to this

• coordinate system def init ion. A user may redefine the

coordinate scale at any time in a program. The user w i l l

define the coordinate system in a call to the routine
j

coordsys.

coordsysCdim ,m inx ,m axx ,mi ny,m axy 1,mIn z,maxzj)

65 4
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The routine requ i res the user to specify if the

coordinate system Is to be two or three—dimensional and the

range of each coordinate. If the parameter ‘dim ’ is two,

indicat ing a two— dimensional coordinate system is desired ,

the range of the z coordinate can be omit ted , and w i l l  be

i gnored if it should be inc l uded.

If this routine is rot called by the user the default

coordinate system w i l l  be used. This default system is

defined as thre e—dimensional w i th the x , y, z coordinates

ranging from —100.0 to 100.0. All coordinate values w i l l  be

interpreted by this de fault system when coordsys is not

called by the user.

As w i l l  be discussed later in this manual , both absolute

and relative vectors may be ut i lized ir constructi ng display

elements. Should an absolute coordinate be speci fied which

• falls o u t s I d e  the defined coordinate system, a value of the

nearest coordinate w i t h i n  the defined system w i l l  be

assumed. Should a rel ative increment be specified whic h

exceeds one—half the coordinate range Cie: 100 for defau lt

coordinate system) a value of zero w i l l  be assumed.

2. Picture Scale

The rectangular, 13 by I~1 inch, portion of the

disp lay screen that can be viewed by the user is called the

v i sib l e space. The maximum oicture space is larger than the

vis ib le space, covering an area of 30 by 30 Inches . Thi s

extra area a l l o w s  a user to rotate or move oart of the

p icture to the ext rem e boundaries of the visible space

66 
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I
without any dist ortion. It also Permits li mited zooming .

.4
The p ictorial data being disp layed can be adjusted in

size, or scaled, by two di fferent controls. One, the gain

control dials on the Vector General disp lay unit allow the

user to manuall y m anipulate the picture scale. The second

provides scale control wit hin the user ’s program by calling

the routine oscale . This routine is discussed in detail in

Section V of this manual.

I

I
I

I

1 - •

~~ 1. 
‘
-S
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I
IV . CRE ATING A PICTURE

4

A . PICTURE STRUCTURE

Al l of the information that a user desires to dis pl ay on

the Vector General must be Incorporatea into the

hierar chical cicture structure defined by the Interface

software. The three hierar chical levels are defined as:

p icture , object , element. These levels specif y the

underl ying structure of the graphi cal dis pl ay and determine

the operations a user can oerform on informatio n associated

with each level.

The term oicture refers to all of the data that is to be

displayed on the Vector General disp la y soace. The term

element refers to the small est olcture segment whi ch can be

indecendently referenced and changed without affecting the

remainder of the picture. Each element , or independent

picture segment, has a un i que name associated w i t h  it .  A

collectio n, or meaningful grouping, of elements is called an

ob l ect. Each object is also l abeled by a unique name so it

can be easil y referenced by a user. Figure A—2 illus trates

the relationshi p of the three levels in the actua l structure

of a picture. 
S

Ar~ element is comp letel y described and named by the

user. It can describe either graphical or ASCII character

data. An elemen t can be independently added or erased from

I_ _ _

_ 
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Hierarchical Picture Structure

FIGURE 4—2

L 
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the display screen. It can be caused to blink or be

specified as being lightoen selectable.

Each element must be associated with at least one object

before it can be displ ayed on the Vector General. An object

may consist of from one to ten elements. A user i s

responsible for estab lishing the desired object—element

association , and for specifying a unique name for each

ob ject. Each user defined object can be i ndependently

rotated, or translated to any section of the 30 by 30 inch

disp lay soace. An object can be added or erased from a

picture , scaled, and specified to blink or to be lightpen

selectable. Each ob ject ’s intensity can be varied in order

to give three—d i mensional ob jects their depth queuing . These

actions , when app lied to a specific ob ject, affec t every

element that has been associated with it by the user.

A picture may contain from one to ten ob jects. The

coordinate scale and pi cture scale defined by the user

affects the entire picture. A p icture ’s coor dinate scale

can be varied but this action w i l l  affec t every object

defined as oart of the picture. An entire p icture can also

be erased , sp ec i fied to blink or be lightoen selectable.

A summary of the operations for each level of the

hierarch y is outlined In Figure A—3.

I..

S 4~S,
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PICTURE:

Def ine picture coordinate system
Picture scale
Picture offset
E rase

t Display
Re move
Re fresh
Blink
Lightpen selectable

OBJECT:

Transl ate
Rotate
Scale
Intensity scale
Intensit y offset
Erase
Dis p l ay
Remove
Blink
Li ghtpen selectable

£
ELEMENT:

Erase
Dlso lay
Remove
Bl ink
Lfghtpen selectab le

Summary of Operations Associated with Each Hierarchial Level
FIGURE A— 3

I
6. CONSTRUCTING AN ELEMENT

Every element Is completely described by the user within

an element b lock.  There are two tyoes of element blocks. A

draw element block describes graphical informat ion. A

• chara cter element descr ibes AS CII characters that are to be

disolayed. Each •lement Is uni quel y named and th is name

71
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w i l l  be used to reference this p articular structure.

1. Draw Element Bloc k

A draw element block represents a group of draw

instruct ions that describe a soec-Ific structure, or picture

• segment. These drew instructions include setvector, move,

line , arc and circle. A draw element block begins with a

call to the routine drawele and is terminated by a call to

the routine endele. The draw instructions that are executed

between drawe le and endele describe the actual picture

segment.

The only parameter required by drawele is a quoted

character string, or pointer to a character string,

specifying the name the user wants to associate with thi s

• element. This name wi l l  be used throughout the program to

reference this element block.

The basic draw element block, and the related draw

Instruct i ons are represented in the following format:

—— draw e le (u e leme nt_ n ame )
setvector (vtyoe,vmode, (inc), (scalel )

: ——— setvector (vtype,vmode, (incl, (scale)),
: : move (x, fy) , (zi );

1 i ne(* ,  f y i ,  Ci));
I 1 circle (dir,centx , (centyl , Ccenrzi
I ——— a r c C d i r , c e n t x , ( c e n t y ) , ( c e n t z l , e n d x , t e n d y i , ( e n d z i )

——— ende le ()~

The user can select one or more of twelve vector ty oes

I_ _ _ _
_ _ _ _ _ _  
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in constructing an element. These vector types describe how

the coordinate data w i l l  be interpreted In drawing a vector

on the disp lay screen. The choice of a vector effects the

parameters that w i l l  be oassed in each of the move, line ,

circ le or arc instructions. The user soecifies a vector

selection by calling the routine setvector .

a. Setvec to r

This draw instruction must be called

i mmediatel y after drawele, and may be called any number of

times with i n the element block. Each setvector , and the draw

instruct ions that follow it , comprise a subgroup . The

setvector instruction determines the manner in which the

S 
line , move , arc and circle instructions in the subgroup w i l l

• be Interpreted , as well as their visual appearance on the

o ls p l ay  screen. The routine is cal led w i t h  the fol lowina

parameters:

setvector (vtype,vn,ode (,incl f,scalei );

The parameter vtyoe specifies whic h one of the twelve

vector types the user wants the foll owin g group of line,

move, arc m d  circle Instru ctions to utilize. The oarameter
S 

vmode Indicates the vector mode, or aopearance of the

vectors to be drawn (fe , solid li n e , dotted line, etc.).

Certain vector types require additional info rmation this

in formation i s  specified by the parameters Inc and scale.

A b r i e f  summar y of the twelve vec tor  t yp es is  l i s t ed  in

Table A— I.

• 13
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TABLE A—I

P SUM ARY OF VECTOR TYPES

NAME DESCRIPTION

VA — vector absolute each coordinate is soecified
with respect to the origin. Eac h point (x,y,z)
references a unique point on the display screen.

VAX — vector absolute auto—Increment x every draw
instruction causes the y and a absolute
values to be uodated while x is stepoed by a
constant value.

VA Y — vector absolute auto—increment y every draw
instruct -i on causes the x and z absolute
values to be uødated while y is stepped by a
constant value.

VAZ — vector absolute auto—Increment z; every draw
instruction causes the x and y absolute
v a l u e s  to be u~ oated while a I s  stepped by a
constant value.

VP — vector relative; each *, y, a coordinate
value indicates the amount that is to be
added or subtracted from the previous absolute
coordinate point.

VRX — vector relative auto—increment x each draw
I nstruction causes the y and z coordinate values
to be incremented by the specified value while
x is steooed by a constant value.

VRY — vector relative auto—Increment y; each draw
Instruct -i on causes the x and a coordinate values
to be incremented by the specified value while
y is steooed by a constant value.

VRZ — vector relative auto—increment z each draw
Instruction causes the * and y coordinate values

- 
to ba incremented by the specified value while
a is steøoed by a constant value.

I______ _ _ _ _ _  _  _ _
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TABLE A-I
(continued )

INC2— two—dimensio nal incremen tal vector ; a
relative vector that optImizes storage re-
quirements. The coordinate increment values
are lim it ed to values app rox imately 3% of the
user ’s coordinate range.

INCX two—dimensio nal incremental auto—incre ment x
is a relative vector that optimizes storage
requ i rements. The y coordinate value I s
Incremented by a small value while
x Is s t e~~ ed by a constant value.

INCY two—dImensional incremental auto—incre m ent y;
Is a relative vector that optimizes storage
requ i rements. The x coordinate value is
incremented by a smal l value while
y is stepøed by a constant value.

INC3— three—dimensional incremental vector ; a
relative vector that optimi zes storage re-
qu i rements. The *, y, z coordinate increment values
are lIm Ited to values that are appr oximatel y 3%
of the user ’s coordinate range.

75
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A more detailed account of each vector tyPe and the

p arameters required by setvector are listed in App endix B.

Figure A 4  illustrates the five different vector modes that

are ava i lable.

I

VECTOR MODE PARAM ETER VALUE VISUAL APPEARANCE

line LN / 00

dashed DSH / 020

dot t ed 1 1 n e DOT / 040 — — —
end point PNT / 060

dash dot dash DO / 0120

dash—dot—dash ODD / 0140

• Vec tor Modes
FIGURE A— 4

b. M~v. 
S

The draw instructi on move 1* used to reposition

the beam on the displ ay screen. It w i l l  produce no visible

line or pattern . The format of the in stru ction is:

m ov e (x  ( ,y l C , z J )

The coord i nate va lues x ,  y . a w i l l  be e i t her  absolut e or

r e l a t i v e  values. The vector  t yp e se lec ted in the

preceed ing setveetor Instruction w i l l  determine how th~

value of these p arameters w i l l  be interpreted.

lb
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A move ins t ru c t i o n  under an abso lu te  vec to r  typ e w i l l

rep ositio n the bea m at the absolute coordinate given In the

move ins t ruction parameter list. Abs olute par8meter values

which exceed the lim i t s  of the defined coordinate system

wi l l  be assigned a value of the nearest coordinate within

the defined system.

A move instru ction under a relative vector type wi l l

reposition the beam at a location determined by adding the

parameter values to the present beam location. Relative

parameter values which exceed one—half the coordinate range

wi l l  be set to zero.

The bracketed values indicate oarameters that may be

op tional. If the user coordinate system is not three—

‘~-~ mensional, the a parameter can be omitted , and w i l l  be

i gnored if it should be included .

c. L ine

The line instru ctio n draws a visible line or

vector on the disp lay screen. The lin e is drawn from the

present beam locaton to the specified end point. The format

of the Instructio n 1s

l f ne (x byl t,zJ )

The coordinate values x , y , a w ifl be either absolute or

r e l a t i v e  va lues .  The vec tor type selected In the previous

setve ctor deter min es how the value of these parame ters w i l l

• b e inter p reted.

A line instruction under an absolute vector type w i l l
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I
draw a line from the oresent beam position to the absolute

coordinate specified in the line instru ction parameter list.

Ab solute parameter values which exceed the l i m i t s  of the

defined coordinate system wi l l  be assigned a value of the

nearest coordinate within the defined system.

A l in e i ns t ruc t i o n  under a relative vector type w i l l

draw a line from the present beam position to a point

determined by adding the parameter values to the Present

beam location . Relative parameter values which exceed one—

half the coordinate range w i l l  be set to zero. 
S

I-f the user has defined a two—di mens ional coordinate

s y s tem ,  the z parameter can be omitted , and w i-il be ignored

if It should be inc l uded.

d. Circle

The circle Instruction w i l l  draw a circle

beginning at the present beam location about the center

point specified by the user. The difference between the

present beam location and the center point determine s the

- radius of the circle. The instructi on is used by the

following format:

circle (dfr,centx f,centy) (,centz));

The p arameter dir indi cates in which directi on the

• c ircle is to be drawn, clockw ise or counterclockwise. The

number of paramete rs requ i red and their values are

dete rmined by the vecto r typ e selected in the previous

se tvec tor Instruct ion.

Ia



Circle commands issued under absolute vector types w i l l

cause the circle to be drawn about a center point as

specified in the parameter list. Absolute parameters which

exceed the limits of the defined coordinate system wi l l

• assume a value of the nearest coordinate wit hin the defined

s y ste m .

Circle commands issued under relative vector types wi l l

cause the circle to be drawn about a center point determined

by adding the parameter values to the present beam location.

Rela tive parameter values whIch exceed one—half the

coordinate range wi l l  be set to zero.

If the user coordinate system is two—dimensio n al , the z

parameter can be omitted , and w i l l  be ignored if inc l uded . A

circle Cannot be drawn by any of the four incremental

vectors.

e. A rc

Th, arc in structio n w i l l  draw an arc from the

present beam location , about the specified center point , to

the desired end point. The distance between the start ing

point and the center point determine s the radius of the are

being drawn. The instruction format is :

arc (dir,centx C,centyJ (,centzj,endx (,end’,J (,endzi ) 
-

The p ara meter dir , gives the direction the arc Is to be

drawn , C lo c k w i s e  or c o u n t e r c l o c k w i s e .  The arc ’ s ac tua l

• center and end p oints are determined by the vector tybe

selected in the orevfous call to setvector, and by the

79
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supp lied parameter values.

Arc Commands issued under absolute vector types wi l l

result in the center arid end points being absolute

coordinates as given in the command parameter list.

Absolute parameters whic h exceed the li m i t s  of the defined

coordinate system w i l l  assume a value of the nearest

coordinate w ithin the defined system .

Arc commands issued under re lative vector t ioes w i l l

result i n  the end point of the arc being determin ed by

adding the endx , endy, and endz values to the present beam

location. The center point is then obtained by adding the

cent*, centy, and centa values to the end point. Relative

parameters which exceed one—half the coordinate range wi l l

be set to zero.

If the user coordinate system has been defined as two—

dimensio nal, the a parameters can be omitt ed , and w i l l  be

ignored if included. An arc Cannot be drawn by any of the

four incremental vectors.

If the distance from the starting Point of the arc to

the center point , and the distance from the end point to the

center point are not equal, the resulting arc w i l l  Contain a

straight line. The straight line results from the arc

generator trying to compensate for the two different

distances to the center point. One dIsta nce w i l l  be used to

determine the radius of the arc the arc w i l l  then be drawn

usi ng this radius. The arc wi l l  stop at the systems new

defined end p oint m d  a strai gh t li n e w i l l  be drawn to the

S end point that had been sp ecified by the user. The resultin g

- -~~~ - --- 5 - 5 - - -  - - - 5  5--. -- - - -- 5—



arc appears in the fo llowing form:

2. Character Element

A character element represents ASC II character data that

is to be incorporated into the p icture structure. A user can

specify a character element containing ASC II, soecial Vector

General characters and formatting symbols to be disp layed on

the Vector General dis p lay screen . A user can selec t from

4. 
- 

four character sizes and has the option of selecti ng a

slanted character set. The text can be displ ayed

horizontally or verticall y on the screen. The vertical

oosition causes the characters to appear as if they were on

a page that had been rotated ninet y degrees counter

clockwise. The user can selec t the p ositio n on the screen

where the string is to begin, or can output it relative to

the prese nt beam position. =

Each character elemenp is given a unioue name by the

user. This name wi l l  allow the user to easil y reference

each character element. There are two routines wh i ch can

produce character element strings. S

a. Charele

The charele Instru ction produces a character

element strin g of a given length. The chare le character

element g e ner al ly reQuires less d i s o la y list space than the

61
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prin tv character element and is designed for elements whi ch

do not change. The character element is represented by the

following format:

charele (” elem ent name ” ,string ,Size ,wdir ,slant ,x,y)

The parameter strin g can be eit her a quoted string

within the parameter list or a pointer to a character string

or array . The character strin g wi l l  begin at the point (x,y)

or can be output relative to the present beam location by

replacing the x and y parameter with the constant VGREL .

