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ABSTRACT

This thesis describes the concept of an input and output
fiiver ¢for the Wartare Envircnment Simulatcr (WES). The
tilter is comirised of 1two corputer programs which were
written in the 'C" programming language. The main program
exarines the input to the filter om a character by character
basls, anrd prevides <twe tasic capabilities which are not
currently available in WES. Tke first is the ability to

edit or creatve ¢iles, and the <second is a tacility fcr

translating abbreviations (racros) irto WES commands. The
macros may 1include values which are substituted intc
variables in the commands as they are seat to FS. The
second program buffers the output from WES as directed bty
the main program to avoid an interleaving of output when a

process other thaa WES is in use.
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I. BACKGROUND

A. OBJECTIVE

The objective or this thesis was to develor a tilter”

program tor the Warfare Environment Simulator (WES). It was

envisioned that the program would continuously examrmine the

characters which were being typed in to determine i¢ a
predetermined set of characters (a string ) wes present,
and i¢ so, to perform some corresponding, and also

predetermined function. Additionally, the program would de

capadle of buffering output from WES in the eveng that

output from some other process is being displeyed on the

terrinal. For example, this would allow tor the use of an

editor, since the cutpuvt from WES cculd be saved, and later

displayed on the terwrinal when the editing session was

completed. This cbjective was met in the manner described

in the following section.

B. INTRODUCTION
In achieving the stateda objective, two major questions

had to be answered. The tirst question was What functions

would be most useful in tne implementaticn c¢f the filzer

concept ? Those who were most familiar with the operation

0f WES were the least comcernea abcut functions which would

once & Systemr has already

make it easier to use: as usuval,

o P 1 ot .
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almost by detinition its use becores easy. Cn

been learned,
the cther hand, since the majority cf-these who have tried
to use WES have been initially overwhelred by its
corplexity, they rrovided many suggestions as to what
capabilities the filter program should proviie. The sccond
question was "How will the rrogram deterrine when a
particular function is to pbe performed 2,  or similarly,

“"How will the user irdicate that a function is to be

performed ?° The answer to this question will ne addressed

first.
To enable a user c¢f the program tc distingulish between

input to WES and & "command” to the filter program, a

special character (tke "$°) was chesen. It must precede ary

input which is to be interpreted by the rrogrem. Xor
example, if "help’ was typed in, it would be passed through
the filter to WES without any action being taken by the
program, while “$help wculd cause the pregram to display
the help file without sending any characters to WES.
Ansvering the first question was a much mere difficult
task. The answer lies in the intersection of two lists of

capatilities - a list of what would te most useful to

impiement, and a list c¢f what is reasonatle tc implement.

The adjective reasonablie in this context means feasible in
terms of the limitaticns imposed by: (1) the programming

language being used (“C”), (Z) the operating syster (UNIX)
(2) the time

and the standard routines it has access to, and

e
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avallable to write the program or subroutine. All of these 1

tactors were taken into account when the tilter concept was

develcped and implemented.
4 review of the cavatilities which were common to the

two lists resulted in a decision to include the tollowing

tunctions in the filter program:

1. An editing capability tor reviewing old files, or
creating new ones.

2. A means of identifying certain brief strings of input,
and seuding a mucah more corplex series ot characters 1o

i WES.

‘ 2. A mechanism for substituting argurents provided as input
tor variables it predetined WIS commands.

4. A "detault” moae of operaticn in which input previded te,
as well as output from, WES occurs as it would it the
tilter program were not being used.

A detailed description of how these functions are performed !

1s the toric of the npext section.




I1. PROGRAM STRUCTURE AND DESCRIPTICN

A. THE MAIN PROGRAM
1. General

The main rrogremr receives input from the keyboara,
checks for the srecial character, and elther passes the
other characters to telnet or responds to the special”
character strings as it they were comrmands. The special
character for this program is the dollar sign {"s"). A "s"
causes the program to compare the characiers immediately
following it to a list of strings of characters which
correspond to subroutines which are to be pertormed. 1If the
input string does not match a string in the 1list, an errnr
ressage is generated and nc actiom is taken.

