o " s DOCUMENT RESUNE . | A,

‘ . _ P ‘ .
ED 163 972 S - T - IR 006 645 . - .
. C =R PER _
AUTHOR ., -~ Hinckley, chhael-'nnd jthers VA -
TITLE . . . VOCAL: Voice Oriented rrlculum Author Language.
, S °  Technical Report No. 291.. ., A " -
INSTITUTION,/\. ‘stanford Univ., Callf. Inst. for uathematlcal Studies
' ' : in Social Science. - .
SPONS ' AGENCY ’ Natronal Science Fo&ndat;pn, Washlngton, D. C.
. PUB DATE . 19 Oct 77 . :
. GRANT EPP-76-15016-201; SED-74115915-A02 .- S
~——»NOTEM-~f~~x~~m~»u7p., ~~~~~ For related documentsg -see -IR-006- 644-647 e e
EDRS PRICE . MF-$0.83 :HC- $2,06 Plus Postage.’
DBSCRIPTQ@S ’ *Audltory Perception; *Computer Asslsted Instructlon,
. 3{“' - ‘ComPuter ‘Programs; *Curriculum Development; Data
' Prdﬁ&ss1ng. *Dlsplay Systems. *Programlﬁi\“ '
L T Languages
_ IDENTIFIERS Computer Software; *VOCAL

. ABSTRACT *» - <: . ‘ : v/

. VOCAL (Voice Oriented Curriculum Author Language) is
designed-to fac111tate “the: authorlng 0of computer assisted curricula
which - 1ncorporate highly 1nteract1ve audio and text presentations. .

., Lessons written in VOCAL are 1ntended to be patterned after the stjie
of informal classroomr lectures. VOCAL contains features ‘that allow
the author to specify audlo“messages in several formats acceptable to
the audio hardware and “associated software, and to control the - . |
interaction of the audio presentation with 'material presented oo
visually on the screen’ of a CRT terminal. ‘This description of VOcalL :
includes an elaboration of its features, the Browse Mode, the Help /*
"System, and operation of ‘the VOCAL Compiler and Interpreter.. g
Appendices include- @ file format £ compiled VOCAL flles and

lmplementatjons of the S Opcode. : ) - - , T s —“}
. o e , | ’
B L <. . v Yy S . o ., ' - ) -
e Sy S

-

4

******* ************************************************#**** **********& -

* Reproductlons supplied by EDRS :are the best that can be made S

* from the\brlglnal document. *
\- *********************************i*************************************

. . . A .% o . )
™ - ~ i .‘ - . . N ‘ N

- 3 >




|
I
i
|
\
|
i
!
|
i
j
!
i
|
i
|
l
i
i
i
!
i
|
]
]
3
]
i
i
i
|
|
i
|
|
|
i
!
]
1
i
]
!
Y

; . R . i N r_ﬂ . . N e
P’ v‘/ » . Y . ’ . -\\ , .

: - : ‘ U.5. DEPARTMENT OF HEALTH. . - : ]
' EDUCATION & WELFARE
e a . NATIONAL INSTITUTE OF .
/ : ' ‘ - EDVUCATION

MENT 'HAS BEEN REPRO- o ‘ ..
) ;?cssgoscfp.cnv AS RECEIVEL FROM ‘ | .
/A P ' THE PERSON OR ORGANIZATION QRIGIN- | .
/ & - . « ATING IT POINTS OF VIEW OR OPINIONS s, | L — _
) ‘ ' STATED DO NOT NECESSARILY REPRE- . P .
ad SENT OFFICIAL NATIONAL INSTITUTE OF . . . O
[ -~ o y *  EDUCATION POSITION OR PQLICY . ) : ‘ “

[

63972 -

s

~.!
[
N

AN

i \ B
g A VOCAL: VOICE ORIENTEIi\CURRICULUM AUTHOR LANGUAGE g 7
‘ L o »,\\\\ . .‘ ' ‘ N N .
"2}:. by . » N v AT -‘. ) c T '
- ) '. ) ‘Michael Hir;ckley, Robert-‘%_éga, John ,?‘re_i)us, Robert Shith, . o .
7/ . ' P : . N . - ‘;\H_. Ny tT ' ' . . . " e
. .- o and Daviis Ferris d : S ‘
L . . « . - ' . . “ ) * " ., - ’ v
. .o L . | o |
- . o . .
. ’g‘ o ‘\\ . 3 . . o .
M ¢ . \ * - . Ly : L -’
T : < : — “PERMISSION TO REPRODUCE ‘THIS
. . R . . . Ay kﬁ MATERIAL HAS BEEN GRENTED 8Y
\ } . . — o, . ¢ o L . _
. .- - R . "':-,'."?‘- 5 o : ‘1.addaga ° .
: ///_/ . . 7+ Technical Repo’rt@‘;ﬂb’. 291 ’ ‘ Robert Laddag — .
T . o . — “7:»..2 - . ' . : .
- - - v Dt ! }
. — ) - EVEE e T : TO THE+EDUCATIONAL RESOURCE§ -
.- ,' ‘= October 19, I 7. Co " INFORMATION CENTER (ERIC) AND
. e I - ’ J - Y \USERS OF THE ERIC SYSTEM" . ~
s N : - : v . o ' \
. /Reéroduc_:tion in Whole or in Part;"ff’-‘i‘,s\Permit;ted for, - ‘ - e
- : Any Purpose of the United Std;?s Government : '
s Lo - X o . P . . . - . . . _/‘/:'\‘._ - - «
. . . e B . ‘ Yoo ‘“ ) <5
o : L R
o . INSTITUTE FOR MATHEMATICAL STUDIES IN THE SOCIAL SCIENCES .
‘. : ) . ! ' \ . T . . he - ' / o . b ’ s
D - ' - Stdnford University  , . : . : .
¥' A U o\ ‘Stanford, California 94305 - o L L®
\ S - R T ' o o pES
Q - T
- LS . . v . - . = -
g i SR - ]
JFRIC - : o



2. - . A A - .y e .. o . ®
/ VOCAL Manual oA N AR >  October 19, 1977

‘ 2 ¢ . -§ -_ - N . E - . - - -.' - . . -
) '.r) . T e . : "~ . . K
. N Acknowledgments - o ‘
v i; ) ' ". | .
1 . B ) ) ‘.
. The authors wish to thank.Patrick Suppes for his- qble direction
U this project._ Robert Smith,’ Mlchael‘ﬂinckley, and. Robert La&daga dpd x'ﬁ. ,
T i thermajority of ‘the design work.  The- original implepentation “was .dofie -Q

e e = by-JohR- -Prebus-with- a551stance from“Robert Smitheu_David_Ferris designed _ S

) the 'help' system,:wrote HELPMK -and. assiste&-John rebus in wridting the “‘ :. '
- lesson driver code needed for the" help syegem. Extensive rewriting.and. o

_ modularizing of the original programs-was carried ouf by -lLarry ‘Markosian = .
- and Scott Danlels.‘ Teri Pettit has rewrltten the help system, programSi~r-:n<

- ’ and a551§Eed in rev151ng the seztions documentlng the help system. She," ~
‘ along with Mark Davis, madé mecy important,suggestisds.for the feqtures

' 1mplemenﬂed in’ VOCAL.. The authors -also wish to ehank Dianne Kanerv for _
her excellent editorial ® a551stanceﬁ - The wotk described here Wwas . o
supported under NSF Grants EPP—74 15016 A0l and SED-74-15016 AOZ. )

.

o
S
‘

< t )
- . - s - . . e .~
- -~ N
- AL N ’ .
.
: . - . -
- . . - .
\ N
) - \ . . N
- %
CN . N . - { - .
1“{_‘.; N - “ ’ - .o "
:. . Y R =
] - N
- .
- 5 v - }
) ~ -~ -
4 a . VI i w . . .- . S ;
» . . . - -
- ¥ - . a "
. . i . :
L3
. . .
K - N ' B 3 z -
- - - R . N
[ L M A
- L - T -. _'-
o ~ » . -
< - . ¢ - - 7 - .. . -
< - . .
. - T - L 2 ‘ <
i . i -
i - 7 : - «
! - 3 : .
- - - - . . L
) - P e i
¢ .
t b [
. . .
. a
r . .
- a‘ ‘ . -~ -
- -~ . $ -
- -~ - . .
v \"—{ \ . * a
- % . 3 N
- ; v . 5 J
. a by L) - -/ _:—‘ . - .
T - : . L -
= o -
- 2
S i .
&~
- N ~
R - ) - £ "
h! Lot -
° A S - . - -~ * - B i
-
- " “ i
:
\ e -
- N . L}
- o X . ¢
\ a
- . 4 Y
_ - 14 f "_J N '
’ ?
- -
¢ r & . N L N r
- 2 ° L !
- \\‘ ’ PR S ~ -
n - ——
. iii ~ AN
' . . . - .
-
- v
B




.. . ) VOCAL: Manué:i . ‘ o \ e j o . .. ﬁctbbef 19, 1977 . . \\ .
- M ' - . 1 ., . . , ,‘ R ] . ) . ‘ :

Table of Contents’ . : _ ’x

» : ’ ' . - \ R ; o o/ ] .

- . . . L. . I o . o . '3 . J‘
. Section ° e L SRR t o Page
‘e RN s L , b S

s . Subsectiomn = L \\;-‘ -

te

< <, s . .
. . _ . Acknowledgments - . . diii ,
1. Introduction - . -

“ D
. . £~
s = 2. The VOCAL-Language

2.1 Conventions

y - . . . X "_‘3;..
2.2  LESSON Opcode .- & - g
’ ) oo S

2.3 EXERCISE Opcode :- .« -, 4

B . ‘ 4 ) ‘\.
S . . 2.4, BEGIN Opcode

: 2.5 Display Obcodes‘.' N
: 2.6 + Audio Opcodes o as iO_
BN L s I .
A 2.7 . Timing Opcode . e 12 \ )
) ..2.8- HOLD Opcode . . < e e e . s N .\ « . 8130 -
. ’ e . "5_ T _- . : 2-9 . ~The Q and CQ OpCOdes h - " .I. - - - - -” \6‘_ -.. .'v\. - . 13 -"(" N
: " 2.10 Cond_it;ior‘xél Opcodes’ "« '« & ..« s+ & ¥ \\:‘ . 18 - 7F
Tw o . - . o l:' Y - L - N
- g - 2411 3ranching Opcodes =~ «. «_ % o - o eT.e 5\2‘\.‘_- _18' . ;

’ ’ . - ’\ 2- ]>2 , HELPMODULE OpCOde - ~,' -v. . . . - - - 70" - ‘:.;‘ 19

Y2013 ,_f\;égzgi'terétion Opcodes"g e e el e e . e . i 20

o (‘ LT SRS : © R S .
LU , . ) ) . : (N

* . 2.14 DERIVE-class.Qpcodes = -« . =+ - - - =« - - A 21N,

% FT15  MENU Opcode  + - Ta 5 4 e A e e e o= wTe 230 N

Qe

o 2’.16 Cbmpil'er_specific_ Opcddes e 2 e e e . R .
, \ ‘ ‘ » ‘ ‘ o . . - L A - | .
3. . '._ Browse Mode ’ ' - - E re - -. -. “» - * ..- - - . - ;\ 24




- i - ¢ ‘ ‘ - N . o ‘ : L . " J
“o- HE ; . Table of Contents - .
' : ' ¢ IR o . . D -
) i N - ' “ . - -

w 4. The ! System e o e PRNSEE D 25
e e . &.1 " “Description. . . .+ e e e 4 4 e ce e . 26
( . ° L s * .- .