For exampl e, the fo llowing character element, when lirik e’ d to

S 
an ob ect, would be outPut relative to the present beam

position:

• charele (” element name ”,MNow is the tim e ” ,S24,140R ,SLNT,VGREL)

A summary of the character element parameters is

oresented in Table A 11. The character Set available on the

Vector General is illustrated -in Figure A— 5. All  of the

Vector General characters can be represented with in a

character string. The soecial formatting symbols and

sp ec i a l  Vector General characters are listed in App endix B.

82
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TABLE A—Il —

S

.

SUM MARY OF CHARACTER ELEMENT PARAMETERS

size: specify character size

SZ / 00 — use pr eviousl y defined character size

521 / 0100 — set size to 100 columns b~ 60 lines

SZ2 / 0120 — set size to 81 columns by 4 1 lines

SZ3 / 0140 — set size to 60 columns by 30 lines

$24 / 0160 — set size to 32 columns by lb lines

wdir: write direction

HOR / 00 — write characters horizo ntally

VER / 0200 write characters verticall y

slant: specifies regular or slanted characters

SUIT / 00 — slanted characters

NSLNT/ 01 — regular characters

83
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~~~~~~~~~~ b. Priritv

The pr ir~tv instruction provides for a formatted

output character element string of variable l ength. Maximum

character length for a prfntv character element string is

100 characters. The printv character element is designed
S 

for output character strings wh ich change frequently . The

printv Character element is represented by the following

format:

printv(” elename ”,size,wdir,slant ,xpos,ypos, ” format ”
( ,argl,ar g2,.....,arglO I );

The first six parameters are i dentical in use to the

chard . format in initializin g and oos ition ing the character

string. The priri tv character string cannot, however , be

positioned relativel y but must be supp lied with both X and Y

absolute coordinates. The format parameter and ten optional

arg parameters are used as in a standard p rintf statement in

formatting Output.

An example of the use of the p rintv character element

would be as follows:

pr intv (”RESULT” ,SZ4,HOR ,SLNT,5.0,0.0, “result = %d~ ,
resu l t);

and could be changed lat er in the program to:

pr intv (”RESULT ,SZ3,HOR ,NSLNT, —l 0 ,0, 1S.0,”score Zd” ,
score);
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C. LINKING ELEMENTS TO OBJECTS S

Draw and character elements represent the smalles t

picture segment that can be independentl y referenced by the

user. In order to disp lay an element it must be associated

with at least one object. An object represents the smallest

entity that can be displ ayed independentl y on the Vector

General screen.

1. Ob ject Routine

Each object is given a unique name so it can be

easil y referenced by the user. Elements can be linked to an

object at one time or by several different calls to the

routine called object. An ob ject can consist of one or more

elements. A specific element can be linked to several

different objects, or may be linked to one object several

times. This object—element association or linking is

established by the routine object. This routine has the

following format:

object (num ,”object—n ame ” ,”element— ruime ”,..., ”ele ment—n ame ”);

The p arameter rium indicates the number of elements that

are to be linked to the named object by this call. The

elements are referenced by the names specified by the user

in the preceding drawele , charele , and orintv routines.

Since each object is associated with a unique name , a second

call to object, with a dupl icated object name, w i l l  cause

- - the ele m ents to be added to the object first associated with

-5
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that name.

when an element is linked to a specific object several

times, the user can no longer reference a specific

occurrence of thi s element wi thin the object, for example:

ob j ect (3, T ree”, “branch ” , “b ranch” , “branch”)

- In this case the element branch has been link ed to the

ob ject tree three times. Mhen displayed , element branch

wi l l  appear three times. Now, however, the user cannot

H un i quely reference a specific occurrence of the element

branch. If the element called branch was selected to be

erased, the first occurrence of branch would be eraseo from

the screen. In many instances it may be desirable to

uniquel y reference each occurrence of an element wit hin a

specific object. This can be accomplished by associating

several unique names with an elem ent. The routine copyele

provides this cap abilit y .

H 2. Copyele Routine

Th i s routine allows a user to assign several unioue

names to a specific element structure. In this way, an

element structure can be associated wit h an object several

times and each occurrence can be uni quel y referenced. The

routine is rep resented by the following format:

copyele (nu n,,”element—name ”,”cooyl—na me ”,”copy2—na me ”,...);

_ _ _  _ _  
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The parameter num indicates the number of additional names a

user wishes to associate with the named element structure.

The “element—name ” refers to a previousl y defined draw

element or character element block. Each of the “copy

names ” must be unique.

Now reconsider the previous examp le. If the element

branch is associateo wit h two other unique names and these

three names are used in the object—elem ent linkin g, each

occurrence of the structure can now be uniquel y referenced

by the user. The followin g two statements wi l l  accomplish

this task.

copye le (2,”branch ” ,”branc l~~’, ~branch2” ).

object (3,”tree ” ,”branch” ,”br anchl ” ,”branch2”)
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V. USER SUPPORT ROUTINES -

- After the user has incorporated al l data that is to be

displayed into the desired picture structure , it can now be

maniou lated and transformed. The following user routines

provide the means to mani pulate the picture , objects and

elements that have been- created by the user.

A descriotion of each user routine , callin g format and

error diagnostics are included in App endix B.

A. PICTURE REPRESENTATION

1. BUnk

The display blink mode can be set for the entire

picture , single object or for any number of elements

assoc iated wit h a specific object. M odif yin g the blink mode

of an objec t affects all the elements associated with that 
S

object. The routine blink w i l l  turn the bl i nk mode on or

off for the specified picture segment.

2. Erase

The entire picture , a single object or any number of

elements associated with a speci fic object can be erased

• from the dis p la y screen. The aicture segments that are

erased from the screen can be redis p layed by again

estab lishing the desired object—elem ent association. This is

accom p lished b~ callin g the routine ob ject. as described
S4•S ,

8q
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earlier. Erasing an object wi l l  affect all elements

associated with the named object.

3. Remove

The routine remove provides a user with the ability

to release the memory locations associated wit h a specific

el ement structure. The user can remove the pi cture and

release all the memory locations that have been used to

describe all the existing elements. Additionall y the pi cture

w i l l  be erased from the screen. Each element that is removed

from memor y can no l onger be referenced or linked to

objects. An individual element can also be removed from

memory. This w i l l  cause every occurrence of the element to

be erased from the screen and the memor y locations

associated with the element ’s description w i l l  be released.

The user can soecify an elem ent for removal by either its

original name or b~ any of the copy names associated wi t h

it. Remove results in the elimination of a ll occurrences and

a ll copies of an element from the displ ay screen. An

element that has been removed can be redisplayed only by

reconstructing the element block and by again establishing

the desired object—element association .

4. Dis p la y

The dis p l ay of the entire oicture , an object, or
S 

ind iv idua l elements may be activated or deactivated with

this routine. Object—element associations are not affected S

with this routine as they are with erase and remove.

go
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5. Refres h

The default disp lay refresh rate is 40 Hz and may be

altered from 15 to 120 Hz wi th this routine. H igh refresh

ra tes  ensure no flicker but may not allow enough time to

- execute all desired draw commands before refresh begins

again. Low refresh rates allow more draw commands but with

an increase in flicker.

6. Offset

Picture coordinate axis oositioni ng is norm all y 
—

centered on the displ ay screen but may be altered with this

routine. Al terin g of the oicture coordinate axis w i l l

affect all objects in the oicture.

5 
7. P sca le

Modificatio n of the oicture scale may be

accomplished by calling this routine. Al l  ob jects within

the d is p lay are affected by a m odification with thi s

rou tine.

8. Intensity Offset

The routine intoffset allows the user to vary the

in tensity )•~ ‘1 of a three—d i mensional object, or i mpose a

screen cut—off plane for the named object.

9 . In tens i t y  Sca le

The routine intsca le allows a user to vary the

intens i ty of a three—dime nsional ob ect. This provide s the

deoth—cuei ng or shading for a three—dimensional object.

01
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8. PICTURE MANIPULATION

1. Rotate

This routine allows a user to rotate an object about

the x, y, and z axis. The rotation of an object affects all

elements associated with the named object. Arcs, circles

and characters are always drawn in a plane parallel to the

screen, and are rotatable in a three—dimensional coordinate

sy stem about the z— axis .

~~. Sca l e

The routine scale allows a user to i ndependently

scale any object of the picture. All elements associated

w ith the ob ject wi l l  be scaled by the specified scale

fa c tor .

3. Translate

The routine trans all ows the user to move an object

any where in the displa y space. The object and all its

assoc iated elements can be moved in the x, y, and z planes.

Continually translating an objec t by very small increments

w i-I l cause it to apoear as if it is moving across the

dis p lay screen.

4 . Pla ce

The p lace routine allows the user to place or

position an ob ject anywhere in the disp lay soace.

Soec ification of an absolute coordinate value wil l  cause the

coordinate axes of the object to be centered on the

sp ecif i ed value.
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C. EXTERNAL DEVICES

1,. Cursor

This routine allows the user the option of

activatin g or deact ivating the display of the trackba ll ,

joystick , or lightpen cursor.

2. Posit

This routine w i l l  return to the user a floating

point value of the position of the trac kbal l , joy stick , or

lightoen cursor. The cursor need not be displayed for this

routine to work.

3. Keyboard 
-

a. Cget

The routine cget allows a user to receive and

output characters from the Vector General keyboard onto the

disp lay screen. The ASCII character data is also placed in

a user spec ified character array for processing by the

user ’ s program. Up to 121 characters can be entered. Data

entry is terminated by a carriage return. The termin ation

S 
of the data entry also erases the Output characters from the

display screen .

b. Foet

The fget routine returns to the user a floating

poin t number entered from the Vector General keyboard. This

routine uses both the cget and getf routines. 
S
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c. Iget

The iget rout ine returns to the user an integer

entered from the Vector General keyboard. This routine uses

both the cget and geti routines.

4. Lightpen

a. Lgh tpen

The liqhtpen selectabi l it y of  the picture, a

single object, or any number of elements associated with a

soecific object can be turned on or off by this routine.

This determines what picture segments wi l l  be affected by

llghtpen interactions.

b. Penhit

Af ter an element ’s Hghtoen se l ectabi l it y has

• been activated with the lghtoen routine, determination of

whether or not an element has registered a liahtp en hit is

accomolish ed 
- 
w i th this routine. A one is returned if a

j lightoen h it has occurred otherwise a zero is returned.

J For an element to register a lightpen hit it is

necessary not only for the element ’s lightoen selectab ility

S 

to hav e been activated, but also the hi -gh tp en must be

pointing at the element and the ligh tp er~ sense switch must

be activated. The llghtpen sense switch is activated by

• br id g i ng the ,m a ll rubber gao on the forward part of the

lig h t oen.

~~55~
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c. C lr hit

This routine is used to clear the elements of

lightoen hits. Element light oen selectabi l ity is unaffected

by this routine.

5. Function Switches

a. Fs m an

This routine returns to the user an indication

of whether or not a specified function sw itch is deoressed.

A one is returned to the user if depressed, otherwise a zero

if returned.

b. Fstog

S 
- 

This routine makes the functi on switches appear

as toggle switches. Odd (lst,3rd,...) selections o f  a

S switch light the l amp and return a value of one. Even

- (2nd,4th,...) selections turn the l amp off and return a

val ue of zero.

c. Lamp

t The l amp routine w i l l  light or extinguish the

soecifled function switch l amp .

d. Manint

Each depression of the manual interru pt function

switch increme n ts the manual interrupt Count by one. The

øanint routine either returns to the user the present man ual
‘S

interrupt count or sets that count to zero.

-~~~~~ 95
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6. Contro l  Dia l s

The dial routine returns a floating point number from
t 

—1 .0 to 1.0 to th, user to indi cate the relat ive position ofI the specified control dial.

S
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VI. RUNNING A VECTOR GENER AL PROGRAM

A. PROGRA M FORMA T AND COMPILATION

In order to procerly ut i lize the Vector General dis~~lay

system , routines to In $t ,al f ze and terminate the system must

be called. These routines initialize the Vector General,

start the actual visual dis p lay end properly te rminate the

display at the end of a user ’s orogram. Each user program

must inc l ude a call to these three routines:

sys iniU)
vgpicture ()
vgtermo )

The first routine, sysinit, must be called by the user

• before any other user interface routine is called. To

display the picture that a user has described on the Vector

General screen, the routine vgpicture must be called . Th i s

routine is called only once, and nothing w i l l  aopear on the

screen until it has been called. Fi nally, to properly

terminate , the system reaulreg a call to the routine vqterm

at the end of the user program .

I. C Programs

To properly in it i al i ze various data structures in

the Interface routines and utilize the Vector General

• program constants used in this manual the first line In the

user ’ s orogr~m should be:

_ _ _ _ _ _ _ _ _ _ _ _-- -- —- -— - 
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Sinc l ude 0/~ sr/graph/vg~ ata

p
Once a C program has been writte n it must be compiled

• with the user interface graphics subroutine library. To

accomplish this the following command must be issued:

vgc fjlename.c

The result of a successful comp ilation Is an executable

a.out file.

2. Bas ic Programs

The first subroutine call made by the BASIC orogram

should be:

call vqdata ()

This causes the loading of the in i t i al i zed disp lay li st .

Care must be made in previous ly declaring the “vgdata ” cal l

in an extern statement before this call . Th is call would

be In lieu of the inc lude ” statement used by the C

programs.

The program Constant names used in the C Vector General

programs do not apply In BASIC Vector General orograms.

Conversion values must be utilized instead of the string

constant na mes wP en programm i ng in BASIC. The foll ow in g

t ab le  l i s t s  th e constant  names and the eouivalent v a l u e s  in

dec imal  nu mber re p resentat ion to be used:

• DEFINE VECTOR TYPES
VA • 40,b VA Y z ‘4102
VAX * 0097 VU * 4103
VAY s 4096 INC2 • ‘1104
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VRZ = 4099 INCX = ‘4105

P VA : 4100 INCY 4106
VA X = ~4 10 1 INC3 : ‘1107

DEFINE VECTO R MODES
LN :0 PT :48
DSH = 16 DD = 80
D0T 32 DD~~ :96

DEFINE COORDINATE FIELD VALUES
AIR 0 = 0
XR :1 Y : 1
YR :2 Z :2
ZR = 3

DEFINE OF AND CF FIELDS FO R ARC COMMANDS
C :4
C C :8

DEFINE FIELDS FOR INCREMENTAL VECTORS
INCRE MENT SCALE

NMG : 0.0
MG = 128.0

DEFINE CONSTA NTS FOR CHARA CTER GENERATION
SLNT = 0 VGREL = — .00001
NSLNT : 1

CHARACTER WR ITE DIRECTION
M O R : 0
VER = 128

CHARACTER SIZE
‘SZ :0 SZ3 :96
SZI = 64 $zZl 112
SZ2 : 80

DEFINE ACTION PARAM ETER
• ON

O F F :0  CO U N T :1
DEFINE CASE STATEMENT VALUES FOR OBJ—ELE—PIC

PIC :0 E L E :1
OBJ = —l

DEFINE DEVICE SWITCH NUMBERS
LPEN :0 JOY :2
TRK : I

Once a BASIC program has been written , it must be

compil ed w i th the various user subroutine libraries. To

accomp lish the t a s k ,  the followin g system resident command

must be Issued :

vgb filename.b

The result of a successful comp ilation is an executable

a.out ” file.

