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1. INTRODUCTION

The Generic ENvironment IZor Interactive Experiments 1is a
complex of five programs desicned to provide 2 test-bed for
Human-Computer interface dizslogue experiments. It is de~
signed to approximate the movemen:t of points in three-space
and is therefore applicable to a number cf situations en-
countered in everyday life. The intention of GENIE is to
provide a program wherein the dialogue with the user can be
structured so that the program appears to be different Zor
different dialogues.

This document is structured into two general parts: one
dezling with the use cof CENIE on the DEC VAX 11/780 system
and the other with the modification of GENIE for some spe-
cific study. It is important tc ncte that the DMS cfien re-
ferred to in this document is just part of a software systen
designed for user-friendly software modification. This do-
cument is not designed to usurp the DMS facilities for soft-
ware modification but to provide specific information about
CENIE so that the use of DMS a5 a software modification tool
will be eased.

For the purpose of GENIE To be fulfilled, an appropriate
£ask had to be found. A brief introduction to Naval Air-
crzft Carrier Air Trafiic Contrel (CATC) proviced +he 1idea
for this task. The job of the Air Traffic Centreller in the
Navy is to guide aircraft returning from 2 missicn to z safe
landing on the deck of an Airerzft Carrier. There are many
well-defined, specizlized procedures for accomplishing this
task. in fact, CATC is simply & special case Ior a much
more general task: +he contrcl of vehicles ©r groups of
vehicles 1in some area. :

There sare any number of real-world applications of the
general task. An inexhaustive list consists of

1. zir traffic control,
2. control of combat strikes on a ground tTarget,
3. interception of unfriendly aircraft,

4. docking of satellites oI other spacecraft with an or-
biting space station or :

T1f zltitude is ignored, the problem reverts Irom three-spac
to +two-speace and an entirely new variety of applicaticn
presents itself. For example,

1. contrcl of refueling coperstions of ships a2t sesx,




5. control of combat troops in a bat-lefield operation,
3. control of movement of trains;in a railyard,

z. contrel of trucks arriving at a warehouse,

5. control cf distribution of goods in a2 warehouse Or
£. control of automcbiles on a city's streels.

GENIE can be made to appear TO pe any of these tasks sim~
ply by changing the interface of the computer with the human

operator. In each of the instances cited above, CENIE would
play -the part of the vehicle driver, while the subject using
GENIE would be the agency controlling the vehicles. By

changing the display that GENIE presents to the user and the
language and Input/Cutput (1/0) device(s) that the subject
uses to communicate with GENIE, the experimenter can repro-
duce any of the scenarios mentioned above, or any other
scenario whose basic premise is the control of some points
moving in space.

Therefore, GENIE allows for experimentation into the
realm of human-computer dialogues. Similar tasks can be
presented TO subjects using different dialogues. Differenc-
es in the subjects' performance can be measured, giving some
guantitative basis for the rating of wvarious schemes of hu-
man-computer dialogues.

1.1 TASK-SOFTWARE INTERFACE

When <+he general task of 'vehicular control is performed,
shere are four "actions" happening at the same time:

1. +he vehicles are moving,

2. <he controller 1is observing the venicles' relative
positions,

3. <=he controller is communicating with the wvehicles and

4, +*ime is passing.

Using +the facility of Zrocess Concurrency provided by the
Dialogue Management SysTtem (DMS) [EERIBZ], GENIE can do
+nese four tnings at the same +ime. 1In addition, GENIZ alsc
2liows the experimenter To control the seguence cf events in
~ime, therefore providing & £if<h congurrent DTOCEES.

When tThese Iive DroOCesses

- zre wunning, GINIE provides an
accurate movemeni cf wehicles in <© i
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controller to give instructions <to the vehicles and a
facility for the experimenter to control what events happen.
GENTIE also provides the display of the vehicles.

In its initial inception, the display that GENIZ presents
to the world looks something like that in Figure 1.

N N
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Tigure 1: GENIE's Display

In Figure 1, the area represented by (z) provides informa-
+ion about the destination of the vehicles, (b) provides in-
formation about one particular vehicle selected by the cont-
roller and (c) provides a bplan view of +the relative
positions of all vehicles under consideration. 0f course,
since the experimenter, would be using CGENIE to experiment
with various forms of dialogue, he OT she would probably
want to define the screen to Dbe used with a given experi-

ment. This would, of course, reguire the partial re-pro-
gramming cf GENIE. DMS will, eventually, provide toecls To
2id in this re~programming. At the present time, sppropri-

ste changes must be made to The Process controlling the dis-

Subject commands are entered and echoed on a ‘separate
+erminal, cslled the subject’'s conscle. Response <o subject

E

ries are tvped on that console.

The lancuage currently used by the subject znd/or the eX-
perimenter 1lO0OKS very much like Air Tras 2T



mhis is because GENIE's genesis was 1In Air Traffic Control.
1t is also anticipeted that the experimenter will want o
manipulate the language. 1+ would, *herefore, be necessary
to partially re-program the controller's language processor.

2. DESCRIPTION OF INPUT LANGUAGES

Any program input stream which ig interpreted as a language
must undergo three analysis phases:

1. Lexical znalysis
2. syntactic analysis and
3. semantic analysis.

The lexical analysis of the input languages in GENIE is han-
dled by the function LLSCAN in each processor, as explained
lzter. The svntactic analysis is handled by the DEC facili-
£y LLPARS. The semantic analysis is handled in the GNEDBAS
precess.

2.1 LLPARS

LLPARS is a DEC/TR-90 scftware ZIacility which produces syn-
~ax directed parsers. The facility consists of a compiler-
compiler and a driver routine. The compiler-compiler ac-~
cepts as input an LL(1) grammar specificaticn. This grammar
describes the syntax of the commands and supported command
_options and also names routines to be called as various com-
mends and command fragments are recognized. These routines
z2re czlled semantic action routines.

The compiler-compiler procduces a set of <+tables based on

the grammar specifications. When linked with these tables,
+he driver routine, called LLDRV, becomes a parser for the
specified command language. The input stream, containing

+He command to be parsed, is accessed by the parser Through
2 call <o =z user provided scan Iunction, called LLSCTAN.
mhig function is calied by LLDRV each time tThe parser needs
& new token. '

Once 2 commznd has been parsed, 2 semantic acilieon routine
is cazlled to assemble the pertinent command details into a
parzmeter list. This list Is passed To & routine in the
GNEDBAS process where the command 1s implemented thrcugh ap-
preprigte medificaticons o tne dzTabese.



Thus, with the employment of the LLPARS Zacility, only
+he following components need ke provided in order to imple-
ment each cf the parsing processes.

1. A BNF-like specification of the command language,

2. A main routine to initiate the parsing operation by
czlling LLDRV,

3. An input scan function named LLSCAN and

i

The semantic action routines specified by the command
grammar. '

Each of these components is discussed in the following sec~-

tions. More detailed infeormation on the LLPARS facility may
be found in [MORS79].

2.2 COMMAND LANGUAGE SPECIFICATION

z.z2.1 Introcduction

The GNESUBJ language and the GNEEXPR language are described
by separate BNIf-like g*amma* specifications. These specifi-
cations (which define LL(1) type grammars) are rep*oduced in
+he GENTE source code. A more thorough treatment of LL(1)
grammars and the use of BNF (Backus-Naur Form) Zor the de-
scription of languages is provided in [MCKE70]

As noted earlier, +the LLPARS compiler-compiler receives
these grammars as input and produces a set of tables which
is used to drive the parsing cperation. Therefcre, each
BNEF-1like speci‘ication-mav be viewed as describing not only
+he command lancuage syntaX, but the entire cperztion of the
GNESUBJ o¢or GNEEXPR preoccess. Tach language specification
consists of three major sections which are described below.

2.2.2 Terminal Definition Secticn
The first major section of a language specification is
czlled the Terminal Definition Section. This secticn as its
name indicates, defines the terminal <+tokens used in <th
grammar. Boih the GNESUBJ language and the GNEEXPR lancuage
define errcr, end-of-line (EOL), and numeric digit tokens.
The GNIEXFR lznguage also defines =z character siring Token.
These =—erminzls have no semantic wvalues, but are tThe names
ed to represent specific <oken vzlues returned by the
anner, LLSCAN.