R o 4.2 Defiping'afﬁelp System "« .+ . .t o .« s et e 21T L‘\\
,_?“ : '/ﬁs. _ ‘Operation of the VOCAL Compiler and Interpré;e%/ e et e .. 317 r-ﬁ-;q
e ':‘ ""'.’ ‘:‘"‘_v_’ "‘{'"—'4 T “"5'."1":"'"“ o ‘Initi'alizing“vOCAL’_. "‘_.‘f' v;""'"."'_.'"‘. T '.‘“’“ - ." o .".’ ".“...‘_:"'.‘—.‘l’““"" o e 32 S e T

-~ 5.2 __Top-level VOCAL Commands e e e e e e e e, 32 ",;J

o

/o .. 5.3 . T—-test VOCAL Flles Mode s S & '
. 5.4 Iq-Interpret Prev1ousiy Complled VOCAL Files . N
! N MOde : - - - \e L c . - . ® . - L ‘- .‘ - 35" , "
- - 5.5 . G--Generate Complled Flles and Audio Scrlpts oo :
., . [ Mode ° - -_ - - ‘a : -_'_', . .- -’ - ;.o_"' ;_ . _'o ..v - 36 A
y ' oo oL N iy R AR
\ _ - : - BN X
N ! R : ‘ o . .
‘ . Appendlx A _ . R, v .
N : .\\. '. \I . - ). : \H “ . N . . 4 L = . . i
A .o Fil: Format for Complled VOCAL Flles « e aelle el 38 .
. _ Y _ . - - . | L ,
o \\ Appendlx B - R ‘ o Lo o - '
e \\\ Implementatlons of the S Opcode e e e e e e W39 s
) * ST Refi&renceg ‘ ’/I( o L N - e -‘ -.". - 0 e v . o - -- ‘* 40 . '
zx . AN . _ o T ‘ ‘ S
?‘\ * 'v ‘.
’ s - * - :\-w - ﬂ-\ - -‘ - - e - [ ] - - 40 - ‘ >
. e ~ hiaY 1‘,; - ~- \—’ s
. . . . o, L 2 E
o3 H E sa S e T .
V- . s e ' :
N T . 3 - . - ° ‘;r._w -
¢ . . 7 ',' Nt L . e " y ”
. o : ~ v , .
. . - : - e Ty - - ;
- & "_ e "o . . . . "_. I
- - A e P " N , ".v o
s - .~ . . . o .
.e . '3 v - . N
. et . . .. - - r . - -
A é, ' s - . ¥ ® B -
- = - . . N ~ €. - ) .
- . . \ .
.- . o) . _ . -3 Y
. . . o . . o N I
(3 = . . . - .'. ~
/ . - T ) N - >
- } , ‘ R 7 N .._.l . P . :
E lC e > . ; - - . o 0 . ot —_——

Aruitoxt provided by Eic: v N

! - - ' -
.= . pa L s - Ce . . . .. s
B - . “ ’ . - . -
. L N - N S I : ..

i



.t @ e ) T e ) B oo a
. . . . - N L . [ A

-+ VOCAL Mamial - -l°° 4. T . October 19, 1977

13“--. F- ,'.‘-- Ty ' -'.-/'
EERRE Introdugtion w o

[N . N . . -
. * a

‘:“'::: ' T VOCAL (Voice Oriented Currlculum Author Language) is designed to

-

BRI . facilitate the ” authoring’ of . currigulums which - incorporate highly

v interactive- audio and text presentation. Lessons written in VOCAL. are

o -‘intended to be patterned after the style of informdl classroom lectures.
" - VOCAL contains features that allow. the author to specify audio messages
S in several formats acceptable to the audio ~hardware. and associated
R o software, and to control the interaction .of" the audio presentation with

‘“j‘“?ff“iflT'materlal presented viSually ‘on” the screen of a. CRT terminal. I

- i ,
- . >

- . There are several reasOns for incorporating audio-messages -in a

computer-assisted instruction course. | Ode reasoén-is to more actively
Lo involve, the student in the instructional process by "using his. sense.of
- hearin}( in addition to his. sense, of; sight A second reason is. the

. f" - . . obviou® advantage of having a _.second: channel for communicating with the -

jstudenta' A third_reason is. that certain sorts 'of information can most

.appropr1ately be presented to the\student via dn ‘audio channel. . For -
.- . . example, it 'is oftenvuseful to ‘make’ info:pal comments about:- formulas or .
C . .~ tables which are simultaneously being: dlspiayeda:‘Finally, certain kinds

- of semantic information.are _usually carried“by complex emphasis patte“ns
. -~ inm speech. Such information can be dlfflcult ‘or awkward, to reproduce in
DT writing.._’. B S i R .
- ,—.'_. ’ . e T Tl R ;"‘\. .-_’ ot "-"" / ' ,

AL el e G1ven a system for generatin and:storing audio messages fof random

';'access by a gram providing a Zoursé of study’ to students, curriculumf
>+ :authors nee a systematic way of 1nd‘.rcat1ng\what material is 'to be
‘presente}fh§ the audio system, and; what material is to be presented by

v+ dfisplay
o 'iniormat‘onvaHout how the audio and visual modes' of presentation are to
e T .. ".belcoordinated, Such facilitles are provided by VOCAL, as well as'mdre
ﬁ'_' -traditional facrlitles such as complex question and answer procedures.
. VOCAL .has ~also- been designed to facilitate ‘the addition’ of. course-
/"'specific exercises "such-as proving theorems in. a logic course. .

...
- [T

I R features -of the PUB document* preﬁaratlon lapnguage (Tesler, 1972); we
share with PUB the belief that computers/. can ‘do more text processing
‘than they are generally permitted.. -The SAELL programming language (in
which VOCAL is embedded) has contrlbuted some features. . The functions

‘The ‘syntactic structure, of “the language is . quite simple 'and

: - ”compressed ‘and is’ based on LISP—style S—expressions. We selected this’

. . - ..syntax, because it is. easily parsed and’ compiled and the resulting -
g QI'_*;language retains .a flexibility and extenslbility that a more algebraic

- language ‘might lack. The,. template features of VOCAL are inspired by

r typescrlpt..LAuthors also need “ways of indicating complex

L for question/answer analysls were suggested by such CAI languages as\

R INSI and .COURSEWRITER. -- = ' . = . | , / |
. ° . . ° e . ,' o . N O

I

. Whlle VOCAL .is 1ntendeéQto be’ a general system for preparation of
,CAI materials utlllzlng audio, we: have included.’a number of spec1al

curriculum for'Stanford s log1c and other mathematlcally based coursese.

.7 >

Only llmited programmlng features are included in VDCAL. For

example, only certa1n conditional" operatlonswhave been programmed ‘and

)

AV

t HJ;' a functions . that relate to the particular “use of VOCAL in writing

?r-vg;f "
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Section 1

no- explicit data declarations are available.
_programming language. \\Instead; it is a language for tightly expressing

i .. ‘-.- . ) - 4\“‘ '-. \ ‘ i
- - oo BN - , :

- . ’ A')‘. : 2" o ) ., .
» t' ) ‘. ,4’

v

Vet

Introductiogf_

© -
9

) ' . )
: VOCAL is not a generalv

particular interactions between the audio output, the visual output, and
enmphasizes the

implementation

the student.. Our’
programming, which is done in' SAIL or LISP, and authoring, which 1s done

in VOCAL.- )
A classical problem Ain designing an author language is that, on the

training in programming, a language in which presentation of ‘'materials
programming with

genuine
- for application
and the like.

N w.--~‘~~—c>ne ~hand;-
and response .judging will be straightforward; on the other hand, it is
language,
in CAI

-necessary _to have a

of ten
,sophisticated data . and ‘control / structures, -
dialogue,

--one —wants--a -language.-that - ‘authors- can. .use. with ninimal -

interface between |

!

‘'environments that . emphasize problen solving,

'Some CAI 'languages solve this problem by restricting what is possible or
other languages waintain . the

- The current popularity of BASIC as an

,convenient to do (INST, QOURSEWRITER),
{claim to universality, but_do so with data and —control structures that

l

j yet is a complete programming language, it is a_so widely available.

.to - interface
"for the

f D We think&thagb
is. to selecg the
the CAI system and
languages

! program portions. of
. 'programs to. dpeécial-purpose author
VOCAU is’ such a special-purpose language.

.
R

Readers who are

features.
and Pett

language
of'«VOCAL should see

introduction- to the use.
forthcomlng), a useful supplement to the material in thi//document.

. .
) . N . . e
o .o i

/ - % language-
described below _may helg_in clarifying their uses.

a.

-

curriculum author and the student.
B, etc.) alléw the author. to specify what material will appe
In addition,

display terminal screen and:its ‘format..
seperately specify-the order in. which the material is displayed.

-

s -

§ - e

begins to execute, the Yisplay oEcpdq. h
L St A"
< .

¢
-t

material.
«This report is 1ntended .primaridy as' a description of the- VQCAL
interésted in" ‘the

' and 1its
pedagogical applications of the langnpage or_.who would llke a- tutorial
- (Davis

are quite primitive (TUTOR)
-authér language can be traced to the fact that it, isrquiz? simpIe and

a Better solution to the problem of author. languages
est programming languages available for writing ‘the
the resultingf
curriculum

)

it,

o = - |
[ S B
! 2 The VOCAL_Language - L o - .
| T o ' .
/ This section describes’ the syntax -and semantics of the VOCAL -
A: short overview "of the various operation codes (opoodes)

'  The LESSON EXERC;SE,-BEGTN “nd HOLD opcodes serve the purpose 6%
organizing: potentially vast amounts, of” curriculum material for both the

rhe d1Splay opcodes (Such’as TEM T;

f on the-

the author can

Uhen

/ .. - .The audio 0pcode, S, spec1f1es what material is to ‘be. spoken.
: - .an 0pcode which : .controls ‘the display on the screen is followed by a text :
string (both within. the scope of, the samé “S opcode),,the audio system

will begin speaking the text ‘at the same time that. the display system.

This allows the curriculum author

i

‘&‘

*
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. the program’s. 'response to correct or incorrect . &nswers,
‘respond differently to specific correct

‘answer a question.

versions,
. audio equipment. - .- _ <

Octaber 19, 1977

< -'.