These twc modes cf operaticn, as indiceted in the
source code, are (1) the “detault’ mode, and (2} the “call
subroutine” mcde. In the former, ell input characters eore
sent to telnet, with the echo (a copy of the character on
the terminal screen) veing provided by the remote hest. 1In
the latter, tae input characteérs are used to control the
prcgram, which pertorms varicus functicns which are not
otherwise available while running the WES program. These
functions inciude listing tne avallatle files, lnvexinz the
editor, and expanaing abbreviations (later refterred to as

macros) intc standard WES commands.

11




The filter process was designed to be "file driven”.

For the most rart, the text which is required for display ia
the main programr is contalined in separate files which are
cpened, read, and coried to the terminal. This allows for
the text te be easlily chenged as necessary, and resvlitis in a
shorter program, This tradeott is in tfavor of bdoth
simplicity, and flexibility tfor future expansicn or
modification. Tt should be noted that this flexibility does
not extend to changing the menu text without changling the
switches in the main prograr which control the response of
the rrogram to the selection of an ortion.

Aside from the subroutines, the overall program is
divided into three distinct parts {(Figure 1). The rain
program contrcls the cverall filter proeocess. It alsc causes
an asynchronous program to be executed which receives the
output from telnet (which is the output from WES in this
case), and either sends it d¢irectly to the terminal or
stores it while cther information is belng displayed. This
butter program is discussed in more detail in section II C.
The third part ot the prcgram is the telnet process, which

will be discussed in section II D.

12
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Figure 1., PROGRAM STRUCTURE
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2. The Subroutines

The subroutine “init()" executes the actions which
are required to begin usiaog the program (Figure 2)., The
most significant of these actions are as follows:

1. Reading the macros and their WES equivalents into an
array so0 that the program can rapidly determirce {f an
insput stiring is a valia racro, and it it is, output the
WES command.

2. Determining the type of terminal that is being used, so
that the proper (either line or full screen) editor can
be called, 14 required.

3. Determining whether the program #will be used with telnet,
or for training on the carabilities and operation ot the
program.

The subroutine which controls the display ana
selection of options is "menu()”. A text file containing
the menu of options is displayed, and a numter corresponding
10 the option selected is entered (Figure 3). The
appropriate subroutine is then calleda. After an option has
been completed, the menu is disprlayed again, aud another
cholce may be made. Returning to the standard WES input
mode is the last option on the mrenu.

The *“ollowing cptione are available in the menv
(with the exception ot "4 which has not been irplemented):
1. Editing an existing file, cr creating a new file.

2. Displaying the current list of tilemares,

3. Ediving the list ot macros and their WES equivalents.

4. Preparing an order for input to WES.

5. Displaying the current list of orders.
€. Returning to the standara WES lnput mcde,

14




[ THE FILE 'mac,text IS OPENED AND RFAD INTO ]
{ THE ARRAY "mac(]” IN THE MAIN PROGRAM ]

Fri Mar 5 21:08:10 PST 14982
WHAT TYPE OF TERMINAL ARE YOU WORKING ON ?
1. Ann Arbdor.
2. Digital VT 120.
2. A.D.M.3 or Tektronix.
x=xx TYPE IN 1, 2 OR 3., %xx*

1 <-=={ A "1"7 WAS TYPED IN BERE TO INDICATE THAT ]
{ THE TERMINAL BEING USED WAS AN ANN ARBOR ]

WELCOME - You have the tollowiag options:
1. Telnet to Tops<@ and log in automatically.
2. Link to another terminal in the C-2 Lab

(primarily for training on this program).

®*% TYPE IN 1 OR 2.%®=

2 {~——[ A "2" WAS TYPED IN HERE TO INDICATE THAT ]
{ PROGRAM WAS TO BE USED FOR TRAINING ]

[ THIS RESULTS IN A CALL TC

K}

‘cZLablink()" ]

Figure 2. SUBROUTINE “init()"




[ TYPING "$" AND A CARRIAGE RETURN CAUSES ]
[ THE FOLLOWING MENU TO BE DISPLAYED ]

MENU #1 - You have the following options:

. Review/Edit an existing file.
. See the current list of filenares.

. Review/Edit the current macrc list.

Pretare an order.
See the current iist of orders.