L1



FTor example, in both language specifications, the digit
+oken is defined as having the value three. Thus, when an
T SCAN function encounters a numeric digit in <the command
input stream, the function returns the wvalue three. Simi~-
larly, if an undefined character 1is encountered by LLSCAN, a
value of zero is returned, thereby indicating Tnat an error
exists in the command.

2.2.3 Kevword Definition Section

The second section of a language specification is the Key-

word Definition Section. Here, all keywords for =a centrel
language are specified. For example, the GNESUBJ language
includes *he words "“ALTITUDE", "~LIMB", "DESCENT", "SPEED",

and "TURN", for directing aircraft through the marshalling
operation. Similarly, +the GNEEXPR language employs the
words, "BEGIN", "CANCEL", "CREATE", and "EMERGENCY", for es-
tablishing the air traffic control scenario for a given ex-
periment. All keywords used in ONESUBJ and CGNEEXPR languag-
es are contained in the Keyword Definition Sections of the
lancuage specifications reproduced in the GENIE source code.

Like = terminal +token, each keyword is asscciated with an
integer value. This value is returned by LLSCAN when the
associzted kKeyword is encountered int he input stream. For
example, in parsing the GNESUZJ command:

100 SAY ALTITUDE

LILSCAN first returns the value 3 which is the value assigned
to a digit. It will return this value until the wnole call
sign has been recognized. LLSCAN then returns <the values
946 znd 900 on the two subseguent calls since these are the
values assigned to the keywords "SAY" and "ALTITUDE" respec-
tively. ©On the next call, LLSCAN returns the value two, in-
dicating the end of the command by specification £ the as~
sociated end-of-line termnal token.

S 2.2.& Producticn Sscition

The +hird secticn of a lancuage specification is the Proauc-
+ieon Sectiocn. This section is the neazrt ¢f the grammar spe-
cification z2s it contzine the list of producticns (or rules)

which define the svntax of the command lanzuage being imple~

mented. These procductions zlso specify the semantic action
routines to be called as various cemmand Ifragments &re re-
cognized. The prcducticns sppear in a BNE-1ike form with
each production being cefined as zn orcer-dependent colliec-
tion of Xkevwords, <terminals and non-terminals. tach non-’



cerminal then is defined in another production which also
may contain non-terminals. This production hierarchy con-
tinues until the non-terminals are defined in terms of key-
words and terminals only.

For example, the following production is the first (high-
est level) production for the GNESUBJ language.

AIR-CONTROLLER = EOL {PROMPT} COMMAND AIR-CONTROLLER
| ERROR {ERRMSG} EOL AIR- CONTROLLER

This rule dictates that on its first call from LLDRV, LLSCAN
chould return the end-of-line token (EOL). In other words,
initially there is no command to be parsed. This condition
triggers a call to the semantic action routine, PROMPT, to
prompt the subject for a command. The word "COMMAND" in
this production is a non-terminal defined in subseguent pro-
ductions and describes the various GNESUBJ commands. Thus, .
the command received by the PROMPT routine from the subject
should be one of the commands defined by the non-terminal
"COMMANDY .

The last component on this line of the production is the
non-terminal "AIR-CONTROLLER". Since this is also the non-
terminal being defined, the operation is recursive. In
fact, since it is also the highest level non~-terninzl for
“he grammar, +the entire parsing operation ig recursive.
Wnen one command has been parsed, tThe preoducticn Is repeat-

ed: +he ECL token is returned by LLBCAN, PROMPT is called
+to get another command from tThe user, and +the new command is
parsed. Thus, once initiated, the parser operation contin-
ues indefinitely, and may be stopped only by scme externzal
means. 1In the contrecl modules, parsing is stopped by execu-
tion cf special HALT instruction.

™e second line of +he AIR-CONTRCOLLER production 1is

called an error recovery production. This production is ap-
plied whenever zan error is discovered in the command being

parsed. When a token value returned by LLSCAN does not
match the token value tType expected, as defined by the pro-
duction being applied, an error has occurred, At this

point, the current production is abzndoned and the error re-
covery production is applied. . ERRMSG is called To print =
message to the subject and the rest of the command is ig-
nored. Normal processing resumes with the return of tThe EOL
token by LLSCAN and the recursive zpplication of <he
BSR-CONTROLLER production. A more detailed descriplion of
+he LLPARS error recover process is provided in [Morse
18797].

~]



EXPERIMENTER CMD = EOL {READIN} COMMAND EXPERIMENTER_CMD
| ERRCR {ERRMSG(O)} EOL EXPERIMENTER_CMD

From examination o¢f this production and the remaining pro-
ductions of the grammar, it should be clear that operation
of the GNEEXPR process is analogous to that of the GNESUBJ.
Process. The semantics of +the languages differ, but the
parsing operations performed on the commands essentially are
identical. Hence, the description of other aspectis of the
processes will be made with respect to the GNESUBJ Process
only. However, implementation differences in the GCNEEXFR
Process will be highlighted. '

3. EXECUTION LOCGIC OF GINIE

3.1 DATA ORGANIZATION

With the exception of local variables within procedures, all
of thne data manipulated by GENIE is contained in a binary
tree ordered on the identification number cof each vehicle cr
in arrays transmitted between processes by DMS using VAX
mailboxes. For a complete descrivticn cof DMS, the user is
referred to the work of Roger Ehrich [EZERI82]. In the cur-
rent implementation, this ID number is an aircraft call
sign. An in-order <=raversal of this tree would list the
call signs in ascending numerical corder. This crganization
allows fast access on any vehicle, since the vehicle call
sign is specified in any command dealing with a particular
vehicle. The algorithms which menipulate this ftree are
found in <the module ‘"gnetree"™ located in the librar
[fazinter.genis2]genielib.tlb and are +tzken ZIrom Xnutn
[KNUT73].

The VAX mailboxes and DMS are designed to transmit byte

strings. However, it would be most inceonvenient Zer the
user's sofiware to have to convert program data TO byte
strings. Therefore, grest care was taken iTo make sure that

- -y ——

+he varizble declsrations (in TASCRL and FORTRAN) =agreed
EXACTLY in  the transmitting and receiving processes. in
~this way, the receiving process can "reassemble” the data
into the same form in which it was sent based upon infiorme-
<ion available at compile time. GENIE medifiers are warned,

cautioned and ctherwise injocined <To maintain The same care
in date organization. This is so criticel because tThe pre-
cesses do not shere zn execution envircnment so data passed
incorrectly cannot in any wsy be spotted by the VAX syster.
The receiving process can only assume that the desta is cor-
rect. If it is not, veryv unpredictable results Ifcllow.



Some of the most intransigent errors *that occurred during
the development of GENIE were caused by small oversights in
data transmission. In shert, be careful.

Each node of *the tree has three fields: left and right
pointers and vehicle information. The wvehicle Infermaticn
field contains such things as the vehicle's polar coordi-
nates with respect to the destination, the vehicle's x and y
position on the screen, the vehicle's speed and acceleration
in each dimension and wvarious other data. See the source
code type declarations for a complete description.

The tTree is created when the GNEDBAS process is created.
The tree's root ncde and the root node of the left subtree
(which is the only node of the left subtree) are created by
GNEDBAS. Creation of the tree causes the peinter wvariable
"p_tree" to contain the address of the head node of the

Tree.

The call sign associated with this node is =-1. This sig-
nals twoe things to the display process, GNEDISP. Firstly,
the information contained in this node can be used to con-
trol the format of the display and secondly, the nodes soon
to be transmitted are to be interpreted as vehicular nodes
and handle& accoerdingly. The information contained in this
node is important and, due tTo the use tTo which this informa-
tion is put, the names of the fields of ftThe tree are not zl-
ways mnemonic to the actuzl data.