) ‘ , L 4 A" et >
syncronize’ the .audio” and display systems.. There are also .timing
scodes which give the author additional contyol. -

M

s The question related 0pcodes .are use
short answer questions and. to analyze the student input. The authotf.
is allowed to sp?z. s{ident has to answer,
whether to

orw,incorrect answers, .Aand
whether to ‘ask further questions of students who fail to correctly

ecify the number of-chances the

to time and manner of required;response. ~In-‘most cases, the authot can
accept reasonable defaults in the question ‘and answer procedure if he
does not desire to use all of the available features.'

The conditional opcodes AUDIO,
indicate__alternative code to ‘be executed dependiﬁg on the type of
terminal at which the studth ‘is working. The corcern is whether the
terminal vallows sufficient control-of thecaisplay for the DPY and AUDIO
and whether the terminal .is. provided with the apprOpriate

—

- . . -
A

The hranching opcodes allow. the author to control the progress of
the - student through the curr1culum. At "2 minimum the author. should
specify a linear move from lesson to lesson by including a GOTIO .at the

‘end of each lesson, pointing to the next lesson. “More complicated paths

. can be arranged by the author,

~of a list is treated as the name of a function.

“achieved with the. LISP syntax,

individual student nmay depend upon his own choice or upon his meet1ng

" . some preset*srlteri N. o ot .
- X -7 . * hd .
- - L
. A - (. -
2.1 Conventions *
N

The basic syntax of VOCAL is ‘simitar-to LISP 1.6. The S—eXpression
-'1s used to code the instructiopns. The CAR (first element -of the list)

is the name of the operation code ("opcode"). ‘Just as in LISP, the CAR
Opcodes may embed °

it is the power_ of. embddding, so easily
that has led us to the choice of a very

within each other. 1Indeed,

LISP-like syntax.m . .- - il . f

'AUDIQ/opcode says that the statements contained within its scope are2€o

- . «©

P

For'example, ‘the following VOCAL statement
exerc1se (number "1") in a lesson:, °

r . A
e .
~ 3

::[EXERCISE I "Sample. exercise ' C
. (aUDIO i Y B ' T .
S x(T "This i$ the text of the exercise.") v —_
. (S "Notice the text of the exercise on the screen.")) "
(ONAUDIO ST e '

(T "This is thé text of the exeféise."))] i : o

The Saand T opcodes, . respectively, speak. and type their\arguments. The

be /done if the student is presently using thg audlo- system. e

‘¥

IO . _— /

"
.
U e

¥
'y‘
[
t
[ R A
. . *
'
v

"to present students with.

- Facilities are provided‘for promptihg ‘the student as

o/
NONAUDIO, DPY, and TTY, are used to"

deflnes ‘the- body of an- .

C et

.

-

where final choice of path for an .

f

L



student is pot presently using the auMio system. The entire text of the
_ exercise is surrounded by the EXERCISE opcode. : T

N 2

Like some versions of LISP the VOCAL language allows the use of
square-brackets in place tof parentheses.- In addition to _closing tife
most recent left square-bracket, a right square-bracket will close any

.,.~' ) . *
Section 2.1 : - Conventions -

statements within the scope of the NbNAUDIO-Spcode will be done if the

open left parentheses within the scope of the square-bracket pair.’

lesson source file and serve as a debugﬁing aid by limiting the scope of
a parenthesis mismatch error. : N -

‘of the language. The term "string" will refer, te a literal string
constant, i.e., a piece ‘of text surrounded by quotation marks. Tokens
in upper c¢ase are VOCAL opcode ?ames. Tokens in lower case, surrounded
by < >, are metallngulstlc.

. )
i : ‘ s . _ .

2.2 LESSON Opcode’,

&

o D The lesson opcoqe is syntactically of the form:
: (LESSON9<number> "deécrip;ion"' <actions>) SR
.where: / .
. . <number> o is the lesson number.
"description” is a "single line description of the
- o ‘lesson. ” o . . . L . ..
‘ ' i \l'/;." ' . . — N J f
2 ' . _ - <actions> - is an_,arbltrary sequence of VOCAr .
‘ ' actions to, be performed if the student,
) _ : . 7 in “Browse Mode" (see Section 3), asks
\' . . % L _ for 1nformat10n about this lesson. .-
_ g The "LESSON oﬁéode 'should occurdonIy once in a given VOCAL file-
. 2.3 . EXERCISE Op code 5
s - The EXERCISE opcode has the synta ct%g’form"
) b . .
(EXERCISL <number> "d gription” <actions®)
] ” e 1
" where: I . s ' ’ -
. <number> is the number of-this‘exercise. S -
, . . : . R " -~ "5 . - K A
T "description”  is aﬂ-one—llne desc;1pt10n  of this.. %
/ . . o exercise, to appeér at the .top of the '
R B : 'diSplay screen.
. ) . B ' 2 e
. . . . . 4 . - S . R
f _ L o : S . vt

e Judicious .use of _square-brackets_ _will .enhance . the_ readability of the _

In the sequel 'several conventione will be used to state the details
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i - dactions> is the sequence of: VOCAL actions for
’ this exercise. | . . 4 ’ '
) .- l"r

An” EXERCISE is an entry into the curriculum, the smallest unit that can
* be randomly accessed. VOCAL files should "therefore have the following

form:, , > . e v ]
. ~ s -

‘%

: ‘ ; [LESSON n "lesson description string" s,actions>];> . _ ’ ",
,_n_“mlmmws"l_clmm_ﬂmnln[EXERCISE,1WP..l? <actions>]_w_m_._,Jm”mm_u_”lw_mmlrmmlwmmta_wmm_Mlm_l“wu_u_l
: [EXERCISE 2 “.. ." <actions>] : -

~
®a 8 ® Qe ses®sseanssean

-~ . [EXERCISE n "...".<actions>] v
~ : Only compiler-specific' opcodes should occur, outside the scope of a !
LESSON or EXERCISE opcode. | If there is another lesson to- follow, the
.GOTO opcode should be tnﬁﬁgast action of the last exercise. :

z \ : - ) B N ' ' ,.
. N L4 - « .. R ] )
) 2.4 . BEGIN Opcode | L
1 . Ihe BEGIN opcode groups together a number of statements that are to SN
/ be executed as a single unit. For example, . . %
\ ~ * : ’ ’
. - {BEGIN (I "Now is the time for all good men'") _ _
(S "Now is the time for all good men")) . N
- . R - ’ X
both types an& speaks 'Now is the time for-all.good men".  Note that a
"~ list of lists, e.g. (°(T "....") (S "..ev").), begins with an implicit .
BEGIN. _ . - . . - o

: . 2.5' DiSplay Qpcodes

:?‘ .
The display screen is divided into four portions. The first
ortion is a single line, ‘called the Description Line. This. 1line is
o reserved for the "description” string of am EXERCISE gpcode or its
v _ analogue ‘in Help or ‘Browse Modes. Ome of its major functions is to 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 déscribed
. : below. The third region is a single line, called the Mark Line, It
.- ' serves-as a visuai> delimitgr between 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 screen1 and old text moves upward to disappear when it reaches the
) ‘Mark Line. . L 5 - . . : o i
<

| o ' lThe screen is ‘manipulated. using a device-independent display : '$\\
o ! ‘package developed by the systems staff at IMSSS. The advantage of this. )
: approach is that neither the lesson author nor the program author needs -
to be concerned- with producipg differént code for the various kinds of
display termr?als in use at the Institute. . . -




<§::t3§n 2. 5 | ' . . / n \.Display Opcodes

A

The syntax for setting up a template region is discussed in the

i??’ , section on template opcodes; the syntax for controlling run-time display-

of text in the template and scroll® regions is discussed -in the section

.

-

on .display-control opcodes., - . C ; ] ¢
R - . - : B yo. oY
' h " - . I ' &
. 2.5.1 Template Opcodes o S -~

L

-y . w Y "/|/ ' .

- ©  contains the displayed text. The syntactic form of TEM is3

.
-

. m_"; ] 'A The TEM and _TEM2 dpcodes st up a template, described beli::FEPICh

~

(TEM "template string" <act.ons>) . .

”

- TEM2 is an extensjon, which is desctibed below. ‘

. . The "template string" 'is an image of the display screen. This-
image contains area pointers that point to logical lines,. groups of
lines, and contiguous segments of lines. _ . ) ©

- L4

4

"The :;ken "<actions>“ indicates a sequence of statements that are

! | execute~. .y opcodes for display control (see below) may refer to the .

logical arcas of the template. When the-template is entered, the screend

'is cleared (except fpr line 0), and the scroll point is. set to the line

- ~ + that is the bottom af the template. A TEM opcode cannot contain another
) TEM opcode; in other WOrds, the templates do not. embed. . .
. . ; . ¢ L
T The '"template string is 4 string constant " that- al ws one to
print, overprint, erase, or brighten au& part of the template. .

4 M .

(TEMZ "template string” 1dditional string" <actions>)

N

- This is like TEM except tk tht additional string .may eontain areas,
- and subareas that are to be overtyped by the OT opcode or its relatives.
- The template string still defines the shape of" the\template. Details
and restrictions are indicated ,elow., ~ , .=

v
-

- 2 . N e
» 2.5.2 Areas z-: Subareas Within a_Template S S

0y

‘.

.

’
-

e

y

~ ' The template string serves several purposes simultaneously. \;;r§t5 - L

the total aumber of tex: iines, including empty linpes, determines the
size ‘of thé teaplate region. This is currently limited to 19 lines of
. text Since the Datamedia terminals, which hold 2 ‘maximum of 24 lines,
S are the limiting cgse.” At .least three lines are needed for the Scroll

Ce . N : R :
. » . . . - -

. terminals the text is printed in double—intensity mode, heénce the te
" ‘brightened’. On other teroinals the ‘text will be underlined and on.
still others~the text will blink or £lash. -

~ .80 1n practice there are 18 lines availa

Y

the Scroll Region.‘ But thls is rarely a good idea.
{ . - .. -

N R .
6 , . - . ‘}. -\'
. . e ¢ "

: - . .. . - B . , | . ' . :
. ; - rd . . -
- ‘- . * ¢ ' . ) e .Qj ] 1 ‘1 . ) R ) ) S J
. - ’ - e . - N

lv. o —2 S ’ K - : ’ § " - 3 ne
How the text is Biightened depemnds on the hardware. On soms<

. . 3It 1s usually a good idea to leave the first:line of text blank to .
‘ serve as a visual delimiter befween the 2S§cription Line apd the” text,
e for text. ‘In exceptional

A cases  the limit can be extended to 21 lines, leaving only one line for

L.

v

L
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) Region, and\the Descr;ption and Mark Lines ‘each take ' one. Second, the
text which will appear in the Template Region is introduced. And-
finallyy associations - are made between ‘the text and -parts of> the

template region. There are two ways of explicitly destgnating parts of

the  template... One*- way is ,to give a .name to a oli e or group * of

']t.‘ cortiguous lines, which -4 then cakled an area, and specified by

- using :the special character "Z%'". The * other .is to designate . a
e cont iguous” part of a single line as a ‘subarea. i ’

~J . . ‘ . . - ) . . o - 3

Consider the followie; template“atring“- T~ -

i . L . . ° ~
" Cow . . R
: < . ; : . . -
- . . .