N o> (&) [Vl o

(o)}
O

Quit (return to standard WES input mode).
*%%* Type in 1, 2, 2, 4, 5, or 6, **¥

6 <-~-| A "6" TYPED HERE CAUSES THE PRCGRAM TO ]
( RETURN TO THE STANDARD WES INPUT MODE ]

( OPTION 4 HAS BEEN INCLUDED BOTH HERE AND ]
( IN THE SCURCE CODE TO DEMONSTRATE AN )
{ OPTION WEICH MAY BE ADDED TO THE PROGRAM ]
( IN TEE SUTURE, AND AS AN EXAMPLE OF HO¥ )
L EASILY A MODULZ MAY BE ADDED TO THE ]
{ PROGRAM ]

@ <---[ THIS IS THE OPERATING SYSTEM PROMPT FROM ]
[ TOPS2¢, WHICH 1S DISPLAYET AFTER CPTION ]
L 6" HAS BEEN SELECTED ]

o et e e e T e o S oy o T T e o D e i e o o e e o P o e e oy Sy 0 o o e

Pigure 3. SUBROUTINE “renu()”
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Items 4 and 5 have veen included in the renu as an example
of a potential area for expending the program beyond its
capabilities as it is currently written. It option 4 {(crder
preparation) is selected, a message is returned stating that
the option is not irplemented yet. Otrtion 5, however, does
list the files in the directory which end in ".ord” ; this

can easily be changed to any ending which would readily

identity the ¢iles ccntaining standard groups of crders “or
input to WES. This will be discussed in more detail in
Chapter 1IV.

The most corplex series of subroutines begins with

"macro()” (Figure 4). This tamily ot routizes includes

"macro()”, "next()", "xlate()”, and "subn()". They are used
to accomplish two closely related tasks, both of which are
controlled by "macro()".

The first task is the substitution of a WES rommand,
cr a series of WES commands fcr an aovbreviaticn (macrc)
which is detined ana entered into the tile "mac.text . This
tile may be changed at ary time by choosing menu cption 3.
The tile is stored in an array in the procgrar to facilitate
a rapild search and translate prccess. Toc expand a simple
macro, a $ 1is entered, tollowed by the macro and a
carriage return. It the macro is to be used at the

bveginning (or in the middle) ot a sentence, the macrec is

ended with the character “escape”.

N i
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[ "macro()” EXAMINES THE INPUT FCLLOWING & ]
[ "$" IF THE INPUT DCES NOT CORRESPOND TO ]
[ A PREDETERMINED FUNCTION WITHIN TEE, ]
[ PROGRAM SUCH AS "help() OR “"quit() ]

3
2
[}
-3
o
~—

=
m
o)
ot

SUCCESSIVE CALLS TO NEXT ARE REQUIRED TO
DETERMINE IF A MACROC EXISTS WHICH
MATCHES THE CHARACTERS WHICF ARE BEING
TYPED IN.

. e o o Y o - T o ot e e o S a0 o = o i T Y e e P = T g e = Ty 1 s T S - . ———-

NCT MATCH A MACRO IN TEE CURRENT LIST,
AN ZRRCR MESSAGE IS DISPLAYED

el
[y WS

[ ]
L ]
( ]
{ ]
% IF A CHARACTER IS TYPED IN WHICH DOES %
( ]
( ]

THE ERROR MESSAGE - "NOT A VALID MACRO"

- -
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f Figure 4. SUBROUTINES “macro()” AND "next()”
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This causes the exraansion ot the macro to be sent to WES,
but it 1s nct follcwed by a carriage recurn. This type ot
expansion is useful for senaing commands which are
frequently used during the conduct of a game, especially
since a new macro can be aaded to the file while the game is

in progress.

The secona task is an extension of the first in 11
which a macro with argurents is expanded intc one or more
WES ccmmands. After the macro and its expanc<ion are found
in the array, the arguments are sutstituted into their

appropriate places in the ccmmands as they are sent ic ¥ES.

For example, it "Satk.a7(airitz,4,t1t1)” is entered, the
following actions are taken. “Macro{()" is called as soon as
enough characters are entereq to determine that the input is
not a request for,one of the programs standard routiaes,
e.g. "help()”. 1In this case, the letter "a" 1is sufficient
to make this decision. Successive calls to "next()” are

made as required to match the string c¢f characters as it is

being typed in. This serves two tumnctions. PFirst, no delay

is required tc locate the macrc and send the WES equivalent.
Second, as soon as a character is tyred inm which causes the
string ot characters to be di*ferent from the list of macres

in "mac.text”, an error message ("NOT A VALID MACRO") is

displayed and the prcgram relurns tc the standard WES input §

mode.