Anocther node of the tree is zlso crezited =2t initizliza-~

ticn time. This is the so-called "tz2il" nocde.
1 |
I I
| EEAD |
| -2 I
| I
i ! 1 ]
] |
O— "
I |
| |
1§ i i ]
I ] I I
| Teil ! | Null N
| -2 I | |
I I | I
| i i }
Tigure Z: The Initial Tree Structure



1+ has a call sign of -2 and when it 1is received by the
display, the display knows +hat no further vehicular infor-
mation will be sent for the moment. At the present time, no

other informaticn in this node is used. In corder To main-
+zin the "search tree" structure of this iree, the *tail node
is placed in the left subtree cf +he head node. In fact, it

is the only node that will ever be in the left subtree.
Figure 2 is a diagram of the initizl state cf the vehicle
tree. :

GENIE has the capability of allowing five different types
of vehicles to be used at any one Ttime. Initizl information
on each +type of vehicle is stored in the VaX file
[fainter.genie2 lgnebock.dat which 1is assigned the logical
name "bookin". This file is read by the procedure "initial-
ize" in the module GNESEMA. If the GENIE user desires to
change the characteristics of the vehicles, this is the file
to change. The first five lines of the file contain tThe
co-called "book" information on each vehicle. The next six
lines contain probabilities for the various emergencies.
mhisg information could be used if the experimenter wanted to
assign emergencies to vehicles on a pseudo-random basis as
+he vehicle is created. (Since the seed of the random num-
ber generator is not changed, the same "random" pattern of
emergencies would occur each time GCENIE were run.) The last
line contains information used as default for parameters
+hat can be changed with the experimenter‘s DEFINE command.

)

3.2 ORGANIZATION OF THE PROGRAM COMFLEX

As mentioned above, GENIE is organized into Iive processes.
They are named as follows:

1. GNESUBJ

2. GNEEXPR

3. CNZTIME

4. CNEDBAS

5. GNEDIS?

CNESUBJ is = DEC VAX 11,780 PASCAL program which, usi
DMS, creztes GNEIXPR and then invckes a FORTRAN subrouti

czlled GNELANZ, which recognizes the subject’'s command lan-
guage. CGNEEXPR is a PASCAL program whcse sole purpose is TO

3y
(| e

n

invoke the FORTRAN subroutine CNZILANL, which recognizes tThe

5 i i - ] L. e e by - b —y T—— . —
experimenter’' s COmMmanc LaEnduage. GNELANI znd GNELANZ se
<he VAX system service LILZARS <
' - <

ser Tt
by the experimenter or The subjec:



"define" command in the experiment profile (see below) will
cause CNEDBAS to be created. Execution of the "begin" com-
mand causes GNETIME to be created. If there are no "define"
commands in a profile, then GNETIME will create GNEDBAS when
the "begin" is executed. Once GNETIME is created, it will,
once every three seconds thereafter, request that GNEDBAS
produce new locations for each vehicle currently extant.

The new location produced by GNEDBAS will be based on the
3-second elapsed time and on the speed o0f the vehicles. As
each new location is determined, CNEDBAS reguests <that
GNEDISP display a blip in the calculated position. (GNEDISP
as a process is created by GNEDBAS when the first reguest is
made. )

1 i — 1 1 ]
| DISPLAY| GNEDISP | | GNEDBAS | | GNETIME |
| — — — |
| SCREEN | | t l | I 1
1 L : } | , | 4 1 ]

| |

i ! l

| |
1 1 T 1 I }
| SUBJECT | | GNESUBJ | | GNEEXPR [ | EXP'R |
I — | | — |
a CONSQOLE | | PROFILE | { | | |
{ | | { | ] 1
Figure +ure of GENIE

2: Siteady State Macro Struc

gure 3 depicis the

Tig steady state (zfter all process
creation has occurred) of CGENIE and the interprocess commu-
nications links.

NELAN1 and GNELAN2, after recognizing and analyzing each
experimenter's or subiject's command, respectively, reguests
that GNEDBAS make the appreprizte change in the database of
vehicles. All five cf these processes will run until <he
experimenter issues the HALT command: &t that Time, GNESURJ

511 +*erminz<te. DMS will then insure that all other pro-
cesses will a2lso be terminated. Since the processes GNEDISP
and GNESUBJ =zre the processes that directly interface with
+he controller, it is suggested that these are the processes
most likely to underge changes by The experimenter.

Q



3.3 ORGANIZATION OF EACH PROCESS

3.3.1 The Languade Processors

Even though +he GNESUBJ and CONEEXPR processes are separate,
they will be considered together here because <they differ
only in the language that they recognize. A few prefatory
remarks will deal with the differences, and the rest of the
language Processol discussion will apply ©o both processes.

3.3.2 GNESUBJ

This is the process which initiates GENIE. It creates the
experimenter process and then calls the TORTRAN subroutine
GNELANZ .- GNELAN2 recognizes commands from the subject and,
after verifying that the command is correct, sends &
10-element integer array to GNEDBAS indicating +he parame-
ters of the command. GNELANZ =also sends & 2-character
string To GNEDBAS, indicating which semantic procedure in
GNEDBAS is to process the 10-element array-

3.3.3 GNEEZXFR

This is the process +hat would be changed if the experimen-
 ter wanted to 2dd new experimenter commands. FOT informa-
+ion on making changes <o <his process, S5ee€ +he report writ-
ren by Sue R. Guy rouyszl. GNELAN1I is = FORTRAN programn
which recognizes the experimenter's commands. I+ is
straightforward and well documented except for +the call TO
+he sub- routine TILDRV. LLDRV is 2 gystem service for usind
LLPARS. LLDRV will call the zppropriate subroutine provided
n the remainder of CGNELANI. Tor a complete descriptien of
TPARS and LLDRV, +he reader 1is ~eferred To The documenta-
ion for GNELANL and the systen documentation Icor LLPARS.
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rfter GNELAND recognizes & command, it sends a

o_character string To ONEDBAS indiceting <he mezning of the

command and it 2lso sSends & 10-element &array containing the

parameters of the command. CNEDBLS then effects “he appDro-
rizte change in +he database.

The structure of 2 GENIE "program" is given in ‘the EXDer-
1£ +he GENIE r ins "de-

£ine" commands, execuzion of ~he £i

<ne creaticn of ~me CNEDBAS process. 1

will be created and will start executicn befcre “he &

specified in cne "desiine command TARES pla

ipitial execution cf CNEZDBAS is +he reading oI

file, DParw cf which conTains Sefaulits for <ThOSE variaplies

ALy



which the "define" command can change. After "hookin" is
~ead, the first "define" takes effect. If there are no "de-
fine" commands, the "hegin" command causes the creation of
+he GNEDBAS and, since "gefine" commands are not permitted
after the "begin", the defaults read from "hookin" are never

changed.

3.3.4 CNESUBJ Process and GNEEXPR Process MAIN Routines

mhe function of the GNISUBJ and CNEEXPR processes MAIN rout-
ines is to initiate the parsing operation by calling <he
parsing driver,  LLDRV. Each MAIN rcocutine also serves TO de~
fine and initialize common varizbles used in the parsing op-
eration by tThe scanner, LLSCAN, and the semantic action
routines. :

The MAIN routine defines +he command input stream as an
80-character string. This string i1s set to blanks, indicat-
ing to LLSCAN +that initially, +here is no command <o be
parsed.

MAIN also defines a keyword array used as temporary sto-
rage for the keywords recognized during the parsing of =z
command. Once a comand has been parsed, the semantic action
routine for the command may examine the keywerd array con-
cents to determine various command cptions specified by the
subject. Tor example, tThe GNESUBJ ALTITUDE_CEANCE command
consists of a call sign followed by the keywords MCLIMB AND
MAINTAIN" or "DESCEND AND MAINTAIN" followed by an altitude.
 frer command parsing, the firgt entryv in the kevword array
contains <the keyword "CLIMB" or the keyword "DESCEND".
Thus, by examining This entry, +he semantic action routine
can determine which command option was entered rv the sub-

. —
nesc.
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Similariy, the MAIN routine defines an integer parameter
srray for temporary siorage of integer wvalues recognized
during command parsing. Using the example of +the GNESUBJ
ALTITUDE CI oE command, the integer parameter =array con-
tzins, azter command parsing, +ne call sign as its first en-
try, and the eltitude a2s its second entry. The MAIN routine
slso defines an array Ifor Temporary storage of integer par-
emeter digits. This array 1Is called the symbols array.
During parsing, individual digits gre etpred in the symbcls
array until it is determined by the grammar that the entire
integer parameter has been parsed. At this pecint, a seman-
~ie action rouitine, NUMERIC, is czlled to remove the digit
£yem this array and convert “hem to & single integer value.