_ _ _ _ _ _ _ _ _  
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8. SAMPLE PROGRAMS
1~

1. C Programs

The following Is an examole of a C—language Vector

Genera l graphics program . The actual oicture produced by

this program is illustrated in Figure 4—6.

tl nc l ude N/usr/graph/vgdata

mai no
(

m t I;
sysinit (0) I/in i t i a l ize the Vector General

I/define coordinate System
coordsys(2,— 1 .0,1.0,—i .0.1.0);

drawele (~ box N);
set vect or ( VA , IN)

mo v e (— 1 .0,— 1 .0);
line ( 1.0,—1.0);

in e (  1.0, 1.0);
l i n e ( — 1 . 0 ,  1 .0) ,
1 ine(—I .0.—I .0)

endeleO .

• charele (N name ,~ ’1I BO X0 ,SZ’1,HOR ,NSLNT,VGREL)

drawel eCu zigzaq RL
setvector (VA ,LN),

move(— 0.5 ,— 0.5);
se tvector (INCX ,LN ,.03 ,NM G ) ,

for (i:0 ; 1< 7 ; i++ )
lIne (.03,— .03)

endeleo)

//establish ob lect— e l ement r e l at i onsh Ip
Øbject (3, bigbox w ,~ box~ ,*nam e

ø ,~ zigZ aqN )
o b j e c t (3 , s m a l l b o x ” , box ” , ” name ~~, ” z i gza g ” )

sca le ( bigbox ,0.5)
t rans( bigbox , ‘0 .5, 0 .5)
seale (0sm .llbo* ,0.25)I
trans ( smal)bo,0,0.5,0.5)

vgpicture () I/display picture
• sle.p(30) I/disp l ay picture for 30 sec

vqte rm(); /~term1nate Vector General process
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2. Basic Program

P The following is an examp le of a BASIC Vector General

graphics program. The actual picture produced by thi s

program is illustrated in Figure A 6 .

rem external subroutine declarations
extern vgdata ()

• ex tern sysinit (integer )
extern coordsys (lnteger,double,double,double,double)
ex tern drawele (&char)
extern setvectorCi nteger,integer ,double,double)
extern move (double,double)
extern line (double,double )
exte rn endele()
extern ch •rele (&char,&char,integer,inteqer,integer,double)

• extern object(inteoer,&char,&char,&char,&char)
extern scale (8char,double)
extern trans (&char,double,doublt)
extern vgpicture ()
extern sleep(integer )
extern vgterm ()

rem initialize disp lay list
call vgdata ()

rem initialize the Vector General
call sy sIni tCO)

rem define coordinate system
ca ll coordsys (2,— 1.0,1.0,—I.0,1.0)

call drawele ( box )
c.ll setvectorC4l00,0,0,O)
call mo ve (—I .0,— 1,0)
call line (l.0,—i .0)
call line (1.0,1.0)
call line(—1 .0,i.0)
cal l lirie ( 1.0,—1 .0)
call endele ()

call c har.le ( n.meN ,N#I BO XN ,112,0,1,_ ,00001)

c a l l  dr aw e le ( z fgzag )
call setvectop (’l100 ,0,0 ,0)

call move (—0.2,0.0)
c a l l  setv*ctor(4105,0,.03,0)

f o r l : O t o b
cal l line (.03 ,— .03)

nex t f
• ca ll •ndele()

r em est ablis h ob jec t —e l ement re )atfons h fp
ca ll ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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p call object (3,N sma)lbox A ,Nbox M ,xname~ ,
N zigzag M )

call scale (0 b iqbo x ”,0.5)
call trans( biqbox ”,—0.5,—0.5)
call scale ( sma llbo x ”,0.25)
call trans(u smallbox u ,O.5,O.5)

rem display picture
call vgp icture () •

rem d i so lay p icture for 30 sec
cal l sleep (30)

rem terminate Vector General process
call vgterm ()
end
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Sb X

Box

Pic ture Dis p la y ed  by Sample Program
FIGURE A —b
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C. ERROR DIAGNOST ICS

A user can control the pr inting of error messages

through the use of the errormsg routine . The general format

of an error message w i l l  be as follows:

E—nn TTTT: “eeee” in routine rrrr ()

where:

nn = error number

TTTT = erro r type

eeee = error

rrrr : routine in error

For example:

1. E—1 BLOCK: in routine line ()

Message ind icates a block error in routine
lineO. Probable cause is a line() command issued
outside a dr~awele () block. The line () command w i l l
be disregarded and control returned to the user ’s
program .

2. E—5 NO OBJ: “Tree ” in routine eraseo)

Message Indicates that the object ‘Tree ’ has
been used in the erase () routine and no Such ob ject
currentl y exists. Routine wi l l  be disregarded and
control returned to the user ’s- program.

3. E—15 X: “150.000000” in routine printv ()

Message Indicates an improoer X coordinate.
value in the printv () routine. The erroneous X
coordinate value of 150 wi l l  be reduced to a value
w ithin the defined coordinate system (me: 100 for
default coordinate sy stem ) and the routine w i l l
con tinue execution.

4. E—25 NUM DIAL: “3b~ in routine dial ()

Message indicates an improper dial number
of 36 used in the d i a l  C) routine. Routine w i l l
retur n a value of 0.0 to the user. .. --  

-
- 

~~
_

- i~~~ 
•

A brief idea of the Cause of the error may be gained
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from the error type sp ecification in the error message.

Hopefull y with a soecificatlon of the error, the error type

and routine where the error occured, the user wi l l  be able

to guic kly trace and correct the oroblem. Shoula a more

• detai led exp lanation be desired , a fuller description of the

specified error may be obtained w i t h  the help of the error

number and error diagnostic table , or by reviewing the

diagnostic section under the routine in question .

The software support oackage is designed so that most

errors w i l l  not terminate a user ’s prog ram, and i n  fact most

errors wi l l  usually result in the termination of the

specified routine and return control to the user ’s program.

Every e.~fort w i l l  be made to execute the support routi nes

an d user ’s program to compl etion so that at least some of

th e user ’s data wil l  be displayed. t
TABLE-Ill

ERROR DIAGNOSTIC TABLE

E— 1 ELEMENT BLOCK ERROR — The. specified routine is in
error in one of two respects. Either the routine

• has been called outside a drawele () block when it
should be wit hin, or the routine has been called
with i n a drawele () block when it should be 

—

outside. The Instruction w i l l  be ignored and
control returned to the user ’s program. Block
errors have a tendency to occur in groups when the
programmer is not careful in constructin g element
blocks.

E—2 SPACE ERROR — Space allocated by the system for
the building - of elements has been exceeded. See
the routine remove in order to free uo unnecessary
element memory locations. The instruction
executing when this error occurs w i l l  be ignored

• and control wi l l  be returned to the user ’s
program.

E 3  DIRECTION ERROR • The valu e of the oarameter ‘d ir ’
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was not C or CC in the specified routine. A
j  direction of C w i l l  be assumed and the routine

w i l l  continue execution .

CHAR ACTER ERROR — A character symbol included in
• ~n ASCII charac ter string is undefined. The

symbol w i l l  be ignored and control w i l l  be
returned to the user ’s orogram .

E—5 OBJECT ERROR — The named object does not exist ; it
has not been defined in a call to the routine
objectt ). A sp ecification of a non—existent
object w i l l  terminate the routine and return
control to the user ’s program.

E—6 ELEMENT ERROR — The named element doet not exist ;
it has not been defined in a call to draweleO ,
charelefl, or pr- intv (). For routines that specif y

- a number of element names, this type of error
normally results in skipp ing the specified element
and continuing the routine with the next element.

E 7  DUPLIC AT E ELEMENT ERROR — An element name has been - •

dupl icated in a drawele () or charele () call. Each
element structure created by drawele () or
charele () must have a unigue name. This error
usually results in either skipp ing the designated
element and continuin g the routine , or termination
of the routine and return to the user ’s p rogram.

E 8  ELEMENT NUMBER ERROR —The total number of elements
allowed by the system has been exceeded. M aximum 4
number of elements allowed is 70. The user should
consider using the remove () routine to delete
unnecessar y elem ents so new elem ents may be
introduced .

E 9 OBJECT NUMBER ERROR • The number of objects allow-
ed by the system has been exceeded. M aximum

j number of objects is 10.

E—1 0 VECTOR MODE ERROR — Specified vector vmode in
setvector () routine is in error. A vector mode of
LN wi l l  be assumed and the routine w i l l  continue
execution. See the setvector () summary for
allowable vector mode codes.

E—1l DIMENSION ERROR — The coordinate dimension sceci—
* ficat ion is in error. Either the ‘dim ’ pa rameter

i n  coordsys () is in error, or a vector type of VA Z
j or VRZ has been specified w i t h  ~~ two—dimensional

• coordinate system. The routine in question w i l l
F be skipped and control returned to the user ’s

orogram . •
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E— 12 ADD ELEMENT ERROR —An error has occurred in cget ()
or object () in attempting to bu i ld a new elem ent.
Routi ne terminates and control is returned to the
user ’s program.

E— 13 MAKE OBJECT ERROR — An error has occurred in
cget () or object () in attem ptin g to build a new
object. Routine termi nat es and control is
returned to the user ’s program.

E—1 4 VECTOR TYPE ERROR • An improper vector type was
specified in routine setvectorO . A vector type
of VA w i l l  be assumed and the routine w i l l
Continue executing. See the setvector() summary
for allowable vector type codes.

E 15 X COORDINATE /INCREMENT ERROR • The sp eci fied x
parameter exceeds allowable li mits. If an
absolute x coordinate exceeds the defined
coordinate system, the x value w i l l  be set to the
value of the nearest coordinate wi t h i n  the defined
system (xm ln or xmax ). If the parameter sp eci fies
an x increment which exceeds one— half the
Coordinat e range, the param eter is set to zero.

• E— 16 V COORDINATE /INCREMENT ERROR — The specified y
parameter exceeds allowab le lim i ts. If an
absolute y coordinate exceeds the defined
coordinate system, the y value w i l l  be Set to the
value of the nearest coordinate wit h i n  the defined

• system (ymin or ymax). If the parameter specifies
a y increment w hich exceeds one—half the
coordinate range, the parameter is set to zero.

E—1 7 Z COORDINATE /INCREMENT ERROR — The specified 2
parameter exceeds allowable l im i ts. If an
absolute z coordinate exceeas the defined
coordinate system, the z value w i l l  be set to the
value of the nearest coordinate wi t h i n  the define d
system (zmin or z’nax). If the parameter specifies
a z increment which exceeds one—half the
coordinate range, the parameter is set to zero.

E— l8 ELEMENT NUMBER ERROR — The parameter ‘num ’ spe-
ci fy in g the number of elements bein g oassed in
this routine is not — 1 to 10. A ‘num ’ value of 10
w i l l  be assumed and the routine w i l l  Continue
executing.

E— 19 CIR/APC ERROR — A circle or arc cannot be drawn by
an incremental vector. The routine is skipped and

* contro l returned to the user ’s orogram .

E•20 USER BUFFER ERROR — The size of the supp lied user
buffer has been exceeded. Eithe r enter a carriage
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return or erase (cntrl—a ) Part of the buffer.

E—2 1 ADO OBJECT ERROR — An error has occurred in cget ()
or ob ject() in attempting to add an object to the
disolay . Routine terminates and control returned
to the user ’s program.

E—22 OBJECT LINK ERROR — The specified element i s  not
linked to the specified object. Error usually
results in skipp ing the element in cuestion and
continuing the routine wit h the next element.

E 2 3  FUNCTION SWITCH NUMBER ERROR —An improper function
number was specified. The routine terminates and
control is returned to the user ’s p rogram . A
value of zero is returned to the user.

E—2U ACT ION VALUE ERROR — An imoroper action va lue was
soecified in this routine. Refer to routine
summary diagnostics for specific action taken.

E—25 DIAL NUMBER ERROR — An improper dial number was
soecified in routine dialO . The routine
terminates and a value of 0,0 i s  returned to the
use r ’s orogram .

E—26 ELEMENT ERROR —Eleme nt specified in p r in tv routine
was specified earlier as other than a pr intv
element. Routine w i l l  be skipoed and control

- returned to the user ’s orogram .

E—27 DEVICE NUMBER ERROR —An improper device number was
used in this routine. For sygin it () a device
number of zero w i l l  be assumed and the routine
w i l l  continue . For curso r () or oosit () the
routine wi l l  terminate and control w i l l  return to
the user ’s program. The oo3it() routine w i l l  also
return a value of 0.0 to the user.

E 2 8 COORDINATE SPECIFICATIO N ERROR — The spe cification
of a coordinate in thi s routine is In error. The
routine terminates and a value of 0.0 is returned
to the user.

DIMENSION ERROR — Neither the lightp en nor the
track .ball have a z coordinate specIficat Ion. The
routine terminates and a value of 0~.O is returned

• to the user.
k

E—30 
‘ VALUE ERROR — The ‘va l ’ p arameter in intscale () or

lntoffsetO , or the ’ra t e ’ parameter In refresh ()
• is in error. The rdutine terminates and control

returns to the user ’ s program.

E—31 CUT ERROR • The ‘cut ’ parameter in intscale() is

• 1 08 -j



not zero or one. The routine terminates and

p con trol returned to the user ’s program.

E32 DUPLICATE LINK ERROR — ‘ ne speci fied element is
al— ready link ed t , the object. The routine
continues execution with the next specified
element.

E 3 3  BUFFER LIMIT ER ROR — Either the supp lied user buf-
fer has been filled or 121 characters have been
read In the cget () routine. The routine w i l l  wait
for either a carriage return or erasure (cntrl—a )
of part of the buffer contents.

E 3 A  FORMAT ERROR — The desired output string exceeds
100 characters in the printv() routine. The
routine w i l l  pri nt only the first 100 characters.

E 3 5  WRITE ERROR — The write direction param eter is in
error. A defau lt value of ~4OR w i l l  be assumed and
the routine continued.

E 36 SLANT ERROR — The slant parameter is in error. A
default value of NSLNT wi l l  be assumed and the
routine contInued .

E—3 7 SIZE ERROR — The size oa~~ meter is in error. A
default value of 514 wi l l  be assumed and the
routine continued .

I
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AP PENDI X B

USER SUPPORT ROUTINE DESCRIPTIONS

The description of the user interface routines appear In

a format similar to the routine descriptions in the UNIX

Reference Manual at the Naval Postgraduate School Computer

Laboratory.

- I
t
I
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arc arc

NAME :

• arc  • draw an arc

SVNOPSIS:

2—dimensional coordinate system
VR/VA : arc(di r,centx,centy,endx,endy)
VRX /VA X: arc (dir,centy,endy)
VQY/VAY: arc (dir,centx,endx )

• 
VRZ/VA Z : not allowe d

3 dimensiona l coordinate System
VP/VA : arc (dir,centx,centy,centz,endx,endy,endz)
VRX /V AX: arc (di r,centy,centz,endy,endz)
V R Y /V A V : ar c (di r ,ceritx ,cen tz ,end x ,end z)
VRZ/VA Z: arcCdir,centx,centy ,endx,ena y )

m t  dir: CC / 004 — counter clockwise
- ç / 010 — clockwise

float centx ,centy,centz,endx,endy,endz;

DESCRIPTION:

An arc is drawn from the pr esent beam location , about
a center point to an end point. The location of the

- cen ter and end points depend upon the specified vector
type and suoplied center and end point parameters.
The parameters oassed for the center and end points of
the arc are either relative or absolute values. The

• number and value of these parameters are determined by
• the vector type selected in the orevious call to set

• vectorO . If the center point is not an eaual dis-
tance f rom the starting point of the arc and the end
point , an arc wil l  be drawn using one of the distances
as the radius . The result is a straight line drawn
from the actual terminating coint of the arc to tne
end p oin t.

If the vector type is an absolute vecto r, the cen ter
— and end points wi l l  be as given in the p arameter list.