= Py
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Arter "$atk.a?(mimitvz,4,f1t1)" is entered, it must
be folloved ty & carriage return cr an escape character. In
either case, the argurents (nimitz, 4, and tltl) are
substituted intc the apprcpriate places in the ccmmand which
is sent to WES. In this case, the outfrut to WES would be
"FOR NIMITZ LAUNCH 4 A7E FLT1 120 242 180@". Since this is
a racro with arguments, the substitution and output to W¥ES
1s accomplished by “sub()”. If the macro did not have any
arguments, the tramslation and outprut would hsve been

accorplished ty "xlate()" (Figure 5). As menticred earlier,

tollowing a macro with a carriage return causes a carriage
return to be sent to WES, walle an escape character allows
the racro expansion to be used ia the coantext ot a WES

commaed .

“Edit()” is the routine which provides the
capability to review an existing file or to create a new
file. Since the type of terminal being used is determined
in "init()", the corresponding type ot editor can be called.
The distincticn between the different types of terminels
must be made by the program, since the UNIX operating system
is not capable of maxing the distinction on its own. After
entering “edit()”, the name ot the tile which is to be
edited must be entered. Since the program examines every
character which is typed in, if a mistake is rade in typing
in the tijle name, no provisions exist tor deieting

characters which have teen typed incorrectly. To instre




TO EXPAND )
]

macro{ )"

IS CALLED BY
A MACRO WHICHB DUES NOT CONTAIN VARIABLES

“grate()"”

(
{

e e e o o s o
4 - o e e o

-

)|
]

e

TC WES
sub()

OUTPUT
—————

{
t
{
1
{
!

TO EXPAND ]
ANTD

(L

/
”

b m—————t
= o

"macroe(

xlate()

21

IS CALLED BY

A MACRO IF IT CONTAINS VARIABLES FOR
SUBROUTINES

WHICH SUBSTITUTICNS MUST BE MADE

sub( )"

Figure 5.
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that this is not a rroblem, the program asks tor a
veriticaticn (@ 'y cr 'n") ot the name which has teen
entered. Once in the editor, the progrer is no longer
examining the input, and the editor is used as it normally
would be. As a minirum, this requires the user to know whet
command must te entereda in order to exitv from the editor,
since the program cannot be of any assistence. Once the

editing sessicn is corrlete, the renu is disrlayed and

another selection must be mede. Although the file

containing the macros may be edited in this fashicn, a menu
option has been rrovided to accompiish this directly (Tigure
) 6).

f'l The second option on the menu is te¢ display the list

of filenares which are available in the directory which was

used to run the filter prograrm. Display()” is interded to

provide a list of files if & particular file is to be eaited

e

or revieved, but the exact pare cannot te remembdered. It

presents the file nares in a column format, so that all the

"eait()”, the subroutine “rvwMacro()” sutomatically calls

k f tiles in most directories will be availatle on the screen at
- " cne time (Figure 6). To return to the mercu, any character
hﬂj may be tyred 1in.

g As previcusiy mentioned in the discussicn on

|

the macro expansion tile (“raz.text ) intc the approrriate

editor (Figure 6). “RvwMacro()" is called by selecting item

- ' 2 on the renu. This routine was included as an expiicis




"edit ()"

4 m————— ¢
4t

/ \
/ \

[ INPUT THE NAME OF ] [ AN EDITCR IS INVOKED )
Il TBE FILE Y0 BE ] | WHICH CCRRESPONDS TO ]
( REVIEWED OR % [ TEXZ TYPE OF TERMINAL %
L CREATED [ BREING USED

+ - +
H ] ]
1 . . ]
! i aisplay() !
t
4 . .
~. |
]
3 !
= { A COMPLETE LIST OF THE FILENAMES WHICH ARE ]
{ AVAILABLE IN THE DIRECTORY BEFING USED ARF ]
= { DISPLAYELD IN A COLUMN FORMAT ]
|
1
. += +
* : |
t ! "rvwMacro()" !
- f i
i v : -
| ,
“"mac.text” N N E LIS
! [ THE FILE WEICE CONTAINS TEE LIST ]
i L OF MACROS AND THEIR WES ECQUIVALENTS IS ]
} ( CALLED INTO THE EDITOR WHICH CORRESPCNIS ™0 ]
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Figure 6. SUBROUTINES “"edit()", display()” and “rvwMacro()"
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option since the macro expansion capability is the most

rowertul ortion available ia the program. 1I1n this light,
this aoility to raridly add to or chercge the list of macros
while the WES rrograr is ruaning should trove to be a
desirable feature.

