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INTRODUCTION

ANEVNT is a software package developed by the Division of Mechanical

Engineering, NRC, for the simulation of industrial operations. A detailed

description of the overall structure of the package is given in (1).

Basically, ANEVNT supports two modes of simulation: asynchronous and

synchronous. In the asynchronous mode, simulated time is incremented

instantaneously to the time of occurrence of the next event. The primary

purpose of this mode is for gathering statistics over long periods of

Simulated time. The synchronous mode, in which the model time is linearly

related to the actual time, is intended for a more interactive type of

simulation. In this latter mode of simulation, some kind of display

showing changes of system state is highly desirable. This report des-

cribes a software display system for the ANEVNT modelling package. In

particular, Appendix B describes the implementation of a graphics display

for an interactive computer model of the Lornex mine (2) on a PDP-11/60

computer at NRC running under RSX-11M operating system.

DEC GRAPHIC-11 FORTRAN GRAPHICS SUPPORT

The graphics display system is based on the DEC graphic-1ll FORTRAN

support provided by the Digital Equipment Corporation. The following

paragraphs summarize briefly the software, hardware and memory require-

ments, programming principles involved and capabilities of the DEC graphic-

ll system. Details on the DEC FORTRAN graphics package is given in DEC

graphic-11 FORTRAN programming manual (3).

2.1 Software Requirement

The fundamental software requirement for programming with the DEC

graphic-1l package is an operating system with PDP-11 FORTRAN, The op-

erating system can be either RT-11, RSX-11M, RSX-11D or IAS. RT-11l can

be used only for stand-alone systems, RSX-11D and IAS only for host-

satellite systems. RSX-11M can be used for either type.
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2.2 Hardware Recuirement

In a stand-alone system, the hardware required is:

~ PDP-11 central processing unit with 16K or more of memory;

~ ᐁ560 or VTll display subsystem;

- user terminal;

- a random access system storage device for use by the operating

system.

In a host-satellite system, changes and additions to the hardware

requirement are:

- PDP-11 host cpu with sufficient memory to run a mapped RSX-11M,

RSX-11D or IAS operating system;

~ GT41 or GT43 gravhic terminal (VT11) or GT62 terminal (VS60) for

use as the satellite:

- serial line interface connecting the host camputer and satellite

terminal.

2.3 Memory

Graphics instructions and data created by graphics subroutines are

stored in a special area of the camputer's memory. This area is called

the display file. The amount of memory required to support the graphics

system is problem dependent. Normally, a common region ranging fram 8K

to 16K is allocated for the display file. The name of the common block

must be DFILE. At the beginning of each gravhics program, one must define

this cœmon area and initialize the display file as follows:
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COMMON/DFILE/I (400)

CALL INIT (400)

where the integer array in DFILE is equal in length to the display file

^v; to be used by the graphics program. In the above statements, 400 words

of memory are assigned to DFILE. The INIT call then initializes 400

words of DFILE so that the display processor will begin at the first word

I(1) of the display file.

2.4 Programming Principles

rati

5 DEC graphic-1l FORTRAN support uses subroutines as basic building
blocks for graphics programs. Each subroutine transmits all appropriate

rdware display instructions for a given image or procedure to the VS60 or VT11

display processor.

SX-11M, Points, vectors and text strings each produced by a subroutine call

are known as primitives which are the lowest level elements. There are

four display parameters associated with a primitive, namely, light pen

360) for sensitivity, intensity level, flash mode and line type.

Primitives of any kind can be combined to produce a subpicture. A

tellite subpicture in graphics is equivalent to a subroutine in a FORTRAN program.

DEC graphic-11 programming is heavily oriented to the use of subpictures,

hence it is efficient for pictures repeated frequently in the display

file. By defining images as subpictures, one need not repeat the identical

sequence of subroutine calls for the image definition. The POINTER facility

es are provided by DEC graphics is used together with subpictures to single out

ralled a primitive within a subpicture and to make changes to it. This normally

raphics involves two subroutine calls. The CALL POINTR routine associates a

"cm 8K primitive with a pointer. Dynamic changes to the image are then achieved

block by a subsequent call to one of the pointer-oriented change subroutines.

it define A summary of the DEC graphic-1l subroutines is given in Appendix A of

Reference (3).



LTR-CS-215

-4-

2.5 Capabilities of DEC graphic-1ll System

The following list, extracted from (3), summarizes the major features

of the DEC graphic-ll interactive graphics system. The reader is referred

to (3) for details on each item.

- Support of varied display elements

- Variable line types

- Hardware blink feature

- Italic mode

- Extended character set

- Rotated characters (VS60)

- Subscripts and superscripts (VS60)

- Character and vector scaling (VS60)

~ Variable coordinate systems and windowing (VS60}

- Light pen support

- Programmable pushbutton box

- Keyboards as interactive tools

- Menu area

- Subpicture support.