3
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For each array described above, a separate pointer 1is
needed to mark ‘the last array position £filled, or to indi-
cate the number of entries made during parsing of a command.
These pointers also are defined in the MAIN routine and are
set To zero.

In addition to the arrays and pointers described above,
+he MAIN routine for the GNEEXPR Process defines a weather
flag and a 30-character string for temporary storage of
weather information. The weather flag, set by the semantic
action routine, SETFLAG, indicates to LLSCAN that the next
string of characters constitutes weather information and
should be stored in the weather string. This facility may
also be used for speech production. The experimenter speci-
fies weather conditlons for an experiment 1in the CNZEXPR
 START_SIMULATION command. Weather information does not fol-
low any fixed Zformat and hence, cannot be described in a
grammar production. Therefore, special +reatment 1s neces-
sary for recognition and storage of weather information.

specific variable names znd declarations for the process-

es' common variables can be found in the MAIN routines'
code.

3.3.5 The Scanner Function, LLSCAN

LLSCAN is +the FORTRAN s¢an function called by the LLPARS

driver, LLDRV. The function analyzes <%he first non-blank
character in the command input srream and returns an integer
code,  indicating the Iype of symbol found. The symbel is
removed from the command line and placed 1n one cf the tem-
porary storage arrays. The operation of LLSCAN is described

in greater detail in +he following paragrapns.

First, LLSCAN determines ;£ +he command line Is klank.
£ +hisg is the case, LLSCAN returns the value 2, *the wvalue
csociated with the end-of-line terminal +token (EOL). it
e command is not blank, LLSCAN finds the first non-blank
character by removing any leading planks from <Tthe command

F o

1ine. LLSCAN then determines IZ <he character is a numeric
digit (a character in the range rg! +hrough '9'). If the

character is a digit, LLSCAN removes it from the command
.iine and stores it in the fivst available space in +the sym-
bols array. LLSTAN returns +he value 3 which is the value
associated with the numeric digit terminal Token. I1£ the
symbel is not 2 digit, LLSCAN checks whether <the svmbel 1s
+he asterisk ('*'). If itT is, T LSCAN stores the asterisk in
+he symbols array and returns The vzlue . £2. {The asterisk
was assigned +this value by the :czpiler-comciler.) 1 the
’ ig neither a di iy

s
5 be *the £first letter ©



letter, and any fcllowing letters, from the command strean
and builds a keyword. LLSCAN passes this keywerd to & sup-
port function, KEYWRD, and returns the wvalue returned by
this function. If the keyword is one supported by the lan-
guage, KEYWRD stores the keyword in the keyword array and
returns <the unigue code associated with it. This code 1is
+he integer assigned to <the keyword in the Keyword Defini-
tion Section of the lancuage specification. If the keyword
is not supported by the language, KEYWRD simply returns the

value zero which is the value associated with the error ter-
minal token.

The LLSCAN function for the GNEEXFR Process performs es-
sentially the same operations as the LLSCAN function just
described. The CNEEXPR LLSCAN function does not test for
+he occurrence of an asterisk since the asterisk is not used
in any GNEEXPR command. Kowever, the CNEEXPR language does
snclude tokens not defined in the ONESUBRJ language that must
be handled by the GNEEXPR LLSCAN. Treatment of these addi-~
+ional tokens is described below.

rfter removing any leading blanks from the command line,
+he GNEEXPR LLSCAN function checks the weather flag. If it
is set (value of truej, the next string of characters consi-
itutes weather information. As weather information is fol-
lowed by the keyword "DECKY in the START SIMULATION command,
LLSCAN removes ail characters preceeding the keyword "DECK"
and steres the characters in the weather string described in

Section 3.3. LLSCAN then resets the weather flag (value set:
to false). After performing thne check for a digit, <the
GNEEYPR LLSCAN function determines whether the character is
2 comma (","). I1f it is, the comma is removed from the com-

mand line, and the value 44 is returned. (This vealue was as-
signed to the comma symbol by the compiler-compiler.) Simi-
larly, the GNEEXPR LLSCAN function checks if the sympol is 2
hyphen ("-"). If the symbcl 1is 2 hyphen, LLSCAN removes it
fyom the command line and retTurns <he zssociated value, 45.

3.3.6 Semantic Action Routines

2.2.&6.1 Overview

Semantic action routines are the routines named in the pro-
ductions of the language specifications. These routines are
celled bv LLDRV as various commands or command Ifragments are

parsed. ed on the types of cperations perfcrmed, <these
semanti -ipn rousines form two distinct groups of route
ines: generzl group oI semznTic action routines, and
“he command-specific groun. Those routine grouprs are fs-
scribed rezter detail below.




3.3.6.2 General Semantic Action Routines

The general group of semantic action routines are used in
both the GNESUBJ and +he GNEEXFR processes and zid in the
general parsing of commandes. The routines ERRMSG, NUMERIC,
PROMPT, and HALT are the routines which form this group Each
of these routines has been men<ioned previously in this pa-
per but is described further in the following paragraphs.

ERRMSG is called by LLDRV during applicaticn of the error
recovery production. The routine also 1s called by several
of the command-specific semantic action routines upon detec-
+ieon of certain semantic errors. ERRMSG displays an error
message to the subject (or the experimenter) and sets The
command line to blanks.

The NUMERIC routine 1s callied when all digits of an in-

teger value have been parsed. TRIC removes the digits,
stored in character Iforn in the symbols array, and converts
+hem to a single integer value. NUMERIC then stores this

value in the integer parameter array. During command Dars-
ing, if =a non-digit symbel is encountered where a digit is
expected, the producticn is apandoned and the error recovery
production 1is applied. Hence, NUMERIC is =assured of the
correctness of the values stored in the symbols array at The
+ime cf routine invocation. As a result, NUMERIC does not
perform Type checking on the symbels array contents.

The PROMPT routine (named READIN in +he CGNEEXPR Process)
reads in the next command <O be parsed. The routine =zalse
prepares tThe systiem for znalysis of the commznd by resetting
+he keyword and integer parameter &rray pointers tTo Ze&roc.
Tne PROMPT routine is czlled when parsing of a command nas
neen completed or abandoned due to the presence cf errors in
+he command line.

The GCNEEXPR HALT semantic action routine is called whern
zn GNEEXPR HALT command hes been parsed. The GNEEXPR HALT
routine ~erminates execution of the GNEEXPR Process by eXe-
cuting & FORTIRAN STOP command. However, prior To executing
the FORTRAN STOP, the CNTEXPR HALT s=ignals the end cf the
interactive session by  sending a message tc +he Data Base
Tesition Update Process. Thig Process <Then may tTerminace
=fter notifying tThe Screen Coptreol and Timing Frocess that
+he session nas ended. AS +he GNESUBJ Process receilves in-
put only Irom the subject's cerminzl, this process must be
stopped independently by issuing the SNESUBS HaLT cemmand.
Upcn completing +ne parsing c¢f the HATT command, the GNISUBJ
process invokes +~he GNESUBJ =ATT semantic action routineg
whicn terminates the GNESUBJ Process by execuiing & TORTRAN

-
STOZ.



3.3.8.3 Command-Specific Semantic Action Routines

The command-specific routines are the semantic action rout-
ines called when a command has been parsed. Each command
type is associated with a unigue command-specific routine.
The routines gather and code information stored in the key-
word and integer parameter arrays. This information then is
stored in an integer array +hat is passed to a corresponding
routine in the Data Base Position Update Process. The cor-
responding routine to be invoked is indicated in the message
py Z2Z~-character strings preceeding the parameter array. The
character strings and “he associated Data Base Position Up-
dete routines are summarized in Table 1. The procedures are
Jocated in the GNESEMA module. ‘

Many of these command-specific routines perfeorm limited
semantic checks prior to passing the information to the cor-
responding routine in the Data Base Position Update FProcess.
Routines corresponding to commands which specify call signs
invoke a routine, CHCKSIN, to validate +hat the call sign is
in the accepted range of values. Maximum values also exist
for integers describing concepts such as distances and alti-

«udes. Therefore, semantic action routines corresponding to
commands involving these concepts also perfiorm value range
checks. 1f a value lies outside the accepted range, the se-
mantic action routine czlls ERRMSG <teo print an error mes-
sage. + this point, processing of +he command is Terminatl-
ed.