As mentioned earlier, the subroutine orderPrer()”
is not yet implemented, but has been includea for the
tolliowing reasons. The preraration ot a series ot ¥:S
commands, referred 10 here as an order, was suggested és a

usetful teature to be added 10 the rrogram. In taue context

of WES such a series of comrands would be called a plan’.
This routine is envisionecd 10 use a menu, from which small
plans would be selected anda comocined to form a complete
rlan. The overall rlap would contain standardized control
characters, which wouid be replaced by arguments in a
routine similar to “sub()". The plan could then be typed
out or edived prior to being sent to WES. Although this
description is somewhat limited, it should provide both an
exprlanation of the concept and a framework oun which to build
i€ it is to be implemented.

The selection of the next item on the menu causes
“rvwOrders()” tc be executed. This rcutine ic sirilar to
“aisplay()”, in that it lists the available files cf a
certain tyre, ia this case files which contain orders.
These files are currently assumed t¢ have a file type, or

suftix, ot “.ord . This suftixz can be easily changed within

24 .
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the prcogram to one which is more easily remembered by the
user. A series of suffixes can e@lso be entered in the
rrogram it a more general listing of order tiles {s desired.
The next subroutine is “tnTops28()", wkich performs
a nurber of tunctions it the option to use telmet is chose:x
(Filgure 7). Ffirst, it requests that twc 2rccesses te
initiated - telnet anda readTN . The output from telnet
(WES) is sent tc thae background prcegram, readTN". This
connection is established using the UNIX pipe function ().
However, the ccnrnecticn between tae tfiiver program and
telnet is created in the program using "ropen()”. The tipe
tacility caa not be used by the ¢liter since a plipe sends
all of the output of the first process to the second. For
example, the pipe functicn would cause the menu tc be sent

to telnet, which obviously would not be desirable.

"Popen()” creates a file descriptcr, which is essentially a

nare for the input side of telnet. Usirg the file
descriptor, selected output can te sent to telnet, while
cther informaticn is aisplrayed cr the termirel screen.

As will be discussed more thoroughly ian Section T of
this chapter, “tnTopsZ@()” also selectively ad justs the
terminal rodes, which would otherwise cauvse the xeyboard 10
pecceme inactive. It then sends the *ile "trTcpsc@.text’ tc
telnet. The tile contains tae commands to log in aand to

begin running a certair prcgram {f desired. This is an

exarple of wky the program was designea to be tile driven,
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Figure 7. SUBRCUTINES "tnTopsze()” and "c3LabLink() f




for changing the program to be run after logging in is
easily accorplished by editing the tnTops2¢.text ftile.

The “help()” rcutine is the first of the sterdar4
routines which are available in the prcgram (Figure 8). It
consists of a file which is displeyed on the terrinal &nd
contains the tasic torrats tor inprut tc the tilter prograr,
The file is displayea by typing in "$ help” or "$ 2". The
nurber of spaces cccuring in the inrut string between words
in this case is not significant, e.z., "$ help and
“shelp” achieve the sare result. FEowever, this is not true
for all input. For the most part, the input t¢ the precegram
is in the forr of W:S commands, which are handled by the
“"detault rode’ of the program, and as such are sent directly
to telnet (WES).

The secoud standard routine is quit{)" (Figure 8).
It is requested in the same manner as the help function, by
tyring in a dollar sign toliowed ty the word quit { $
quit"). Again, the number of spaces between the two woris
is nov signiticant. This routize is used to exit fromr the
program, after logging off of the systemr at NOSC. Logging
ott also causes the telnet rrocess to bve terrminated, as
indicated by & message on the terminal when this cccurs.
The ftillter rrogram could sirply te abvorted av this poinat,
however, the cutput buffer prcgram would still be active,
the terminal nodes would not bve set normally, and certain

*ile descripters weould still ve open. All -he tasxks

G ek At v e
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Tigure 8. SUBRCUTINES “helpl)”, "quit()” AND "err()"




required tc ccrrect these deticiencies are accomplished ty

"quit()”. A message indicating that the filter program is
being exited prorerly is cisrlayed as these tasks are
accomplished. ZFeilure to use the quit reoutine will, et
pest, result in the display c? an orerating ssystem :rompt
("%") with input from the Keyboard being accepted, but 10t
echoed (disrlayed) on the terrinal as it is tyred in.

