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i Introduction

VOCaL (Veice Oriented Curriculum Auther Langusge) is designed to
facilitate the authoring of curvricuiums which incorporate highly
interactive audio and ftext presentation. Lessons written in VOCAL are
intended to be patterned afiter the style of informal classroom lectures.
VOCAL contains features that allow the author to specify auvdio messages
in several formats acceptatles to the avdieo hardware and associated
software, and to contrel the interaction of the audio presentation with
material presented visually on the screen of a CRT terminal.

There are several reasons for incorporating audio messages in 2
computer—assisted instruction course. One Teason is to more actively
involve the student in the instructional process by using his sense of
hearing in addition to his sense of sight. & second Teason is the
obvious asdvantage of having s second channel for communicating with the
student. A fthird reason is that certain sorts of information can most
appropriately be presented to the student via an audic channel. For
gramgle, it ig often wseful to make informal comments about formulas or
tables which are simultaneously being displayed. Finally., certain kinds
of semantic information are usually carried by complex emphasis patterns
in speech. Such information can be difficult or awkward to repraduce in
writing.

Given a system for generating and storing audio messages for random
access by & program providing a course of study to students, curriculum
auvthors nesed a systematic way of indicating what material is to be
presented by the auvdic system. and what material is to be presented by
display or typescript. Authors aleo nesd ways of indicating compley
information about how the audio and visual modes of presentation are to
be cpordinated. Such facilities are provided by VCCAL, as well as more
traditional facilities such as complex guestion and answer procedures.
VaCal has also been designed te facilitate the addition of course-
specific exercises such a&s proving theorems in a logic course.

The suynitactic structure of the language is quite simple and
compressed and is based on LIBP-style S—expressions. We selected this
syntax because it i8 easily parsed and compiled, and the resulting
language retaing o Flexibility and extensibilify that 8 more algebraic
language might lack. The template features of VOCAL are inspired by
Features of the PUB document preparation language (Tesler. 1972 we
share with PUB the belief that computers cean do more btext proecessing
than they are generally permitted. The 8a4IL programming language (in
which VOCAL is embedded) has contributed some Ffeabures. The functions

for gquestion/answer analysis were suggested by such ALl languages &s
INGT and COURSEWRITER.

While VOCAL is intended to be 2 general suystem for preparation of
CAT materials utilizing audio, we have included a number of special
functions that relate te the particular wuse of WVOCAL in writing
currituwlum for Stanford’‘s logic and other mathematically based courses.

nly 1limited programming Features are included in VYOCAL. Far
example, only certain "conditional" operations have been programmed, and



Section 1 Introductian

no explicit date declarations are available. VEICALL iz mot & general
programming language. Instead, it is & language for +tightly expressing
particular interactions between the audio osulput, the visual output, and
the student. Our implementation emphasizes the interface between

programming, which is done in BAIL or LISP, and authoring, which is done
in VOCAL. '

A classical problem in designing an author language is that:. on the
one hand. one wants & language that auvthers canm wuse with minimal
training in programming, a language in which presentation of materials

and response judging will be straightforward; on the other hand, it is
eften necessary bto have a genuine programming language, with
sophisticated data and control structures, for application in CAX
enviranments that emphasize problem solving: dialogue, and the like.

Some CAI languages solwve this problem by restricting what is possible or
ceonvanient +to do (INST, COURSEWRITER:; other languages maintain the
claim %o universality, but do so with date and control structures that
are quite primitive (TUTOR). The current popularity of BABIC as an
authur language can be %raced to the fact that it is quite simple and
yet is & complete programming language: it is also widely available.

We think that & better splution to the problem of author languages
is to select the best grogramming langusqes aveilable for writing the
program portions af the CAI system snd %o interface the resulting

programs %o special—purpose auvuthor langusges for the curriculum
material. WVOCAL is such a special-purpose langusgs.

This report is intended primarily as a description of +Hhe VOCAL
language and its features. Readers who are interested in +the
pedagogical applications of +the language or who would like! a tutorial
introduction to the wuse of VOCAL should see (Davis and Pettit,

Fforthocoming?), & useful supplement fto fthe material in this document,

2 The YOCAL Langusge

This section describes the suntax and semantics of the VICAL
language. A short overview of the various operation codes {ogpcodes)
described below may help in clarifying their uses.

The LESSON, EXERCISE, ZEGIM and HOLD opcodes serve the purpose of
organizing potentially vast amounts of curriculum material fer both the
curriculum avthor and fhe student. The display opcodes (such as TEM, T,
B, etc.) allow the author to specify what material will appear on the
display terminal screen and its format. in additionrm, the author can
seperately specify the order in which the material is displayed

The audio opcode, S, specifies what material is %o be spoken. When
arn opcude which controls the display on the screen is followed by a text
string (both within the scope of the came 5 opcode), the audio system
will begin speaking the text at the same time that the display system
begins to execute the display opcode. This allows the curriculum author

i3
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to syncronize the auvdio and display systems, Thers are also timing
opcodes which give the author additional control. :

The guestion-related opcodes are wused to present students with

short answer questions and to analyze the student’'s input. The avither
is allowed teo specify the number of chances the student has to answer.
the program’s response to correct or incorrect answers, whether to

respond differently *to specific covrrect or incorrect answers, and
whether *%o0 ask further questions aof students who fail to correctly
ansuer a guestion. Facilities are provided for prompting the student as
to time and manner of reauired response. In most cases. the auvthor can
accept reasonable defaults in the guestion and answer procedure if he
does noet desire te use all of the available features.

The conditional opcodes AUDIO, NONAUDIO, DBPY, and TTY, are used te
indicate alternative «code to bhe executed depending on the type of
terminal at which +the student is working. The concern it whether the
terminal allows sufficient controel of the display for fthe DPY and AUDID
versions, and whether the terminal 1is provided with the appropriate
auvdio equipment.

The branching opcodes allow +the auvther to control the progress of
the student through the curriculum. at & minimum the author should
specify a linear move from lesson to lesgsson by including & 80TO at the
end of each lesson, pointing teoe the next lesson, More complicated paths
can be arranged by the =2uthor:, where final cheice of path for an
individual student may depend upon his own choice or upon his meeting
some preset criterian.

2.1 Conventions

The basic sunbtax af VOCAL is similar to LISP 1.6. The S-expression

is used to code the instructions, The CAR (first element of the list}
is the name of the operation code {("opcode"). Just as in LIBP, the CAR
of a list is treated 3s the nmname of a function. Opcodes may embed
within each other. Indeed, it is the power of embedding, &0 esasily

achieved with the LIBP syntax, that has led us to the choice of & very
LIBP~1ike syntax.

Far example, the following WVOCAL statement defines the body of an
exercise (number "1i") in a lesson:

[EXERCISE 1 “Sample exercise”
CAUDIO :
(7 "This is the tezt of the exercise. ")
{8 "Motice the text of the exercise on the scresn. "))
CNONAULID

(T "This is the text of the exercise. "1)1]

The 8 and T opcodes: respectively. speak and type their arguments. The
AUDIO opcode says that the stetements contained within its scope are to
be done if the student is presently wsing the audio system. The
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statements within the scope of the NOMAUDIO opeode will be done if the
student is not presently uwsing the audio system. The entire text of the
gxercise is surtounded by the EXERCISE gpeode.

Like some versions of LISP, the VOCAL language sllows the use of
square~brackets in place of parentheses. In addition to clesing the
most recent left sgquare—bracket:, a right square-bracket will close any
open left parentheses within the scope of the sgquare-bracket pair.
Judicious use of square-brackets will enhance the readability of the
lesson source file and serve as a debugging sid by limiting Hhe scope of
a parenthesis mismatch erraor.

In the sequel several conventions will be used to state the details
af the language. The term "s8tring"” will refer to & literal siring
constant, i.e., & piece of text surrounded by guotation marks. Tokens
in upper case are VICAL apcode names. Tokens in lower case:, surrounded
by "< >, are metalinguistic.

2. 2 LESSON Opcode

The lesson opcode is syntactically aof the form:

(LESS0ONM <numbev> "description” <actionsi}
where:
“number _ is the lesson number.
“"description® is & single line description of the
lesson.
<actionsl is an arbitrary sequence of VOCAL

actions to be performed if the student,
in "Browse tlode" {(gee Section IA¥: =zsks
for information about thiz lesson.

The LEBSON oprode should occur only once in & given VOCAL +file.

2.3 EXERCISE Opcode

The EXERCISE opcode has the syntactic form:

(EXERCISE <number? "description® <Lactionsl)
whaere:
<numberl is the number of this exercise,.
"description" is & one~line description of this

exercise, to appear at the top of the
display screen.

¥
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Lackionsy is the sequence a# VOCAL actions for
this exercise.

An EXERCISE i% an entry inte the curriculum: the smallest unit that can

be randomly accessed. VOCAL files sheuld therefore have the following
torm:

FLESSON n "lesson description string" «<actionssl

FEXERCISE 1 "..." <Lactions>]
FEXERCISE 2 ". .. " Cactions>]
[EXERCISBE n Y. .. " <actions>]

Only compiler—-specific opcodes should occur outside the scope of a
LESSON or EXERCISE opcode. If there is another lesson to follow, the
GOTO cpcode shouvuld be the last action of the last exercise.

2. 4 BECIN COpcode

The BEGIN opcode groups together & number of statements that are to
be executed a5 a single unit. For example,

{BEGIN (T "Mow is the time for all good men")
(5 "Mow is the time for all good men®)}

both types and speaks "Mow is +the time for all good men®. Note that a

list of lists, e.g. ( (T "...."y {8 " _.."} ¥}, begine with an implicit
BEGIM.