L "_' R . ' . : ©
: (1) p. | T ~ " '
- . . @ P=>Q" - 7 . xR _ S -
- B CC D - : T
. -~ ‘ ) - ¥
;2) means that y 7 - o
~if P isctrye ° : %
T, EEEEEEEEEEEE . 7 o
A : g then-Q is tfue ' L B

- A .
' L. J“‘

N -

. ~
In the above sample template strlng, the lines that contain "Z" are
designfted as the beginning, contlnuatlon, .or end ,of an area_spanning

one or' .more complete lines. Lines that end with‘"%" mark -the first line -

of an area that is' to extend over two or more lines, with the next line

--§ that ends with ”%<numng>" belng the final line of that area. .Note that

once a multiline area' is begun with a line ending with "%" (or with
"% "), the area is terminated only by a line. ending. with "Z<number>".

here. may” be intervening lines “ending. with "% " that are “simply’
ST T e

. 'continuation Jines. )
. / . - . .
-

. "Z<number> ". The first of these says that the next line is not

actually to ‘appear on the screen, but instead will contain subarea- .

designators~1nto the current line. Thus, "if P is-true" is designated
as a subarea (named "E"),, consisting of a. number of ‘column positions.

Likewise, a line- that ends with-"Z<number> " says that <number> marks

. the current lxne;s) as an area with name <number> but that, .in. ‘addition,

L 3
-, + » parts of the current line. w1ll be marked by the area de51gnators on the
. mext. line- . - R 7.
v - ‘ N { .

i Iy LT t "
" bThis character is dynamically resettable using the TEMCEAR gpcode,

q.v. - L . B . 2 v r -t
) : . ! ) - .
- i 5Ihe nn symbol is special. only when it occurs to the right~ of a
‘ A A Otherwlse it is treated as ordifary text. T
. Cad vl i .
s - 7 '9
. Ny o
PO 1% ,

Ihe most complex cases are the lines that end with either "% " or

e~

~

-/
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Ly *Section 2.5.2 ) . . -~ Areas and Subareas Within ‘a ,Ie.mplat;,e\_
W . . N : . .\ > - . B\ . . . '.- v ' ’.' . Ay ’
[ . \ ' - - . Lo s - '{. R 5 .-
=+, 7 . . "Note: Area and subarea des:Lgnators néver' o "'on the ascreen.

- . .discards them. For example, if an author requested (that areas 1l 2, and
ot ' "3 of the sample’ template Js\rlng abave -be displayed” on .the screen, the
o student would see the follow:l.ng.. ' N S e L
XN s . R .. ' : - > .. ° i -
-~ . W >~ - - ;'- v ., - . K - - .\“ A
~ "\ w . o o N : A - -
. Sy Z_. (1) P \‘\ ‘-( o, e - L - au . - < st
. BTN e e '"(,2) P=>qQ :{}i ) Tt T U e
" ¥ ' ) ¢ . ‘: ‘ e " b I-:G - ?\J- '-' S T 5“ s . '. = ' ) ' .u' :
B S N - Tt e o A
e (2) means that , _ q\-/’ A : . .
e s »_,.r :.f ‘P is true . : SR » T B
SRR TR =PI 305
S T IR .t : ) % g Lo ? ) < f‘ . )
E i IS o . Y s - 1; - - 5“:' : .'L v 0 ? My ’ . 4 TR .
L . .<numb§3r> can be any pos:Lt:Lve'-.A;Lnteger, ‘e, 3- 7 or 32. A subarea
s, T des:.gnator can ‘be - ardy - alphabe‘tlc ‘character. . BUT ~CASE - MAKES &
-7 7 DIFFERENCE! In other words, the :compiler will distinguish betweeg, "a"
"+ .« _:and "A". °This ‘gives a total, of’ 52 distinct subarea —designators. A

Ad

The - compller, uses them to -give names to areas and’ subar‘eas and them

‘.1-"’ "occurrences-nust be contféuous. So- "AAA b C" and "AAC b" are legal but

. “A'A-bB" and ‘"AbA" are not. . S
L - e o : :
PR o Several opcodes--T E u, OT OB OE-Lmay refer to -ateas of: the
. ’ current . template gy being included in.the '<actions> list withln the
~sc.ope of the template. This is explained below. .
' K "‘-_ ’ 3 ' : '.-' . BN - o
CRR T T 2.5.3 ﬁisplay Control épcodes

- . / .
The following opcodes generate the dlsplay on the screen. The
metalinguistic "<areas>" means any sequence of Area -or S$ubarea
designators that occur in ‘the scope of a TEM or TEM2 opcode. It i® an
¢  error to have an area reference .that does not occur within the scope - -of”

- TEM or 'I‘EI-IZ., . .. - e R
’ "\:: L e : (T '<a.rea‘s'>')‘
. - /‘t» ) .

Each area "id- <areas> is typed out in the appropriate region of the
template. <areas> can be replaced by a string constant which will be

. typed out in the Scroll Reglon. » N

- - ' " ST ) - (E <areas>) "%
A / Each area in <areas> is Erased, leaving those areas blank on the screen,
Lo but leaving the remainder- of the screen undisturbed. ‘fhe gction (E)
- . with no arguments -erases +he* entire temp'late (but not the Scroll
;;,'; Q_ . Regl\on). L ) - _ SN -
e e 7 : : (B <areas>)' N, S . . .
) ; L S— kel . o : ' 0’ v
S T . '6If tgore than 52 subarea desighators are: needed the dlg:x.ts are

_'designators. : - . . :

Q " S - T, . B 8

-

. ,‘a_'. - ( '. o ‘_“ '.vﬁ.; . — ;. ig} . .‘ B J‘i.

subarea desxgnator .can be used only once in a template string ‘and-all’

also legal subarea des:.gnators 2rov1ded they are not used as area.:
deslgnators. This _ could ~be accompllshed by uslng two-d1g1t area:

, £y

<
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o Each area in <areas> is "Brlg'htened"-—typedr out Tin double’ inten31ty

mode, blink mode; or underline mod® depending, oh the physical ~device |

available.and its characteristics. : .
~ . .
. 5’ . e

*-

Each area in <areas> :Ls "Unbrlghtened"-leaving ‘the text typed dut. w)
- : with no arguments unbrig(htens all brightened areas. Note. there is no
‘. ' implicit ~unbrightening; so if an afithor wishes to restore an area to
' ' normal state; he must expressly ynbrighten -that area. Unbrightening
restores the text; 'to erdse use the E opcode.: \If arr-area has beed
2 erased unbrightening it causes 1t to bq_retyped 1n normal mode. ’

- - . ~ .
B . \-v - s . . < . . oo

. A - v .'.N,_v‘z,w_ . ’“ (M)_" . ’ . "' ~—,

T ' The M (for "Mark screen") opcode prmts a dotted line on the Mark Line'

@

_ : of the. disp].ay region in a TEM or TEM2 opcode. A -dotted 1line is
T . inserted there automatlcally by the first Q or CQ -opcode executed within
S ' the TEM or TEM2, so when these opcodes occur withln, the scope of a TEM .
‘ or TEM2, the M opcode merely allows the author- to insert the dotted: line
sooner if he wishes. A ‘ - i ‘ e

) N . .
- : . o

N . ‘ (oT 5<oldarea> <newarea>) . . S s
' OverType <oldarea> w1th <newarea>. The text from <newarea> is -picked t;.p-
and inserted into <oldarea>.- -<oldarea> must be a single area in the '

"t - "template string" of a” TEM2 Opcode .and <newarea> must be -either an area

N in the "“ddltlonal string" of a TEM2 opcode, or a string constant that
t . is just prlnted in <oldarea>., If <newarea> and <oldarea> are, not the
ST same size, the text of <newarea> will be adjusted to fit <oldarea> by
' . truncation\or £i11ing in with blanks or blank lines as requ:.red"., It is
better for the author to ensure that Zoldarea> and <newarea> ‘occupy the

“ : same number _of._ lines; the result will then be obvious.

. . . . (OE <oldarea> <newarea>) =
OverErase <oldarea> with <newarea>. This is the same as OT, _only the
<newarea> is' not: dlsplayed <oldarea> is erased, and <newarea> and areas -

sharlng screen locations w1th it (see below) become defined.
(OB <oldarea> <newarea>) L e

. OverBrlghte‘n <oldarea> with <newarea>. The same as OT, onl¥'.the

<newarea> is displayed 1n brlghten mode. e i : S S
. o~ - ' A )
% . - N
. 2.5.4 Remar\ks on the Impllcatlons of Overtynlng i
. .’ L

In the-“s:.mplest case, an '"area" or subarea is defined to be a

. region on the d1splay screen’ plus the -text that is currently disPlayecI

, > - there. However, in the case of a:.subarea, this is not quite true-—since’
" . the text of such a subarea is shared with the text of an ‘area containing
“the ‘entire line. When using the TEM2 opcode it is important to keep in
‘mind that it is the first ‘template string that defines the basic size

. . ..
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Remarks‘on the Implicatlons of Overtyping =

and shape of the Display: Reglon. But, ‘the conventlons are somewhat .

*different for subareas. We Lllustrate the conventions by example.

.“‘. ¢

(TEMZ " o s
. Now is the time. ® 3 S
. _-:AAAAAA'- . LoD T
. w0 : . - ¢ oa
) "o PN ,
- ¢ Here’s a‘good example. %2_ T
‘ . BBBSBB ccccccc R R I
"y o . A }~ . .

LA EALECTA

-, .If the opcode (OT 1 2) is executed, the .VOCAL convention is that
area 2 becomes actively .defined in the‘template reg1on. ‘For example' (B .

- 1) and (B 2) will both cause "Here’sya good example.% to be brightened ~
. on_ line l. But the convention:for subareas is different. When (0T 1 2)

1onger active. Instead, the subareas of area 2 become activated. So (B~
A) Is no 1onger legal at {that point. - :

N,
~

It is clear that some . conventlon is necessary, otherwise” after the

'opcode (OT.1 '2) in''the example, the opcode (B A) would be ambiguouss

1ibrary, wrltten by W. R. Sanders and G.- Benbassat. : -g

The convention chosen will generally. work to the lesson author’s
advantage by simplifying the task of brightening small areas after they

“have been displayed on the screen as a result~o£ overtyping.

o The Co‘?ller will not complaln if a Subarea instead of an area is
used within “the scope of an OT, OB, or OE‘oncode, but thé resulfs may

or (OB 1 2) or (OE 1.2) is executed, -the subareas of area 1 are no’

well not be what was. rntultlvely eXpected, JIn fact, one of the major

uses of the OE opcode is not only to allow an Ho1d" template*area ‘to be

_erased, "but also to activate ‘the subareas in the, new’ text string, so

that a call such as (T B) will have the desired effect.