As previously mentioned in the description of
“tnTops2@()", a usetul connection tetween the filter prograr
and telnet cannot be created using the UNIX pipe facility.
Rather, the subroutine "popen()” must be used (Figure 9).
The creation cof a pire in this manper allows the program to
send only selected Output to teinet. Porer() returns a
file descrigptor which, in this case, 1s essentially the name
of the inrut side of telnet. The output which is iatended
for telnet is then directed vsing this file descriptor. The
procedure tor rroperly closizg” this tile descriptor at the
end of the program iIs discussed in the tcllowing paragraphs.
Sutticient corments have been includea in the source code to
provide more details as to exactly hcw "popen()” functloms.
No further description ot this routine will be included
here.

A gracefuvl (i.e., correct in & rrogramrming sense)

termination o¢ the #filter rrograr must iaclude a fuanction

which closes the file descriptor ("fd") which is created in

"popen()” (Figure 9). This action is accorplisked in the

Abm
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Figure . SUBRCUTINES “popen()” AND "pclose()”

e o e =t "~ A = - = e B e = " o o —— " . o T - o o rm " W o T T i M e A T m S R e A et o = —— . —— - — - — —— .




PR TN

subroutine pclcse()”. The call vo "pclecse()” ts a part ot
the "quit()” routine which has alreaay been discussed.
The final subroutine in the program is ~err()”
(Figure 8). 1t has been included to simplify ena
stardardize the inclusion ot error checking mechanisms which
are found throughout the program. The only function it
rertorms when it is called 1s the output o0t ap error message
c¢n the terminal screen.
Cue to the fact that the subroutines are file
driven, all ot the fiies which are required tor their
operation must be aveilable in the directory from which the
rrogram 1s executed. It a tile is not available, and ez
attempt is made to open it, an error will result which will
stop the rrogram, This type ot catastirorhic error could be
avoided, however, the program wculd be at test haanadicapped f
by the apsence of a particular file. For this reason, it is
assumed that toth the program and the flles which are

required to run it in its entirety will be aveilable.

Similarly, the 'readTN” program must rermain serarate “rom

e

the main program, and it to0 must be in the directory which
is belag used. A siraighitorward means of insuriang that all

the pregrams and flles are accounted fer is tc steore them

——— e e AL . &

all on a tape, and 10 read the tape when first using the
filter, or when an errcr occurs hecause a required file has

been changed or deleted.
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B. THE UNIX INTERFACE

In general, the UNIX intertface was the most
straightforward concept t0 address in designing and
implerenting the tililtver program. In UNIX, escsentially all
areas where input end/or Output can Occur are treated as if
they are tiles. Tc a great extent, this allows the user of
a computer with a UNIX orerating system to direct his
attention to more important aspects ot rrograrmring. This
concept is also touad in the "C" programming lanzuage, which
is essentially the lLanguage ot UNIX, and which is the
language in which this program was written. In "C,
howvever, a distinction 1s made tetween the standard ingfut
and output {(which are generally the keyboard and terminal
screen), & data file, and an active corputer program
(process), in that diftferent tormats must be used to receive
input from or direct output to them. In most precgrams this
would not be a major concern, bdut this prograr by design
requires the use cf all tanree formats.

As described earlier, the main program causes a second
program to be executed. This program is called "readTN",
and buttfers the output from telnet (WES) as required. Tue
readTN program runs as a bvackground prccess, that is, it 1is
executed ty UNIX independently ot the main program. It
receives its instructions by having access t¢ a ¢ile which
contains a fleg, i.e., a character whose valuve 1etermines

whether the buttfer is to pe active or nct, The maia rrograr

(@)
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also has access to the file containing the flag, and by
changing the character in the tile causes the bufter to bde
enatled ("1"7) cr disabled ("2").

The main rrogram also requests that the telnet process
be initiated. This operation is handled by a call toc the
UNIX operating system, and will be discussed in more detail

in the section on the telaety intertace,.