Au to increment vector tyoes wi l l  cause the center and
• end p oints to have the same coordinate value as the

sta r tin g oolnt for the desi gnatso auto—increment coor-
dinate. Under absolute vector types , p aram e ters whi ch
fall outside the defined coordinate system wi l l  assume
a value of the nearest coo rd ina te  within the de fin ed
system .
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• arc arc

If the vector type is a relative vector, the end point
of the arc wi l l  be obtained by add i ng the endx, endy,

• and endz values to the starting point. The center
point is then obtained by adding the centx , centy, and
centz values to the previousl y obtained endpoint. As
with absolute vectors, auto—increment modes cause the
cen ter and end points to have the same coordinate
value as the starting ooint for the designated auto—
increment coordinate. Under relativ e vector tyoes,
parameters whic h exceed one—half the coordinate range
wi l l  be set to zero.

Arcs cannot be drawn by any of the four incremental
vec tors.

DIAG NOSTICS:

All errors wi l l  be orinted on the POP—Il terminal
screen.

ERROR CAUSE ACTIO N
E 1  Routine has been called Return

outside a drawele( ) block
• E 2  N~ more seace available Return

in disp lay l ist
E 3  The draw direction was not dir = C

• defined as C or CC
E—11 3D not defined Return
E— lS The * value was out—o f—bounds x : xmi n

or xm ax
or 0.0

E—l b The y value was out—o f bounds = y m i n
or ymax
or 0.0

E— l7 The z value was out—of—bounds z
or zm ax
or 0.0

E 1 9  Illegal arc ins truction Return
from incremental vector

ALSO SEE:

circ le, se tvector
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blink blink

NAME :

f bli nk — blink the entire Picture or the specified
object or elements

SYNOPSIS:

blink (act on, nun’, “ob J name ”, “e l ” , “ele2” , .. ., “elelO ” )

m t  action: ON / 01 blink
OFF / 00 stop bli nking action

m t  num: PlC / 00 Dicture
OBJ / — l object
1 — 10 elements

To blink the entire picture:

bl ink (action ,PIC);

To blink a specific ob ject:

blin k (action ,OBJ ,”objname ”)

To blink elements of a specific object:

• b lin k (act ion,n um, ”objname ” ,”elel” ,”ele2” ,...);

DESCRIPTION:

The blink mode for the entire picture, a single ob-
jec t or any number of elem ents of a sp ecific object,
can be turned on or off.

Modifying the blink mode of an object affects all ele—
— ments linked to that object.

The p arameter ‘nun” soecifies the number of element• names being oassed in thi s routine and can vary
between I and 10.

DIAGNOSTICS:

All erro rs w i l l  be crinted on the POP—Il terminal
- I screen.

ERROR CAUSE ACT ION
E 5  S~•cifIed objname does not 

— 

Return



blink blink

1-
E— 6 Specified element does not Skip

exist e lement
• E 1 8  Parameter ‘num ’ not 1 to 10 nun’ = 10

E—22 Element not linked to Skip
soecified object element

• E—2 4 Improper action va lu e action OFF

I-
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cg et cget

• NA ME:

cget — get ASCII characters from the VG keyboard

SYNOPSIS:

cget(buffer,lerigth,*pos,yposL

char *buffer

m t  l ength;

float xp05,ypOS;

DESCRIPTION:

This routine allows for buffered input from the VG
keyboard to be disp layed on the disp lay screen and
inserted In a user—Su pp lied buffer. Parameters allow
for the positioning of the dis p lay buffer on the
screen in absolute coordinates. The l ength of the
user—supplied buffer must be specified in the parame-
ter ‘length’ .

A blinking cursor indicates the be ginning of the
buffer and the character s~ ze. Characters may be
entered into the buffer and onto the screen up to a
maximum of either 121 characters or the size of the
supolied user buffer, whichever is smaller.

Contents may be erased from the screen and Phe user
buffe r by repeated cn tr l—a keystrokes. A C/R w i l l
terminate the input string, delete the dis p lay of the
buffer contents, and insert a ‘\ O ’ as the next charac-
ter in the user buffer to Indicate termi na tion of the
st ring.

A li sti n g of the ASCII character code for every key—
board entr y is listed o,~ the fo llowing page.

DIAGNOSTICS:

All errors w i l l  be printed on the POP—i l terminal
scree n.

• ERROR CAUSE ACTION
E 9  Object li mi t exceeded Return
E 1 5  Specified xoos out—o f—bou nds xpos 2 *m i n

or xmax
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cqet cget

E - I b  Sp e c i f i e d  ypos o u t — o f — b o u n d s  ypos = ym in
or ymax

• E—20 EIther 121 Characters entered Wait for CR
or user  buffer li m i t  reached or CNTRL—A

* 

ALSO SEE:

iget, fget

VG
OCT AL CHARA CTER GENERATED KEYBOARD
CODE SYM BOL SYM BOL

000 NULL (ignored) ~ ctr l
001 SO erase last char. A ct r l
002 STX (ignored) B ct r l
003 ETX - (ignored) C ctr l
0011 EOT (ignored) 0 ctr l
005 ENO (ignored) E ctr l
006 ACK (ignored) F ctrl
001 BEL (ignored) C ctr l

t 010 85 8S
011 MT (LF, cent) I ctr l

• 01 2 LF LF
013 VT (top, cent) K ct rl
014 FF (top, left) L ctr l
015 P-IL (CR, LF) CR
016 SE (ignored) N ct rl
017 SI (ignored) 0 ctrl
020 OLE (clear queue) P ctrl
021 OCt (—LF) 0 ctr l
022 DC2 (—SZ) P ctrl
023 0C3 (-.SZ) S ctrl
024 DC4 (terminate ) T ctr l
025 NA K (ignored) U ctr l
026 SYN (ignored) V ctr l
027 ETB (i gnored) W ctr l
030 CAN (ignored) X ctr l
031 EM (ignored) Y ct rl
032 SUB (ignored) Z ctrl
033 ESC (escape ) I ctr l

• 034 FS (ianored) \ ctr l
035 CS (ignored) 3 ctr l
036 PS (Ignored) ~ ctrl

• 037 US (-Ignored)
040 Space so bar
041 1 1 1 shif t
0112 • 2 shift
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cget cget

0413 N 3 shIft
044 S 4 sh Ift
04 1 5 2 5 shift
046 6 shift
047 ‘ 7 shift

• 050 C 8 shift
051 ) 9 shift
052 * : s h i f t
053 ; shift
054
055 — —
056 .

057 / /
060 0 0
061 1 I
062 2 2
063 3 3
064 4 4
065 5 S
066 6 6
067 7. 7
070 8 8
07 1 9 9
072 : : -

073 ;
074 , shift
075 = — shift
076 • shift
077 ? / shift
100 a a
101 A - 

A shift
102 B B shift
103 C C shift
1041 D U shift

• 105 E E shift
106 F F shift
107 C C shi ft
110 H H shift
111 I I shift
1 12 J J shift
113 K shift
114 L L shift
115 M M shift
116 N N shift
117 0 0 sh i ft
120 P P s h i f t
121 0 0 shift
122 P R shift

• 123 S S sh i ft
124 1 T shift
125 U U shi f t
126 V V shi ft
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cget cget

127 W ~ shift
130 X X shift

• 131 Y V shift
132 Z Z shi ft
133 1 1

• 134
135 1 i
136 (superscript)
131 (subscript)
1410 ~ shift
141 a A
142 b B
141 3 c C
1114 d D
1415 e E
1416 f F
147 g C
150 h H
151 i I
152 i J
153 k K
154 1 L
155 M
156 ti N
157 a 0
160 P
161 a 0

• 162 r R
163 s S
164 t T
165 u Li
166 v V

- 167 w w
1 70 x x
171 y V
172 z z
173 ( C shift
174 \ shift
175 ) I sh ift
176 — A shift
177 del DEL
240 0 space spec
2411 I 1 shift spec
2412 I 2 shift spec
2413 0 3 shift spec
24111 1$ shift spec
2415 V (ce ntered) 5 shift spec
246 / 6 shIft soec

• 2417 4” 7 shift soec
250 C B shift spec
251 9 shi ft spec
252 (subscr Ip t) : ihl ft spec
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cget cget

253 + ; shift spec
2541 , spec
255 — soec
256 1 • spec
257 / spec
260 0 spec
261 t 1 spec
262 2 spec
263 a 3 spec
2641 $ ‘4 spec
265 A (centered) S spec
266 6 spec
267 £ 7 spec
270 U 8 spec
271 II 9 spec
272 • (center dot) spec
273 * ; soec
274 , shift spec
315 1 M shift spec
316 N s h i f t  spec
317 A 0 shift spec
320 P shift spec
321 0 s h i f t  søec

•

1 
• 322 R shift spec

323 1 S shift spec
324 T s h i f t  spec
325 S U shift spec
326 f V shift spec
327 A W shift spec
330 P X shift spec
331 1’ V shift soec
332 Z s h i f t  spec
333 L I spec
3311 \ spec
335 1 spec - 

-

336 — ~~~ soec
337 ~~~soec
340 (blinking) ~ sh ift spec
3411 A spec
342 B spec
3413 V C soec
344 O spec
3415 1 E spec
3116 F soec

• 3417 V G spec
350 1 H spec
351 & I spec
352 ‘S J spec
353 .4 K spec
3541 L spec

- 

355 M spec
356 V N spec
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cge t cget

357 O spec
360 V P spec• 361 Q spec
362 e R spec
363 S soec

- 364 1 spec
— 365 7 U spec

366 e V spec
367 1 W spec
370 X spec• 371 V soec
372 Z spec
373 r C soec s h i f t
374 j \ spec s h i f t
375 f I soec s h i f t
376 ~ spec shif t
377 DEL sp ec
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chare le chare le

p
NAME :

charele — d i s p l a y s  an A S C I I  c h a r a c t e r  s t r i n g
on t h e  V e c t o r  G e n e r a l

SYNOPSIS:

charele (N elename ,charptr,size,wd ir ,slant ,xpos ,ypos )

m t  size: SZ / 0000 USe previo us character size
SZ 1 / 0100  s i z e  = 100 co l  x 60 l i n e s
5Z2 / 0120 size = 81 co l  x ‘41 l i n e s
SZ3 / 01(1 0 sixe = 60 c ol  x 30 lines
SZ’4 / 0160 s iz e  = 32 c a )  x l b  l i n e s

m t  w d u r :  HOP / 0000 w r i t e  h o r i z o n t a l l y
VER / 0200 w r i t e  v e r t i c a l l y

m t slant: SLNT / 00 slan t charact ers
NSLNT / 01 no slant chara cters

float xoos, woos;

xpos: VGREL — to output characters relative
to the present beam p ositio n
t he parameter xpos should be
replaced with VGREL and the
Parameter ypos omitted.

DESCRIPTION:

This routine disp lays the ASCII character string,
speci fied by charotr , on the vector general screen.
The characters can be outout by sp ecifying the desired
coordinate starting point (xpos,yoos) or by outp utting
the string relative to the oresent beam location. The
symbols available inc l ude f o r m a t t i n g  symbols and an
extended character set. These can be inc luae a in any
character string by includi ng the proper ide n ti f ying
symbols. The character string formattin g symbols are:

KEYBOARD FORMAT
• SYMBOL

ij
backs p ace moves back one character space

NA lin e feed , p o s i t i o n  c en t e r  sc reen
• NB line feed

positio n at too center of screen
ND positio n at top left corner of screen
HE carr i age control , line feca

• 121
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charele • charele
I-

HF ignored
HG ignored
NH special charac ter
HI neg. line feed; moves up one line
NJ decreases Current character size by one

increases current character size by one

Due to the extended character set available on the
vector general , al l special character symbols are pre-
ceded by a pound sign. In order to have a pound sign
appear on the screen, two pound signs (NH) must appear
in the character string . A l ist of the special char-
acters available are listed on the next page under
Extended Character Set.

DI AGNOSTICS:

All errors wi l l  be pri nted on the POP— il terminal
screen.

ERROR CA USE ACTION
E 1  Routine has been called Return

w i thin a d r a w e l e ( )  b loc k
E 2  No space available in Return

dis ol ay lis t
E—4 Incorrec t ASCII characte r symbol None

found i n  character string
E—7 Duplicate element name Return
E—8 Maximum number of elem ents Return

exceeded
E— 15 Specified ipos out—of—bounds xpos xmin

or xm ax
E—16 Specified ypos out—of bounds voos = y m i r i

or ymax
E—35 Improper ‘wdir ’ parameter write = NOR
E— 3 6 Improper ‘slant ’ p ara meter slant =

NSLNT
E—37 Improper ‘size ’ parameter size SZ4
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charele charele

Extended Character Set

DAT AMEDIA
KEYBO ARD CHARACTER
SYMBOL

*space 
-

— 4
— U

NL 0
N’ £
NH V

I
N ’

NC

N)

+
• H , 4

H—

N.

1/ 1

$0

NI 
-

• 12 it

• 14$ $
$5 A

123
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cPi arele chare le

*6 3

*7

*8 U
*9 11

N: •

N; x

NM

NO A

NP T

*0 (7

HR -p
*8

NT

I

_ _  

_ _ _ _ _  

I 

_ _ _

________ 

- - _ _ _ _ _



cPar ,l. chare le

H’

Ha

Nb I
NC V
Nd

Hf

Nh 1.

Ni

• *k /

*1

Nm

In V
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circ le cir cle

NA ME:

• ci rcle — draw a circle

SYNOPSIS:

2—dimensional coordinate system
VP/VA : circle (dir,centx ,centy );
vRx/VA X : ci rcle (dir,centy )
VRY /VAY: circle (di r,cent x)
VRZ/VAZ: no t allowed

3—dimensional coordinate system
VR/VA : circ)e (dir,centx ,centy,centz );
VRX /VAX: circle (dir,centv ,centz );
VRY /VAY: clrcle (dir,centx ,centz);
VPZ/V AZ: circle (dir ,centx ,centy);

m t  dir: C / 010 clockwise
CC / 0041 counter—c l ockwise

float cent*,centy,centz

DESCRIPTION:

• A circle is drawn from the Present beam locatio n about
a center point. The locat ion of the center point
depends uoon the specified vector type and suppli ed
center point Parameter. The parameters oassed for the
center point of the circle are either relative or
absolute values. The number and va lue of these param-
eters are determined by the vector tyPe selected in
the previous cal ) to setvectorO .

If the vector tyoe is an absolute vector- then the
center point of the circle w i l l  be as given in the
parameter list , Auto—inc rement vector tyoes w i l l
cause the Center ooint to have the same coordinate
value as the starting point for the designated auto—
increment coordinate. Under abso lute vector types,
parameters which fall outside the aefined coordinate
sy stem w i l l  assume a value of the nearest coordinate
w it hi n the defined system .

If the vector tyPe Is a relative vector the center
poInt wi l l  be obtained by adding the centx , Centy, and
centz values to the starting point. As with absolute
vectors , auto—increment modes cause the Center point
to have the same coordinate value as the starting
point for the designated auto—i ncrement coordinate.
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c ircle circle

Under relative vector types, parameters whic h exceed
one—half the coordinate range wi l l  be set to zero.

Circles cannot be drawn by any of the four incremental
vectors.

DIAGNOSTICS:

All errors w i l l  be printed on the PDP—1i terminal
screen.

ERROR CA USE ACTION
E—1 Routine has been called Return

outside a drawele() block
E 2  No soace ava ilable i n  R e t u r n

disp lay l ist
E—3 Draw directio n not defined dir C

as e i th e r  C or CC
E—11 3D not defined Return
E—1 5 The x value was out—o f—bounds x = xmi n

or xma x
or 0.0

• E— lb The y value was out—of—bounds y = ym in
or yma x 4
or 0.0

E—17 The z value was out—o f—bounds z : z m i r i
or zmax
or 0.0

E—1 9 Illegal circle instru ctio n Return
from incremental vector

ALSO SEE:

arc , setvector
I
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clrhl t clrhi t

NA ME: 
-

cl r hi t — clear picture /object /elem ent lightoen hit

SYNOPSIS:

cl rh it (num, “ob i name ”, “e l ename “ )

m t  num: PlC / 00 clear all element lightpen hits
OBJ / —1 clear liqhtp en hits on all

eleme nts of sp eci fied object
ELE / +1 clear ligh tp en hit on specifie d

element of specified object

To clear all element s of lightp en hits:

clr h it (PlC);

To c lear all elements of object ‘tree ’:

cl rhi t (08J. “t ree ”);

To clea r element ‘branch5’ of object ‘tree ’:

clr hlt (ELE ,” t ree ”,”branch5”);

DESCRIPTIO N:

Th i s routine clears lightoen hits on a singl e element ,
group of elements, or all elements. If PlC is spec -i —
tied, all elements are cleared of lig htp en hits. If
OBJ is specified , all elements attached to the speci—
fled object are cleared of light oen hits. If ELE is
specified , only the Indicated element of the specified
object I s  cleared of a light oen hi t. Invalid oarame—
ters wi l l  result in no action being taken.