2.5 Displiay Opcodes

The display screen is divided inke four portions. The first
portion is a single line, called the Descriptiaon Line. This line is
reserved for the "description" string of an EXERCISE opcode or its
analogue in Help or Browse Fodes. One of its major functions is %o help
the student keep track of where he is. The second portion is called the
Template Region. It gets its text from the template string as described
below. The third region is & single line, called the Mark Line. It
serves as & visual delimiter betwesn the Template Region and the fourth
region, which is called the Scroll Region. Some opcodes place text in
the Scroll Region, but  the text is always added to the bottom line of

the screen: and old text moves upward:. to disappear when it reaches the
Mark Line. (1}

(1} The screen is manipulated using a device—independent display
package developed by the systems stafif at IMBESS, The advantage of this
apprpach is that neither the lesson awvthor nor the program auvther needs
~to be concerned with producing different code for the various kinds of
display terminals in use at the Institute.

3



Section 2.9 | : Display Opcodes

The syntax for setting up & template region is discussed iwn the
section on template oprodes; the syntax for controlling run—time display
of tex® in the templake and scroll regions is discussed in  the section
on display—control oepcodes.

291 Templatse BOpcodes

The TEM and TEMZ2 opcodes set up & template, described Belows which
contains the displayed text. The syntactic form of TEM is:

(TEM "template string“ <actionsl)
TEMZ2 is an extension, which is described below.

The “"template string® is an image of the display screen. . This
image contains area pointers that point to laegical lines groups of
lines, and contiguous segments of lines.

The token "<actions®>" indicates a sequence of statements that are
executed. Any opcodes for display control (see below) may refer to the
logical areas uf the template. Whern the template is entered, the screen
is cleared {except for line O and the scroll point is set toe the line
that i the bottom of the template. # TEM opcode cannot contain another
TEM opcede: in other words, the templates do not embed.

The “template string” is a string constant that allows one to
print, overprint, erass, or brighten{Z) any part of the template.

(TEMZ "template string” "additional string" “actions>}

This is like TEM except that the “additional stiring” may contain areas
and subareas that are to be overtyped by the OT ovpcode or its relatives.

The template string still defines the shape of the template. Details
and restrictions are indicated below.

2.5 2 Areas and Suheress Within a Template

The template string serves several purposes simultaneously. First,
the total number of text lines, including empty lines, determines the
size of the template rTegion. This is curvrently limited %o 19 lines of

text since the Datamedia terminals. which hold a maximum of 24 lines,
sTe the limitvimg case (3} At least three lines are needed for the

(=) How the text is brightened depends on the harduasre. On some
terminals the text is printed in double—~intensity mode, hence the term
*brightened’. 0On other terminals the text will be underlined and on
still others the text will blink or flash.

(3} It is usually & good idea to leave the first line of text blank
to seTve as a visuasl delimiter between the Description Line and the

text, so in prackice there are 18 lines avaeilable Ffor text. In
exceptional cases the 1limit can be extended %0 21 lines. leaving only
oneg line far the Scroll Region. But this is rarely a good idea.

&
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Scroll Region, and the Description and Mark Lines each take one. Second.
the text which will appear in the Template Region is introduced. and
finally. associations are made between the text and parts of the
template region. There are two ways of explicitly designating parts of
the template. One wsy is +to give @ name to &8 line or - group of
contiguosus lines. which is %hen called an grea, and is specified by
using +the special character "%Y. (4} The other is to designate a
contiguous part of & single line as a subares.

Consider the Ffollowing template string:

(1 P w1
2
{2y P -3 Q A
B CC D
{2) means that A
if P isg true %
EEEEEEEEEEEE
then @ is true FAL

In the above sample template string. *the lines that cantain "4" are
designated as the beginning., continuvation, or end of an area spanning
one or more complete lines. Lines that end with "4 mark the first line
of an area that is to extend over two or more lines, with the next line
that ends with "%<numberl” being the final line of that area. Note that

once a multiline area is begun with & line ending with “X"  {or with
"% "), the area is terminated only by & line ending with "Yinumber".
There may be intervening lines ending with YA_" +that are simplg

continuation lines.

The most romplex cases are +Hthe lines that end with either "%4_." or
HAX<number: Y, The first of +these says that the next line is notb
actually to appear on the screen, but instead will contain subarea
designators ints the current line. Thus, "if P is true" is designated
4% & subarea (named "E"), consisting of a number of column positions.
Likewise, a line that ends with “Zinumber>_" sauys that <numberl marks
the current line{(s) a8 an area with name <number> but that. in addition.
parts of the current line will be marked by the ares designators on the
next line. {9}

(4} This character is dynamically resettable wusing the TEMCHAR
opcode, g, v.

(5} The "_" symbol is special only when it oceurs to the right of a
"%". DOtherwise it is treated as ordinary text.

7
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Mote: Area and subares designators never appear on the screen.
The compiler uses them +to give names to areas and subareas and then
discards them. For example, if an author resquested that aveas 1, 2, and
3 of the sample template siring above be displayed on the screens; the
student would see the following: :

(13 P
I3

(2

- Q)

(2} means that
if P is trus
then @ is true

“<number® can be any positive integer. e. g, 7 or 32. A subarea
designator <can be any alphabetic character. BUT CASE MAKES A
DIFFERENCE! In other words. the compiler will distinguish between "a"
and "4&%  This gives & total of 52 distinct subarea designators. (&) A
subarea designator can be used only once in a template string and all
pccurrences must be contiguous. S0 "AsA b C" and “"AAC b" are legal, but
A A b and "Abs"Y are nat.

Several opcodes—T, E. U, 0T, 0B, OE-—-may vefer to areas of the
curtrent template by being included int the <actionsk list within the
scape of the template. This is explained below,

2.5.3 Display Control Opcodes

The follpwing opcodes generate the display an the screen. The
metalinguistic VY<areas>" means any sequence of arsa o subareas
designators that occur in the scope of a TEM or TEMZ opcode. It iz an

errer to have an area reference that does not occur within the scope of
TEM or TEME.

(T <areasl)
Each area in <areasr is +typed out in the appropriate region of the
template. “areas> can be replaced by & string consbant which will be
typed out in the Screll Region. :

{E <areasgl)
Eath aresa in <areas’> is Erased, leaving those areas blank on the screen,
but leaving the remainder of the screen wundisturbed. The action (E)
with no arguments erases the entire ftemplate (but neot the Seroll

Region!.

(B <areasg)

(&)Y IF more than 32 subares designators are needed, the digits are
also legal subarvea designators provided +they are not used as area
designators. This could be accomplished by wusing two—digit area
designators. '

L=
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Each area in <areasy> is YBrightened"—-%typed out in double intensity
mode, bBlink mode, or underline mode depending, on the physical device
available and its characteristics.

(U {areas}}.

Each area in <areas> is "UnbrightengdY——leaving the text typed out. (U
with no arguments unbrightens all brightened aress. PMote: there is no
implicit unbrighfening, <o if an author wishes te restere an area to
normal state, he must sxpressly unbrighten that area. Unbrightening
restores the +text; t¢ erase use the E opcode. I+ an areas hag heen
erased, unbrightening it causes it to be Tetypsed in normal mode

M)

The M (for "Mark screen”) opcode prints a dotted line on the Mark Line
of the display region in a TEM or TEMZ2 opcoade. & dotted line is
inserted there automatically by the First @ or CG opcode execubed within
the TEM or TEMZ2, so when these oprodes occur within the scope of a TEHW
‘or TEMZ2: the M opcode merely allows the author to insert the dotted line
sooner if he wishes.

{07 <oldarealr <newarear’

OverTupe <eldareal with <newareal. The ftext from <newareal is picked up
and inserted into <oldarear. <oldarea> must be a single area in the
“template sftring" of & TEMZR opcode and <newsrealr> must be either an area
in the "additional string®" of a TEM2 opcode:; or a string constant that

is Just printed in <aldaveal. If <newarea> and <oldarea? ave not the
same wize, the text of Inewarea> will be adjusted to fit <oldarear by
truncation or filling in with blanks or blank lines as required. It is

better for the author %o ensure that <oldareal and <newareal> occupy the
same number of lines; the result will then be obvious

e

{DE <olidarealr <nawarear’

OverErase <oldarear with <newareal This is the came as OT, only the
“newarear is not displayed;: Joldareal is erased, and <newareal and areas
sharing screen locations with it (se¢ below) become defined.

{0B <oldarea> <neswarearx}

OverBrighten <oldarea’> with <newarealr. The same as (OT, only the
“newarear is displaged in brighten mode.

2.5 4 Remarks on the Implications of Overtuping
In the simplest case. @n “area" or "subarea" is defined to be a

region on the display screen plus the text that is currently displayed
there., Howewver, in the case of a svbaresa. this is not quite ftrug--since
the text of such a subarea is shared with the text of an area containing
the #ntire line. When wsing the TEMZ2 opcode it is imporitant to keep in
mind that it is the f£irst template string that defines the basic size
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and shape of the Display Region. But the conventions are somewhat
different for subareas. We illustrate the conventions by example
{TEMZ " :
Mow is the time. Li_
AAAALA
Here’s a good example. %
BEBEBREB CoCCoee

I+ the opoode (OT7T 1 2) is executed, the VOCAL convention is that
area 2 becomes actively defined in the template Tegion. For example., (B
1y and (8 2) will both tause "MHere’s & good example. ™ to be brightened
en line 1. Byt the convention for subareas is different. When (8T 1 2}
ger OB 1 2 or (OE 1t 20 is executed, the subareas of area 1 are no
longer active. Iinstead: fthe subaress of area 2 become activated., So (B
AY is ne longer legal at that point.

It is cviear that some convention is necessary: otherwise, after the
opcode (0T 1 2) in the example., the opcode (B A) would be ambiguous.
The convenkion chosen will generally work *o the lesson author’s
advantage by simplifying the task of brightening small areas afier they
have been displayed on the screen as & resvit of overtyping.

he complier will not complain if a subarea instead of an  area is
used within the scope of an OT, 0B, or OE opcode. but the rtesults may
well not be what was intuitively expected. In fact, one of the major
uses of the OE gpcode is not only to allow an "old" template area ta be
eTased:, but also to asactivate the subaregss in the new text string., so
that @ call such a@s (T B) will have the desired effect.