3.0 PROGRAM ORGANIZATION

Due to core memory constraints on a minicomputer, the simulation pack-

age is implemented based on a multi-task scheme (4) in which only the main

task, ANEVNT, resides in core at all times and performs the functions of

Sequencing and initiating other model tasks. After completing its opera-

tion, the subtask is removed from core. Intertask communication is ach-

ieved through shared regions which store all data common to tasks. The

graphics programs, coded separately fram the model, are linked to the

model through a global common which contains all simulation variables that

are used for the display.
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The graphics system comprises two main programs, a DRAW program for

generating the base picture and a display updating program. Fig. 1 shows

the structure of the model/graphics system.

DRAW ; Display i|

program | A updating | ¦: — Model

| | program | ¦
¦ | u mE

/ Base vb o |

¦ picture | : Data common

^ ` a L-—

Fig. 1 Model/graphics system

3.1 Generating the Base Picture

Prior to running the model, a base picture is drawn by a DRAW program

which defines all items of the display and provides a basis for display

updating. The display file created by the DRAW program is copied to a

file BASE.PIC on disk for retrieval by the display updating task when

needed. Here, subpicture techniques (3), which define a group of related

graphics operations as a subpicture identified by a tag, are used in the

DRAW orogram. This imposes an orderly structure on the program. More-

over, later modifications to graphic items during simulation runs can be

done easily by referring to the tag number of the subpicture, Model-re-

lated items are also defined in the DRAW program but are made transparent

in the base picture.
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3.2 Graphics Display Updating

Fig. 2 outlines the structure of the display updating task GRF which

is formed from three sections. On entry, the base picture is restored.

Model-related static items are then initialized and added to the display.

Section 3 is the display updating loop which cycles at the rate specified

by the display updating interval. GRF makes use of the event filing pro-

cedure of the simulation model. On each update, the next update is sche-

duled in the time file of ANEVNT. Event 900 is designated as the display

updating event. Hence, once GRF is initiated, the updating process will

carry on until an operator request to turn off the display has occurred.

The display task includes the following features:

(1) The display can be turned ON and OFF at any instant of time

during the simulation run.

(2) At any instant, the updating interval can be changed.

(3) It is light pen interactive. Selected items of the display are

made sensitive to the light pen. When the pen touches any one

of these items on the screen, a PDP-11 interrupt occurs. From

the returned information about the source of hit, the program

is branched to the appropriate section to perform functions

such as making changes to model parameters, obtaining detailed

information of the selected item, etc.

4.0 MODEL/GRAPHICS TASK SYNCHRONIZATION

As mentioned earlier, the DRAW program is executed prior to running

the model to produce a base picture for use by the display updating task

during simulation runs. The display updating task GRF is active and re-

sides in memory for as long as the display is ON. Hence, during a simu-

lation run with graphics display, two tasks, ANE and GRF, are running
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concurrently. Synchronization of operation between the two tasks is

achieved by event flags. Fig. 3 shows the logic added for task synch-

ronization between ANE and GRF. The graphics task, after restoring the

base picture, is put in a wait state waiting for data fram model initial-

ization. ANE, on completing model initialization, sets the graphic pro-

ceed flag GMFG to tell GRF to execute model-related graphics initializatio

On campletion, flag GIFG is set to signal ANE to proceed with the model

run. GRF then enters the updating loop which is executed whenever ANEVNT

removes event 900 fram its time file. Intertask synchronization between

ANE and GRF at this stage is achieved through the set of event flags GPFG

and GCFG. Event flag GPFG first puts GRF in a wait state until it is set

by ANE telling GRF to proceed. GCFG is the update completion event flag

which is set by GRF signalling ANE to proceed with the simulation run.

Fig. 4 lists the key FORTRAN calls added to ANEVNT for task synchroniza-

tion with GRF. As evident, changes made to the model due to addition of

graphics are trivial.

CONCLUSION

A graphics display system using the DEC graphic-1l FORTRAN graphics

package has been added to the ANEVNT simulation package. The graphics

system, coded separately fram the model, fits compactly with the simula-

tion model. It can be regarded as part of the simulation package and is

transferrable to systems where DEC graphic-ll software support is available
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ᕦ PROGRAM ANEVNT

C *** GMFG = model initialization completion flag

C *** GPFG = graphics proceed event flag

C *** GCFG = display update completion event flag

C *** CIFG = ANEVNT proceed flag on completion of GRF initialization

C *** Declaration of common blocks, etc.