DIAGNOSTICS:

Al l  errors w i l l  be p rinted on the PDP— ll termi nal
sc reen.

ERROR CAUSE ACTION
E—5 Indicated objname does not Return

exist
• E 6  !ndfcated elena me does not Return

exist
E 2 2  E lem en t not linked to Return

sp eci fi ed ob j ect

- 
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coor dsy s coords y s

NAME :

coordsys — define user coordinate system

SYNOPSIS:

coordsys(dim ,minx, m axx ,miny,m ax y (,minz,maxz ) );

m t  dim: 2 or 3

float minx, m axx ,m-i riy,maxy,n,inz , ”axz

DESCRIPTION:

Defines a two or three dime nsi onal cartes ian coordi-
nate system, of any scale, for the user. The Parameter
‘dim ’ specifies the number of dimensions required. It
‘dim ’ is 2 then onl y the range of * and y need to be
spec I fied.

m in * must be strictl y less than max i .

m iny must be strict ly less than maxy.

m ine must be strict ly less than maxz .

Al l  subsequent user coordinate values are inter orete d
according to this user de fined coor d inate svsten .

If coordsy~~() is not calIco by the user the default
values w i l l  be taken. The de fault coordinate system is
three dimensional wit h x, y, z ranging from 100.0 to
100,0. All  coordinate values received w i l l  be inter
preted according to these default values unless the
coordinate system is redefined by the user.

DIAGNOSTICS:

Any values which fall outside of the defined coordi-
nate sy stem w i l l  produce an error message sp eci fying
whi ch coordinate value was out—o f —bounds. If the
value was an absolute coordi nate , the nearest coordi—
nate w ithin the de fined coordinate system w i l l  be
assumed. If the value was a relative value that was
out o f bounds, a value of zero w i l l  be assumed.

Al l  errors w i l l  be p rinted on the PDP—11 terminal
sc reen.
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coordsy s coordsy s

ERROR CAUSE ACTION
E— ll Di mension not soecified as Re t ur n

20 or 3D

-t
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copy e le con v e l e

NAME :

coovele — specify additional names to be used
in referencing a specific element block

SYNOPSIS:

copye le (num , ”e len ame ”,”na m e l” ,”name2” ,....,”namel 0”L

m t  num I to 10

I
DESCRIPTION:

This routine allows the user to give several unique
names to a specific element blo ck. In this manner, a
user can li nk one element to an object several times
and can uniquel y reference each occurrence of the
element w i t h i n  t h e  ob j e c t .

The parameter ‘mum ’ speci fies the number of element
names being oassed in this routine and can vary
between I and 10.

DIAGNOSTICS:

All errors wi l l  be pr inted on the P O P — t i  t e r m i n a l
screen.

ERROR CAUSE ACT ION
Soec ified elena m e does not Return
exist

E 7  Dup licate element name Skip
element —

E—8 Maximum number of elements . Return
exceeded

E—18 Parameter ‘mum ’ not 1 to 10 num = 10

ALSO SEE:

drawele , ob ject
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cursor cu rsor

NA ME:

t cursor — activate /deactivate dis p lay of specified
device cursor

SYNOPSIS:

cu rsor (dev,act ion);

m t  dcv : LPEN / 00 liqh tp en
T RK / 01 t r a c k b a l l
JOY / 02 joystick

m t  a c t i o n :  OFF / 00 t u r n  c u r s o r  d i s p l a y  o f f
ON / 01 t u r n  c u r s o r  d i s o l a y  on

DESCRIPTION:

This routine w i l l  activate /deactivate the aisolay of
the soecified device cursor depending on the soecified
‘action ’ value.

The trac kball and joystick cursors are disp layed as
blinking p lus si gns. The trackba ll cursor is two

• dimensional and may be moved along the X— Y plane . The
joystick cursor is drawn two dimensionall y but can
move I n  a l l  three dimensions. As the joystick cursor
moves along the Z axis its inten sity Cueing is affect—
ed. Both trackball and joystick cursors may be moved
without being disolayed.

The lightp en cursor is a sm e ll non—blinking octogon.
It is drawn in two d i m e n s i o n s  and  can  o n l y “ov e a l o n o
the X— Y plane , The lightp en may o n l y  be moved  w h i l e
beina displayed. Lightoen cursor movement may be
accomplished in one of two soeeds, depending upon
whether the Jight p en sense switch is on.

Dr AGNosrics:

L A l l  errors w i l l  be p rinted on the PDP—11 termin al
screen.

ERRO R CAUSE ACTION
E24 Imorooer ‘action ’ value Return
(—27 Improoer ‘dcv ’ number Return
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dial dial

NAME :

dial — return va lue of specified dial

• SYNOPSIS:

dia l (nu m )

m t  mum: 1—10

double dial ()

DESCRIPTION:

T h i s  r o u t i n e  r e t u r n s  to  t h e  use r  a d o u b l e  p r e c i s i o n
value from —1.0 to +1.0 of the sp ecified dial. A zero
(0) i s  r e t u r n e d  to  t h e  use r  i f  an improp e r  dia l ‘ rium ’
is specified.

To obtain the double orec ision value from this routine
t h e  f u n c t i o n  d e c l a r a t i o n  “ d o u b l e d i a l O ” m u s t  be made
in the users program.

DI AGNOSTICS:

All  errors w i l l  be printe d on the POP—li terminal
screen.

ERROR CAUSE ACT ION
E25 Improper dial ‘mum ’ Return 0.0

13R 
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dis p lay dis pl ay

NAME:

• dis pl ay — activate /deactivate dis p la y of the entire
p icture , en object , or an element

t - 

SYNOPSIS:

di solay ( act ion , t yoe, “ob j name ”, “d el” , ... ., “ele lO ” )

m t  action: ON / 01 turn dis p lay on
OFF / 00 turn dis p lay off

m t  type: PlC / 00 entire Picture
OBJ / —1 sp ecified object

1 — 10 individual elements

To activate dis p lay of ent ire picture:

disolay(ON ,PIC)

To deactivate dis p la y of an object:

d isplay(OFF,OBJ , ”obj name ”);

To deactivate dis olay of 3 elem ents in an object:

d isolay (OFF,3,”objna me ”,”e lel” ,”ele2” ,”ele3” )

DESCRIPTION:

This routine w i l l  activate or deactivate the displ ay
of the entire p ictu re, an object, or elements w i t h i n
an object depending upon t~’e ‘acti on ’ parameter.
Unlike the erase() and removeo ) routine s, thi s routin ’
does not affect the element—ob ject rel atio ri sh ios, but
sim p ly turns the dis p lay of its parameters either on

El. or off. The routine should not be confused with the
vgpicture( ) routine which must be called to initiate
the disp lay of elements.

DIAGNOSTICS:

All  errors w i l l  be printed on the PO P—il terminal
sc reen.

- ERROR CAUSE ACTION
(—5 Specified obinam e not found Return
(—6 Specified element not found Skip

element
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disp lay displ ay

(—18 Parameter ‘type ’ not — l to 10 type = 10
E 22 Elemen t not linked to Skip

specif ied object element

• ALSO SEE:

vgplcture, erase, remove
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drawele drawele

NA ME:

drawele — start a draw element block

SYNOPSIS:

dr awe le (” e l e n am e”)

DESCRIPTION:

This routine specifies the beginning of a draw element
block. It associates a unique name with the group of
draw instructions that fell in between this cell and a
cell to endeleO . The resultin g pi cture segment wi l l
then be referenced py the name specified as the ele
ment name in thi s routine.

A user may want to repeat a specific elemen t block
structure several times within one object. Instead of
specif ying several element blocks which describe the
same structure a user can indicate a group of names

• which refer to  one specific element block. These
unioue names each referring to the same structure can
then be linked to an object, and each can be un iaue ly
referenced. Thi s association of several names with o~eelement can be accomp lished by the routine cooyeleO.

DIAGNOSTICS:

A l l  errors w i l l  be orinted on the POP—li termin al
screen.

ERROR CAUSE ACTIO N
(—1 Routine has been called Return

within a drawele () block
E—2 No space ava ilable Return

In disp lay list
E 1  Du p l icate element name Return
E—8 Maximu m number of eleme nts Return

exceeded

ALSO SEE:

copye le, ob jec t 
-

137 ’ii --. -
- -

‘
- -~~~~---_~~~~- . --~~~~~~~~~~~~I --- -—~~~~~~~- -



- - ---— 

I
ende le endele

P 
NAME :

ende l e  — end of the current elem ent block

SYNOPSIS:

endeleO

DESCRIPTION:

Specifies the terminati on of a list of draw instruc—
tion s describi ng a sp ecific elem ent. The picture seg-
ment described by a group of draw Instructions that
fall between a drawele() and endele() call w i l l  be
referenced by the name specified in the drawele ()
cal l.

A new element bl ock cannot begin until the previous
block has been properly terminated by a call to en—
delcO.

DI A GNOSTICS:

This routine must be called to properly end a draw
- element block. If a block is not properly terminated

prior to the beginning of a new element block , all
drawele () calls w i l l  be ignored and any draw instruc-
tions that follow w i l l  be associated w i th the element
block that has not been terminated.

All errors w i l l  be printed on the RDP— 1l terminal
screen.

ERRO R CAUSE ACTION
E 1  Routine has been called Return

outside a drawe leo ) block
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erase erase

NAME :

• e r ase  — erase the soecified portions of the pi cture

SYNOPSIS:

erase (num,”obj name ”,”ele l” ,”ele2” ,....,”elei0”)

m t  mum: PlC / 00 all elements
OBJ / 1 all elements within specified

object
1 — 10 specified element s w i t h i n

speci fied object

To erase  the entire picture :

erase (PIC)

To erase a spec i f i c  object:

e rase(OBJ, “ob jname ”).

Io erase elements of a specific object:

erase (m um, “ob j name ” p “ele 1” , “ele2” . .. ) ;
DESCRIPTIO N:

The entire picture, specified object or the li sted
elements of a specific object, w i l l  be erased from the
vector general disp lay screen. The elements stil l
exist. To redlso)ay any oort ion of the erasea picture,
the appropriate element—object linking must again be

• done by the user.

The parameter ‘num ’ speci fies the number of element
names bei ng gassed in  this routine and may vary
between I and 10.

DIAGNOSTICS:

All  errors wi l l  be printed on the POP— Il terminal
screen.

ERROR CAUSE ACTION
(—5 Soecifled objriame does not Return

ex ist
(— 6 Specified element does not 5kb

exist element

13q
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erase erase

E 1 8  Parameter ‘mum ’ not —I to 10 num 10
f—fl Element not linked to Skip

- specified object element

ALSO SEE:

t remove, disp lay , object

iuo
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error msg •rrormsg

NAME :

errorm sg — print error messages on POP 11 termi nal
screen

SYNOPSIS:
- 

erro rmsg (ection);

m t  ac tion: ON / 01 p rint error messages
OFF / 00 do not or int error messages

DESCRIPTION:

All error messages w i l l  automaticall y be printed on
the PO P— Il terminal screen. The user can control the
p rinting of error messages during any portion of a
program by ca lling th i s routine.

_  
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fget tget

NAME :

fget — get a floating point number from the VG
keyboard

SYNOPSIS: -

fget (tnum .*oos ,vp osl ) 
-

m t  mum: ABS / 01 absolute coordinate indicator

float xoos.yoosj (x,y) absolute coordinate

To return a float ing Point number and begin i nput
disolay buffer at (50.0,75.0) absolute:

f’q.t(ABS,SO.0,75.0)

To return a float i ng point number and begin input
disp lay buffer at ( x m l n , y m i n )  absolute:

fqet C ) ;

DESCRIPTIO N:

This routine returns to the user a floating ooint
number from the VG keyboard. The routine is s imilar
to qetf () ari d in fa ct uses qe tf() to accomp lish its
task.

The ootional carameters allow the user to p ositio n the
I nput disolay buffer anywhere on the disp lay screen.
The ‘xpos ’ and ‘yoos ’ p a r a m e t e r s  are absolute floating
point coordinates. If no parameters are given the
i nput buffer wi l l  begin at (xm in,ymin ). Coordinate
p arameters which fa ll outside the defined coordinate
sy stem wi l l  assume a va lue of the nearest coordinate
within the defined system.

The i nput dl so l sy buffer is drawn w i th the help of a
call to th e cqet () routine. The input disp lay buffer
has a maximum size øf 20 characters before an error
mes sage is d isp lay ed.

To obtain the floating point value from this routine
the function declaration “f loat fqetO ” must be made

• in the users orogram .
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fget fget

P4
DIAGNOSTICS:

All errors w i l l  be printed of the POP—I l terminal
screen .

ERROR CAUSE ACTION
(—15 Specified xpos out— of—bounds xp os = x m i n

or xm ax
f—lb Scecified yoos out of—bounds ycos ym in

or y m ax
E 3 3  Buffer lim i t  of 20 characters gait for CR

reached or CNTRL—A

ALSO SEE:

iget, cget

I
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fsman fsmari

NAME :

fsma n — check function switch depressed

SYNOPSIS:

fs man (mum);

m t  mum: 0 — 31

DESCRIPTIO N:

This routine checks the status of the speci fied func-
tion SwitCh and returns a one (1) if depressed and a
zero (0) if riot depressed. Unlike fstogO, l amps are
not lighted by this routine and a one is returned onl y
so lon g as the switch is p hysically depressed.

It is not recommended that both fstog () and fsman () be
used in the same Program. Due to the operation of the
routine fstog (), if both routines are used the l amp
status on switches cueried by fsman () should be disre-
garded.

A zero is returned if an improper function Switch
‘mum ’ is specified .

DIAG NOSTICS:

Al l  errors w i l l  be printed on the POP—i l terminal
screen.

ERROR CAUSE ACTION
(—23 Improper function switch Return 0

‘n*j m ’ soe c i f i e d

ALSO SEE:

fstog, l amp
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fitog fstoq

NAME :

fstog — check function switch toggle

- SYNOPSIS:

fstog(numL

m t  mum: 0 — 31

DESCRIPTION:

This routine checks the specified funct,ion S w i t c h  and
returns a one Cl ) and lights the appropriate l amp on
the odd (lst,3rd,5th,....) depressions of the function
switch. The return valu e and l amo status remain -the
same until the next even (2nd,4th,bth,....) depression
of the function switc h whereupon a zero (0) is re-
turned and the l amp extinguished.

It is not recommended to use both fstoq() and fsman()
routines in the same program however , I f  both are
used. disregard the l amp status of  function switches
queried by fsmanO .

- A zero is returned if en improper function sw i t c h
‘num ’ is specified.

DI AGNOSTICS:

All  errors w i l l  be printed on the POP—ti terminal
screen.

ERROR CAUSE ACTION
(—23 Improper function switch Return 0

‘rium ’ specified

ALSO SEE:

fsman, l amp
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NAME :

iget — get an integer from the VG keyboard

SYNOPSIS:

iget (tnum ,xpos,yposfl;

ir’t mum: ABS / 01 absolute coordinate indicator

float xpos,ypos; (x,y) absolute coordinate

To return an integer and begin i nput dis pl ay buffer at
(25.0,17.0) absolute:

iget (ABS, —25,0, 17 .0);

To return an integer and begin inout disp lay buffer at
(xmin ,ym in ) absolute:

iget C);

DESCRIPTION :

This routine returns to the user an integer from the
VG keyboard. The routine is simi l ar to get -IC ) and in

• fact uses geti () to accomplish its task.