2. 6 dudio Opcodes

The 8 oapcode is interpreted by calls o functions in  the audio
library, written by W. R. Sanders and G. Benbassat. (7}

{8 <displaylaction® “message" <displaytfaction "message" ... }

Thie is the general form of the Speak opcode. Fach <displaylactionl is
gither a display opcode or a list of display opcodes (all other opcodes
except W, are iliegall, e.g, (B 4 &) or (({T 4y (B E} (T F)i. A
<displaylaction> is executed simultanscously with the speaking of the

following "message”. The opcode is implemented so that the "messages”
are spoken continuwously without interruption: that is. the "messages”
are treated as a single paragraph. Thus +the lesson avthor can

synchronize the screen display with & specific word in the eentence.
VOCAL will wait wuntil all speaking and other actions are completed
before beginning the next opcode. A411 of the <displayl'actionsl* and all
But one of the "messages” may be omitted, For example:

{(7) Ses Sanders et al., 197& for an overview of the audio system,

10
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(8 "hNow is the time" (T "Buy bonds®) "for all good men')

will display "Buy bonds"™ just as "for all good men" is being spoken.
Caveat: Unly the start times of the <displaylactions and spoken

“messages" is coordinated. Thus, if the execution time for
“displaylactionr exceeds that of the following "message®, later
synchronization may be lost. Under heawvy system load, azecuytion times

for the <displaylaction>s will of course increase. The author should
take note of this when deciding how many "messages" and how much typing
to include within the scope of a single § opcode.

Exactly how the "messages” will be spoken depends on the current
implementation. (8} DBriefly., messages wmay be prerecorded and processed
#or sterasge in & ‘compressed’ forms or the messages may be ‘censtructed’
at compile time from prerecorded words or morphemes. with syntactic
prosodic features added by the compiler. The former method is referred
to as ‘long sounds’: the latter as ‘prosody”’.

At least ‘two avdio *languages’ are available to lesson auvthors
The langusage +or long sounds is the compressed: digitized Tepresentation
aof the rtecorded phrases. & language for prosody will generally bhe a
dictionary of recorded words, also in compressed, digitized Fform. The
language opcode sllows the author te chenge the language or mode of
audio presentation within a lesson. '

(LANGUAGE "audio language name" "long sounds Fflag"” "prosody Flag"}

If the string "long sounds $flag" is set to PTRUE"., then the student
hears loang sounds. If "long sounds flag" is set to "FALSBE" and “prosody
flag" is set to "TRUE". then the student hears prosady. The author must
select the proper languaege in sach case. I+ the "long sounds flag" and
“prosoay Flag" are both set ta "  (NMIL), then the mode of audig
presentation will remain unchanged, allowing a change of language only.
It is possible to thange languages without changing the mode. as long as
the unit of recording (word or phrase) is the same for both languages.

It is NOT, in general, possible to change modes without changing the
language. since fthe required unit of vecording will be different for the
different modes. Thus, if the az2uthor wants %o shift from long scunds

mode to prosody mode. he must also switch from a language of stored
phrases to a language of stored words.

Im an effort *to include special (semantic) emphasis in the
*progody’ wversion (and, in addition, aid a human recorder), emphasis
maTkers are available to lesson authors. $<numl (Followed by a space’
may be inserted before the word to be emphasized in the speak text
“numr may be either 1, 2, or 3; where 1 indicates the greatest stress
and 32 the lIeast. A1 three give an increase over Hthe normal,
syntactically generated stress. Far example:

(S "%l Mow is the time for all $3 good men™)

will put a great deal of stress on the word ‘now’ and just enough stress
on ‘geod’ to cavse a listener to pay some extra attention to the word.

(8 Seep Appendix B for details.

/
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Section 2.7 Timing Upcode

2.7 Timing Opcode

-Most of the timing and synchronization is handled auvtomatically by

the compiler/driver (see the "§" opcode ahovel. There are a few cases
where authors will wish to specify & short break in the presentation
such as at . the end of a logical “paragraph” of the lecture. This is

done by the W epcode.
(W Imstimelr)

cmstimel is the number of milliseconds for the dismiss. IF <mstimelr is
missing, & default value is used, determined by the compiler.

The W opcode is the only nondisplay class apcode that is legal
inside +the scope of an 8 opcode. © There, instead of generating a
dismiss, it cawvses the audio hardware to generate silence for the
indicated number of milliseconds. #% times of higher system load, W's
outside the scope of § opcodes will produce pauses of greater length
than their arguments, while W's inside the scope of an § opcode will
not.

Inside a speak: the W opcode functions exactly as a message string
Preceding display actions are executed jJust as the silence begins its

execuytion; subsequent display actions are executed only after the
specified time of silence. The syntax for the W opcode outside of an §
ppecaode is  the same as that of any action. Inside the scope of an &

opcode:; the syntax is the following: & W to be executed with a series of
actions should be included as +the last of the actions in an implicit
BEGIM. Actions that are intended +o be exscuted after a W should be
enclosed in & separate implicit BEGIN., Alse. a W opoade cannot be
immediately Ffollowed by another W {(this is of course no semantic
restriction: since the same effect is achieved by adding the arguments?.

(TEW "
Pick the torrect answer %i_

ALABAANL "

(S "Pichk the correct answer, ™
COT 1y (W 10003y {(B &)Y (W 3003}
"to the next question. "3}

The effect of the above code would be that first the phrase ‘pick
the correct answer’ would he spoken: second the phrase would begin to be
typed, and simultaneously there would begin one second of audio silence.
The word ‘*correct’ would be brighitened immediately after either the
second of silence, or the typing of the phrase, depending on which takes
loanger. In either case one half-second of silence would begin
simultaneocusly with +the brightening action: and at the completion of
both the audio silence and display actions. the phrase *to  the next
question’ would be spoken. '
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=B HOLD Opcode
There are numeTous ospcodes in VOCAL that ask for a response from
the student. The simplest of these allows the student to state when he
is Teady %to continue. This is the HOLD opcode.
(HOLD “Yprompt string"” Zachions>)
In its simplest form: (HOLD), the HOLD opcode simply types oub

EType ESC %o do on. 1
#

and then waits for the student to tupe something before conbtinuing. The
purpose of this opecode is to  let the student judge when he is finished
examining the display. Mo answer analysis is done; however, Pfunctions
like logging out, Browse, Help, and repetition of text all work from
this opcode, since they are embedded in a lower-level function in the
interpreter.

The HOLD opcode may also take arguments. it the first argument to
HOLD is a string ronstent, then that string is embedded in  the prompil
string:
"IType EBC to go on. CTRL-A to " + "prompt string” + ". 1"
Ba, if “prompt string” were “repeat the argument", the resuwlt would be

"[Type ESBC to go on, CTRL—-A to repeat the argument. 1Y

If Cactions> is nonempty.:. bult “"prompt string”™ is omiitted, +the default

prompt string is "repeat®. <hctionse> is a segquence of opcodes top be
executed besfore the HOLD is done {and to be repeated on receipt af CTRL-
&7, It is recommended that small reentrant blocks of code, i.2., bhlocks

of cade that can be re—executed without obtaining a poor effect on the
screens be surrounded by HOLD in arder te give the student @ chance to
repeat showuld be not fully understand them the first time.

2. % The @ and € Opcodes
The rest of the response—gbtaining opcodes are the most complex in
the VOCAL language., because a number of independent features may ocoum
within their scope. The +first of these, the O opcode, is the basic
answer command. The syntax of the Q opcode is:
{G <tagl <action <tag> Lactiom> . . . )

As an example of the operation of G, suppose we have the following:

{@ INIT ({8 "What is the first letter of the alphabet?")
(T "Type the letter indicating your answer."})
& {ANS “ah)

MINTL ({8 "The letter before B"} {8 "Think harder"))

13



Section 2. 9 The @ and CQ Opcodes

Ca (3 "Good"}
W {8 "No, the answer iz A™})

In the above:, the fags a. €A, WA, and HINT are used to lahel the
action component that #follows the tag. The example is interpreted as
tfollows: First, the sentence "What is the +first letter of the
alphabet?" is spoken. and will be repeated each time the . student types
CTRL-A. NMext, the sentence "Type the letter indicating your answer" is
printed on the terminal, followed by a second line beginning with “#",
The program will then pause wuntil the student types something. I+ the
student types CTRL-MH he is told "The letter before B": i+ he types CTRL~-
H again {any number of times) he iz told "Think harder” (egach time). If
he types the letter "A" he is told "Good" and the exercise is ended. if
he +types anything else, he is €told "No. %the answer is A" and the
exercise is ended: since no R tag is given (i.e., ne repsats are
specified——see Section 2. 9. 1}).

The CQ (Cacescading Questions) apcode makes it easy to code exercises
that ask one guestion, then ask another 1f the +first is wrong: then
another, etc. The components of each 1list in the CQ opcode tan be any
of the tags described in Section 2. 9. 1.

(CQ {(£list of tags and actionsl)
{<list of tags and ackionsi?
L)

Each «<list of tags and actions® is & separate question and has exactly
the same format as described for the @ opcode with the sole difference
that the § is omitted at the beginning of the list. Questions are given
until one is correct, or the list of eiercises is exhausted.

2.9.1 Tags for the 0O and €& Opcodes

The following tags are available for the answer—obtaining oprades:

1. IMNIT { “againactiond <promptaction 3.
“Againaction> is executed wupon first entering the
gxarcige (and repeated for CTRL-A until a response is
matched?. It is either & single action or a list of
attions. —Promptaction® is executed whenever inpui from
tiie student is rTequested. The defaults ¥Ffor these
actions are te do nothing. It is recommended that the

full discussion of the exercise at hand be included in
the <againaction® and a hrief description of the type of
input reguested be included in the <promptaction> e.g..
(T "Answer Y or BM"},

2. & <Zansweranalysis opcodeX. Analyzes the answer.
The answer—analysis code +following this tag spetifies
the correct answer.