A summary of the functions c©f the command~-specific seman+-
+ic action routines 1is presented in +ne tables below. NMore
getaziled information on <the routines is included In the
routines' internal documentation



TABLE 1

Data Base Position Update process Subroutine Codes

Subroutine Name Code Activating Process
alt_change ‘ gg GNESUBJ
hand_off hh GNESUBJ
info_req ii GNESUBJ
marshal_reg 33 GNESUBJ
blip_ tag k& GNESUBJ
range 11 GNESUBJ
ship_pos mm GNESUBJ
spd_chg sSs GNESUBJ
stat_area nn ' GNESUBJ
vetr o0 GNESUBJ
wave_off _ otey CNESUBJ
ship_head ' aa GNEEXPR
color_p tt GNEEXFPR
create_£flight bb GNEEXPR
definiticn rr GNEEXPR
emerg ce CNEEXPR
halter dd _ CNEEXFR
spd_chg ss GNEEXFR
commence ££ GNEZXFR



TABLE 2

GNESUBJ Process Command-Specific Semantic Action Routine
Summary

Routine
Name

Command Name

Database
Update
Routine

e e e MR M A N A M s Smw Gy G G e G B e GE e e e e A M e e S S R MR M e W e M NS S S S Mmoo e SLSL S e e

ALTCHIN
HANDIN

INFOIN

MRSELIN

RARDCMD

RANGECNMD
HIPCMD

STATCMD

VCTRIN

WAVEIN
where R

c
E

nnu

ALTITUDE_CHANGE

HAND_OFF

INFORMATION REQUEST

MARSHAL_ INSTRUCTION

RADAR DISPLAY

RANGE_COMMAND
SEIP_COMMAND
STAT COMMAND
VECTOR

WAVEOEF

support routines ¢
CHCKSIN, =zand
ZRRMSG

call sign,

vertical direction,
zltitude

call sign,
controller code,
button

call sign,

info reguest code
call sign, fix type,
radial, distance,
altitude, ezt
displiay code,

plane code

range

ship direction code
call sign
call sign,
direction,
call sign

alled,

MOoEQ O

GRS NUNORONS]

alt_change
hand off

info_reg

marshal_reg

blip_tag

range



TABLE 3

GNEEZXPR Process Command-Specific Semantic Action Routine

Summary
Routine Command Name Parameters R Database
Name Update
Routine
CHANGEH CEANGE HEADING direction, radial, E ship head
COLR color call sign, color E color_p
CREATEP CREATE PLANES rlane type, C create_flight
' numpber of planes, E

radizal, distance,

altitude
DEN definition various E definition
EMER -Emergencies emergency action, C emerg

call sign, E

emergency tvpe
SPEED_C speed call sign, speed E spd_chg
STRTSIM START SIMULATION deck condition, E commence

radial, weather
where R = support routines called,

C = CHCZKSIN, and
E = ERRMSG



3.3.7 GNETIME

The purpose of GNETIME is to "kick" GNEDBAS every so many
seccnds (specified by the experimenter) so that GNEDBAS will
produce a new configuration of the wvehicles. It does this
by calling the DMS service "long delay" with the number of
seccnds between traversals. Upon returning from
"long delay", GNETIME will request that GNEDBAS perfiorm the
update operation. The 'pp' sent to GNEDBAS is the cue for
this action. GCGNETIME <hen waits for a message from GNEDBAS
indicating that the update has occurred before returning to
hibernation. This process i1s repeated as long as CGNITIME is
active.

3.3.8 CNEDBAS

”hls is actually the heart of GENIE. It creztes and main-

ains the binary tree structure in which information about
each vehicle is stored. It performs a traversal of this
tree upon prodding by GNETIME. During the traversel, it
produces <the new position of each vehicle based upon the
laws of particle motion in Newtonian physics. As each new_
pesiticon is computed, that vehicle is displayed by GNEDISP.

Additions to the tree are effected by <the procedures
"ecreate flight", "ctcecrtp" and "tree insert" on the behest
cf the CGNEEXPR process. Since valid call signs are non-ne-
cative integers of three digits, each digit being between 0
and 7 inclusive, a search tree order is maintained if wvehi-
cle nodes are inserted into the right subtree. The
"Cree_insert" procedure does this insertion. The procedure
"create __1ght“ allows the' creation of up to four vehicles
in & group at a time. The procedure "ctcecrip" acguires
storage for the new necde znd assigns values o each of its
fields. The procedure "tree insert” places <this newly
crezted node in its correct place in the tree.

Nodes are automatically deleted when the vehicle that the
represent gets within some specified distance of the desti-
nation and is on a £final zpprcach to that destination. The
final approach is a radial line from the destination zlong
which the vehicles travel in order <o arrive aT the destina-
tion. The implication is that venicles must arrive £rom one
compass direction. A vehicle is considered to be "on final"
if its radizl from the destination is within ten Gegrees of

the Zfinal eapproacn radiasl. Currently, <tThat distance is
one-half cf & nautical mile. The procedure "tree delete”
does the sctuzl deleticn.

The interacticns of deciding to delete 2 node are complex
and warraznt some discussion nere. In the "change' procedurs



of the GNEMCVE module, each vehicle's distance from the
destination is checked each time z new position is computed.
If the distance 1is less than or is egual to one_Iourth mile
and the vehicle is within 10 degrees of the final approach
course, a boolean variable called "has landed" is assigned

the value "true". For the moment, that is all that happens.
This node is returned to "traverse® in GNEDBZS, which immed-
iately sends it to GNEDISP. GNEDISP examines tThe boolezn

variable and, 1if it is true, GNEDISP erazses the node Irom
the screen (if the boclean were false, 1t would still be er-
ased, but it would also be redrawn) and deletes <the call
sign from the active vehicle list. Upon return from GNEDISP
to "traverse”, the boolean is examined again and, if it is
set, "traverse" invokes '"tree delete" to get rid of it.
This complication 1s necessary Dbecause one procedure
(change) makes a decision which affects the operation cf two
entire processes and these processes need informaticn and
time to adjust to the deletion of a node. (Careful inspec-
tion of the source code will reveal that the boolean varia-
ble "new_plane", which is declared at the same time as
"has_landed", serves a similar purpose. GNEDISP must know
if a node in the tree is new, so that the call sign can be
inserted in the active aircraft list. So, "ctcecrtp" ini-
tializes "new_plane” to <true and, after the node has been
sent to GNEDISP for the £irst <time, T"traverse" sets
"new_plane" to false.)

The above discussion covers the creaztion and deletion of
vehicle nodes. During the life of & node, it undergoes up-
cating once during each traversal of the tree except for the

head node, which never is updated. One traversal occurs
each time the tTimer process, GNETIME, signels the data base
process. During the ‘traversal, the node 1s sent tTo the
"change" procedure. (See the module GNEIMOVE.) This proce=-

dure c¢alls several other procedures which actuzlly modify
the node.

Procedure "new pos" computes the new (x,y) position on
the screen and the new radial position with respect to the
destination. Clecse inspection cf the code which performs
the calculations for this procedure could rzise guesitions as
to 1ts velidity.

Each aircraft's position is actually
of coordinates: the crigin of the (x,v) plane is the lower
ieft corner of the display portion of the screen, while the

rigin of the polar plane is the destination. See Figure 4.

computed on iwe sets

If This seems confusing, c following: the stTan-
dard matnematiczl polar co : : stem nas 1ts initial
side as the X axis and angl i into the first cusad-
rant, eifectively to the le lar cocordinate s§stem
used in GENIE (IZigure %) &n= 7 gt tThe destination
and tne initisl side is par ¥ a2xis with zngles



increasing TO THE RIGE RIGHT. The origin, 0O, cf the polar system
is always placed at <he (x,y) location of the destination in
the Cartesian system. New coordinates for each aircraft
must be computed in each plane.