T R 3

2.6 Audio Opcodel

The S opcode is interpreted by calls .to functions 1n the audio

(S <,,/Play'actlon> message" <display.actlon> 'mesSage"'»;\l)

y

This 1s e general form of the Speak’ opcode. Each <disp1ay'actlon> is

eithér a dIsplay opcode or a list of d1splay opcodes (all other opcodes, v/ﬂ

except W, are illegal), e- g, (B 4 A) or ((T 4) (B E) (T F)). A
<d1splay'action> 1s executed simultaneously w1th the speiklng of the
following ‘message". ' The opcode is 1mplemented.so that the qessages

are spoken continuously without interruption; that is,.. the "messages”
‘.are treated as a. single paragraph. Thus , the lesson author cah

synchronize the screen display with a speclflc word in %he sentence.

. VOCAL ‘will wait until all speaking and other actioms are \completed
‘before beglnn1ng the next opcode. LALL. of the <display! act1qns> and aLl
_ but one of the "messages" may -be om1tted. For. example. ‘

o I <

7See Sanders et al., 1976 for an overv1ew of the audlo system.f[

» , . . ~

N
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: - (S "wa 1s the t1me" T "Buy'bonds") "for all~good men ") :u _; .

oo e will dlSplay "Buy bonds ‘just as "for all’ good men" is being’ spoken. i
e Cavedt: Only the start .times of - the <displayl!action>s and ‘spoken oo
B "mégsages” . is coordinated. Thus, 1f. the execution * time ~ for _

<display!action> exceeds that of. the :following-. nﬁssage ,' later - ©

.synchrpnization may be lost« Undetr heavy™ system load, execution times
. for -the <disp1ay action>s will of course 1ncrease. The ‘author should‘

7?11 o .-+ take note of this when* deciding how~ many "messages" and how much typing
. to 1nclude within the scope of a single .S+ opcode. o . f‘?“ ST o .
~;. . 4-‘\ . i [ . "_. .‘
S . Exactly how- the*‘messages w1ll be spoken depends on- the current L
" ..  inmplementation.® Briefly,rmessages may'-be prerecorded and processed for .. L
"~ -storage in a compressed farm, or. the messages‘umy be ‘constructed’ at , '
compile time from - prerecorded .words or. morphemes, with . Syntactic . . ke
prosodic features' added. by the compiler. The fprmer method is referred ; .%f
_ to as long sounds ,.the latter as ~prosody.. : b ' o
- e T, -
o ' - At least two audio languages aré available to lesson ‘authors. .

- .

The l{anguage for'long sounds-is the compressed, digitfzea representation
~of t&g,é@corded ﬁprases-. A language for prosodyshlll generally be a
dictionary of recorded words, also in compressed, digitized form. The A
language opcode allows the- author to change the language or mode of 9 -
audio presentation within a lesson. ' .. o T

<.

g e o

(LANGUAGE "audio language name" "long sounds flag" "prosody.flag")

- If .the string "long soun\s flag is set. to "TRUE” then the student /
o hears long sounds.’ If flong sounds flag",is 'set to "FALSE" and ' prosody Lo
s £lag" is set to "TRUEY, then the student ‘hears prosody. The author must

[

select the proper language in each case. If the "long sounds flag” and
“prosody flag" are both set to M" (NIL), then the mode of audio
. presentation will remain unchanged, 21lowing a change’ of language only.
* It is possible' to change languages without changing the méde, 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 o
- language, since the required unit of recording willsbe different for the
« 7 | different modes. Thus, if the author wants to shift from long sounds
mode ' to prosody mode, he mist also, switch from a language of stored
phrases to,\klanguage of stqred words. - Ch .

In an effort to include special (semantic)  emphasis in* the
*prosody’ version (and, in addition, aid a human ‘recorder), - emphasis
markers are available to lesson authors. -$<nun> (followed by a space)
may - be inserted before the word to. be emphasized®' in the speak text.

" <num> may be either 1, 2,. or 3, where 1 indicates the greéatest stress
dand 3 ‘the least. All three give an increaSe .aver " the normal,

syntactlcally generated stress. For example. ZZ o .

(S "$1 Now is the tlme‘?or all /83 good men"") o

o, will put a great deal of stress on the word “now’ and- Just _enough stress_
© omn good$ to cause a listener to pay some extra attentlon to the word..

8S_ee Append1x B for details;
o
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-~° Timing Opcode .

'E‘?l Timing Opcode . _ C - RN o .,;_

Most ~of the t1m1ng and synchronlzatlon is handled automatically by
the coﬁpiler/dnver (see the "S™ opcode above).- There are .a few cases

. where -authors-will wish to specify la short break” in’ the presentation, .
- such as at  the end of a loglcal "paragraph" of the lecture. . This is
done by the K" opcode. © ; AV

‘- BN » . . .
A - . ' W <mstime>)

] P

X - Qv

T 'l‘he W opcode is the only nondisplay class 0pcode that - is legal

- inside the scope of an S opcode. There, imstead of generating a

dismiss, it causes the  audio hardware to -generate silence. for the
indicated number of milliseconds. At times of higher system- load,

_outside the-; scope of §- Opcodes will produce pauses of greater length

than the1r arguments, whlle W's 1nside the scope of an S opcode ‘jill

. not.

Inside a speak, the W opcode functions exactly as a message string.
P2eceding display actions are executed just as the silence- begins its
execution; _subsequent; display actions are executed ”only. after the
specified time of s:.'lence. - The syntax for the W opcode outside of an S -
opcode is the same as that of any action. Inside the stope of' an.S-
opcode, the syntak is the following: A W to be executed with a series of’”
actions should beée included as the last of the actions in an implicit

BEGIN. Actions that are tended to be . exeCuted after a W shOuld be

restr1ctlon, since the same effect is ach1eve!d by adding the arguments)..-
' /

]
o -
-4

enclosed in a separate implicit BEGIN. Also, a W opcode’ cannot be -

1mmed:|.ately followed by another W (this is’ of course no semantic

s P1ck the corréct answer N 3 A

:(S “pick the correct ansv:rer,"
((T 1) (W 1000)) ((B A) (W 500))

: <mstme> is the number of milllseconds for the dlsmiss. 1f <mstime> is"
: m1331ng, a default value is used determined by \t§1e compiler.

-’v' .

"to the next question ")) B T T . \

The effect 'of the "above code wguld be that first the phrase ‘pick-
the correct answer”’ would be-spoken, second ‘the phrase would begin to.be
typed, and 31multaneously there would begin one’ second of audio 51lence.

'The word ‘correct” would be brightened . immediately.. after either the
- second of silence, or the typing of the. phrase, depending on which takes
longer: In' either case " one half—second of 'silence would begin

31multaneously with the brightenlng action, and- at the completlon of

Py

’.;_both the "audio silence and dlsplay actions, - t_he phrase “to the next -
questlon would be Spoken. L .. )

. . .
" .
he .

T

el

g .
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L. 2.8 HOLD'Qpcode._ A , e o . L
* _ S ) 2, * . - e . oo

: There are numerous opcodes in, VO AL ‘that ask for. a response from_
- . the student. ;[‘he ‘simplest of these allows the student to state when he "
P is re.ady to ‘continue. ’l'h:.s is the HOLD opcode., :

s ,(HOLD "prompt string" <a<:tions>) . -

s .
~ .

¥ In its simplest form, (HOLD), the HOLD opcode simply’ typ)es out .
ST

[Type ESC to go on.]

S

.o
- 7.

e

N

. and then waits for the student to type something before c%tinuing.- The ...
- purpose of this opcdde is to let the student judge when'lhe. is finished. ~
. examining the ‘display.. No answer analysis is done; howev\ s functions
'~ like logging out, Browse, Help, ‘and repetition of text all- work f\rom '
. this opcode, since théy are embedded in a lower-level fuaction ‘in the .
< . interpreter, T , . : Crg :

. : . J..f,.,
¥

‘l'he HOLD opcode may also take arguments. 1f the first argument ‘to’
- HOLD is a string constant, then that str1ng i embedded in the prompt

: y'stri ‘ N

" "[Type ESC to goon, CTRL-E to' " + "prompt string" + "

s So, -if "prompt sqilng w_er)e repeat the argument",‘ the result would be
s . - ': . . _ -
,‘ﬂ s . M ['Iype ESC t’6’ go on, CIRL-A to repeat the argument?]" e
/- ¥f <actions> is nonempty,‘but "prompt  string" is omitted, ?the de\fault' .
3 A -prompt string is "repeat". -<Actions> is a .sequence .of opcodes to, be
exeguted before the HOLD is done (and to be repeated on receipt of CIRL-
A). It is recommended that small reentrant blocks of code, i.e., blocks
of code that can be re-executed without obtaim.ng a poor effect ow ‘the )
- screen, be surrounded by HOLD in -order to give the student a chance .
repeat, should he not fully understand them the first time. =~ _
2.9 Ihe_O_and_Q_Opcodes g
The ‘'rest of. ‘the response-obta1n1ng~ 0pcodes are . the most complex in
the . VOCAL language, ‘because a numbér of independent features Bgy occur
»  Wwithin their stope. The first of- these, the Q opcode, lS the basic
o * .dnswer ‘command. Ihe syntax of the Q. opcode 1S'- o S S .
- (Q <tag> <aCt10n> <tag> <actlon> e e .
’As an example of the operat:.on of Q, sugpose we' have the follow:Lng,
Q- I;INII &S "'What is the first letter of the alphabet"')
: ST (T "Type the lettex.‘ 1nd1cat1ng your answer._"))
; A o (ANS llAll) L .
o HINIL (s "The letter before B") (S "Ihink harder")) Y

‘s
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. . ’ :
s . . . . Lo -

A RN o7 S (S "Good") S . SN ( ) ‘ o EEal
. WA < (S "No, the aﬁswer is A")) ' [Tl,. * . . T, .
. : = A : . ¥ i
. Iz the above, the g A CA, WA, and HINT are* used .to label ”%e
\ - action .compénent that folldws the tag. :The example is interpreted ‘as.
: ~ o follows: First, the - sentefice, "What is - the first ° letter- of the
= T 'alphabet°" is spokén,: and Will be repedted - each time' the 'student types - Lo
S GTRLwAachextp the. sentence "Iype the letter indicating your answer" is - .
printed on the termihal followed by a.second liné beginning with. "*".- Eg_ -
‘ .\ Theé program will thien -pause until the student types something. If the r
-~ - " student types CIRL-H he is told."The letter before B' if he types CIRL- -
/ " .. H again (any pumber of times) he-is told "Think harder" (each time). If.
. - he types the.letter‘"A" he is told "Good" and..the exercise is ended. If e AN
' -~ he types anything; else, he is ,told ""No,-the answer is A" ;and the . .l
exercise is ended,. since no R tag is,  given (i.e., no - repeats are -,
- specified-see Section 2.9.1). o DG T ) o
T .~ The CQ (Cascadihg Questions) opcode males it easy to code exercises
o that ask’ one question, then ask another if the fjirst is wrong, then
another, etc. The, components of each list in the CO opcode can be ,any

>

) * of the tags described in Section 2. 9 1. . - : : 3
J : - ¢
: {CQ (<list of tags ‘and actions>) . ‘ : t
.o (<list of tags and actions>) . : SRR
.o ...) 7 B ’ .o v :
Y . ’ ) . Y
. Each <list of tags and actions> is' a separate question and ‘has exactly
- . - the same format as described for the Q opcode with the sole differenge
that the Q is omitted at the beginning of the list. Questions are given
until one is correct, ‘or the list of exercises is exhausted. ' :
. v A 4 - ‘., ) B . o

- B - .