The op tiona l parameters allow the user to positio n the
input dis p lay buffer anywhere on the dis p lay screen.
The ‘xpos ’ and ‘ypos ’ param eters are absolute floating
ooint coordinates. If no parameter s are given the —

i nput disol .a y buffer w i l l  begin at (xmin ,ym in ), Coor-
dinate oarameters w h i c h  fall outside the defined coor-
dinate system w i l l  assume a value of t h e  nearest coor—
dinate within the defined system.

The input di so l ay buffer is drawn w i t h  t h e  h e lp  of a
cal l to the eget () routine. The input diso l ay buffer
has a maximum size of 20 characters before an error
message is displayed.

DIAGNOSTICS:

Al l  errors w i l l  be printed on the POP—It terminal
sc reen.

ERROR CAUSE ACT ION
E 1 5  Soecified xpos out of bounds xpos : xmln

or xmax
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- 

f—tb Specified yoos out of bounds ypos ymin
- 

or y m a x
• E—33 Buffer l i m i t  of 20 characters Wait for CR

reached or CNTRL—A

ALSO SEE:

fget, cget
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irito ffset fntoff set

NAME :

• intoffset — object inte nsity offset

SYNOPSIS:

in to f f set C “ob j name ”, va l)

float val 0.0 to 1.0

DESCRIPTION:

The intensit y ranae of the sp ecified ob j ect is deter-
mined by the parameter ‘val’ . If ‘va l ’ is one, the
maximum intensity range is achieved. If the value is
zero, the intensit y is Constant and the image has no
depth—cuei ng.

DIAG NOSTICS:

All errors wi l l  be orinted on the POP—il terminal
screen.

ERRO R CAUSE ACT ION
(—5 Specified ob ject does not Return

exist
E 3 0  Parameter ‘v a l ’  not 0.0 to 1.0 Return

ALSO SEE:

int sca le
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intsca le m nts ca le

NAME : - -

intsca le — m odif y ob ject intensity scale

• SY NOPSIS:

m t  sca le ( “oh j name ” va l , cut ) ;

float val: 0.0 to 1.0

m t  cut: 0 or 1

DESCRIPTION:

The intensi ty range of an object , wh i ch aive s a
three— dim ensiona l object its depth cueing, is deter-
mined by the param eter ‘v e l’ . The range of ‘val’ is
from zero to one. If ‘val’ is one the maximum intensi-
ty range is obtained; if it is zero the objec t has no
depth cueing .

The parameter ‘cut ’ provides for the use of a screen
cut—off plane. If the valu e of ‘Cut ’ ~ S one then the
cut off plane p rovisions are in effect. If the value
is zero there w i l l  be no screen cut— off plane.

DIAG NOSTICS:

All errors w i l l  be prin ted on the PDP— 1l terminal
screen.

ER ROR CAUSE ACTION
Speci fied objname does not Return
exist

E—30 Parameter ‘va l ’ not 0.0 to 1.0 Return
E 5 1  Parameter ‘cut ’ not 0 or 1 Return

ALSO SEE:

i ritof f set
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l amp l amp

F
NAME :

l amp — light /extinguish soecified l amo

SYNOPSIS:

l amp(num ,act ipn)

m t  mum: 0 — 31

iri t action: OFF / 00 turn l amp off
ON / 01 turn lamp on

DESCRIPTI ON:

Thi s routine lights /exti nguishes the speci fied l amp
depending on the soecified ‘action ’ parameter. An
‘action ’ value of OFF w i l l  extinguish the specified
l amo, while a value of ON w i l l  ligh t the appropri ate
l amp . A n Improper l amp ‘mum ’ or ‘action ’ w i l l  result
in no action being taken.

DIAGNOSTICS:

All  errors w i l l  be printed ~n the POP—Il terminal
screen.

ERROR CAUSE ACTI ON
(—23 Improoer l amp ‘num ’ speci fied Return
E—24 Improper ‘action ’ value specified Return

ALSO SEE:

fstog
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lghtpen lghtpen

.4

NAME :

lghtpen — set lig ht~ en sensitivit y of
the plcture ,object or elemen ts

SYNOPSIS:

l-ghtpen C act ion, mum, “ob j name ” , “d el” , “e le2” , .. .., “el elO” ) ;

m t  action: ON / 01 set lightp en sensitivit y
OFF / 00 clear ligh-t pen sensitivit y

m t  num PlC / 00 picture
• OBJ / —I object

1 — 10 elements

To set sensiti vit y of the entire oicture

lghtpen (act ion,PIC);

To set sensitivit y of an object:

lghtpen (actlon.OBJ, ”objname ”);

To set sensitivity of elements of a specific object:

• lghtpen (act-ion,num , ”objname ”,”el e l” ,”ele2” ,...)

DESCRIPTIO N:

The user can specify which aicture segments wi l l  be
lightp en sensitive. These elements designated as
li ghtpen sensitive w i l l  be affected by lightpen in—
teraction with the vector general disp la y screen.

The parameter ‘mum ’ speci fies the number of element
names being oassed I,, thi s routine and may vary from I
to 10.

DI AGNOSTICS:

All errors w i l l  be pr inted on the PO P— Il terminal
screen.

ERROR CAUSE ACTION
E’~5 Spec i fied objname does not Return

exist
(—6 Speci fied element does not Skip

exist e lement

‘SI
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lghtpen )ghtoen

E—1 8 Parameter ‘mum ’ not —l to 10 num 10
E—22 Element not linked to Skip

soeci fled object element

ALSO SEE:

p enhit , c lrh i t
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line line

NAME :

- line — draw a line

• SYNOPSIS:

2—d i mensional coordinate system
VP /VA : line (parx ,pary)
VR X/~ AX: llne(pary )
VRY /V AY: line (parx )
VRZ/VAZ : not allowed

3 dimensional coordinate system
VP /VA : Hne (parx,pary,parz)
VR X /VAX : line (oary,par z)
V R Y /VAY : lin e (oarx ,parz )
V R Z/VAZ: l i ne Cp a r x ,p a ry ) .

float parx,oary,oarz

• DESCRIPTIO N:

A lin e is drawn from the pr esent beam lo cation to a
position (x,y,z). The locatio n of Cx,y,z) deoends
upon the vector type and the specified parameters..

If the vector type is absolute , the location of
(x~ y,z) wi l l  be (parx,oary,oarz). If an auto—
increment mode is in effect , the designated auto—
increment coordinate is left out of the parameter list
and is incremented by the designated increm ent to find
the termination point of the line. Under absolute
vector tyces, parameters which fall outside the de-
fined coordinate system w i l l  assume a value of the
nearest coordinate within the defined system.

If the vector type is re lative, the location of
- (x,y,z) will  be the present beam location p lus the

sp ecifie d p arameter va lues. A s with absolute vectors ,
auto—increment modes do not specify the designated
auto—increment coordine~~ in the parameter list.
Under relat i ve vecto r types, p arameters w hi ch exceed
one— hal f the coordinate r~— nge w i l l  be set to zero.