C. THE WES QUTPUT BUFFER PROGRAM
This program, readTN”, is essential to the cperation c<
the filter rrocess. Without a buffer, the output from WES

would be mixed cn the terminal screen with the output from

the process which the user has selected. This would not

] have any eftfect on either WES or the user program, however,
it would be at best confusing to the user. An additional,
b and perhaps mcre sericus prooilem asscciated with

f'! interleaving the two outputs is thet the user would be

2 required to divide 4is attention between ther. Buffering

3

the WES output allows him to concentrate on ore issue at a

time, and to be quickly brought ur to date when the secona
preocess is coempleted.

One means of controlling the output of the buffer is to
use the X-ON/X-OFF teature which is @ part ot UNIX. In

short, if the terminal page length (“rpagelen”) is not zero,

e e —————— . S Ao

and "flowout’ is enmabled, the UNIX orerating system will

send the output from WES or from the buffer program to the
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terrinal screen a rpage at a time. To continue with the next
page, an X-ON, which is currently a "cecatrol-¢", is typed
in. This character is interpreted by UNIX, but is not
considered to be a valid inpuvt to the prcgram. Similarly, a
“comtrol-S" canm be used to stor the cutrut betore the end ot
a page is reached. Rather than displaying cne page at a
time, @ “control-P” cen be used to enter the ~zoom modE , in
which the ovtput dces nct stop at the end c¥ each page. The
“"control-F" is a toggle, that is, a second ccntrol-p"

causes the rage lengtn 10 once again take etfecy.

D. TEE TELNET INTERFACE

Although not obvious in the source code, significant
rroblems were encountered in implementing & program which
provides ianput to the telmpety rrocess. The author ot telnet,
Pan Franklin of Bolt, Beranek, and Newmran (BEN), stated that
he did not anticipate the use ot a program to teed telnet
when he wrote the telnet process. He agreed that the input
terminal becomes disabled when an atterpt is made to create
a ccnnection between a process and telnet. This terminal
“lockup 1is caused by the telmet program, which changes the
terminal modes in such a manner thaét nc irput can be
Zenerated fror the keyboard. This only cccurs when a
program 1s used to create the telnet process. With this
tact in mind, the rrogram was written to reset the modes

atter the telcet prccess ls created, so that the keytoard
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will be reactivated. This is accomplished in the filter
rrogram in the subroutine ~inTors2e()”.

The mair prcgram creates telnet as a means of connecting
the computer (a PDP 11/72) in the C2 Secure Comrputer
Laboratory to one of the virtual machines at the Naval Oceen
Systems Center (NOSC) in Sano Diego. Aside trom the tact
that a different operating system is being vsed after
logeging in to the system at NOSC, telnet itsel?t is
transparent to the user. It allows precgrams and processes

to be run fror the terminal as if a physical ccnnection to

the NCSC computer existed.
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III. A USER’S GUIDE

The purpose of this section is to provide the user of
the triiter rrogramr with a concise, ster—-by-step set ot
instructiocns to follow in becoming familiar with the filter
rrogram. This is most easily accomplished by usiag the
training mode, since the output o¢ the prcgram which would
norrally be sent vie telnet to WE5S cén be displayed on an

ad jacent terminal for easy reference, A copy cf a training

session on the filter program is fourd inr Appendix A.
Three steps must be followed in crder te degin trainine
on the filter program. First, the type of termiaal being

used must be specified. This choice is made by simply

entering the nurber from the menu which corresponds to the
5 type ot terminal trom which the program is being run.

Second, a &  must be entered to use the program in the

training rode. Finally, the letter which identities the

terminal to which the "telnet” cutput is tc te seat must be

entered. Although the letters which correspoud to the Ann
Arbor terminals are shown on the screen, and a list of all
possible terminal identifiers is shown, this weay not bde

adequate or simple emough to tollow. As an alternative,

o GO PTUNNORNY gt T
—— . ——t. . & . .

~ "login” on the terminal which is to be used to display the
output, as well as on the termrizal to te used to rud the

. #ilter precgram. On the keytcard c¢? the display terminal,

.\
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type dpy yourname , where “yourname” is the nare used to
fogin. This will show the upper or lowercase letter which

ccrresponds tc the terminal, cr tty, immediately “ollcwing

the user name. Fnter this letter when asked for the "ttty
you want to link to . Ncte that unllke rany programs, the
filter program reads every character as it is typed in, and

a4 carriage rewurn is not required after an entry is made

unless it is specifically asked for, or after Shelp ,
“squit”, or "Smacro  is entered. Messages itudicatine that

the link i{s being establishea, and that the keyboeri can

then be used will be displayed on the inputv verminal.
To review the three basic types cf entries which cen be
made, enter S help , tollowed by a carriage return. It

should be noted that this and any other entry which begins

with a "$" must end with a carriage returan (CR), or, in the
g case of macros, alternatively with an escape character. The

three entries, "$ CR", "$ macro CR", and "$ quit CR" cause

the menu, a macro expansicn, anda termination of the program

t0 occur resrectively.