3. G Laction, The action %o perform 1if the
answey is correct; this also Finishes the @ wvpecode. The

14
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default is to say thet the student’'s answer is correct.

using a randomly selected coerrect—-answer Tesponse. In
other words, 1f the asuthor does not specify an action.
the progrem will answer with ‘“geood" aor Texcellent" er
some  nther appropriate response. This rtesponse 1is

selected at random from a list stored by the program.

4. CAS  (correctanalysisy> <ackionk ...} {(Correct
Answer Select). This is a list of pairs of answer—
analusis opcodes and actions with the interpretation
that the first of the Lcorvectanalysis? opcodes that
causes a match will cavse the corresponding <action> to
be performed: %the exercise will be considered correct.

9. Wa <actionl, adoction to take if the answer is
wrong; this +finishes the apecode 1f no repeats were
specified. The default is +to say that the answer is
wrong wsing @ randomly selected response.

&. Wat. ( <actiond <action> ... ). This is a list
of actions ¢to be given one at & time, each time the
~student gives a wrong response, until the last iftem in
the list. The last <action> in the list will then be
treated Just lilke the <actiond following a simple WA
That is, *the gquestion will be +furthur rtepeated the
number of times specified by the “RY opcode., or until a
correct answer is given. Each wrong snswer will cause
the last <actionl in the list to be given until the last
repeat of the question when the FAIL actions will be
executed, if they bhave been coded.

7. WAS ({wrenganalysisl <faction ... {(Wrong Answer
Select). This is a list of pairs of answer-analysis
opcodes and actions with the dinterpretation that the
first of the <wronganalysis® opcodes that causes a match
will cause the corresponding Yaction to be performed.
In any case:, the exercise is considered wrong, since it
is assumed that any CA or CAS has already been gxecubted.
The purpose of this tag is to catch specific wrong

answeTs.
. R n. Here, n* is thes number of times to ask
far an answer, and is defaulted %o 1. For example, R 2

would mean to ask the question, and then repeat it once
if it is answered wrong the first time.

3. Fall., <actionl. This specifies +the action to
take at the end when the student has Ffailed, in R tries.
to answer the gquestion coerrectly. It is useful for
giercises that coentain an R, since FAIL can be wused to
inform +the student of the correct answer. It is an
arror to uwuse the FAIL opcode when only one attempt is
aliowed. In other words, when uvsing FAIL there should

a@lso be an R n for some n greater than 1.

15



Section 2 9.1 : Tags for the @ and (O Opcoded

10. HINT <action>. This is the hint to give the
student if he asks for one. The default is to say that
ne hint is available.

i1, HINTL { <actionz: <Lactioeni ... ¥. This is a
list of hints to be given, one sach Etime CTRL-H is
typed; the last Cactionl in the list will be repeated as
aften as requested,

i2. COMMENT ( <anything> ). Whatever is within the
scope of the immediately following set of parantheses is
ignovred. though Quote marks and parentheses must be
properly paired se that VOCAL can detect the end of the
comment. Mote that in this construction., COMMENT is
veed as 8 TAG, not as the CAR of & list.

These tags and their corresponding actions may occur in  any order.

Either an & or & CAS tag must occur. but all other tags are optional.
It is an ervor for a tag (except COMMENMT) to cctur morTe than once in an
answer—fetehing opcode. Some of the combinations are illegal. For

example CA and CAS should net occur within the scope of the same @

epcode.  Also, at most ome of the wrong answer tags (WA, WAL. WAB) may
be included in the scupe of a @ opcade.

2.9.2 Adnswer Analuysis Opcodes

Once a response {answer) is ohtained from the student by the use of
the @ or CQ@ opecodes. it must be checked. This is done by the answer-—
analysis opcodes. The analysis is done by testing whether there is a

match between what the student has typed and the coded answeris).
lor example. the command:

(@ & (ANS "74%))

gets a response from the student, snd then analyzes it by comparing for
_exact string equality with “"74" for corvectness. (In this example, the
other parts of the Q@ opcode are omitted, thus defaulted. ) Except for
TRANG, all of these opcodes are quite simple and standard.

Several kinds of editing are done by these opcodes on the responses
that the student <types. #11 a# the opcodes rtemove beginning and
trailing spaces and tabs, and all of them compress multiple spaces and
tabs to & single space. These procedures are called gpace compaction.
Addditionally, most opcodes convert lower to upper case. called upper
conversion. A few opcodes that are preparsed to accept several answers

will scan for those answers separated by spaces or comnas. This is
called word scanning.

The student’s input is referred to as “responser below.

(ANS <sequence of stiringsi)

1&
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Gfter space compacition and upper conversion of <respensel, ANS checks to
see if any string in <sequence of strings> is exactly the same as
Lresponse. In other words:, the student must type exactly one item from
the sequence for a match to occur.

(ALLANS <sequence of strings?)

After spate compaction. upper conversion., and word gscanning of
wresponser ALLANS makes certain that all of the strings in <sequence of
strings> were typed by the student, and that no additional strings were
tuped. BSo the student will have to type in all, and only, the items in
the sequence, but in any order.

(ANYANS <sequence of stringss)

After space  compaction. upper conversion. and word scanning of
<responser, if any Ustring> in <list of strings> matches any word of the
student ‘s <response’, then & match occurs. Thus, if the student types
an item from the sequence, the answer will be counted as correct even if
he or she typed additional words before or after it.

(EXACTANS <sequence of Qf;igdgg)
this is like ANE except that upper conversion is not perfeormed.
(&FFIRM)
- Some “frue—like response must be given (case ignored): Y YES TRUE T.
(NEGATE)
Some "false"—like response must be given (case ignorsd): M NO FALSE F.
(TRANS <Jlist of strings>)

This opcode relates specifically o the logic course and other
mathematically based ctourses. Each "string” in the <list of sEringsr is
parsed into an internal expression (by the compileri; the student must
then +type something that, when parsed, is WEQUAL to the parsed

expression (VEQUAL is a function in the legic— and set-theory—hased
programs. )

{(MATCHANY )

MATCHANY is an opcode that matches any non-null answer whatsoever. It
is useful for the logic of some of the opcodes such as CAS and WAS. For
example, in the following @ opcode the avthor traps two specific wrong
answers, responding appropriately to each. For any other wrong answer.
the program simply replies by typing "Wrong” on the terminal:

(@ A {aNg "74")
WAS ({ANE "73") (5 "One too few. ")
(AMES "73") (8 "One too many. ")
(MATCHANY Y (T "Wrong. "))

i7
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Gection 2.10 Conditional (lpcodes

2. 10 Conditional Opcodes

A -number of opcodes check a condition in the driver to decide
whether o not to execute the statements contained therein. For
ezample, one wants to do something differently depending sn whether or
not avdin' is availasble.

(AUDIO factions>)
Thig executes <actions> if audio is available and =zelected.
(DPY <actionsl)

This executes <actionsg> if audio 1is naoat available or i+ it was not
selected, provided the student is using a display terminal. It is an
ertor to include any avdio~class opcecode within the scope of a DPY.

{TTY <actionsl)

This executes <actions® if the student is using a nondisplay terminal.
Both auvdio- and display~class opcodes are illegal.

(NONAUDIO <actions?)

This executes <actions> if auwdio is wot available or not selected. It
i€ an errer %o include an audio—class opcode within the scope of a
NONAUDIO opcode. And since the intent of the NONAUDIO opcode is to

supplant both the DPY and TTY opcodes, display-class opcodes should not
be used either. Also. this oprode should not occur in the same exercise
in which the DPY or TTY opeode is used.

=11 ranching Opcodes

{(GOTO Clessonnumber?> <exercisenumber>)
This goes to Llessonnumberl. Jexercisenumber> in  the couTse. I+
“exercisenumberl is empty, then 1 1is assumed. This changes the
student’s place in the course.

(CALL <lessonnumber? <exercisenumberi)
This interprets an exercise for the student, but does not reguire any

answere from him, The student  may not leg ouvut from that lesson. but

must rtveturn o0 the current "lesson. exercise" before continuation is
allowed.

(CHOICELESSON <lessonnumberlistl)
This gives the student & choice of which lesson he wanis to do next.

(BRANCHLESSON "text" <lessonnumberi)

ig
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The “text’ will be typed in the scroll region, then if the student has
answered 73 percent of the Q—-type exercises in +the current lesson
correctly when BRANCHLESSON is encountered, he will be given +the choice
of doing +the rest af +the exercises in the current lesson or skipping
ahead to <lessonnumberl; if he has not answered 75 pevrcent correctly. he
must do the remaining exercises.

(RAND <actiony <action> .... }

This selects randomly one action o be executed. Far example. if we
have n <actions>s, then & vandom number between 1 and n is generated,
and the corresponding <action> is performed.

MOTE: Ro&ND is generally used %o select a derivation for the student
to do. If the student logs out in the middle of such an exerciser then
his work is saved. The next time he logs back in, he must get the same
sxercise. o the randomly selected options picked by the driver are
gxecuted in the same order on subseguent logins.

2,12 HELPMODILE Opcode

The HELPMODULE opcode has the syntactic form:
{HELPMODULE <“number’ "description® <graph infol» <Lackiansl)

where “number’> iz the number of this help module; "description is a
gne-line degcription of this help module, to appear at the %op of the
display screen when the actions are interpreted; <graph infol is a 1list
of information needed by the help system; and <actions® is @ sequence of
vocal actions for thie help module.

There are three types of information which may be placed in the

<graph infolr list. The first two are mandatory, the last not. They
ara:

(NAME “name of the help module"}
(DESC "description of what the help module covers")
(EMPH (12 L2y (L3> <4 ... .. (<L2r—1% ZL2nx)}

Both the NAME and DESC opcodes facilitate the student’s accessing of a
help module, and are wsed in offering the choice of available topics.
The graph info description may be the same as that which is used as a
display headear. or it may bhe different. The optional EMPH opcode
specifiss lessons in which the help module is to be emphasized. Each i
which occurs within the scope of the EMPH oprode is an integer
corvesponding to & lesson number. These should appear in ascending
numeric order. See Section 4 for detsils of the semantics and a
description of the help System.