DIAGNOSTICS:

~~~~ Al l errors w i l l  be p rinted on the POP— Il terminal
scree n.

_  
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l ine line

ERROR CAUSE ACTION
(—I Routine has been ca lled Return

- outside a drawele () block
(—2 No sp ace av a i l a b l e  in Return

dis p lay list
E—15 Parameter oarx out—of—bounds p arx = xmi n

or xmax
or 0.0

(—16 Parameter pary out—o f—bounds pary = ymin
or yma x
or 0.0

E—1 7 Parameter oarz out—of—bounds parz = zmi r
or zmax
or 0.0

ALSO SEE:

set vec tor

i

t
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m a n i n t  m a n i n t

F
NAME :

manint — Clear or return manual interru pt Count

- SYNOPSIS:

manint (act ion);

m t  action: CLEAR / 00 set count to zero
COUNT / 01 return Count

DESCRIPTION :

Th is routine either returns the p resent value of the
manual interru pt count or resets the count to zero.
Each ti m e the manual interru pt function switch is
depressed the manual Interrupt count is incrementea by
one.

An ‘action ’ value of COUNT w i l l  return to the user the
present manual interru p t count . w hile a value of CLEAR
w i l l  reset the count to zero. An improper ‘act ion ’
value w i l l  result in returning a value of zero but not
affectin g the manual interrupt Count.

DI AGNOSTICS:

Al l  errors w i l l  be p rinted on the POP—ti terminal
scree n.

ERROR CAUSE ACTION
(—2 4 Improper ‘action ’ value Return 0
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move move

P
NA ME:

move — move to the specified location

- SYNOPSIS:

2—d i mensio nal coordinate system
VR/VA : move (parx,pary);
VR X /VAX: move (oary)
VRY /VA Y: move (o.rx);
VRZ /VA Z: not allowed

3—dimensional coordinate system
y R /V A : moveCparx ,oary,parz );
VPX /VAX: moveCoary,parz );
v R Y / V A v :  m ov e C o a r x , pa r z ) ;
~RZ/VA Z: move (oarx,pary);

float parx,pary,parz;

• DESCRIPTION:

The beam is moved from the present position to a posi-
t i o n  C * , y , z ) .  The l o c a t i o n  of ( x , y , z )  depends uoon
the vector type and the specified parameters.

If the vector type is absolute , the location of
(x,y,z) w i l l  be (parw,pary,parz). If an auto
increment mode is in effect , the designated auto—
increment coordinate is left out of the parameter list
and is incremented by the designated increment to find
the termina tion Point. Under absolute vector types,
p arameters which fall outside the defined coordinate
sy s tem w i l l  assume a value of the nearest coordinate
with i n the defined system.

If the vector type Is relative , the location of
(x,y,z) wi l l  be the Present beam location plus the
spec ified parameter values. A s with absolute vectors ,
auto—Increment modes do not sp e c i fy  the designated
auto—Increment coordinate in the carameter list.
Under relative vector types, parameters which exceed

- one—half the coordinate range wi l l  be set to zero.

DI AGNOSTICS:

All erro rs wi l l  be p r Inted on the PO P—il term i nal
screen .



F 

-

move move

ERROR CAUSE ACT ION
E 1  R o u t i n e  ha s been c a l l e d  R e t u r n

- outside a drewele () bloc k
• (—2 No soace ava ilable in Return

dis p lay list
(—15 Parameter parx out of—b oun ds oarx = xm in

or xmax
or 0.0

(— 16 Para meter pary out—of—bou nds pary y m in
or ymax
or 0.0

E 1 7  Parameter parz out—of—bounds parz = zm in
or zmax
or 0.0

ALSO SEE:

setvector
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ob ject ob ject

r
NAME :

ob ject — l ink elements to specified object name

- SYNOPSIS:

ob ject (num,”objname ”,”el el” ,”ele2” ,....,~ elel 0”H

m t  mum: 1 — 10

DESCRIPTION:

A ssoc i a t es with the named object each of the listed
elements. This p icture segment, or element grouping
w i l l  be referenced by the object name specified in
this routine.

Every element must be linked to at least one object in
order for it to be disp layed on the Vector General
screen. A user can link one or more element names to
an ob ject. Elements can be linked to an Object by one

• or several calls to this routine. An element can be
linked to several different objects , or one element
may be linked several tim es to the same object.

• If an object or element has been erased from the
displ ay screen , a user can redisp lay the desired ob-
jec t or elements by again establishi ng the desired
object—el ement association.

The Parameter ‘mum ’ speci fies the number of element
names being passed in this routine and may vary from I
to to .

DI AGNOSTICS:

All errors w i l l  be printed on the PDP— li terminal
screen.

t ERROR CAUSE ACTION
(—6 Sp ecified element does not Skip

. ex Ist element
(—6 Maximum number of elements Return

exceeded
E—9 Maxim um number of objects Return

exceeded
(—12 Add ele ment error Return
E 1 8  Parameter ‘num ’ not 1 to 10 mum : 10
(— 2 1 Add ob j ect e r ro r  R e t u r n
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object objec t

(—32 Element already link ed SkIp
elemen t

ALSO SEE:

d rawe le,  cooyele, erase, remove

1~~~~

I
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offset offset

NAME :

offset — offset picture coordinate axis

-~ 
• SYNOPSIS:

offset (xoff ,yoff )

float xoff ,yoff: —1.0 to +1.0

DESCRIPTION:

This routine wi l l  alter the p ositioning of the entire
picture on the display screen. Normal or default oic—
ture pos itioning is centered on the disp lay screen and
corresp onds to oftset (0.0,0.0). Both the X and Y axes
may be altered with this routine. Para meters outside
the range 1.0 to +1.0 w i l l  result in no alterin g of
the speci fied coordinate axis.

DIAGNOSTICS:

All errors w i l l  be orinted on the POP—li te rminal
scree n.

ERROR CAUSE ACTION
(—IS Specified xoff value Skip X axis

out—of—bounds altering
(—lb Specified yoff value Skip V axis

out—of-bounds alterin g

ALSO SEE:

t rans
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penhi t p enh it

NAME :

penhit — determine If object/element l i ghtpen hit

SYNOPSIS:

penhit C mum, “oh j name ”, “elename ”)
m t mum: OBJ / —I check penhit on object

ELE / +1 check penh it on element

To check for lightpe n hit on object ‘tree ’:

penhi t (OBJ, “tree ”L

To check for light pen hit on element ‘branch5’ of
object ‘tree ’:

penhit (ELE,”tree ”,”branchS” );

DESCRIPTIO N:

• This routine checks to see if an object or element
w ithin an object has had a light oen hit. The routine
returns to the user a one (1) if there has been a
lightpen hit on the element or object, otherwise a
zero (0) is returned. When testing for a lightp en hit
on an object only the first two oarameters are neces—
sary, and a one is returned i f  any element w i t h i n  the
object has had a lightpen hit.

The clrh it () routine must be called to clear an object
or element of lightpen hits. In valid parameters w i l l
result in a zero being returned to the user.

For an element to register a lightp en hit the
element ’s lfghtaen sensitivit y must be activated with
the lghtpen () routine and the llghtoen, with the sense
switch selected, must be held over the element.

I
DIAGN OSTICS:

All errors wil l  be printed on the POP—li terminal
screen .

ERROR CAUSE ACTION
• (— S IndIcated objname does not Return 0 - :

•xi$t
(—6 Indicated elena m e does not Return 0

ex i s t
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p enhit p enhit

F 
E—22 Element not linked to Return 0

specified object

ALSO SEE:
- 

lghtpen , cl rh it

- 
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p lace olace

NAME :

olace — position object

• SYNOPSIS:

p lace (” objname ” ,xa bs,yabs (,zabsl )

float xabs,yabs,zabs;

DESCRIPTION:

The soeci fied object, wi th al l its elem ents, is oosi—
tioned at absolute . locat ion (xabs,yabs,zabs).

The z parameter is reauired onl y when the coordi nate
system is defined as three dimensio nal, and w i l l  be
ignored if inc l uded under a two—dimensional System.

DIAG NOSTICS:

All  errors w i l l  be pr inted on the PO P—li ter m ina l
Sc reen.

ERROR CAUSE ACT ION
(—5 Soecified Object does not Return

exist
(—15 Specified xabs out— of bounds x~ bs x’nin

or xma x
E— lb Spec ified ~abs out—o f-bounds yabs ymi n

or ymax
E— 17 Soecified zabs out—o f—bounds zabs = zmin

or zmax

ALSO SEE:

off set , trans
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NAME:

p o sit — return coordinate value of specified device
cursor

SYNOPSIS:

posi t  (dev ,coord)

m t  dev: LPEN / 00 liqht p en cursor
TRI~ / 01 trac kba ll cursor
JOY / 02 joystick cursor

m t  coord X / 00 * coordinate
V / 01 y coordinate
Z / 02 z coord inate

float øositO

DESCRIPTION:

Thi s routine returns to the user a floatin g p oint
value of the specified coordinate and device. The
value returned is a value within the user specified
coordinate system .

Thi s routine w i l l  return the present position of the
device cursor even though the cursor may not be
Currentl y displaye d. A coordinate value of zero is
returned if an improper parameter is received.

To obtain the floating p oint value from this routine
the function declar ation “float posit~~~~” must be made
in the users program.

DIAGNOSTICS:

A ll errors w i l l  be orinted on the POP—li terminal
scree n.

ERROR CAUSE A C T I O N
(—27 Impr op er ‘d’v ’ number Return 0.0
E 28 Imp~ oper ‘cooro ’ number Return 0.0
E 2 9  No 3D w ith LPEN or TRK Return 0.0

ALSO SEE: -

cursor
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priri tv p r intv

NAME :

orintv — formatted pr irit f routine for VG display

SYNOPSIS:

p ri ntvC “elename ” , size, write, slant , xoos, ypos, “ f ormat ”
(,a rgl ,arg2. .. . . ,argIOJ );

m t  size: SZ / 00 use previous character size
SZI / 0100 size 100 col x 60 lines
S22 / 0 120 size = 81 col * ($1 lines
SZ3 / 0140 size 60 col x 30 lines
SZ4 / 0160 size = 32 co) * lb  lines

m t  write: HOR / 00 horizontal ori n ting
VER / 0200 vertical p rinti n g

m t  slant: SLNT / 00 slanted p ri n ting
NSLNT / 01 no slanted p rinting

float xpos,ypos absolute coordinates

A sample p rinted at (—25.0,—10.0) absolute:

p r in tvC ” test ” ,SZ4,HOR ,SLNT , —25.0,— iO .0,
“brav otSi %d”,bravo (5J )

DESCRIPTIO N:

This routine is a forma tted p rint routine s imilar to
the print f () routine except Output ~ S to the VG
disp lay screen. The routine is a combination of the
chareleo ) and printf () routines. The routine uses the
first 6 parameters as the charel eo ) routine does in
positionin g and init I alizin g an element structure.
Coordinate parameters which fall outside the d e f i n e d
coordinate system w i l l  assume a value of the nearest

— 
coordinate within the defined system.

UnlIke chareleo) the routine allows multi p le calls
up on t h e same element , each ca l l  up dating the

• ele ment ’s character strin g . The routine allows for
formatted outout str ings of uo to 100 chara cters be-
fore an error message is dis p layed.

- Each new element declared in a prlntv () routine uses
up 57 words of the a v a i l a b l e  dis p lay l i s t  so care must
be taken not to declare too many new elements in this
routine. It should be remembered that an element may
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p ri ntv p r intv

P be used repeatedly with this routine.

• Elements originall y declared elsewhere as either vec
tor drawing elem ents or character drawing elements
should not be used in this routine. In other words ,

- 
element names found in this routine should be unigue
and should not be found in other drawele o ) or
charele () routines.

DI AGNOSTICS:

All errors wi l l  be printed on the POP 1I terminal
screen.

ERROR CAUSE ACTION
E—2 No more soace available in Return

disola y li st
E 8  Maximum number of elements Return

exceeded
(—15 P a r a m e t e r  *pos o u t — o f — b o u n d s  x S xmin

or xmax
E 1 6  Parameter ypos out—o f—bounds y ym in

or ym ax
• E—34 Formatted output l ength Chop tO 1st

exceeds 100 chara cte rs 100 char
E—3S Improper ‘write ’ parameter -write = HO P
E— 36 Improper ‘slant ’ parameter slant

NSLNT
(—37 Improper ‘s i ze ’ parameter size SZL$

ALSO SEE:

chare le -
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osca le oscale

NAME :

• osca l e — scale the p icture

SYNOPSIS:

pscale (val )

float va l : 0.0 to 1.0

• DESCRIPTI ON:

This routine w i l l  scale the entire picture. Norma) or
default picture scaling corresponds to pscale (l.0).
An improoer oscale () parameter w i l l  result in the pic-
ture scale remainin g the same as before ca lling this
routine.

DI AGNOSTICS:

All  errors w i l l  be printed on the POP—il terminal
screen.

ERROR CAUSE ACT ION
• E 3 0  Parameter ‘val ’ not 0.0 to 1.0 Return

A LSO SEE:

sca l e



refresh refresh

NAME :

• 

- 

refresh — change refresh rate

- SYNOPSIS:

r e f r e s h ( r a t e )

m t rate: I to 8

D E S C R I P T I O N :

This routine w i l l  change the refresh rate of the VG
disp lay screen. Normal or de fault refresh rate is 40
Hz and corresponds to refreshC3). To determine the
refresh rate for different values use the follow ing
eguat ion:

120 / rate S new refresh rate

DIAGNOSTICS: -

- All errors wi l l  be printed on the POP—li terminal
screen.

• ERR OR CAUSE ACTION
(—30 Parameter ‘rate ’ not 1 to 8 Return
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remove remove

NAM E:

remove — erase the indic ated portion of the p icture
and remove the associated element bloc k
from the disp lay list

SYNOPSIS:

remove(num ,”elel” ,”e l e2” ,.,..,”elelO” );

m t  num PlC / 00 all elements
I — 10 soecif led elements

To remove the entire pi cture:

remove (PjC);

To remove element structures:

remo ve C m u m ,  “ e l ” , “ e l e 2 ” , ..)

D E S C R I P T I O N :

The entire picturt, or every occurrence p f  t h e  named
elements are erased from the vector general displ ay
screen. Each named element Structure wi l l  be removed
f r o m  t h e  display li st. The routine removes all occu—
rances of the specified elements including elements
constructed with the copyele () routine.

To r e d i s o l a y  any p o r t i on  of t h e  removed p i c t u r e  re-
qu i res t h a t  t h e  use r rebuild each element and re link
I t  to t h e  ap p r op r i a t e  ob j ec t s .

The p a r a m e t e r  ‘mum ’ sp e c i f i e s  t h e  n u m b e r  of e l e m e n t
• names being passed in this routine and may vary from I

to 10.

DIAGNOSTICS:

All err ors w i l l  be pr inted on the POP—il term inal
screen.

ERROR CAUSE ACTION
E 6  Specified element does not Skip

exist element
(—18 Parameter ‘mum ’ not 1 to 10 mum = 30

ALSO SEE: 
- -

e ra se,  di sp lay
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r o t at e  r o t a t e

0
NA ME:

• rotate — rotate an object

SYNOPSIS:

rotate (”objname ” ,xradians,yradians C,zradiansl )

float xrad i ans,yradi ans,zradians

DESCRIPTIO N:

The named object w i l l  be rotated about the *, v ,  z
coordinate axis. The oarameters . given in radian meas-
ure, specify the degree of rotation desired about each
ax is.

The z parameter is reouired onl y when the coordinate
system is defined as three dimensional and w i l l  be
i gnored otherwise.

DIAG NOSTICS:

All  errors w i l l  be print ed on the POP— Il terminal
• screen.

ERROR CAUSE ACT ION
(—5 Specified obiriame does not Return

exist

‘7 



scale scale

NAME :

- scale — m odif y object scale

SYNOPSIS:

scale (” objname ”, scale);

float scale: 0.0 to 1.0

DESCRIPTION:

All  elements associated with the named objec t are
scaled by the value scale at displ ay time. The range
of scale is from zero to one. Norm al or de fault ob-
jec t scalin g corresponds to scale (” obj name ”,1.0).

DIAG NOSTICS:

Al l  errors w i l l  be printed on the POP— Il termin al
screen.

ERROR CAUSE A C T I O N
E—5 Specified Objname does not Return

• exist
(—30 Parameter ‘sca l e ’ not 0.0 to 1.0 Return

ALSO SEE:

pscale



- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -‘ •- -..___ - _ _ -

setve ctor setvector

NA ME:

setvector — speci fy the vector tyoe and vecto r mode

- SYNOPSIS:

setvector (vtype,vmode (,incU,scalei );

m t  vtype
VR — vector relative
VRX — vector relative auto— increment x
VRY — vector relative auto—inc rement y
VRZ — vector relative auto—i ncrement z
VA — vector absolute
V A X  — v e c t o r  a b s o l u t e  a u t o — i n c r e m e n t  x
VAY — vector absolute auto—increment v
VAZ — vector absolute auto inc rement z
INC2 — vector incremental 2—dimensional
INC X — vector increm ental auto—i ncrement x
INCY — vector incremental auto—Increment v
INC3 — vector incremental 3—dimensional

m t  vmode
LN / 00 — lin e

0514 / 020 — dashed line
DOT / 040 — dotted li me

• PNT / 060 — end point
DO /0120 — dash—dot—das h line
DOD /0i40 — dash—dot—das h line

float scale:
MG / 128.0 — add the coordinate increments

to the hi gh order bits of the
specified register.

NMG / 0.0 — add the c o o r d i n a t e  increments
to the low order  b i t s  of t h e
specified register.

float Inc

DESCRIPTION:

This routine specifies which one of the 12 vector
typ es is  to be drawn in the line , move, circle and arc
Instructions which follow. It a l so sp ecifies the vec—
tar mode (I.e., line , dotted, dashed, etc.), and if
requ i red, the increment value for auto—increment vec
tore and the scale factor for incremental vectors.
The coordinate values passed in the following draw
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instructi ons are deoendent on the vector type selected
in this routine.

Thi s must follow a drawele () call and preceed any draw
instructions. This routine can be cal led any number of
times within a draw element block.

The bracketed z parameters are required only when the
coordinate system has been defined as three dimension-
al.

DIAGNOSTICS:

All errors w i l l  be printed on the PO P—il terminal
screen.

ERRO R CAUSE ACTION
E 1  Routine has been called Return

outside a drawele() block
E 2  No space av a ilab le in Return

di s ol ay li st
(—1 0 Improper vector mode vmode = LN
(—14 Impr op er vector typ e vtype = VA
(—iS Specified x-i nc out—of—bounds xinc = xmi n

or xm ax
- or 0.0

(—lb Spec ified y~ nc out—of—bounds vinc = ym in
or ymax
or 0.0

(—17 Specified zinc out—of—bounds zinc = zm in
or zmax
or 0.0
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setvect or — V A  setvector — V A

NA ME:

VA — vector absolute

SYNOPSIS:

drawe leC” elename ”)

.

set vec t or ( VA , vmode)
move (coordx,coordy (,coordzl )
l fne (coorcx,coordy (,coordzl );
c i rcle (di r,centx,centy (,centz) )
arc (dir,centx ,centy (,cent .zJ,endx,endy (,endzj )
.

endeleO

float coordx,coordy .coordz
float centx ,centy,cent z ,endx ,endy,endz

DESCRIPTION:

The x ,y,z coordinates of absolute vectors are speci-
fied with respec t to the origin , or zero position of
the user defined coordinate system. Each x, y, z coor-
dinate value references a unique point on the displ ay
screen . Under th is vector type, coordinate parameters
for move /line /arc /circle Commands which fall outside
the defined coordinate system w i l l  assume a value of
the nearest coordinate wit h i n the defined system.

DIAGNOSTICS:

All  errors w i l l  be printed on the POP—Il terminal
screen.

ERROR CAUSE ACTION
(—1 Rou tine has been cal led Return

outside a drawele () block
(—2 No space available in Return

• dlsolay li st
- - 

(—10 Improper vector mode vmode 2 LN
(—14 Improper vector type vtype = VA
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NAME :

VAX — vector absolute auto—increment x

SYNOPSIS:

drawel cC “el ename ”);
.

set vect or C V AX, vmode,x inc ) ;
move(coordy (,coordzl );
lineCcoerdy (,coordzl );
clrc le (dir ,centy (,centzl );
arc (dir ,cent y (,centzj,endy (,endz] );
.

ende l eO

float xinc,coordy,coordz
float centy,centz,endy,endz

- DESCRIPTION:

The vector absolute auto— increm ent x causes the ini-
tial x coordinate value to be incremented or decre—

• mented by the value specified by ‘xinc ’. bit h every
move /line /arc /circle command the specified v and z
coordinate values are uodated w hile the x coordinate
value is incremented by the constant value ‘xinc ’.
For example, the point (x,y,z) becomes p oint (x+xin c ,
coordy,coordz). Under this vector tyoe~ coordinate
parameters for move /line/arc/c i rcle commands whi ch
fall outside the defined coordinate system w i l l  assume
a value of the nearest coordinate within  the defined
system.

A ‘xi n c ’ p ara met er exceed ing one—half the coordinate
range wi l l  be set to zero.

DIAGNOSTICS:

- A l l  errors wi l l  be pr inted on the PO P— il ter minal
screen.

ERROR CAUSE ACTION
- (—I Routin, has been called Return

outside a drawele o ) block
(—2 No space ava il a b l e  in Return

di so lay li st
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- setvector — VAX setvector —V AX

!4
E 1 0  Imp rooer vector mode vmode = LN
E 1 4  Im p r op e r  v e c t o r  tyP e  vt y p e  V A

I - E 1 5  Soecified ‘xinc ’ out—of—bounds xin c = 0.0

I

-
~~~~~~~~

4

I 
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NAME :

VAY — vector absolute auto—increment y

SYNOPSIS:

dr awel  e ( ” el ename ”) ;
.

.

setvec tor (VAY , vmode, y inc )
‘no ve (coordx (,coordzj );
line (coordx (,coordzl );
circ le (dir ,centx (,centzl )
arc (dir,centx 1,centz l ,endx (,endzj );

.

endele ()

float yinc,coordx,coordz
float cent x ,centz,endx,endz

• DESCRIPTION:

The vector absolute auto increment y causes the m i —
- tial y coordinate value to be Incremented or decre—

mented by the value speci fied by ‘yin c ’. W it h every
move /lIne /arc /circle command the specified x and z
coordinate values are ucdated w hile the y coordinate
value is  incremented by the constant value ‘y-i nc ’.
For examole, the point (x,y,z) becomes the Point
(coor dx,y+yinc,coordz). Under this vector tyoe . coor-
dinate parameters for move /line /arc /circle comman ds
which fall outside the defined coordinate system w i l l
assume a value of the nearest coordinate wit hin the
defined system.

A ‘yinc ’ carame-ter exceeding one—half the Coordinate
range w i l l  be set to zero.

DIAGNOSTICS:

All errors w i l l  be printed on the POP—Il te rmin al
screen.

ERROR CAUSE ACTION
(—1 Rou tine has been called Return

outside a drawele () block
E—2 No space ava ilable in Return

dis p la y li st
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- 1-
setvector — VAY setvector — VAY

E 1 0  - Improper vector mode vmode = LN
(—1 4 Improper vector type vtype = VA
(—l b Speci fied ‘V in c ’ out—o f—bounds yinc = 0.0
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setvector — VA Z setvector — V A Z

NA ME:

( 

- VAZ — vector absolute auto—increment z

SYNOPSIS :

drawe le (” e lenam e ”)
.

set vec t or ( VAZ, vmode, zinc ) ;
move(coordx ,coordy) .
line Ccoordx,coordy);
circle (dir,cent x ,centy );
arc C dir , centx , centy, endx , endy) ;

endel e ( ) ;

float zinc,coordx ,coordy
f l o a t  c e n t x , c e n ty , e n d x , e n d y

DESCRIPTIO N:

The vector absolute auto—increment z causes the ini-
tia l z coordinate value to be incremented or decre—

• merited by the value specif ied by ‘zinc ’. Wt t h every
mo ye /line /arc /circle command the sp ecified x and y
coordinate values are upd ated while the z coordinate
v a l u e  i s  in c r e m e n t e d  by t h e  c o n s t a n t  v a l u e  ‘ z i n c ’.
For example, the point (x,y,z) beco mes the point
(coordx,coory,z+zinc). Under this vector type, Coot’
dinate Parameters for move /line /arc /circle commands
which fall outside the defined coordinate System w i l l
assume a value of the nearest coordinate wit h i n  the
d e f i n e d  s y s t e m .

A ‘zinc ’ parame ter exceeding one—half the coordinate
range wil l  be set to zero.

DIAGNOSTICS:

A l l  e r r o r s  w i l l  be printed on the PDP I1 term inal
sc reen.

ERROR CAUSE ACTION
(—I Routine has been ca l l e d  Return

ou tside a drawe leo ) bloc k
(—2 No space ava ilable in Return

- 
dis olay list
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- ( (—10 Improper vector mode vmode = LN -

I E—14 Improper vector type vtype VA
-~ E— 11 Specified ‘zi nc ’ out—of—bounds zinc 0,0 -
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setvector — VR se tvec tor — VR

NA NC: VP — vector relative

SYNOPSIS:

drawele (” el e name”)
.