In the training mode, a simulated system prompt ( @") is
displayed on both the inrut and outputr terrinals, siace it
woculd be seen {f telnet was being used.

After reviewirg the help file, input "$ CR" to display

St e b vt e e am

the menu c?¥ cpticns. Step through each of the six items c¢n
the menu, returaing to the standard WES input mode by

! choosing the sixth c¢pticn. At this time, the macro
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expansion capability can be demonstrated. If a copy of the
tile "rac.text  is not avaiiable, return to the menu, edit
the macrc list by selecting item 3, and write down one or
more macros. FEnter a $ tollowed by the macro (with
arguments, it sny) and end the input with a carriage return.
It the macro has been entered rrorerly, no errer message
will be displayed, azd the wES cormand{s) will be displayed
on both the input and the output terminals. Insure that the
proper number o¢f arguments, iz the prcper sequence, are
entered.

For easy reference, abbreviaticns fcr the arguments have
been included in each macro in “"mac.text”. TFor example, s
must be replaced by a ship name, "n” by a flight name, and
"#" by the quantity of items (e.g. F-14°s) which are
desired. It is anticipated that a paper copy cf the macro
file will be helpful and should be availeble if a relatively
large numter of macros are being used. The addition of the

letters to represent the arguments of a macro should also be

accorpiished when a pew racro is added to the list, to

insure that it is properly documented for future use.




IV. CCNCLUSICNS ANC RECOMMENDATICNS

A. CONCLUSICNS

Trhe input and cutput fiiter procgram has been
successfully aemonstrated 1o be a viable concept which
interfaces weil with both the Wartrare Environrent Simulator
(WES) and the user. At the present time, the rrogram has
been tested with WES being rum using several ditfterent, oput

predetermined scenarios. This epproach has been sufficien?

to detect anag correct detficiencies in the prcgrars which
make up the filter, tut a4 reccmmendation ¥or future tecting

and use is made in the next section.

B. RECOMMENDATICNS

1. Future Testing

Although the frogram was tested co ap incremental
basis as it was develcped, and sigrificant changes were made
to insure that its use did not irnterfere with the conduct of

3 a WES wargare iz any way, mere extensive testiag should te

[P,

accomplished as toliows. The program shculd be used durine

-

a truly interactive wargame, as oOrrosed to the wargames

. which have recently been run in which essentially all crders
were entered from a prepered script. an interactive wergame

would be especially useful in evaluatirg the actual arnd

potential value of the most powerful capability which the
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Trogram provides, i.e. macro exransion. Any scenario in
which the player is forced to be active a great deal o¥ the

time woula be most useful in accomrplishing this evaluation.

oo S kT A

2. Cther Arrlicatvions

A general oo0servation and recommrendation for further

work stvems ftrom the tact that the input/cutpug tilter

ek wiem

concept has an unlimited number of possible applicatlicns.
In general, interactive computer trogrars such as WES are
readily accessicle, but not ¢lexible or easy to mcdify, if
they can be changed at all. The filter concept, on the
cther hand, provides a mechanism fcr achievirg a wide rarnge
of flexibility in terrs of aids and options which can boe

rrovided while remaining within the constrainvs on iagput

imposed by an ctherwise infiexible prccess. The general
structure which has been presented here should serve as an
adequate baselinpe frcm which to develcp many varlaticns of

the filter rrogram.




APPENDIX A
SAMPLE OUTPUT FROM THE FILTER PRCGRAM

The attachea text is a ccpy of the actual output of the
tilver prograr when used in the training rode. The only
significant difference between the outputl shown bhere and the
output whea the rrogram is used with telnet is as tollows.
In telnet, the echc is provided bty the remote host (TCPSZ2},
so that both the inrut echo ana tihe outfut trom WES arrear
in capital letters.

The copies of the menu of options which occur after it

is displayed the #irst time have bdeen rercved and replaced

with "(MENU HERE)".
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