B . - 7 o To-
- I . . .
. ’ - 2 s‘ -~

2.9.1 Tags for the'g‘and__g Opcodes o Soa s

/ _ The folloWingftags are available for~the answer-obtaining opcode5° o

_ ‘ B 1. éNII ( <againahtion> . <promptactibn> ). a
- - <Againaction> is executed upon first entering_ the .
.o . . g ‘exercise (and repeated for CIRL-A  until ‘a iponse is = >
‘ : matched). - It is. either a sirgle action o a list of . |
actions. <Promptaction> is executed: ‘whenever’ input frOm o
the student is requested. The defaults for _these
actions 4re to do nothing. It is recommended that the -
full discussion ,of ‘the exercise at hand ‘be included in - o

\ \“*the <againaction> and a brief description of the type of . o .
T :ff» Xz input requested be included in the <promptaction> e8> ‘ ’

' IR €T "Answer Y or N") ' _ : -
. . - K .

Wt
»
poa A

RN -
%

T 240 A <answeranalysis opche> Analyzes thé answer. . &
- : _ - The answer-analysis code following this tag specifies
A - ‘ the correct answer .

. Vg "J “ - . . . . - .
o - 3 : . t ‘ ’ o o
l o - 3. CA <action>. The action to perform if the »
. B ' ' answer is correct, this also finishes ‘the’ Q opcode. The
:-’ "_ ‘~ L v ' . : | ’ ) - . 7 l . e - .
Q . . o . . e ‘ v .
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using a r~andomly selected corre-t-—answer response. In °
other words, -if# the author .does not specify an action,
the program 11 answer with "good™ or "excellent". or .

some other appropriate response. .This / respapse is o

selected at random from a list. stored. by the program.

4. <CAS (<correctana1ysis> <ackion>" ....)ﬁ‘{ .(Correct
Answer Selecty. This is a list ofy pairs- of answer- *
analysis opcodes and actions with the; interpretation -
that " the first of - the <correctanalysis & opcodes . tha,t

- causes a match ‘Will cause.the corre

. w2e. WA <action> Action to take if athe answer is
- wrongs- this finishes the opcode if no ., repeats werg
Specified. The default. is to. say that the answer’ -is-

)

‘, wron% using a-randomly selected response. - /\ .
_ 6; ‘WAL ( <action> <action> e ).t Thi‘s is a list -
of actions to be given .ome at a time, each time the -
. Student gives a wrong response, until the last item in
‘the list. The last <actioao®> in the 1list wﬂl then be
“treated Just like the <action> follow1ng/ a simple WA.
"That 1is, the ¢ question will be furthur repeated the
numper of timeS specified by the “R" opcode, or" unti/l a
correct answer is given. , ‘Each wrong answer -will c: se
the “last <action> in the list to be given until. the last
repeat of the question “when the FAIL actionms: ill be -
executed? if they. ha;ze been coded. - - __/_-‘-‘
- : > . - o
. 7. WAS (:wrong'a&alysis> <actiond ...) (Wrong Answer
Select). ., This is a 1list of pairs of answer—analysiso
opcodes and actions ~with the Interpretation - that the

. first of the <wronganalysis> opcodes that causes a match .

will cause the corresponding <action> to be performed.
In any case, the exercise is considered wrong, sinceéit
‘is assumed that “any CA or CAS has already been executed.

' October 19, 1977

% -

) nding <action> to -
. be performed the exercise will be co sidered correct,, “Tw

The purpose of this tag is to catch Specific wrong -

answers., . o

8. R-n. Here, "n" is the number of times to ask
. for an answer, and is defaulted to 1. . For ex‘ample, R 2
"would mean to ask the question, and then repeat i once
U if it is answered wrong the first time. :

9. FAIE <acti This Specifies the action to
take at the ‘end’ wlé‘::pt\he ‘'student has failed, in R tries,.
.+ to answer, the. qu ion correctly. It is _useful for.

exercises that codtain .an R, since FAIL can be-used to

inform the student of the correct answer. It is an
error to use the FAIL opcode when -only one attempt is |
allowed. In other words, when uSing FAIL ‘there should -

also be an R n for some.n greater ‘than l. .

5.

”
- .. . @t .
- > ) N
H o, . - : A o
St o e
) B

o
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5 TRANS, all of these opcodes are quite simple and standard.

R I z

Section 2.9.1 . . ¢ A " Tags ffor the ‘Q aﬁd‘@ Opcodes -

EN : ..
- M . : X

7+ 10. " HINT <actiom>. . “This. is the hint to give the

. student if he &sks. for one. The default "is to say that :

. no hint is available.- R ST . DL T R

- . 11. EINTL { <aetion>” <a.ction> «.3 )2 This d4s.a - _

";dﬁg. - 1ist ‘of hints to “be, given, ‘one' each time. CTRL-H is ~ -
‘ /5 typed; the last <action> in the list will be repeated as -

o comment.ﬁ Kote that "in this construction, COHMENT is
S used as a TAG, .ot as the ‘CAR of a list.

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

often as requested. : Lo <. .
) ) o ,, - s ’ . - - C T .
"~f'_' : 12.. COMMENT-( <anything> Yo o Whatever is within the .
. scope .of the immediately following set "of- pérantheses is® = ,
{ -ignofed, _though-Quote marks. and parentheses -must be - .
.. ~ properly paired so that VOCAL can deteét the end of thei e 5

Eiﬁher an_.A or a CAS ‘tag must occurj; but all other ags are optional.-

~ It is an error for a tag (except COMMENT) to occur- .more than oncé in an

answer-fetching opcode._,-Some “of : the combinations are illegal. For

example CA and CAS should not occur ‘within: the scope of the same Q -
opcodé. Also, at most one of the wrong answer tags (WA WAL WAS) may .

v

be included in the scope. of a Q opcode. P T Ny

-t

)

2942 - Answer Analysis Opcodés .;ﬂ" o - ‘;_
: \ .o . .. .
' Once a reSponse (answer) is obtained from the student by the nse of

the Q or CQ opcodes, it must be .checked..” This is .donewby the answer- A
analy51s opcodes. The analysis is dqne by testing whether there is a

"match between what the student has-typed and the coded answer(s). . ,

v

.~

" For eiample, the command:
(Q A" (aNS "74”))\) | -'
/ .

gets a responge from the student, and then analyzes it by comparing for

exact string equality with "74" for correctness. . (In this example, the

other parts. of the Q opcode are omitted, thus. defaulted.) Except for

o Several kinds of editing are done by these opcod on .the responses
"that the . student- types« All, of the opcodes 'remove beginning- and
trailing spaces and. tabs, and all of them compress multiple spaces and

tabs to a single space. These procedures are'called'SQace'compaction..

Additionally, most opcodes. convert lower. to upper‘case’, called upper

 conversion. A few opcodes that are prepared to accept severalﬁanswers

will scan for those answers separated by spaces or commas.& This is
called word scannigg.

.The student’s input'is referred to as <response> below.
A .. (aNs <sequence.of strings>) - , l

>
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- After space compaction and upper conversion of <response> ANS checks to

see_ if ' any' string- in "<sequence of strings>. is. exactly the samé as
<re5ponse> “In other words, the stddent must type exactly one 1tem from
A ‘

‘the- sequence for a match to bCCur. . . . o,
o fa]‘ 'w; R (ALLANS <sequence of strings>) - ot T
: . B o z .__ & 5 ’
: Afterr'space Acoypaction,é’upper conversion,A ‘and word scanning of

<response>,. ALLANS makes certain that all. of the stringscin <sequence of

 strings>; were typed by °the’ student, and that no additiondl strings were
_.typed. ,So .the. student will have tq,type in all, and only, the.items in
‘the sequence, but in any order. o . : :

."" L ‘. 2
'," - (ANYANS <sequence of strzngs>)

b

 After ' space compaction, upper- convers1on, and word seanning o£

<response>,-1f any <string> in <list of strings> matches any word\of the

student’s <response>, then a match occurs-. Ihus, "if - the student - types .
- an item frog the sequence, the answer" w1ll be ‘counted as- correct even if

he or she typed additional words before or after it. -+ .

- -

~

(EXACTANS <sequence of,strings>) B .

- o el ) -

th1s 1s like ANS exeept that upper conversion is not performed.
s ‘ ]

‘ (AFFIRM) KR

. . Lo -

Some "tfue"-like response mist be given (case ignored):.Y_YESAIRUE T.

.’4‘
. (NEGATE) - -

Ecl

-

Some "false"—llke responSe muSt be given (case ignored) N NO FALSE F.

L_Q

R (mms <list of strings>)

- L . N -

-

This opcode relates specifically to the logic course .and other
mathematically based courses. Each "string" in the <list of str1ngs> is
parsed into an internal expreSS1on (by the: compiler), the student must
then type something:-- that,  when' parsed is VEQUAL to. the’ parsed
expression {VEQUAL is a function in the logic— and set-theory-based

3

.programs.) ' _ , " R

.
v

- _ - (I-iAICHANY)

MAICHANY 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 follow1ng Q opcode the author traps two specific wrong. \
-answers, responding appropriately to each. For any other wrong answer,.
. the program s1mply replies by typing "Wrong on the terminal.. : :

N a

L@ A - (aNS "74™
' " WAS - ((ANS "'73") (S "One too few. ")
~ (ANS "75") (S “One too.many.")
(MATCHANY) +(T "Wrong."))) -

S

-

.. "f | , ./22.,

i~
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T : o -2.10' Conditional 0pc0des3‘ L S _ a : '
_ : A number of ; opcodes check a condition iﬁetiv\et\.to decidk
whether or nat %o execut% the statements contained therein.- For

'_‘" -  “example, omne wants. to .do something differently depending on whether or
i not audlo is available. : :

« . R . . . N

.. o . _ . (AUDIb‘<actions>) T G
| S I B I ‘
. This executes <actions> '-if?, audio is.available and_sel'eé,ted. - -
<L L : (DPY <actions>)/ T _ o~ :
; 5 ¢ - . : . : E ~a _ . _
ST  This executes <actions> if . audio is not available or 1if it ‘was not
- e sele_cted provided the student is using a display terminal. It is an
error to include any audio-class opcode within the scope of a DPY.
_s N . .' i ” ’ . LN . R
L e T o . (TTY 'éact'ions>)
'l'his executes <actions> if the student is using a nondlsplay terminal.
Both audio- and display-class opcodes are illegal.
L. l (NONAUDIO <actlons>)
T This executes <actions> 1f audio ‘1s not available or not selected. It
L is an' error to include »an audio-class, opcode within the scope of  a
e - NONAUDIO opcode. . And “since. the intént of the NONAUDIO opcode 'is to
o * . sapplant both the DPY, and ‘TTIY opcodes, diSplay-class opcodes should not
+be Tnsed either. Also, this opcode should not eccur in the same exercise
e _ dn which the DPY or- ITY opcode 1s used. * : : -
- . ¥ ‘:_. . . . ﬁyj / ° )
S 2,11 Branchlng Opcodes:'ﬁ )
) (GOTO <Iessonnumber> x<exercisenumber>)
> . ’ B ' ' R e : .
" "~ .  .This goes . to <lessonnumber> <exercfsenumber>.. in the course. If

<exercisenumber> is -~ empty, * then 1" is assumed. This changes the
student” s place in the’ course. T ‘ R : '

N

" (CALL <lessonnumber> <exercisenumber>) -

S This interprets an exercise for the student, but does not require any
’ answers from him. The student may not log out from that lesson, but
must return to- the current "lesson.exercise" before continuation  is

allowed - ' - .