.

set vec t or C VR , vmode) ;
move(deltax ,deltay (,deltazl )
llne( deltax ,del-tay (,deltazl )- ;
ci rcle (di r,centx,centy (,centzl )
arcldir,centx ,centy 1,centzj,endx,endy 1,endzl )

endeleO .

float delt ax ,oe tay,deltaz;
float centx,centy,centz,endx,endy,endz;

DESCRIPTION:

Relative vectors soecif y an increment value that is to
be added to or subtracted from the ini t i a l  x,y,z beam
position. For example, the point (x,y,z) becomes
point (x-Pdeltax ,y+deltay,zsdel taz).

Under this vector tyoe, coordinate parameters for
move/lin e/arc /circle commands which exceed one—half
the coordinate range w i l l  be set to zero.

DIAGNOSTICS:

All errors wi l l  be pr inted on the PO P—li terminal
screen.

ERR OR CAUSE ACT ION
E — l  Routine has been called Return

within a drawele () block
(—2 No space ava ilable in Return

dis ol ay list
(—10 Improper vector mode vmode = LN
(—1 4 Improper vector t ype vtype = VA
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NAM E:

VRX — vector relative auto—increment x

SYNOPSIS :

drawe leC “el ename ”)-.

set v e c t o r  C V RX , vmode, xl nc)
move(deltay (,deltaz) )
llne(de ltay (,deltazl )
circ le (di r .centy t,cent zl );
arc (dlr,centy C,cent zl,endy [,endzi )

ende le O

f l o a t  x i n c , d e l t a y , d e l t a z ;
float cent y ,cent z , endy , endz

DESCRIPTION:

A vector relative auto—increment x causes the initial
* coordinate value to be incremented or decremented by
the constant value ‘xir ic ’. ~di th every move /line /arc/
circle instructio n that follows , the y and z coordi-
nate values w i l l  be uodated, wh i le x is stepped by the
va l ue ‘xinc ’. For examole , the point (x,y,z) becomes
the point (x+xfnc,y+deltay ,zldeltaz).

Under this vector type, coordinate parameters for
move /line /arc /circle commands whi ch exceed one—hal f
the coordinate range wi l l  be set to zero.

DIAGNOSTICS:

Al l errors wil l  be printed on the POP—il terminal
screen.

ERROR CAUSE ACT ION
E 1  Routine ha~ been called Return

outside a draweleC ) block
E—2 No space avai l a b l e  in Return

dis o la y list
k 

(—10 Improper vector mode vmode = LN
E—1 4 Improper vector type vtype 2 VA
(—15 Spec I fied ‘xinc ’ out—o f—bounds xinc = 0.0
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NAME :

VRY — vector relative auto—increment y

SYNOPSIS:

dra we l e C ” e l e n a m e ”)
.

s e t v e c t o r ( V R Y ,,vmode , y i n c )
tnove (deltax (,deltazj )
line(deltax (,deltazj );

— circle Cd ir ,ce r~tx (,centz) );
arcC dir ,centx (,centzj,endx (,endz) );

ende l eO

float ylnc ,del tax,de l taz
float centx,centz,endx,endz

DESCRIPTION:

A vector relative auto—increment y causes the initial
• y c o o r d i n a t e  v a l u e  to  be incremented or decremented by

the constant value ‘yinc ’. Wi th every move/line/arc/
circle Instruction that follows , the x and z coordi—
nate values w i l l  be uodated, while y is incremented by
the value yinc ’. For examp le , the point (x,y,z)
becomes the point (x+deltax ,y+ylnc ,z+deltaz).

Under this vector type, coordinate parameters for
move /line/arc /c-f rcle commands which exceed one—half
the coordinate range wi l l  be set to zero.

DIAGNOSTICS:

All errors wi l l  be prin ted on the PO P—Il terminal
scree n.

ERROR CAUSE ACTION
• (— 1 R o u t i n e  has been c a l l e d  R e t u r n

ou tslø e a d rawele o ) block
E—2 No space availa ble in Return

dlial ay l i s t
(—1 0 Improper vector mode vmode : IN
E 1 4  Impr op er v e c t o r  ty p e  vt y p e  a VA
(—to Specified ‘yinc ’ out—of—bounds vinc z 0.0
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‘
4

NAME :

VRZ — vector re lative auto—i ncrement z

SYNOPSIS:

drawele (” e le name”);
.

.

set vect or C VRZ , vmode, zinc )
move (deltax ,deltay)
1 Ine(del tax ,de l tey) .
circ le (d-i r,cent~~,centy);arc (dir,centx,cerity,endx,endy).;
.

.

ende l e o )

float zin c ,de l ta x ,d e l tay
float cen tx ,cen ty,en dx, endy

c, - DESCRIPTION:

A vector relative auto—increment z causes the init i a l
z c o o r d i n a t e  v a l u e  t o  be in c r e m e n t e d  or dec rem en ted  by
the constant value ‘zinc ’. W ith every move/line/arc /
circ le instruction that follows , the x and y coordi-
nate values wi l l  be uodated, whil e z is incremented by
the value zinc ’. For examp le , the point (x,y,z)
becomes the point (x+deltax ,y+deltay, z+incz ).

Under this vector type, coordinate parameters for
move /line /arc/circle commands wh ich exceed one—half
the coordinate range wi l l  be set to zero.

DIAGNOSVICS :

All errors wi l l  be printed on the POP—i l terminal
scree n.

ERROR CAUSE ACT ION
- (—1 Routine has been called Return

outside a drawele () block
(—2 No soace avaI lable In Return

dis p lay l i st
E 10 Improper vector mode vmode = IN
(~~I U  Impr op er  v e c t o r  ty P e  v t yp e  V A
(—17 Sp ec ifI ed ‘zi nc ’ out— of—bounds zinc = 0.0
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NAME :

- INC2 — incremental vector ; two—dimensional

• SYNOPSIS:  -

draweleC” e l e name”)
.
.
set vec t or C INC2, vmode , scale) ;
move (deltax ,deltay);
1 ine(del tax,de l tay)
.
.

ende leO

float deltax ,deltay

float scale:
MG / 128.0 — add the coordinate increments to

the 7 high order bits of the
speci fied register.

NMG / 0.0 — add the coordinate increments to -

the 7 low order b i ts of the
soecified register.

DESCRIPTION:

— A two—dim ensional relative vector that halves vector
storage reouirements and doubles the data rate. This
vector type should be used when element storage space
is critical. This reduced storage recuirement results
from a limitation on the max imum size of each relative
increment. The values passed in move /line instructions
are limited to appr oximatel y 3Z of the user mi nim um
and maximum coordinate ranges. Should coordinate
parameters for move /line commands exceed the 3% limit ,
they wi l l  be reduced to satisf y the constra int.

The parameter ‘sca le ’ specifies whether this increment
value should be added to the 7 high order bits of the
soecifled coordinate or to the 7 low order bits. Thi s
scale factor then determines if the increments w i l l  be
app lied over a flne(NMG ) or coarseCMG) grid.

Arc s and circles cannot be drawn with t h i s vector
typ e.
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setvector — INC2 setvector — INC2

DIAG NOSTICS:

• Al l  errors w i l l  be printed on the POP—li te rminal
screen.

- ERROR CAUSE ACTION
E 1  Routine has been cal led Return

outside a draweleC ) block
E 2  Np space avai lable in Return

disp lay list
(— 14 Improper vector type vtype = VA
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NAME : -

INC3 — incremental vector ; three—dimensional

SYNOPSIS:

drawele (” elename ”)
.

.

set vect or C INCY , vmode, scale)
move(delta x ,deltay ,deltaz )
lin e(de l ta x ,de l tay ,d e l taz );

endeleO

float deltax ,del tay,deltaz

float scale:
MG / 126.0 — add the coordinate increments to

the 7 hIgh order bits of the
soecified register.

• NMG / 0.0 — add the coordinate increments to
the 7 low order bits of the
specified register.

DESCRIPTION:

A three—dimensional relative vector that halves vector
storage regu i rements and doubles the data rate. This
vector type should be used when element storage space
is critical. This reduced storage reguirement results
from a limitation on the maximum size of each relative
increment. The values oassed in move /lin e instructions
are limited to aop roxima te ly 3% of the user minimum
and maxi mum coordinate ranges. Should coordinate
parameters for move /line commands exceed the 3% limit,
they wi l l  be reduced to satisfy the constraint.

I c  p .ramater ‘sca l e ’ specifies whether this increment
value should be added to the 7 high order bits of the
specified coordinate or to the 7 low orde r bits. Th is
scale factor then determines if the Increments w i l l  be

- 
- appl ied over a fine (NMG ) or coarse (MG) grid.

Arcs and circles cannot be drawn with this vector
• typ e . -

— 
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setvector — INC3 setvector — I N C 3

DIAGNOSTICS:

All errors wi l l  be pr inted on the PDP 11 terminal
sc reen.

ERROR CA USE ACT ION
E— 1 Routine has been called Return

outside a drawele () block
No space ava ilable in Return
disp lay list

- 
E 14 Improper vector type vtype VA
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setvector — INCX setvector INCX

p
NA ME:

INCX — incremental vector ; two—dimensional
auto—incre ment x

SYNOPSIS:
drawel cC “el ename ”);

.
set vec t or C INCX, vmode, x m c ,  scale
move (deltay,deltay)
line(de ltay ,de lta y )

.
ende l e O

float xinc ,de lta y

f l o a t  s c a l e :
MG / 128.0 — add the coordinate increments to

the 7 high order bits of the
specified register.

• NMG / 0.0 — add the coordinate increments to
the 7 low order b its of the
specified register.

DESCRIPTI ON:

A two—dimensional relative vector that halves vector
storage requirements and doubles the data rate. This
vector type should be used when element storage space

— Is critical. This reduced storage requirement results
from a limitation on the maxi m um size of each relative
increment. The values Passed In move /line instructions
are limited to appr oximatel y 3% of the user minimum
and maximum coordinate ranges. Should the coordinate
Param e ters for m ove /line commands exceed the 3% lim i t ,
they wil l  be reduced to satis f y the constraint.

The parameter ‘sca l e ’ soecifies whether thi s increment
va lue should be added to the 7 high order bits of the
specified coordinate or to the 7 low order bits. This

• scale factor then determines if the increments w i l l  be
app l ied over a fine (NMG ) or coarseCMG ) grid.

This incremental , auto—inc rement vector causes the x
• coordinate value to be incremented or decremented by

the constant value ‘xinc ’, whi le the y coordinate
value is increment by small relative values. The
‘w iri c ’ value need not be limited to 3% of the

i-69 
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setvec tor — INCX setvector — INCX

coordinate range but may not exceed one— half the coor-
dinate range or it w i l l  be set to zero.

Ar cs and cir cles cannot be drawn with this vector
type.

D~ AGNOSTICS:

Al l  errors wi l l  be orinted on the POP—li terminal
screen. -

ERROR CA USE ACT ION
(—1 Routine has been called Return

outside a drawele () block
E—2 No space ava ilable in Return

diso l ay list
(— 14 Improper vector tyPe vtype = VA
E 1 5  Specified ‘xi nc ’ out—of—bou nds x inc 0.0

I

I
( 
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NAME :

INCY — incr eme n tal vecto r tw o—dimensional
auto—increment y

SYNOPSIS:
drawele (” e l e name”)

.
set vect or C INCY, vmode, yinc , scale ) ;
move (del t ax , delt ax)
line (de Itax , de It ax) ;

ende l e O

float yinc ,de lt ax 
-

float scale:
MG / 128.0 — add the coordinate increments to

the 7 hi gh order bits of the
sp eci fied register.

• NMG / 0.0 — add the coordinate increments to
the 7 low order bits of the
sp ecified register.

DESCRIPTION:

A two—dime nsional relative vector that halves vector
storage requ i rements and doubles the data rate. This
vector type 5ho~ )d be used when element storage space
is critical. This reduced storage requireme nt results
from a limitation on the maximum si~~e of each relative
increment. The values passed in move /line instruct ions
are  l i m i t e d  to  a p p r o x i m a t e l y  3% of t h e  user m i n i m u m
and maximum coordinate ranges. Should the coordinate
parameters of move /line commands exceed the 3% l i m i t ,
they wi l l  be reduced to satisf y the constraint.

The parameter ‘scale ’ speci fies whether thi s increment
- value should be added to the 7 high order bits of the

soecified coordinate or to the 7 low order bits.
• This scale factor then determ ines If the increments

w i l l  be applied over a fineCNMG ) or coarse (MG) grid.

This incremental , auto—increment vector causes the y
coordinate value to be incremented or decremented by
the constant value ‘yin c ’, while the x coordinate
value is increment by small relative values. The
‘y inc ’ value need not be li mi ted to 3% of the
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s.tv.ctor INCY setvector INCYr .
coordinate range but may not exceed one—heif the coor—
dinate range or it w i l l  be set to zero.

Arcs and circles cannot be drawn with th is vector
type.

DIAGNOSTICS:

* 1)  errors w il l  be printed on the PDP 1I term inal
screen.

ERROR CAUSE ACT ION
E—l Routine has been called Return

outside a draweleo ) block
E 2  No space available in Return

disolay list
E—1 4 Improoer vector type vtype : VA
E 1 b  Specified ‘yinc ’ out of bounds yinc = 0.0
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sysini t sysinit

P
NAME :

sysini t vector general display ini ti aliz at i on

SYNOPSIS:

sysinit (devnu .u fl

m t  devnum: 0 or 1

DESCRIPTION:

Th is  routine establ ishes  a link w ith the vector gen-
eral, Init i alizes its display system and sets all the
user aefault parameters . The routine aflows for
specification of wh Ich VG device the user desires to
uti l ize. The VG devices are numbered 0 and 1. Should
the sy stem be unable to alloc ate the specified VG dev-
ice, alloca tion of the other VG device wI l l  be at—
temoted.

This routine must be called before any other display
inst ruct ions.

DIAGNOSTICS:

If initi a l i zation of the specified VG device cannot be
completed, an error message wi l l  be prin ted out and
the system w i ll  attempt to initialize the other VG
device. The system will  termin ate the process onl y If
both initialization attempts fail.

A l l  errors w i l l  be printed on the POP— Il terminal
sc reen .

ERROR CAUSE ACTION
(27 Improper VG devnum specified devriurn 5 0

a
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trans trans

NAME :

trans — translate ob ject

SYNOPSIS:

~~afl5(0Ø~ jn~meN ,d •1tax,deltay (,deltazl );

float ~~ltax ,deltay,deltaZ

DESCRIPTION:

All of the elements associated w ith the named ob ject
are translated from their present locat ion (X,Y,Z) - to
( X +de It ax , Y+de It ay, Z+de it az)

The z parameter is reouired only when the coordinate
system is defined as three dimens ional , and w il l  be
igr.ored if inc l uded under a two—d imensional system.

DIAG NOSTICS:

All errors wi l l  be printed on the POP—il terminal
screen .

ERROR CAUSE ACT ION
Specified ob ject does not Return
exi st

(—15 Specified deltax out—of—bounds deltax z 0.0
(—lb Specified deltay out of bounds deltay = 0.0
E 1 1  Specified deltaz out of bound5 deltaz = 0.0

ALSO SEE:

offs.t, p lace

- 
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vgoicture vgpicture

P
NAME :

vgoicture — start refresh of VG picture disp lay

SYNOPSIS:

vgoictureO

DESCRIPTION:

This routine must be called to initiate the display of
elements on the VG disolay screen. The routine need
be ca lled only once. The display () routine may be
called after this routine to activate or deactivate
ths display of all or Darts of the display picture.

DiAGNOSTICS:

none

ALSO SEE:

dis p lay, erase , re move

I
.
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vgterm vgterm

P
NAME:{ 

~ 

vgterm term i nate dis p la y •nd close VC device

SYNOPSIS:

vgterm ()

DESCRIPTION:

This routine should be included at the end of the
user ’s program to properly terminate the display end
close the VG device. Should the user ’s program con-
tain an endless i oop, dep ressinQ the ‘rubout ’ key will
accomplish the same task.

DIAGNOSTICS:

none

1’
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