¢
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2. 13 Flag—alteration Opcodes

The following opcodes set various entries in the student history
£ile or in the proof checker, and control the run—time operation of the
driver. The actual theories and history entries are discussed in
course—specific supplements available to lesson authors.

(CONNECT "theoryname")

This selects the context theory (including parser. grammar, axioms,
definitions, and theorems) for derivations and student Tesponse under
the @ and £Q opcodes.

(INTERPCONNECT "theoryname")

This selects the context theory {(including parsem grammar, axioms,
definitions and theorems! for interpretation—type exercises

(WANT ! DATA "truth value")

This +flags the student for collection of data, e.g., connect time,
responses, etc. "Truth value" in this and the following opcodes must be
either P"TRUE" or “"FALSE":; that is, "T" and “F" are not sufficient.

(LINE!INFD "truth value")

This selects format for printing proofs during execution of a derive-

class opcode ("FALSE" suppresses printing of flagging. dependencies.
ete. ).

{(GHARP (FLAG "truth value™)

This selects form for ambiguous names during execution of a derive-class
opctode. Value = FALSE requires the student *to use ambiguous names of
the form #linteger> in existentiagl specifications. Value = TRUE allous
the student to use any legitimate variable name.

(ERRDRIMEEE "truth value™)

Value = TRUE causes error messages concerning guantifier rules $o be
printed after the student enters & line containing such an error; value
= FALSE supresses guantifier error messages and causes the student to be
informed at the completion of the proof that 1t is incorrect due to a

guantifier rule error.

The *Ffollowing opcodes asllow changes to arbitrary history lists,
~The first element of & history list is the name of some set, and the
remaining elements of the list are the members of that set.

(SET "historyname" {"item® “item"™ ... )3

If there is a history list with the name ‘*historyname’, SET changes its
value; oatherwise SET creates 2 new history lict of the form (historyname
item item ... ).
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{aDD “"historyname" ("item" "item” ... ))

This adds items to the set of items in the list with names ‘*historyname’.

(REMOVE "historyname” {"item" "item”™ ... 1)
This removes items #from the set of items in &Hhe list with name
*historyname ‘. I+ an "item" mentioned is not on the 1list, it is
ignored, To remove all the items #from a list, (SET "historyname” (}) is

better than using REMOVE,

2. 14 DERIVE—class Opcodes

The following opcodes all specify some sort of call on the
derivation machinery. Their interpretation is done by the proof checker

and iz discussed in course-specific supplements asvailable to lesson
authors.

(DERIVE Ygoal" <tagl <action <tagr <Laction® ... 1}
"Goal" is the string representation of & Fformula to be derived. This is
a required argument and wmust immediately follow the opcode. The other

arguments to DERIVE consist of pairs of <tags> and <actions> all of
whicth may he defaulted and may occeur in any order,

i, INIT <actions®  These actions will be done when
the DERIVE oprode is begun. It the DERIVE opcode 1is not
within the scope of a TEM or TEMZ, the <actions® can be
replaced by &8 TEM or TEMZI.

= PREML ( "premise" ‘“premise" ...} This is a
list of string representations of the premices.

3. HINMT <action. I# & hint is requested by CTRI-—-
H: then <action> will be executed.

4, HINTL (Lactionl <actionk ... }. Whenever CTRL-H
is typed. the next <actionr is executed {(the last is
repeated as often as reguested).

5, RESTL <restrictionlistl. This 1is the list af
restrictions on the rules of inference. &tc. . that the
student must or must not use in this derivation.

&, DONE  <doneactionl- Whernn +the prooef has been
completed, +<doneaction is executed.

Other opcodes with the same syntax as the above are:
1. INTERP, The student is asked %o provide an

interpretation (in the connected interpretation theory?
of the premises in PREML and the conclusion din “goal".
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Then the student is asked %to ‘check’ his or her
interpretation by deriving the interpreted premises. and
the negation of the interpreted conclusion in %the
connected theory for interpretation.

2. INTERC. This iz similar %o INTERFP, but the
student is asksd to show that thea premises and
conclusion are consistent.

3. DI. The student is asked to decide whether to
do an interpretation or & derivetion. If the foarmer is
chosen, the driver interprets this opcode 2s a DERIVE;
if the latter is choesen, the opcode is interpreted as
INTERP. The student may restart the exercise and change
his or her cthoice.

4, DIic. This is like DI except +the choice is
betuween INTERC and DERIVE (where the student is asked to
derive the negatien of "goal™ if he chooses to  do a

derivation).

(SYMB "formula" HINT <hintaction® “goal" <taglr <actionr ...)
The SYMB epcode first reguires the student to symbolize the "formula”
{which can also be & list of +formulas, ("formula" “formula® ... s inm
which case he must symbolize 211 of the Fformulas?. I+ he requests a
hint at this stage by typing CTRL~H., <hintactions> will be sxecuted.
The HIMTL tag can be coded, with the wsual interpretation. If the
student does the symbelization correctly, the exercise is ended; if not.
he is given the choice of ftrying again or doing a derivation. If he

chooses the latter, the DERIVE opcode is invoked with the goal" and
list of tags and asctions coded in the BSYMB opeode.

{Ta "formula" (Catomicy» "value") {(<atomiel ®"value®™) ...}

‘Value’ is a truth value {either T or F), and <atemicl is an atomic
sentence of the current theory. TA Tequires the student to determine
the truth value of *formula’, given the values for the atomic sentences
of the formula. This opcode is generally used only within the scope of
the TTY opcode, where the display capabilities for conveniently
presenting and dynamically altering tvruth tables are absent.

(CEX "goal" <{tegr <actionsd> <tagld <actionsl ...
Here, the syntax is the same as in DERIVE; it asks student to provide a
sentential counterexample by choosing truth values for atomic sentences

that will make the truth wvalues pf the premises frue, the truth value of

‘goal’ false:. and then proceeds in each case as in TA:, to check if he
has succeeded. '

(DC "formula™)

This is like DI, except the student chooses bebtween doing & derivation
(DERIVE! or a sentential counterexample (CEX).

=22
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It is an error to have more than one derive-class opcode in the

same e&xercise unless all of them occur within the scope of a MENU
agpcode.

2.15 MENU Opcode
{MEMU <criteriond INIT <actions> DONE <actions? <entree’> <entree> ... )

The MEMU apcode is designed %o provide +the lesson awvthor & means of
presenting a set of derivations or other derive-class exercises for the
student +to work on. The student is allowed to select the order of
exercises, and need not complete all gf them. Waork on partially
completed derivations is saved. The <egriterion> dis +%he number of
entrees the student must complete before geing on to the next exerciss.
IMIT <actions> are a@#ctions to bLe performed when the student begins the
menu {(and rtepeatsd when he logs in after logging out while in & menul.
The <actionslk may be vreplsced by a TEM or TEMZ2 if desired.
DONE <actions? are performed when the ¢riterion is met by the student
{i.e.;, he has completed <criterion> number of the entrees).

Each <entreeg> has the form:
(ENTREE "description®” Zaction®)

The "description" is a one-line siring which will appear in the MENU,
and Caction? is the exercise for the ENTREE. The <action® is generally
8 derive—class opcode, althouwgh it may also be a TEM or a TEM2 which
contains & derive-class opoode. It is an error teo inclilude a O-class
opcode in an ENTREE.

The action of the MEMU is as follows., First, the INIT actionsg are
performed. Bext, a "menu" is displayed which consists of an identifying
number for each ENTREE, the stving “description' for it, and an
indication of whether the ENTREE is completed, partially completed, or
not begun. Also the criterion will be displayed. with an indication of
how much remainsg to be done. The student then selects which ENTREE he

wants to work on and the <actions> for that ENTREE are performed. HWhen
.he finishes {(or decides not to do any more work on that ENTREE) the MENU
is displayed again. When the criterion ig met, the DOME actions are

performed and the student is then given the choice of selecting more
ENTREEs (if any remain’ or of going on to the next exercise.

It is &n error to have more than one menu in a given exercise.

2. 16 Compiler-specific Opcodes

The following opcodes affect only the operation of the compiler and
are "swallowed® by it.

(COMMENT "anything®)
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The above is a comment. at any peint it occurs, and is ignored by the
VOCAL compiler.

{COMPILECONNECT "theoryname”)
This opecode tells %he compiler %0 start wuwsing "theoryname" as the
caentext theory {including parser and grammar) for cempiling Fformulas in
the scope of derive—class, or TRANS, opcodes

{TEMCHAR “character™)

Resets the character wused for the templates to the first character of

the string "characher”., The default characker is "%
3 Browse Mode

There is a feature available in all VOCAL-based  courses called
Browse Mode, which #llows the student fteo review old exercises or to look
ahead in +the curriculum. Browse Mode iz entersd by typing a CTRL-DB.

The program will reply by *typing the following summary of the Browse
commands:

###d BROWSE MODE w###s

Type one of the following:

Bn Describe Lesson ‘n’

L n l.ist directory of Lesson ‘n’

8 n Show Exercise "n’ in this l.esson

S 1.n « Show Exercises “n’ in l.esson 17

I Index of Saved Proofs '

R 1.n.e Review Proof (lesson. exercise. entree)

E l.n. e Erase Propf (lesson. sxercise. entreel

~Z Return to your exercise.

Here is an explanation of those commands: {%9)

Dn Describe Lesson number T Each lesson has a brief
discussion describing the material it covers. This will be
the <actiens> taken from the LESSON opcode {see p. 4).

L n List the lesson directory for Lesson n. Recall that each

exercise begins with & brief one—line description of itself
(the "description" string from the EXERCISE opcode, p. 43,
The L command presents 2ll of these at once for the lesson
specified.

(%) I, R: and E are gpecific to the logic course and may or may not
be available in other courses,
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g n Show exercise number n in  the CURRENT lesson {i.e., the
Iesson the ztudent was in when he egntered DBrowse Madel.
This @llows him to lopok at the exercise Jjust as if he were
working i%, EXCEPY that anything within the scope of a Q

€@, or derive—class opecode {including MENU) will not hbe
sxecuted.