°

-

*  (CHOICELESSON <lessonnumberlist>)
* This gives the student a choice of which lesson he wants to do next.
(BRANCHLESSON "text" <}lessonnumber>)"

-Section 2.10 ° o - | Conditibnal Opcodes
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" The ‘“text’ will be tyPed in the scrollvgegion,'then‘if the student_haS'

answered 75 percent’ of the Q—type exercises im the current lesson
correctly when BRANCHLESSON is encountered, he will be given: the choice
of, doing<the rest of the exercises in the.current lesson or skipping

ahead .to <Tessonnumber>; if he has not answered 75 percent correctly,. he

must do the remaining exercises. : e
/ ! N N -
i . - T ’ s !:;;; &

. (RAND <action>r<action> eeae ) ! .

'\/. ) ‘s . . P R
This’' selects randomly one action to' be™éxecuted. For example, if. we
have n <actions>s, -then a random number between 1l and n is generated,
éand ‘the corresponding <action> is performed._ s v

K

NOTE .RAND isigenerally used to select a derivation for the student,

to do.. If the student 18gs out in the middle of such an exercise, then
" his work is saved. The next time he logs back in, he must get the same
" exercise.- So the randomly selected options picked by the driver are
executed in the same order on suhsequent logins.

° 1 S ®
"\ . K .

. . : .
\ .

2.12 HELPMODULE Opcode

N

' Ihe HELPMODULE opcode has the syntactic form. o R Y

(HELPMODULE <number> "description” <graph info> <actions>)

- o

where <number> is :ke number of this help module, "description is a

‘ one-line description of . th1$ help module, to. appear’ at - the top of “the -

display screeh when) he\actions are interpreted; <graph info> is a list
of information. needed by
VOCAL actions for this help module. . N 3

¢

- . - . B
g ~

Ihere are' three types of 1nformation which may be placed in the o

<graph info> 1list. The first two’ are mandatory, the last not. - They
are- . : L= .
(NAME "name of the help module")
(DESC’ "description of what the help module covers")
(EMPH (<L1> <L2>) (<L3> <L4>) ceeve(<L2n-1> <L2n>))

Both. the NAME and DESC’ opcodes facilitate the student’s access1ng of a .

help module,'and are used in offering the choice of available topics.
ThHe graph info description may be the same as that which is used as a
' display. header, or it may be different. The- optional EMPH opcode
specifies ‘lessons in wh1ch the help module is to be emphasized. Each Li

which -occurs within “the scope ,of the EMPH opcode: is an integer

corresponding to a lesson number. These should ‘appear in ascending
numeric order. See Section 4 for details ‘of the semantics and a

: description of the help System. : e

e help system; and <actions> is a seﬁuence of

-

-
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-elther "TRUE"”or "FALSE"; that is, “I" and. "F" are‘not suff1c1ent.

. ’ R . : L K

Sectjon 2.13 . _ . S . Flag—alteration Opcodes
Y . 7 N . . .

L X .
2.L3"_ Flagéalteration Opcodes . i

.- *The following opcodes set var19us entries in the student h1story
file or in the proof checkeér, and control the run-time operation of the’
driver. ™ The' actual theories and history entries are discussed in
coyfse-specific supplements available to‘lesson authors. ' -

Y

B - (CONNECT "theoryname") -
. - Qt : v-
Thls selects the context theory (1nclud1ng parser, grammar, axioms,

definitions,- and theorems) *for derivations and student response under

the Q and CQ opcodes- g

. , .  (INTERPCONNECT “'theoryname")

This. seleets the ‘context theory (1nclud1ng parser, grammar, axioms,. ’

definitions and theorems) for 1nterpretat10n-type exerc1ses. g

y _ o S
- ©  (WANT!DATA “truth value") . a )

L

Z .

This flags the student for collection of data, e.g., connect time, .
‘responses, etc. "Truth value” in this and the. follow1ng opcodes must be -

-

(LINE!INFO "truth value' D)

~

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

class oﬁcode _("FALSE" suppresses printing of flagging, dependencies, . -

etc. ).

\ -

s . . .

. (SHARP'FLAG "truth Value")
This selects form for ambiguous names during execution of 2 der1ve-class
opcode. Value = FALSE requires the student to use ambiguous names of

the form #<integer> in existential specifications. ,(Value = TRUE allows
.the student to use any legitimate variable name. ' o

(ERROR'MSGS "truth value")
Value = TRUE causes error messages concernlng quant1f1er rules to be
pr1nted after "the student enters a line containing such an error; value
= FALSE supresses quantifier error messages and causes the student to be
informed at the completion of the proof that it is 1ncorrect due to a
quantifler rule error.

The- foilow1ng opcodes allow changes to arb1trary history lists.

~ The f1rst element of a history list is the name.of some set, and the.
_ rema1n1ng elements of the list are the members of that set.

'item" ...;)) . ST .
. ' : A

- .. (SET "hlstoryname" ("item".
If there: is a'historffllst vith the name hls*oryname » SET changes .its
value, otherw1se SET.creates a new hlstory list of the form (hlstoryname
1tem item «ea ). o 5 . -

cm '
. -

kS

—
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Vo By (ADD "h1storyname .("1tem" "1tem 7.. )) ‘ e .

s .. . \
. S
& ..

ThlS\adds items to the set of Ltems in the 11st with name h1storyname .

mnwn

Y ‘,.“_" | (REMOVEN "hlstoryname ("item item" ""))

This rémoves/ items from the’ set of items in '<the- list with name
hlstoryname If an '"item" méntioned i$ not on the- list, it is;
ignored. - To/ remove all the 1tems from a’ llSt, (SET "h1storyname" ()) 1s R
better than/uS1ng REMOVB. : .
5 [ . - . : . . N

o

: 2.14; : DERIVE—class 0pcodes

.

. ¢ , The _follow1ng opcodes ,all spec1fy some sort of call on the )
derlvatlon machlnery. Their interpretation is dome by the proof checker S
and’ is dlscussed in course-specific’ supplements available to lesson

authors. e . . _ ] :
(DERIVE "goal" <tag> <action> <tag>'<aetion> ces )

"Goal" is the str1ng representatlon of a formula to be der1vedf; This is

a required argument and must immediately follow the opcode. The other

arguments "to DERIVE consist of pairs of <tags> and <act10ns> all ofd

which may be defaulted and may occur in any order.' # '

1.  INIT <actions>. 'These_actions~will'be done when
, ~ the DERIVE opcode is begun. If the DERIYE-opcode.issgot
> within the scope of 'a TEM or TEM2, the <actions> can be
" ‘replaced by a TEM br TEM2. : oo
- 2. PEREML ¢ premise "premise” ...). ‘This is a

o list of string representatlons of the- premises-,

A L 3. HINT <act10n> If a h1nt is. requested by CTRL— .
H. then <actlon> will be executed.:_ . ' N

\

. 4. HINTL (<actlon> <act10n> Yoo ). 'WheneQer éTRi—H
"is typed, the next <action> is executed (the last is

. repeated as often: as requested). IR - L
N\ . . X ‘RESTL <restr1ctlon11st>. " This ‘is the Slist of ,
) s restrictlons on the rules of ‘inference, etc., that the'
student must or. must not use in this. derivatlon. ’ : <
. S

» [ ! 3 ' ’ - - A . s

N T 6. DONE <doneaction>. When the proof has been e ’
completed <doneactlon> is executed. L o oo e s

. -0ther‘opcodes with the same'sintaxlas-the'abové areu R -

I.  INTERP. The studeat is- ‘asked “to. provide an. . . .
" interpretation (in the connected, 1nterpretatlon theory) R
of the premises. in PREML and the conclus1on in. goal"" o

4 v . d ' - -, . . _‘ . . vf ,
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- "_ﬁ' '-..Then " the ‘studentf is asked .td’ check " his oFf- her

B interpretation by deriving the 1nterpreted premises, and
the negation of the interpreted conclusion in the
'connected theory for interpretationfr, ' - '

2. mrsxc. This is. similar to INTERP, but thé
N student is . asked to ‘show ‘that the premises and C
conclu51on are consistent. . : Co

&

. ‘ ’ j 13.‘ DI. The student is asked to decide whether to-

SN L © do  an interpretation or-a derivation. If the former is \.
' -chosen, the driver interprets this opcode .as a DERIVE; '

if the latter 1is chosen, the opcode is interpreted as

, - INTERP. The student-may restart the exercise and change 3
: his or her choice% ’ e . .,
. 4. "DIC. This ‘is 1like DI except the - choice is
C between INTERC and DERIVE (where .the student is asked to .
N derive the negation of -"goal" if he chooses to do a
o derivation). -

P

(SYMB "formula“ HINT <h1ntaction> "goal" <tag> <action> ...)

The SYMB apcode’ first -requires the student to symbolize the “formula
- . (which can also be'a list of formulas, ("formula" "formula" ... ), in
_ which case he must symbolize all of the formulas). If he requests a:
“hint -at this stage by typing -CIRL-H, <hintactions> will be  executed.
The HINTL tag can be coded with the. usual. interpretation. If the.
student does the symbolizatlon correctly, the ‘exercise is ended; if not, -
he is given the choice of trying ‘again. or, doing a derivation. If he - -
*‘chooses the latter, the DERIVE opcode is invoked with the goal" and -
v ‘list of tags and actions coded in the SYMB opcode. :

o

Y
o *

'_1§ E (IA "formula" (<atom1c> "value") (<atomic> "value") cee)

-'SVaEuef is, a truth value (either T or F)4Nand Aatomic> is an atomic
_sentence of the current theory. TA. r@§§ire5*¥ﬁe .student- to determine
.the truth value of “formula“®, given the.values: for the atomic sentences
.-0of the formula., This opcode is generally used only within the scope of

the ,ITY opcode, where the display capabilities for conveniently"~,

: presenting and dynamically altering truth tables are absent.-

(CEX "goal" <tag> <actions> <tag> <actions> ...) el 7 ' ;; '

AT - R
0

- :Here, the syntax is the same as in DERIVE;. it asks student to prov1de a’
sentential cqgnterexample by. choosing truth: values for atomic sentences’
that will make the truth values of the premises true, the truth value of
*goal’ false, and then proceeds 1n each case as in TA to check if, he.