(220,368) (719, 368)
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(220,0) {718,0)
Figure 4: The Cartesian Plane Usegd by CENIE

Since the polar azxes have been rotated, a trans?t a
had to be found to map the polar system into the Carte
system. The standard x=r cos - znd v=r sin - would not
work. Since GENIE's x and Y aXes are simply reversed from
that of the standard Dolar plane, the "*ans o*m"‘"'or! was
sxmnly X=r sin - and y=r cos -. Tne*e ore, "new_pos" uses
this translation to compute the new cooralnates of each air-

craft.
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After the new position of the vehicle has been combu.ed
its angular motion is computed by the procedure "turning".
Alrcraft turn at a rzte of =hres degrees per second until
thev are within 10 dnc*ees of the assicgned heading. In this
procedure, +the gif erence between the current vehicle head-
ing andé tne assigned heading is computed If this al::er-
ence is greater than “he amoun< <hat the verlcle will tuxn
in the NEXT <treverszl, <hen comoﬁ+° ;ne Turn an

Neiie - s

-
T

¢ zssign the
5

vehicle <ne new heading. Then, if the vehiclie is Within 1D
cecrees of the zssicned heading, reduce <he rate of Turn by
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Figure 5: GENIE's Polar Coordinate System
one~half, I, however, the wvehicle will overshoot it

assigned heading on the next Traversal, then simply make the
current heading the same zs <he assigned heading and set the
rate of turn to zero.

Next, "change" decides if the aircraft is in a pesition

from which a landing may be made. (The aircraft must be "on
final" and within 10 miles of the destin ticn.) If this :is

the case, the "prepare_to_land" procedure lowers the landing

gear, begins slowing the aircraf: to approach speed and be-

ins the aircraft's descent to the destination. This is
called putting the azircrzft in "landing configuration." If

the aircrzft is already in landing configuration, +then the
algorithm described zbove decides if the gircraft is ready
to land. If, at any time after the aircrafs begins its Ffi-
nal approach =o the destinaticn, it departs from .the final
appreach course, the "go around" procedure is _executed.

-

This causes the aircrat- 1o climb back to 5000 feet altitude

and accelerate to cruise speed (azfter the cli which is at
L] s .
n

- ) o N - e
whe alrcrait' s climb speed.) Ti and
P | - - 3 - -—— - 2 - -
allituge are computed besed upon atlelieraicn and verticszl
o oL - 3 T o = 3 = - -
speed. Aircraft speed and alititude cnande atT rates thatT ap-
$ - X = 2 o — - - = Y -
Froximate tTheose of high performance jetT aircrsit. Climbes
S - - = - - - - - ~ L -— v -
end descents are made 2% 2 rate of 4,000 feet rer minute ex-
- ! - g . = = - ] -— - -
CeptT I The aircrzit is below 35,000 zeelT, & descent is made



at 2,000 feel per minute. Aircraft acceleration is 20 knots
per second while deceleration is 30 knots per second.

After all of the preceding has been done *to each node,
the information in the node is sent to the display process
and the traversal of the tree continues first down the right
subtree and then down the left subtree.

At the end of each traversal, GNEDBAS is ready for anoth-
er command. If the command is from one of the language pro-
cessors (GNELANl or GNELAN2) the appropriate semantic proce-
dure is called, which then makes a change in <the binary
tree. GNEDBAS loops eternally on the boolean variable "fo-
rever", waiting at the "accept" statément for a command.

The program GNEDBAS actually comprises a main program and
twe separately compiled modules. This organization pre-
cludes the necessity of recompiling all of GNEDBAS when a
change 1s made in only one part. Any change, however, does
necessitate re~linking zll cf GNEDBAS. The modules which
must -be linked fo CGNEDBAS are GNEMOVE and GNESEMA. GNEMOVE
has the code to perform the update operations on the nodes
of the tree. The procedure "change", which is czlled *rom
the traversal procedure, is the last procedure in the module
GNEMOVE. The module GNESEMA contains the semantic proce-
cures for the experiment profile lancguage and the subject's
command language. These procedures determine the zc+tual
meaning of the various GENIE commands. The reader is refer-
red to the GENIE source code for the documentation of these
procedures. It is conceivable that this module might be a
candidate for modification.

3.3.89 GNEDISP

This process draws the screen image and places blips repre-
senting each vehicle on the screen. IT makes use of =a
siightly modified version of +he CORE graphics system. Two
modificaticons were made to CORE., The first zllows for lead-
ing or trailing blanks in a Text string. The second adds a-
parameter to the TEXT subroutine that zllows <the user <o
specily the length of the text siring to-be written. These
modifications will be described later in this discussion.
This process has been developed to run on the Digitzl Eguip-
ment Corporation's GIGI system. 1In its present form, i=
will not run on anv other device.

K 3 - - -—
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pose, providing information about the vehicles' destination.
This rightmost arez provides a list of the active vehicles.
In this implementaticn, the call signs ¢of the zircraf+ are
displaved.

GNEDISP is a single PASCAL program which is comprised of
six routines alcng with the body of the main. The names of
the routines are '

1. ACTIVE
2. CARRIER
3. PLANE
4. REFRESH
5. SCREE
6. SHIPSTAT

.. ACTIVE maintains the list of the active vehicles, The

structure of this list is a2 tree with each entry having sev-
eral  attributes as well as pointer to the left and right
children of that node. The call sign of the wvehicle, any
emergency information and a color are KkKept. The color, at
present, is used to indiczte <to  <he controller +hat <the
plane is a new entry cnic tThe screen or that a plane nas an
emergency. If the plane is a new entry, <tThe czll sgign is
written in vellow. If %he Plane has an emergency situation,
Tthe czll sign is drawn in red. Provisions have been made o
color the call signs for those vehicles which are under con-
.trol of the "computer" during task allocation experiments,

CARRIER is the routine which draws <the carrier where the
exXperimenter wanis it o be vlaced. It may also draw =
marshalling vector to which +he planes must be guided by the
contrecller so that they may land,

PLANE draws and/or erases the planes Ifrom <the screen.
s function is determined by an action parameter passed to
' It may also write informztion about <he tlzne next *o
This information mey be anv combinztion of <he follow-
call sign, altitude, speed or sguawk The combinaticn
chosen by the experimenter. t rresent, there are two
iepes which the plane may tazke. The firs
This shape indicates <+that +he plane is
subject controller. The plzane may also
circle. This represents thzt the piane

The -computer. At the pr
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REFRESH is called when the controller requests informa-
tion a particular vehicle. It will display this information
in the section of Figure 1 represented by (b). This infor-
mation includes the call sign, heading, fuel status, landing
gear position, altitude, distance to +he destination, bear-
ing to the destination, estimated time of arrival at the
destination, +the communication freguency currently being
used and remarks about the plane. The remarks, at present,
are limited to emergency information and are written in red.

SCREEN draws the boxes which make up the screen. It also
writes the heading information into a2ll of the boxes.

SHIPSTAT updates the information on the destination sta-
tus area. At present, the only informaticn which changes is
the time.

CGNEDISP is the controller. It initializes several varizs-
bles, draws the screen and then waits at an ACCZPT for =
REQUEST from GNEDBAS. Once the reguest has been made,. =

CZIVE is encountered. As GNEDBAS *raverses the tree, it
sends information <o GCNEDISP. The information which is
passed is a node from the tree. The first packet i of in-
formation that is received pertains to +the destination, in
this c¢ase, an zircraft. This information is used to draw
The carrier at one of the five predetermined locations and
alsc to fill in the destination status arez. This is accom~
plished by calls to CARRIEZR and SEIPSTAT. The <oll wing
packet(s) either vehicle informaticn or is the node which
signals the end of a traversal of +the tree.

If the information refers +o 2 vehicle, a2 check is made
of its existence status. lf The vehicle, plane, hnas landed,
then the plane is erased from the screen by an invocation of

the PLANE with the action of erase znd its call sign is de-
leted from the list of active vehicles by a call to ACTIVE
with the action of delete. If it is 2 new plane, +the call
sign is inserted into the active vehicle list and 1f the po-
siticn of the plane is within the range of the screen, it is
drawn. If the existence status shows +hat it has neither
landed nor that it is a new plane, the plane is erasse from
its last location and then redrawn at 1ts new position, pro-
vided that it is within <he range ¢f the screen. These ac-
Tions are preformed by calls +to .PLANE and ACTIVE with the
appropriate actions. If the contreller has requested infor-
maticon azbout this plane, =z czll is made *o RZFRESH to updzte
the AIRCRAFT STATUS zrea.

1Z the packei signzls the end of =z traversal, the program
recurns o the CCEPT to awzit the next <raverszl. Thi
looping is never stopped by any actions of CGNIDISP. The
Trogram e experimenter’'s preiile
execute exXit, the GICGI ig left




in a state where neither of its curscrs are turned on. An
exit handler is on the way to take care of this problem.
For the time being, the experimenter can manually reset <he
GIGI by entering Set-up mode and changing the VC parameter
to VC3.