S n 1l Show esxercise n  in iesson 1. This dis jJjust like +%he other
version of Show, except +that it allows the student to look
at an eietcise in a lesson other than the current one.

I Index of SBaved Proofs. There is s facility available that
allows the student to save proofs so that he can look atb
them again later. To find out what he has saved: the
student goes ¢o Browse PFode and types ‘17 This gives him a

directory of the available ptoafs

B l.n.e Review Proof (lesson. exercise. entreel. nce +the student
knows the number of the praof he wishes to look at, he uses
the R command teo actually see the saved proof.

E l.ne Erase Proof {lesson exercise. antree). The student 1is
allowed to store gnly about 25 proofs fFor later reference.
fince he has reached the limit, he is net allowed to add a
new proof unless he deletes an old oane first. The Erase
Proof Command allows him to do this.

CTRL=~Z l.eave Browse Mode. This returns the student to the lesson
' and exercise he started Ffrom. The program saves a copy of
his "chalkboard" area and will restore it +to what 1t was

lust before he entered Browse dMode; the "screatch-pad! area
is lost.

Browse Mode makes it easy for the the student to rveview something
earlier in the course, or if he iz the kind of person whe likes to look
shead in a book, e zan do the on-line egquivalent. This feature is
especially important in courses where the curriculum material is
presented at display terminals instead of in textbook Fformat off-line or
in classroom lectures. Notice +that other than writing the description
strings and the <actions fer +the LESSOM opeode, authors nesed not make

any special effort. It is taken care of automaticelly by +the VOCAL
compiler and the course driver.

4 The Help System

& help—system facility is available for use with all VOCAL-based
CoOUTSEes, It can be used to create and maintain a help system for the
COUrse, This section explains +the structure such sustems should have,
and now to implement them.
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4.1 Description

The student invokss the help system by tuping *HELP’ to the course
driver. When he enters the help system he has two ways of accessing
infaormation: by naming the topic an which he needs help or by bheing
guecstioned by the computer.

The computer queries the student by means of & topic decision graph
which is used %o present him with 2 selection of topics to chouse among.
The particular question ar ‘interrogation’ s%ructure wuwsed by the
camputer is determined by the author. However, two fagtors can cause
additional options to be added to the initial topic cheice presented. A
relevant help topic will be placed at the head of the topic i1ist i+ the
program is currently in some ervor made, or if the aubthor has specified
that the topic should be emphasized within the student’s current lesson.
Thugs a syntattic error in an input string might cause a help module on
syntax to be smphasized. And in the parly lessons of & course, it might
be desirable to place emphasis on the help system itself.

The following gives an #xample of how & chuoice might typically be
presented to the student:

Type far help on

T4 £Tal Té duties., hours, etc.

RULES LR1 Rules of inference

CONCEPTS ECONCT Basic concepts of the course

ADMIN EaD2 Gdministrative matters

GRIPE EGRIZ How to send a suggestion or complaint

# <Lstudent inputs choice herel’
e,

The «characters in square brackets give the shortest sequence of

tharacters the student coan type and have his request properly
recognized. But he is not forced +to choose oneg of the options
explicitly displayed before him:i he can, if he wishes. enter the name of
any help module available, provided he knows it. The choites are

presented in case he does not know the name of the suitable topic.

Some topics will have associated VOCAL code to be presented as help
to the student. Other topics exist only to guide +the interrogation
process, and have no YOCAL actions written for them. For example, the
. help system might present the RULES option only %o give the student a

chance to find ocut the names of the help modules describing the various
rules of inference.

I+ VOCAL code for & chosen topic is written: the help system first
fetcnhnes the corresponding HELPHMODULE and interprets the VOCAL code in
it. €10) The student is then presented with another list of options. If
the last chosen topic has further topics associated with it in the

(10) I+ the student finishes typing in & topic name with a CTRL-Z.
only the the associated topic list is typed out. This aliocws & student
who has alregady seen/heard the VIAL code to skip over it

=&
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graph, the choice list will «consist of these topics, otherwise it will
be the initial list. The estudent may them either exit from the help
system {(via CTRL-Z}, choose anpnther topic, or return to the initial
interrogation by entering the null vresponse, i.e., the empfy string.

fhe intesrrogation proceduyre should be regarded as & graph rather

than as a decision tree. In many cases it is natural to use a topic—
subtopic structure. But the author may also want to remind +the student
of related topics. Thue a module discussing the concept of tavtology
might have modules on consistency and dinconsistency as associated
topics. It is also .gasy and often wuseful to define Iloops in the
interrogation structure. This will become clearer in examples fo
fullow.
4.2 Defining & Help System

it is necessary to write & series of +Ffileg that contain the
information to be made available wvia the help system I# the help
system is intended to offer information on teaching assistant hours,
Tules of inference. and tautelogies., corresponding help modules must be
written in these {filss: 411 the help actually given %o students is
taken Ffrom them,

These files are written in VOCAL, where @ach entry is within the
scope of a MELPMODULE opcode (see p. 19). Except for the inclusion of
the special tags MaME, DESC. and EMPH, each entry loocks just like an
ordinary exercise, with the EXERCISE opcode replaced by the HELPHMODULE

agpcode. The help system files cannet contain +the cpcodes LESSO0N or
EXERCISE, but they can contain guestions and derivations designed o
help &8 student understand the tapic. The student ‘s performance on these

guestions will not affect the ‘*score’ which is recorded for conircl of
BRANCHLESSON.

A specisl file nesds to be written to define the interrogation

structure used by bthe computer. Thig file wili contain a graph which is
-usvally easily written and which is easy to alter if experience suggests
that another choice sequence is more appropriate. The help system

compiler is then run to put all this information in a form acceptable %o
the course driver.

4.2.1 The Help Module Files

The help modules may be included in one or more files. The source
. $iles may be named ss desirvred, though they should all have =& . VOC
gxtension for ease in operating the VOCAL compiler. Each such file

contains  a sequence of HELPHODULE opcodes. They Furnish information
used in %the interrogation: and provide the VOCAL code o bhe interpreted
i¥+ help on a perticular tepic is requested by the student. The

helpmodule files must be processed by the VOCAL compiler, and the
resulting . VAL files submitted to the help system compiler.
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I+ different help systems are heing defined for several courses.
they may share some of the same helpmodules. Help on the use of Browse
Mode, for sxample, would probably be the same for all courses. For this
reason: the VAL files for helpmodules, unlike those for lessans, do not
have o be on *the curriculum directory, The HELP.PRC file which is
erTeated for each course by fthe help system compiler informs the driver
gf the directory and file name on which the helpmodule for each topic
defined in the graph may he found., A help system does not have to use
all the helpmodules on any file which it accesses. Different ctourses
may ‘pick and choose’ among the various modules on & given file, IE,
‘however. the same topic name is %o bhe used with different help
information in different courses. separate helpmodule files must be
created for those topics whose definitions vary from course to course.
This might occur, for example, in writing helpmodules on inference Tulés
which have the same names for each course, but use different derivation
examples in the theory appropriate to the course. ‘

The syntasx and semantics of the HELPMODULE command {(p. 1%} should
be clear, with the possible exception of the optional EMPH opcode. This
is wsed to indicate the lessons in which the help module needs %o be
emphasized in the sense of being placed at the head of the topics in the
initial interrogation of the student.

Te illustrate this, suppose that it is desired o define & help
module about some derivation command, e.g.. Tautology. Buppose in
addition that thig rule o0f inference is introduced in Lesson 746 and that
gxercises in l.esson 103 are particularly suitable for its application
Ong might then write the following help module:

CHELPMODULLE 3 "TaAUTOLOGY: Using the Tautology Rule”
{{MAME YTAUTOLOGY" )
(DEEC "Using the Tautology Rule*)
C (EMPH (746 783 (103 10533
CAUDIO

48 "Just type ‘T’ to use the Tautology Rule")11]

Here ths help availabls on the Tauteoleogy Rule would be emphasized in
Lessons 7& through 78, and 103

If a helpmodule is %o be accessed by more than one course:, the EMPH
list may contain lesson numbers from each of these courses. For
example. if there are three courses whose lesson numbers range
respectively in the 10073, 200’s, and 3007z, then a %topic which is %o be
emphasized in %the beginning lessons of gach couwrse might have the EMPH
list: (EMPH (101 102} (201 202) (301 302)). (11}

I EMPH strings are declared for any help modules, the help sysiem
compiler will produce a2 listing of the emphasized %topics by lessan.

{11y If the lesson numbers for twoe courses are the same, and a
helpmodule is to be emphasized in different lessons in thess ctourses, it
will be necessary to make separate versions of the helpmodule with
gifferent EMPH lists.
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Consistent with the rest of the VOCAL language.
numbered
the Iength of module NAMES should be 11 characters or less.

any file must
Furthermore,
Longer strings will disorder
Similarly, the lenath of

he

DESC strings should not exceed
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the help modules in

in dincreasing ovder, from 1 onward.

the display owtput: although not Ffatally.

46 tharacters.

The length of the help module names is not critical apart from aesthetic

considerations,
avtomatically.

since

The help system compiler

syitable warnings.

declared in the graph. RNote
decision nodes which have
helpmodule contains the

interrogation display),

4.2.2 The Graph File

uniglbne.File is neede

optimal

For example:
defines & help module %opic or fails tou define a HELPHMODULE for

description
angd possibly emphasis data.

topic f1ame recognition is done

does extensive error checking, and gives
the avuthor will be warned if he doubly—
a topic
written for

since the

for the

that helpmodules must still be
no 2ssociated VOCAL actions.
information {needed

d to define the interrogation structure for

any courTse, This file should have the extension . GRAPM, and may be on
any directory. When the help system compiler is run, it looks on the
connected directery for the graph file unless another directory is
‘spacified. It also uses the namese HELP. GRAPH as a default. The file
should contain & single SB-expression, which is essentially @ list of
topie names and their subtopics. The S-expression is recursively

defined as follows:

graph S-expr =
topic—-list =
topic =
The follawing is an example
logic course might look
“illustrations.