C *** Model initialization

CALL EXEC(1)

C *** Signal GRF to proceed with model-related initialization

IF (.NOT.SENSW(19)) GO TO 1

CALL SETEF (CMFG)

C *** Wait for GRF to complete initialization

CALL WAITFR (GIFG)

CALL CLREF (GIFS)

1 CONTINUE

C *** Check for display updating event

IF (IEVNT.EQ.900) GO TO 450

C *** Tell GRF to update display and wait for completion of updating,

then proceed

450 CALL ΘΕΤΕΕ (ΕΡΕ)

CALL WATTFR (GCFG)

Fig. 4 Added control calls to ANEVNT
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APPENDIXÀ

Overlay Structure

It is possible to overlay the graphics routines if the application

program becomes large. If requested, the graphics library building pro-

cedure on version 3.1 of RSX-11M system generates an example of the

command files for the overlay structure. The overlay descriptor file

used for the mine model is listed below.

.RODT

SFCTR

.FCTR

.FCTR

SFCTR

.FCTR

.FCTR

FCTR

.FCTR

.FCTR

.FCTR

.FCTR

.FCTR

QFCTR

END

GRF3-GRO~CGR2 ᔭ GR3)

SY21GRAPH3-GSY21U66» 11 JGEL IB/LE

GROA-GROR

LB:ÉT:s12GLIBUT/LE:ERRORILFEN:MODEFTRCHK?PFUTCHR?PUT

LE CL» TIGL IBUT/LES BUFTOTIFUTME T TRAK T TRAKXY $ GRSUBS

X (GR26 » GR2B» GR2II GRRE)

LESC 1» LIGLIBUT/LERSADVANCCHANGE ? FOINTR

LES CLs L'IGLIRUT/LRECHANGE FLASH! INSRT

LES C1» LIGLIBYT/LESAPNTSRENT $3 VECTSVECTS

LES CL,» LIGLIBVT/LBIOFF iON

*CGR3A»GRIBr GRAD)

LHC » LIGLIBVT/LESINIT? WINDOWS NOWNDW

LBSEls1JGLIRUT/LBt CMPRSIRSTR3 SAVE

LBiCIri1JGLIBUT/LBIESUBISUBPiCHANGTITEXTtTEXOO
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APPENDIX B

Graphics Implementation to an Interactiye Computer Model

of the Lornex Mine

Fig. 5 shows a view of the VTll display for a simulation run with.

the mine model (Ref. Bl). Curved road sections are approximated by

linear combinations of straight line segments. Shovels are represented

by hexagons enclosing the shovel number. Trucks moving along the road,

in queues at shovels, dumps, or at garages are represented by their

designated numbers. The VTll display processor does not support character

Scaling. Because the size of each character is fixed at a 6 by 8 raster

unit, characters do not always fit in proportionally with the overall

display. A subroutine has been developed to generate numeric characters

of variable size. At the top left corner of the screen, model time is

displayed.

LORNEK SIMULATION RUN

#8:38:88
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Bl Road Network Definition

Fig. 6 shows a sample road segment formed by two curved sections.

Section 1, approximated by three straight line subsections is denoted by

| EU /

Fig. 6 A Road Segment

nodes 1-2, node l being the tail node of the section. Similarly, section

2, approximated by five sections is denoted by nodes 2-3, node 2 being

the tail node.

Two input data files ROAD.DAT and NODEXY,DAT concern the definition

of road network. The formats of the two files are listed below for the

sample road segment of Fig. 6.

ROAD,DAT

2,2. eeesesessenesevevecesecessIO. Of road sections

dolre rta 5-5ᓇ70ᓀ#ᐼᑣᑣ ..no. of subsections for sectiol

Rye AX ys is AX, 35 x coordinate of tail node and

increments in the x direction

of subsections.

5 y coordinate of tail node and
1 9 BXj57 cor Mer | ᑍ : : :

2 21 22 25 increments in the y direction

NEL By»: 4927: "T ᐐ26: lor subsections.

Yur ΔΝΤ BY, 413:
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NODEXY . DAT

Figures 7

(oy) coordinates of node 1

and angle in radian between

the positive x axis and the

X3r¥30 tangent at end node of road.

X) Y2

and 8 list the two data files for the road network of Fig. 5.

ᐟ

ᐠ
.
 
ο

1

SOR, ANG,

πα a oiea

1,

ο τον,

4T, es?

1,

219,359,

510,-26,

te

$5*,5^6^,B,-20^2$6,14,17,29,
Lo PPS 65,6 Th 05--#---

1,

5.- -⁄

454*,0,

P,

tOU,7 72102,

£43,18,0,

1,

(65,6354

551,715,

1,

41,90,

58 - Fig. 7 Data File ROAD.DAT
ο,

9021,20.