4. USING GENIE

GENIE is designed to run under “he control of DMS. There
are two reasons for this: '

1. GENIE is the testbed for DMS as =2 scftware develop-
: ment tool.

2. DMS is the only available software tha< provides for
concurrent execution of several program parts on the
DEC VaX 11,/780.
Running GENIE is a three-step process.
1. Create the experiment prcfile.
2. Make logical name tazble assignments.
3. Run the image.

Each of these steps is outlined below.

4.1 STEPS IN RUNNING GENIE

£.1.1 The Experiment Preofile

The experimenter controls the actions that take place during

the experiment via the experimenter's command language. In
elfect, the experimenter writes a GENIE "program", which

specifies what actions zre to take place znd the time for
the execution of these actions. NOTE: In the fellowing de-
scription o¢f commands, the command keywerds are in upper

case letters. This is for emphasis ‘only. These commands -

should be in lower case letters in the exXperiment profile.
At this *time, CENIE's language processors &do not recognize
upper case letters. A future version of GINID will be more
friendly in this regard, but *ime constraints have prevented

that from happening vet.

The experimenter has seven commands a< nis/her disvoszal:
- =ATT

RTINS - ~ETLTTE TSR TN T ~eT e el
DZFINE BEGIN CREATE EMERTENCY SFZZD COLOR znd =2
£ ra Fa rs s
P

These will be dez With one 2% 2 *ime.



The DEFINE command is used to establish +the initial
cenfiguration of GENIE for a given trial. Each DEFINE com-
mand may have one of five parameters. Several DEFINE com-
mands may be used. The operands are

1. SHIP LOCATION

2. TREFRESHE RATE

3. SCREZEN DIMENSION

4. TAG

5. APPROACHE HEEADING

The SHIP LOCATION defines where in the racdar display area
the ship symbel will be located. The words SHIP LOCATION
must-be followed by one of the following: €, for the center
cf the display area; UL, for +*he center of the Upper Left
guadrant; LL, for the center of *he Lower Left guadrant; UR,
for the center of the Upper Right; and LR, for the center of
the Lower Right. These are the only possible locations at
the present time.

The words REFRESH RATE should be followed by a digit bet-

ween 1 znd ©. This will be the number of seconds that
elapse between each <traversal ¢f the <tree and subsegquent
drawing of the screern. Rates of 1

ess than 3 mzy produce
unpredictable results when there is a large number of vehi-
cles to be displaved because traversals mayv occur before *he
results of the previous traverszl has been transmitted over
the lines.

A2 twe o©or three digit ‘number follows <*he words SCRETN
DIMENSION. This number defines <+he distance from the lef+
edge of the radar display o <he right edge in nszutical
miles.

The TAG option of the DEFINE command defines what infor-
maticn is to be displayed in the text Tag beside each blip
on the screen, After +the word TAG comes one or more of *he
words CALL SIGN, AIRSPEED, ALTITUDE. These words may be
specified in any order. 1Z mere than one is used, they must
be separated by commas.

The APPROACE =HZADING opticn defines the finzl arproach

bearing that the aircraf+ must fly to land. The words =zre

fcllowed by = 3-digit integer in the range ¢f 0 to 360, spe-
CLIving the direczion.
Tne EBEEGIN commznd has no cperands IT specifiss <the
T ¥ < ' ; :



the definition commands and must precede ALL of the action
commands. (The acticn commands are CREATE, EMERGENCY,
SPEED, CCOLOR and HALT.)

The CREZATE command is an instruction to produce a new
aircraft for display. The experimenter specifies, in <the
following order, after the word CREATE, the type of aircraft
(XTF-1, XTE-2, XTF-3, XTB-1l, RCU-1), the number of aircraf:
in the flight (1-4), the call signs of the aircraft (if more
than one in the flight, they must be separated by commas),
the location relative to the destination (a radial FROM the
destinaticn in the range of 0-360 and a distance FROM the
destinaticn, in the range 0-300), and the =zltitude, . speci-
fied by the keyword ANGELS followed by the altitude in thou-
sands of feet. See Appendix A for an example of a CREATE

command.

The EMERGENRCY command specifies that a given aircraft has
some trouble that may require special handling. The keyword
EMERGENCY is followed by the call sign of the affected air-
craft and, 1f the emergency i1s being crezted, the name of
the emergency. The valld emergencies are EYDRAULIC, FIRE,
COMM TRANSMITTER, COMM RECEIVER, TACAN, ADF, IFFSIF, BATTLE
DAMAGE, GYRO, SLATS, AILERCNS, RUDDER, ELEVATOR or LANDING
GEAR. Only one of these may occur on an emergency commang,
but severzl emergency conmanas may refer to a single gair-

craft. The occurrence of the emergency implies <that <he
yst m in incoperative. I the keyword CANCEL follows the
call sign, then the specified emergency no longer arplies.

The SPEZED command specifies that the chosen aircraft is
To accelerate or decelerate to the given speed. The accel-
. eration used for this speed change is 20 knots per second.
The keyword ESPEED is followed by the czll sign and the new
speed.

The COLOR cemmand is not cu*reqtly inplemented beczuse of
hardware constrzints. (GIGI does not handle small areas of
color well.) When it is implemented, the experimenter can.
change <the color of an aircraft by following the word COLOR
with the call sign and color. The walid ccleors will be
BLACK, WHITE, RED, GREEIN, BLUE, MAGHNTA CYAN and YZLLOW.

The HALT command terminztes the trizl. "It has no oper-
ands.

The experimenter's lancuage interpret reads commands
firom 2 disk file which has been crezted in advance by the
user cf the system. (You may crezte tThis file using The ed-
itor of your choice.) Zach command is made up of two parIs:

+. the elapsed <time =since <the beginning of <he =rizl
that this command is %o be executed, and

30 -



Z. the command itself, described in the preceding sever-
al paragraphs.

The time is specified as follows: The first two columns
©f each record in the file must contain the number of mi-
nutes, the third and fourth columns must contain the number
cf seconds. After that, the exXperimenter command is entered
in the file. For example, if the record

0730create xtf-1 1 122 180 20 angels 120

appesred in the profile, seven minutes, thirty seconds into
the trial the create command will be executed.

There i1s a certain structure that must be observed in the
experiment profile. 211 "define" commands must be rlaced
together at the beginning of the file. These must be fol-
lowed by one "begin" command (if the begin command is cmit—
ted, the "display" process will never be created and you'll
never see the screen,) fter the "begin" command comes all
the rest of the commands for the experiment. Note that the
"define" and "begin" commands should have time delays of
0000. Appendix A has a sample profile.

The default file type for profiles is .PRO but this is
not reguired. 1If vou do give your profiles this file tyvpe,
you need only speciiy the filename when you run the com file
described in the section of %his document on logical name
tablie entries. Note that the profile must be almost totally
unprotected in order for the ONR account (see below) to-

properly access the profile. Therefore, afier the profile
is created, <the protection must be sex <to group: read
write, execute and delete. Use tThe DCL command

set protection=g:rwed {prcfile name}

to deo this.

4.1.2 Logical Name Table Entries

CENIZ makes extensive use c¢f the VAX's logiczl name facilie-
ty. In general, however, the user of GENIE need not concern
nim/herself about that. If GENIEZ is being run in the Human
Factors lab, execution cf the com file [fzinte rInfgenie will
do all the reguired logiczl name ass:gnmenhs. Tnis com file
will accept as a parameter or prompt you for the name of the
file cecntaining vour experiment T f:le.

ﬂ)

)
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4.1.3 Running GENI

&}

If your zapplicatien does not regquire user modification of
GENIE, you may run it without copying it to your directory.
In order to do this, you must log onte to the ONR account.
See Roger Ehrich, Tim Lindgquist or Bob Fainter for the pass-
word and the procedures for this account. Once you are on
this account, set the default directory to [fainter.genie2].
This will give Yyou read and execute access to GENIE. (The
procedure for obtaining your own CopY to mess with at will
will be explained later.) Then, with the RUN commangd, exe-
cute tThe program ENTRY. This invokes DMS. DMS will ask veu
for the image name. Respond with the name GNESUBJ. This is
all you need to do. GENIE is now running and any further
communication must be by the experimen= profile or subject
commands. To terminate the run of GENIE, enter the command
HALT on the subject's console. If for some reason GENIE be-
comes hung up and will not respond, you may break out of DMS
with CNTL Y. This will return you to VAX DCL level.