ETa
RULES
{BOOLE
TaAUTOLOGY

{<topic—1listlx)
“topicl <topic lists “null stringZ
<topic namelx | <topic namer <graph S-expr>

of what & help system list for an elementary
like. 1t incorporates all the abuove

HYPOTHESIS (ANMTECEDENMT)

A

CP (CONDI
CONCERTS

{ANTECEDERN

TIONAL))

T

CONSEQUENT
TAUTOLOGIES
{CONSIBTENMCY
INCONBISTENCY

ALGORITHM

CONDITIONMAL {(CP)
CONSISTENCY
INCONSISTENCY)
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ADMIN
{Ta
NEWS
GRIPE
EXAaMS
GRADES)
GRIPE]

The central idea is thaet options which are %o be displayed at the
same interrogation are at the top level of the same 1list, and the topics
associated with @ topic are contained in a list immediately fellowing

the ftopic. Thus the +first level of interrogation in this particular
help system would be between Té, RULES, CONCEPTS, ADMIN, and GRIPE, just
as previously illustrated. Further interrogation is defined by the

sublists. So if GRIPE is chosen. the helpmodule, as defined in the
helpmodule $ile, ig interpreted. telling the student how to send
suggestions and complaints +to the course avthers: if RULES 1is chosen:
the VOCAL code (if any? in the helpmodule files is interpreted, and the
further subtopic list of topics is presented.

As previsusly remarked, the interrogation need not be a tree. in
the above example thers are two paths 4o the same node for both the
CONDITIONAL and the GRIPE help modules. In addition, there is a cycle:
¥ information on the CP vrule is given, the student will be reminded of
the help available on the concept of a conditional; if this latter help

module is interpreted. the student will then be reminded of the help on
the CPF rule.

4. 2.3 The Help System Compiler

When the files containing the interrogation graph and +the help

modules have been written, the next step is to process them (One begins
by processing the HELPMODULE files using the YOCAL compiler as described
in the nexzt sectign. VOCAL will create processed versions of the help

module files. These files will have a . VAL extension, just as for lesson
files.

The help system is <c¢reated by running the help system compiler,
called HELPMK for ‘HELP system MaKer’. Thie program processes the graph
and bhelp module *Files, preducing a correspoanding Trun~time Ffile,
HEL.P. PRC, for use by the curviculum driver. It is self-gxplanatory in
operation and includes sutensive error—checking and analysis.

When one calls HELPMK, it first presents the option of creating a
new system £rom scratch, or modifying an old one. I+ the CLreate option
is chpsen, the graph file ie first processed. and then helpmodule files
are processed uyntil all the %opices in  the graph have - been defined.
Under this option. when the compiler encounters a helpmodule for a tepic
which has already been defined by an earlier helpmodule:, the second and
subsequent definitions are ignored, and a warning is printed. The help

system is ready when the HELP.PRC f£ile has been moved to  the curriculum
directory.
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I+ & fatael error occurs after the graph +File has been processed
(for example, some module has incomplete graph info), then the structure
at +thaet peint is dumped ontoc a +File called HMHELP. INCOMPLETE and the
compilation is aborted, The error may then be corrected. and HELPMK run
with the Modify option using HELP. INCOMPLETE as the ‘old’ system.

I1f topic emphases have been deglared, a Ffurther $file, HELP. LESSON-
EMPHASIS, is also treated, giving @ listing by lesson number of the
emphasized topics. This will assist the author in keeping track of
which topics are emphasized in which lessons,

4. 2. 4 Modifying an Existing Help Sustem

If one wishes only +to change the VOCAL actions in  a helpmodule
which is already defined in & working help system, it is sufficient to
edit the source file and generate & new version of the .VAL file (the
file name and directory must not be changed). The HELP. PRC need not be

regenerated;: it will always ca3ll up the newest version of the helpmodule
file.

If however, one wants to change the lesson emphasis or other graph
info in a module., if the VoL files are renamed or moved, if new modules
are to be added, or if the graph structure is changed in any way, the
changes must $first be made in the graph andsor helpmodule +Filesg. and
then HELPFK must be Tun to create a new version of HELP. PRC.

Under the Medify option:, only the new files or thosse which have

been changed nesd be processed. Unlike the procedure in Create mode,
second vccurrences Of a helpmodule for & topic will not be ignored but
rather will cause the module to be redefined. The system will retain

all information #from the old system which is not superceded by the new
files.

Mote that to delete @ topic from the system. it is sufficient to
remove it from the graph S-expression, and 7tun HELPPMK with the Modify
gption over the new graph file, without reprocessing the helpmodule
file. The  helpmeodule will simply exist on a .VAL file but never be
accessed. To add & topic to the system, hdwever, both the graph file
and a helpmodule file must be edited and resprocessed.

9 Operation of khe YOCAL Compiler and Interpreter

Once & lesson has been written, it must be tested and compiled.
This is done using the VYOCAL compiler, a program that assists aubhors in
lesson testing and debugging and that produces various f£iles mneeded for
the audie system and course driver. This section describes the
operation and features of VOCAL.
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5.1 Initializing VOCAL

The lesson source files are usually given names of the form
"Llessons VOO, The exasct form of <lessond depends on the course. (12}

When vOCAL is started, it prints & herald giving the pregram name
and a "version number”™. The latter consists of the date and time that
this version of VOCAL was compiled. Then, before doing anything else,
VOCAL attempts to assign +he =a2udio channel associated with the
controlling terminal: If there is nmnone or if VOCAL is unable to assign
it, it will say, "No sudio channel assigned. " If the MISE machineg is
dowrn, it will &lso say. "Audio system not available. ® In any case, if
the channel is assigned, VYOCAL begins in &UDIO mode. I +the audio
channel is not assigned, VOCAL will begin in DPY or TTY moede according
to the type of the controliing terminal. In these modes authors are
sub ject to the VOCAL conditional opcodes aAUDIO., NONAUDIO, DPY. and TTY,
described in Section 2. 10. For example, in AUDID mode VOCAL will not
execute any actions surrounded by NONAUDIO, DPY. or TTY opcodes——and
gimilarly for the other modes. This can be changed by use of the A Y,
ot TTY commarnds described below.

I+ WVOCak succegeds in assigning the audio channel far the
controlling terminal, it will ask, "Do you want Long Sounds?", followed
by an “#", which is VYOCAL ‘s prompt character at +this level. I+ the
lesson has been recorded, the answer will usually be "Y". otherwise "N
for "no" er just & carviage-return which defaults to a no answer. Ii¢
the ansuwer was no, VOCAL nexzt asks., “Do you want PROSODY?" A  "Y" answer
to this gquestion means that any auvudio messages will be spoken using the
prosody system. & carriage-return again defaults to & no answer. I no
avtdio channel was assigned, these two guestions will be skipped.

9. 2 Ton—level VOCAL Commands

After initializing, VOCAL will print "Type T, I, & ar * #"%  This

iz the top command level +for VOCAL, and there are numerous options
available:

? Print a list of the available options.

T Enter Test mode. This mode allows +the auvthor to test a
lesson using code which has not yet been compiled. Test

mode is described in Bectieon 5. 3.

I Enter Interpret mode. This moede is much like test mode.
gxcept thet VOCAL will read files that have already been
compiled. See Bection 5.4 for details.

& Evtter Generate files mode. This is the mode which allows

(12) For Stanford’'s legic course, the lessons have names of the
form Lnon. V3G, where nnn is a unigue thres-digit number assigned +to the
particular lesson. {ther courses may have differsnt convenbtions.
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an author to

details.

compile a lesson. SBee Bection 3.5 Ffor

ad just  the Speech rate of the audio system.
current implesmentation. the default speech rate is 0.9
This may be adjusted %o anywhere between 0. 285 and 1.2, A
small number increases the speech rate and a larger number
slows it down, This has an effect only when festing or
interpreting 3 lesson in audic mode with an audio channel
assigned.

In the

Select audic mode. If an audic channel has been assigned,
Vocal will repeat the ftwo questions cancerning "bLong
Sounds” and "Prosody". This provides & faster way of
switching between the three modes than an exit to the EXEC
to obtain a fresh core image. I+ no audio channel is
assigned, VOCAL will be set in a mode where if a lesson is
tested or interpreted in avdio mode, the text of whatever
would have been spoken will print cut in the SCROLL region
af the terminal prefaced by the word "SBPEAK: M.

Select displayY
interpreted: the
will be executed.

mode. I
code within

tested or
DPY opcode

is
of a

a lessan
the scope

Select TeleTYpe
interpreted:. the
will be executed,

mode. I
code within

tested or
TTY opcode

is
of @&

& lesson
the scope

Interrupts the program with & psevdo uvser error in order
to enter DOT or other debugging program. This feature is
for the convenience of the programmers and is not normally
needed by the lesson authors

Make a gracetful eXit Ffrom VOCAL.

Freferable to a ~C exit,

- since all open files will be properly reset and closed.

T—-—test VOCAL Files Mode

an author enters Test mode, VOCAL will begin
I+ the suther wishes to be able to use
the file while inside VOCAL., the file must be
Mo filename recognition is done, but if the
YOG only the name field needs to be typed

by asking £

the TVEDIT

extension is

a file has been sucessfully opened, VOCAL

instead of "#", In test mode, VOCAL files
"ghyect" (i.e., S-pxpression) at a time.

hegins promp
can be comp

1977

oT a8
text

on the connected

the

ting
iled

are generated. The audio channel (if assigned?}? is open
(unless rTeset at command level wsing the "A" aptiony.
can be tested without their Long Sounds or prosody.

The commands available in Test mode are:
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7 Print & 1list of the available gptions,

o Jump aver page marks. The author is asked how many to
' JUMp. Mo compiling is done and progress through the file
is faster than with "G". Random a@access is not available
at thie stage, which limits the wse of "J" to going
forward., Jumping "0 pagemarks resets the file to page 1.
E Edit and Loek Ahead. &g an sid to debugging, a simplified
scanner is provided to "look ahead® on the current page.