ἀπό, ο, -δα,

^,

631512205 -25^-25,

S6f,-758,-51,-51,-25,

1,

1755,25,

oven ill,
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818^-50^

5,

768,-33,-30,-26^,-255,-40,

4^61,13,90^,30,70^27,

er

45622650»

443,69,204,

1,

258.128,

3¢4,-33,

1

486551,

351,0,

6,

53?,5905,50,12,835,-5,-7?,

551,0,-20,0,60,8,-37;

1,

5ο, δή,

351,-33,

1,

573416-

318,-37,

2;

573,62,7?77,

318,-25,(0,

1,

3585-76,

364,-26,

ès

282-102-1037

6,

22£252-6,112,10^,-80^,-5,104,

358,-30,-26^,-15^,-70^,-15,3,

1,

419,93,

205,38,

cr

256410261,

128-335-464,

Fig. 7 (Continued) Data File ROAD.DAT

LTR-CS-215
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ᐟ
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5.

.57

PE

5.14

ᐟ

pi £5

Fine

ᐟ

Data File NODEXY DAT
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82 Locating Trucks on the Move

Consider the road section NS of Fig. 9 with orientation as shown.

Fig. 9

Let Ny = head node of NS

No = tail node of NS

2, = length of section NS

V = velocity of truck T along NS

to = time at which truck T passed Ny

Suppose truck T is moving in the direction from Ny to N. At time t, the

distance d from Ny that truck T has travelled is

d= (t-tj) × ᐁ

The corresponding screen distance is then computed by direct proportion

of the actual and the scaled section lengths.
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B3 Common Block Arrangement

Prior to graphics implementation, two static common regions, MID2

and MOD2, were created for the mine model. The region MID2 stores all

data used in both the model and the MIDISS (mine dispatching support

system) tasks. MOD2 contains variables used only in the model. To op-

timize the task size of graphics programs, these common blocks have been

reorganized. All model variables required for graphics tasks are placed

in one region and all other variables used only by the model tasks are

placed in a separate partition so that the common region for model-only

variables is not referenced by graphics tasks. For the mine model, a

4K region, CRAPH, is allocated to the model/graphics data and an 8K par-

tition, MOD, for the model-only variables.

There are eight model-related common blocks in GRAPH, namely, FILAR,

GASP, TIMING, INPOUT, MULTI, TRUCK1, FILLl and DUMPl. The common blocks

TRUCKl, FILLI and DUMPl contain model variables extracted from the common

blocks TRUCK, FILL and DUMP, respectively, as required for the graphics

programs. These variables are deleted from the blocks TRUCK, FILL and

DUMP in MOD accordingly. All other common blocks for the model tasks

besides those defined in GRAPH are defined in MOD. The total spaces

occupied by GRAPH and MOD are 3861 and 6753 words, respectively. These

numbers are used in subroutines SAVEST and RECALL and relevant changes

are made.

B4 Model Run Instruction

The following is a typical dialog on the PDP-11/60 terminal for

running the mine model with graphics. Underlined symbols and/or characters

are system printouts.
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HEL 66,16 +

ASN DLO:=SY: +

ASN DL0:-SYl: +

ASN DLO:=SY2: +

RUN DRAW +

TYPE «CR» TO EXIT +

†

|
 
ᒫ
 
(
ᓷ
 
(
ᙰ
 
V
U
 
I
V
 
T
v

B 
ᐛ

T

RESTART FILE NUMBER

0 +

INITIALIZATION REPORT

0 +

MIDISS

0 +

*** IORNEX ᐝ ᐝ ᐩ

ENTER COMMAND TYPE OR ?

+

ANE~ STOP

END OF RUN

Note that before initiating a run, SENSW(19), designated for the

graphics task, must be set accordingly to a value '0' or 'l' as follows:

(1) If display is requested at the beginning of a run, i.e. MCR commands
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First, by pressing CNIL/C to restore the MCR mode, task STP is mn

to direct the model to prompt and accept operator interrupt conmands.

The model prompts the operator for the command type, DIS being the command

type for display. Code 'l' is then entered to indicate the status

of the graphics display. The model prints out three lines for the codes

to turn on, turn off or change updating interval of the display. A '2'

entered in the example above turns off the display.

B5 Effects of the Graphic Display System on Simulation Time

Under identical conditions, three simulation runs were carried out

on the mine model: one with no display, one with the graphics display

updated every minute of simulated time, and one with the alphanumeric

display updated at the same one-minute intervals. The time taken to run

a complete 8-hour shift for the three cases are 71, 121.5 and 95 minutes,

respectively. Note that the absolute values of these particular run times

are not necessarily representative values. However, the relative times

taken by the three cases indicate the extent to which a particular simu-

lation run can be lengthened due to generation of alphanumeric and

graphic displays.
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