4.2 THE SUBJECT'S INPUT LANGUAGE

THe subject's input language is Currently small, comprising
only five commands. These commands are, however, powerful
and allow the subject to do a great deal.

The SHOW command is = Téquest To the system to plice de-
tailed information apout cne vehicle in the "Aircraft Status
Arez." The syntax is SHOW call sign.

ALl other subject commands are instructions to the vehi-
‘cles and are prefaced with the czll sign of the arpropriate
venicle.

The TURN command Causes the vehicles <o +turn. After the .
keyword TURN, The direction RIGHT or LEFT is Specified, fol-
lowed by <the kevwerd ZEADING, folliowed 5y a 3-digit number
specifying +the ground track relaiive <o the vehicle's cur-
rent location that i+ is to £1

The zltitude chancge command causes the wvehicle to climb
or descend to a given altitude. Following <he call sign
will be the key phrase CLIMB AND MAINTAIN or DESCEND AND
MAINTZIN, followed by an sltitude specification of the form

i e

ANGELS <alt>, where <ali> is th assigned altitude in +thou-
sands of feet, in +he range {-Z00.

The SPIZIID commang a2ssigns z new spsed <5 = venicle. TFoli-
lowing <the call sign znd ths werd SPEID is +the speed in nau-
Tical miles per nour (Znots) that the aircra<s is To fiy.



The B5AY command allows the subject to obtain certain
selected information on any extant vehicle without disturb-
ing the display in the "Aircraft Status Area." The format

is call sign SAY SPEED or ALTITUDE or EEADING of FUEL
STATUS. The information is returned to the subject's termi-

nal, NOT to the CENIE display.

4.3 MODIFYING GENIE

The directory [fainter.genie2] contains language files for
2ll programs and meodules in the GENIE complex. This source
code is in the library GENIELIB.TLE. A given mocdule can be
removed from this library Dby using the com file

fainter]extract. This com file prompts for the name of the
module that vou want to remove.

4.3.1 Source Listing

For the time being, contact Bob Fainter, X3853, VAX username
FAINTER, for source listings.

4.3.2 Modifving GEINIE

-

£ you want to make modifications to GENIE for Your own ex-
periment, vou must copy, inte = direciery to which vou have
write zccess, the library [fainter.genie2)genielib.+lb. Ex-
tract all the files, using the source listing as a guide.
The files with tvpe PAS are PASCAL programs; those with type
- FOR are FTORTRAN programs. Make the desired editing changes
and compile those modules that were chanced. If vou have
just copied GENIE, vou must compile azll of “he files. Any
files that you change mus:t be compiled and linked before

running. Compile PAS files with the DASCAL command; FOR
files with +the FORTRAN command. There zre COM files in
{fainter.utility] to do the linking. LINKGENIZ will relink

all 5 processes; LINKEXPR will link <the experiment prefile
process; LINKSUBJ will link the subject languace process;
LINKDBAS will link the data base handler; LINKTIME will link
the timer process; and LINKDISP will link <he display pro-

cess. You have read and execut access <o
[fainter.utility]. ©Notice: the Computer Science department
will not be responsible for the executicn of user-medified
versions of GEINIZ.



£.3.3 Lancuage Modificztiens

The medular design of the parsers developed using the LLPARS
facility enhances system flexibility as UAC and EP languages
may be modified with only minor changes “o the cerresponding
Process software. Some changes, such as replacement o©of cne
keyword in a command wi<h another existing keyword, reguires
only the command's production in the language specification
‘be changed to reflect +the replacement. Deleting a comuzand
can be accomplished by simply removing all references *o the
command from the language specificaticn productions. {How-
ever, the deleted command's command-specific semantic action
routine and the corresponding Data Base Position Update
routines also should be deleted since they will no leonger be
exXecuted.) Even the most complicated language meodification,
namely the addition of a new command, reguires only minor
scftware changes, as the following example illustrates.

Suppose researchers want to add a2 new EP command <hat
will allow them to change the carrier's deck condition dur-
ing an experiment run. This command, to be called a
CHANGE_DECK command, is %o have the following syntax:

: CHANGE DECK TO OPEN
or
CHANGE DECK TO CLOSED
The software modifications needed tTo incorperate this com-
mand are summarized below.

i. In the lancuage specification, add <he CHANGE_DEC

' command as an option to <*he nen-terminal COMMAND.
Specify a command-specific semantic action routine to
be czlled when a command cf this <type has been
parsed. For example, the COMMAND non-terminal may
include the line: o :

| CHANGE_ DECK {CHANGE_D}

where CHANGE D is the name of the command's command-

Speclfic semantic action routine.

2. Add a producticn to the language specification de-
scribing the command's syntax. Specifically, add the
following procduc<ion:

CHANGE_DECK = CHANGE DECK T0 DECK_COND
where DECK_COND is the non-terminsl described in the
language. . -

3. Check the Xeywor
specification.

o3

Definition Section of <*he language
ince the keywords "CHANGE" ang "mo"

[92]

Currently are not defined == part of the EZP lancuzage,
acd these kevwords to <he RKevwerd Definition Secticn
and assign them unigue key codes. So thzt these com-
mands will be recocnized zas part of I lancuzge,
add these kevwords and <heir zssocizaz codes to =he
keyword lists in the LLSCAN SUTDCert routine, ETVWED

I
'



4. Code the command-specific semantic action routine,
CHANGE_D, =and the correspending Data Base Position
Update routine so as to implement the command once ix
has been parsed.

As the preceding example illustrates, even =2 language mo~
dification involving the addition cf a command with new key-
words is easily performed. 1In fact, most language modifica-
ticns can be accomplished without affecting the parsing
operation for existing commands.

4.3.4 Running the Modified GENIE

in order to run a modified GENIE, you must have the EXE
files for the procedures that You modified (they come auto-
matically from <he linking command) and the EXE files for
the unmodified prrocedures, These are located in
[fainter.genie2]. Copy the unmodified EXE files into your
directory. Also copy the file gnebook.dat inte your direc-
tory. Now, proceed as outlined in RUNNING GENIE, above, ex-
cept after giving vyour username twice, DO NOT set the de-
fault directory to [fainter.genie2]. This way, DMS will
execute the GNIEXPR +hat is in your directory.
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Appendix A

TRIAL SESSION

0000define refresh rate 3

0000define screen dimension 50
0000Cdefine tag call sign

0000define ship location ul

0000define approach heading 315
0000begin

OO0lS5create xtf-1 1 110 180 20 angels 100
O245create xtf-2 1 211 045 30 angels 140
C315create xtf-1 1 111 180 25 angels 100
O0320emergency 211 hydraulic
O0330emergency 211 landing gear _
0500create xtf-3 1 344 050 50 angels 100
1000emergency 211 cancel landing gear
2000halt

The above session runs for 20 minutes while several alircraft
are crezted and <wo emeérgencies are processed. Users =zare
invited to try this session.
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The following

be given these names and tTypes to

Appendix B

VAX FILES FOR GENIE

is the
[fainter.genieEJgenielib.tlb.

formation from the library.

CTIVE.PAS
GNETYPE.PAS

ACTIVESTAT.PAS

GNEVARI.PAS
AIR.GRM
IENCCDE. FOR
CARRIER,PAS
CLDSCREEN.PAS
COREPROCS . PAS
PLANE.PAS
DESTSTAT . pPAS
REFRESH.PAS
DISPLAY.DPAS
RENCODE. FOR
EXPER.GRM
CREEN.PAS
GEN1ICONST.P2AS
SEIPSTAT.PAS
VECHSTAT.PAS
GENIVAR.PAS
GNEBOOK.DAT

GNECONS .
GNEDBAS.
GNEEX®R.
GNELANI .
GNELANZ .
GNEMATE .
GNEMOVE.
GNERAND.
GNESEMA.

GNESUBJ.

SNETIME

L S SaFuny

GNETREE.F

Pasg

"extract" com file shou
properly extract the in-