The scanner prints out the text {(suppressing the centent
of strings) and checks For delimiter mismatches and
misspelled opecodes. TVEDIT, the IMBSE text editeor, is
availsable in this mode to alter the VIOCAL text. Upon
return to Test made, the file is reset to the beginning of
the current page {(thus a "G" must be executed to get and
compile an object from it). The cyrrent page may be
changed by wusing +the "J" command. Upon entering the
scanner the avithor is prompted with "TV or Look®. It the
author then provides a "list of opcodes”, the current page
will bhe scanned far each opcode in the list, in order.
-The delimiter scan will commence with the last opcode in
the list. The default is the +first apcode on  the current
page. and typing TV {(carriags-return’ takes the auvthor
directly %o the editor.

& Get next objlect (S—expression) from file and compile i%.
I Interpret current object. MOTE: The interpreter will not
interpret any derive-class opcodes, nor any branching or

tlag—altering ocpcades.

D Display Current Coding. The current object (S-expression)
ig typed ocut for inspection.

C Compile current ochjerct (S—expressian’. The current object
is processed so that it cam be interpreted using the I
command,

0 Bisplay Current Dutput Coding. The compiled wversion of
the current object is typed out. Mote that this is not
everything +that goes into the final oubput File (. ValL
file}) as & result of the &' @mode belouw. See the

discussion of the file formaet in Appendix A

Adjust the speech rTate. Bame as the top-level £ command.
Select Audio mode. Same a5 the top—level A command.
Select Teletype mode. Same as the top-level TTY command.

Select Displey mode. SHame as the top-level D‘:ommand.

M o« - M@

Select Prosody mode. Invokes the prosody system.
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Q Select nonprosody mode. Resets the audio system from
prosody mode Lo spell mode.

i Select audioc symbael letter. Useful when looking at a file
in which recorded &sudio is present. By selecting the
letterdis) wsed in the +file, an auvthor can hear all

recorded messages while obtaining unrecorded messages in
Spell mode.

LANQUAGE Select an audio language. this allows an auvthor to
ehange languages without restarting VOCAL.

ERR Interrupts the program with a pseudeo user error. Same as
the top level ERR command.

X EX1t Test mode. Returne control to the tep level. Mote

that to completely exit VOCAL Ffrom inside Test mode, it is
necessary Lo type two X'g.

5. 4 I-—Tnterpret Previowsly Compiled VYOC&L Files HMode

Once & lesson #ile has been compiled, it can be interpreted using
VAL by entering Interpret mode. Just as in Test mode, VOCAL beginsg by
asking for a file name. However, the default extension is WAL instead
of VOC. All VOCAL opcodes will work correctly in this mode, except
that, as in test mode. derive-class: branching., and flag—alteration
apcodes are not interpreted at all. VOCAL will uwusuaslly detect magor
syntax errors within the scope of these opcodes and warn the auvthor.
But there are many kinds of errors that it cannaot detect. So it is very
important +that a compiled +File iz tested using the appropriate
curTitulum driver before the lesson is made available to students.

+J Jump (o an Exercise. VOCAL  then asks for the number.
Once the lesson has been compiled, WVOCAL can randomly
access the exercises; - thus there is ne restriction aboutd

going backward or forward in the lesson.

i Interpret Current Exercise.

G Go to next Exerciss. Foes to the next higher number
exercise. I+ there is no next higher numbered exercise.
VOCaL will print & message to that effect.

D Display Current Compiled Code. Prints out the compiled 8-
expression for inspection. Mete that this is only a part
of the compiied VYOCaAL $£ile. See the description of the
file format in Appendiyx A.

g Adjust the speech rate. Same as the top—~level 8 command,

[ Select Audio mode. Same as the top-level A command.

T Select Teletype mode. Bame 25 the top-level TTY command.
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¥ Belect Display mode. Same a&s the top—-level D command.

ERR Interrupts the program with & pseudo user ervor in order
to enter DDT or other debugging program.

X EXit Interpret mode. Returns control to the top level.
MNote that %o completely exit YOCAL from inside Interpret
mode 1t is necessary to btype two X's.

9.3 G-—Generate Compiled Files and adudio Scripts Mode

- When an author enters Generate Files mode, VOCAL begins by asking
for a filename. Like Test mode, the default sxtension is WVOC. Next,
VOCAL will ask which wversion to compile: audio (AY, display (YY), or
teletype (TTY:. I+ audio is selected, the author has & choice of
prosody or ‘Long Sounds”’. I+ Long Sounds are selected, VOCAL will ash
for &8 letter %o precede the lesson number in the sound names in the

script File. Thie letter is wsed in making up the internal ‘'"name" of
each Long Sound. (13) VOCAL will also assk whether it should retain the
audio text in the VAL £ile. This a2lliows the file te be interpreted in

Spell Mode. Normally., the audio *text should not be retained, but this
is sometimes useful when the auvdio messages are going to be recorded and
an autnor wishes to vse the curriculum driver to teszt the lesszon before
the recordings are available.

When & lesson file is compiled: the Fnllﬂwiqg files are produced:

.MAL file. This is the +$ile interpreted by *the curriculum
driver or by VOCAL in "I" made. The internal file format
is shown in Appsndix &,

80P file. This is the audioc script which is used +to record
the "long sounds" for the lesson. It is simply & ltist of
pgairs of sound names {(also called "audieo symbols"™) and the
text to be spoken.

.BRA file. I+ PROSOCDY i selected: this +file contains the
spoken materisal in "bracketed” form The bracketfing
represents the prosody module’s idea of the syntactic
structure of the materiazl to be spoken.

LLBT file.  When compiled in Long Sounds mode, this file has
the long sound names inserted in the "SN" opcodes. It may
be useful if part: but not all, of +the lesson is *to be
revised. In that case, the 8N opcodes can be changed back
te 8 optodes in the revised portion (deleting +the sound
names} and the lesson can be recompiled. Mg sudio script
will be generated for the unchanged portions of the
lesson. MWhen compiled in prosody mode, this file contains

(137 Authors should see %the supplement for their course to find out
which letters are currently being used.
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the bracketed strings in place of the original audio text,
With careful rebracketing., +this +file can be wused %to
recompile for prosody.

a7



Appentdix A File Format for Compiled

Appendix A

File Format for Compiled VOCAL Files

The file format for TEMPLATES is:

WORD O: TOTAL AREAS DEFINED (AZLAST
AREAS IN TEMLI REGION (AILAST)
TOTAL OF GTRINGS (IZLABT)
LINES IN TEM1I REGION {(I1LAST}
LENGTH OF STRINGS FUOR ARRYIN/ARRYOUT (TEMSIENGTH:

COMPRESSED ARE4A DEFINMITION TABLE (AREADEFE)
RELOCATABLE BYTEPOINTERS FOR SBTRINGS {(TLINES)
COMPACTED STRINGE BUFFER (TEMBTRINGH)

CSIENPRESSION FOR ARESA ASSOCIATIONT (AREALIST)
The file format for EXERCISES is:

WORD 0: <TEMPLATE 1%
STEMPLATE N
{BIEXPRESSION FOR GRAPH INFO
<BIEXPRESSION FOR EXERCISE™

CINDEX:  EXERCISE
OF TEMPLATES
WORD OF TEMPLATE 1
WORD OF TEMPLATE N
CHARACTER OF EXERCISE S!EXPRESSION
CHARACTER OF GRAPH INFO S!EXPRESSION

The file format for LESSONS is:

WORD O: WORD OF INDEX
LLESSON DESCRIPTOR: - YEXERCISE O"
CEXERCISE 1%
CEXERCISE N
<LESSON DIRECTORYS —— TEMPLATE FOR BROWSER

INDEX: LESSON
OF EXERCISES
WORD OF LESSON DESCRIPTOR
WORD OF EXERCISE 1 INDEX
WORD OF EXERCISE N INDEX
WORD OF LESS0ON DIRECTORY

S8

VOCAL Files
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Appendix B

Implementations of the 8 Opcode

Currentliy three implementations pf the 8 opcode are being
considered: "Long Sounds”, "Prosody®, and “Spell Mode". "Long Sounds”
means that the "messages” are recorded in segmenits of no more than 4.0
seconds duration. i# an individual “message” is expected to be longer
than 4.5 seconds, the lesson awthor must diwvide it inte fwo or moTe
messages., "Prosody” will parse the "messages” into @ bracketed siring
{"Arvin-expression'l, then generate a lizt of proseody specifications
("SIll.-expression®) which will bhe passed %o the audio system Ffor
interpretation by the MISE machine. "Spell Mede® is the lesson-author
test mode in which the "messages" are simply spoken word by word, and
words not available in the audio lexicon are spelled put

Ag a further 2id to timing:, & period enceountered within 2 “"message”
will be followed by 300 ms of silence, any colon or semicolon will he
followed by 250 ms of gsilence:, and eny comma will be followed by 12% ms
gf silence. (14)

The compiler produces a variety of internal forms for the S ospoode,
which may be retained by the auvthor if he uses the ".LET" output file as
his sourge file, This may be useful in the case of "Prosody"” as long as
parsing and prosing 4&are slow processes. Tha syntax of these internal
forms is indicated below, but is actually someswhat more complex and
sub ject to continuing development. :

(SN “mame" "text of message")

The BM opcode is one of the opcodes into which the 8 opcode may compile.
"Mame” is the name of a Long Sound (an entry in the audio lexicon?}.
"Tert of message” is the original text of the message, and ig dropped in
the compiled form (unless explicitly retained). This text 1i¢ always
retained in the listing form {(which may become the source File).

(SB "bracketed text")

"Bracketed text" is & prosody expression {an "Arvin—expression”} that is
to be prosodied and spoken.

{8L "literal SBPREAK text" "original fext™)

"L.iteral SBPEAX ftext” is the "SIlh-expression” that should be passed
directliy to the SPEAK audio library procedure. "Original text" is the
original text that produced this and is dropped in the compiled form but
retained in the source listing.

€14} The actual duration of silenctes is sub ject ta  the
implementation and may change. ’
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