"~ has succeeded. -
S . A (DC'"formula") L . . )
: 2 . ) - ..
“This is like DI, except the student ‘chooses between d01ng a 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 _exercise unless all of thewm cccur wa.thin *-the scope of'wa MENU

L3

Py Y]

S

-

g "’ OPCOdﬁo ¢ o, ‘ - . S
- 2.15 MENU Opcode - _ "' ;C. I S
"“(MENU <cfiterion5'INIT <actions> DONE <actions5 <entree> &entree> ede ) e ‘_‘;f

- The MENU opcode is designed to provide the lesson author .a *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 of them. Work om partially -
completed - derivations ~is saved. The <criterion> is the number of ' -
- entrees the student must complete before going on to the next exercise. -
’ INIT <actions> are actions to be performed when the student begins the
‘ . menu -(and repeated when he logs in after logging out while in a menu). <
- _ The: <actions> may be replaced - by a TEM or TEM2 if  desired..
-‘DONE <actions> are performed when the criterion is met by the student
(i e., he has completed <criterion>- number of the- entrees).

R

*

-

Each <entree> has the form: . -

. (ENFREE "description” <action>)
. The "description” is a one-line string which will appear in the MENU,
and <action> is'the exercise for the ENTREE. The action> . is generally
a derive-class opcode, aglthough it may also be a TEM or a TEM2 which
‘contains "a derive-class opcode. It"is an error to include a Q-class
‘ opcode in an- ENTREE. - ‘ , . - : o -
»Ji The action. of the MENU is as follows. ?ert, the INIT actions are -
performed.. Next, a "menu" is displayed which consists of an identifying
number for. each ENTREE, the  string . "description for  it, and an
indication “of whether the ENTREE is -completed, partially ‘completed, or s
“not begun. -Also the criterion will be displayed, with an indication of
“how much ‘remains to be done. .The student then selects which ENTREE he
wants to work -on and the <actions> for that ENTREE are performed:’ When
he finishes”(or decides not to do any more work on that ENTREE) the MENU
is displayed again. 'When the criterion is met, the DONE 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.. . .
= Ve , .
It .is an error to have more tham one menu in a giv%n exercise.

. ‘l"& J ) . B R ) o ) -.’" . ) L )
gﬁ" , 2 16 Compiler-specific Opcodes ' - ’ A

-

’ ' _— -

. The follow1ng opcodes affect only the operation of the compiler and
"are swallowed" by it. - . : .
' ‘(COMMENT "anything") -

23 T - T
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‘; * . VOCAL compiler. ' !

S S _;'_(conzuzcommcrc_{ltheoryname?'!);, e

-

¢Section 2.16 .e '-. : Compiler-specific Opcodes

The above is a’ comment, ‘at any point it occurs, and -is ignored by the

P
v

Ihis op;ode tells the compiler to start using “theoryname as the
_ context theory (including parser and grammar) for compiling formulas in
‘the scope of derive—-class, or TRANS, .opcodes. e

o (TEMCHAR "character )|

a Reets’ the character used for the templates ‘to the first character of -
the string "character'": The default character is "Z".
AN : ¢ . S R <7 . ~
LA . ' .
- - . |
- '5\"". ] qJ " s . T A

< 3 -‘Browse Mode ’ -

- There is a feature available in all VOCAL—based courses called

Browse Mode, which allows the student to reviéw old exercises or to look,
ahead. in. the curriculum. Browse Mode is entered. by typing a CTRL-B. -

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

-

| %xx% BROWSE' MODE saxk - : o

v . ) . ' . : o

Iype one of the follow1ng" . . . ,
Q.. . ’ Ps
n Describe Legs ‘nf .
n List directory of .Lesson *n’ o
n. Show Exercise “n” in this Lesson - . -
l.n Show Exercise “n’ in Lesson ‘17 ‘ .
Index of Saved Proofs - S e .
R R l.n.e Review Proof (lesson. exercise. entree) ' : -
I E l.n.e Erase Proof (lesson. exercise.éntree)

~z Return to your exercise. EURESEE R .
T Here is an explanation of those commands:? o
. s ’-,. . L B
Dn . Describe Lesson number n.  Each lesson has a brief

discussion describing the material it covers. .This will.be
the <actions> taken from the LESSON opcode (see P 4).

‘Ln - List the lesson -directory . for Lesson n.” Recall that-each

exercise begins with a brief one-line descriptiom of- itself

(the "description" string from the EXERCISE opcode, pe4)e
The L command presents all of these at once for the lesson .
ispecified- . R e 3

- 91 R, and E are specific to the logic c0urse and may or may not be
available 1n other courses. . : :
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S nZVV. Show exercise number n in the CURRENI lesson (i.e., the
Lo - .* Tesson the student was in when he- “entered Browse Mode).
b & § - This allows him to look at.the exercise just as if ‘he: were

Siwiao %L working.-it, EXCEPT that,anything within the scope of =2 Q, Nm_wl

- ", : -‘ﬁ/_- - €Q, or derive-class opcode (including HENU) will not ‘be
‘ ' ' executed. e . _ ‘ :

-

> : - at an’ exercise in a ‘lesson other than the current one.

. S§n.l . Show exercise n in lesson 1. This is just like the other
' version of Show, except that it allows the student to look -
-

N

) Index of Saved Proofs. There is-a facility available thatur

allews the student to save proofs."so that he can Yook at™-
4 . them again later. To find out what he- has saved, the

- student goes to Browse Mode and types *Ie This gives him a- .

o directory of the available proofs. _
‘i"f.f‘ » R 1;n;e- . Review Proof (lesson exercise.entree). Once‘ the student
N knows the number of -the proof he wishes to look at, he uses
the R command to actually see the saved proof. -
'{

~

- -

' E l.n.e ~ Erase Proof" (lesson,exercise.entree). .The - student is
. allowed to store only about 25 proofs for later reference.

Once he has reached the limit; he "is mot allowed to add a .
new proof unless he deletes an old dJne ‘first.” The Erase

) Proof COmmand allows him to.do this.

- N . .

- 7~

- CTRL-Z v Leave Browse Mode. - This returns the student ‘to *the lesson -
' and exercise he started from. The program saves a copy of -
T~ - his "chalkboard" area and will restore .it-to what it was
R just before he entered Browse Mode, the "scratch—pad" area_.
S > S . .is lost. o L ' -

a . ) . . ) R

Browse Mode makes it easy for the the student to review something

earlier in the course, or if he is ‘the kind of person who likes to look

ahead in 'a book, he can do the on-line’ equivalent. This feature is
especially important . in courses where the curriculum material is

fi. a - presented at display.terminals instead of in textbook format off-line or

in' classroom lectures. Notice that other than writing the description

S _'strings ‘and the  <actions>' for the LESSON opcode, authors need not make

.7 7. any .special ‘effort.’ ‘It is taken care -of automatically by the - VOCAL
_~ compiler and the course driver. S v

-

[N

- : e ’ N

A -4__' The Help stem

o A helpfsystem facility is available for use with all VOCAL—based
LS et courses.. . -It .can be used to’create ‘and ‘maintain-a help ~system for the

. .. course. ‘This section explalns the structure such systems sh?uld have, f

f~and how to 1mplement them. "

-~ . P - - e

"-_25 | . o .

6J
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I T 4 Description - : , T S)

)

The student invokes the help system hy typing HELP to the course

e information: by naming the topic on which he needs help or by being
' ‘ questioned by the computer. . &
. _ o o N
o The'computer queries the student by means of a topic decision graph
-~ ?" which is used to present him with a selection of topics to choose among.
. . The particular question™ or. *interrogation’ structure used by the
w : computer . ‘is determined by, the author. However, two' factors can cause - -
. ; additional options to be added to the initial: topic choice presented. A
E relevant help topic will be placed at the 'head of the topic list if the
W program is currently in some.error mode, ér if the author has’ specified R
‘that .the topic should Be emphasized within the student’s current lesson.
Thus a ‘syatactic error in an input string might cause a help module on
syntax to be emphasized. And in the early lessons. of a course, it might.
ST  be desirable to. place emphasis on the help system itself. ' , S

The follqying gives an example of" how a choice might typically be

A presented to the student: :
S o _— o B
Iype~ . Lo for help on - L . -
TA  [TA] TA duties, hours, etc. )
Co RULES o [R] » Rules of inference . .
- : . CONCEPTS [CONC] = Basic concepts of’the course ',,! °
‘ ADMIN [AD] - ° Administrative matters ’
: ~-GRIPE ~[GRI] * ' How to zend a suggestion or complaint - .
w , . -

*~<student‘inputsfchoice-here>
The - characters in. square brackets' give the shortest sequence’ of _
. characters the student can type and have his rrequest.‘properly;

. recognized. But he is not forced to choose ‘gne of .the optioms
‘explicitly displayed before him; he can, if he wiskes, enter the name of .-
any - help module available, provided he knows it. The choices are B
'presented in case he does not know the name of the suitable topic.,

AR ".c--

T SR Some topics Wlll have ass%ciated VOCAL code to be- presented as help

il i driver..—-When--he- -enters- the-help-system-he- has-twOAways of-accessing~~ S

. to the .student. .Other topics exist ~only to guide the interrogation ~ ..

process, and ‘have no VOCAL actions writtén for them. For example, the |
_ help system might present the RULES :optiomn.. only to give the student a o
chance to find out the names of the help modules descr?hing the various
‘rules of 1nference. . SR ) : : -

.
o

_ - If VOCAL. code for a chosen topic. is written, the help system first

" fetches . the - corresponding HELPMODULE and . interprets the VOCAL: code i -
it. 10_ The, student is then presented with another list of Options., If .-

:-the last chosen tooic has further topics associated with 1: in the )

lOIf the student finlshes.typing in a t0p1c name Wlth a: CIRL-Z‘ff‘.u"f:.ﬂ

”only the -the associated topic list is typed .out. This allows a student
who has already seen/heard the VOCAL code to skip over it.-
E o o o 'j’ | : 4§ 26

’ “" ] . “'- ‘ o .:.-; ’ -. . 31 Lt - '.. * t,
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T | oo . | |
graph, the choice list will cons:.st of these topics, otherwise it will
be the initial list. 'The student may then” either exit from the help
system (via CIRL-Z), choose another topic,-or return to the initial

_;“interrog;}ioncbymen;ening_the“nullgresppn59,miaesl”5h9“9m9§1_§§¥158:__r_

_ The interrogatlon.?procedure 'should be regarded as a graph . rather’
° than as a decision tree. _JIn many cases it is natural to use a topic-.

". . subtogic structure.  But the author may also want to remind the sStudent

of related topics. Thus a module discussing the: concept ‘of tautology -

r""‘\m:r.ght: have modules. on consistency and inconsisténcy as associated
tepics. : It is 'also easy and often useful -to define ‘loops in the
interrogation structure..  This will become .cleager in examples’ to
_ follow. N ' E d - : : - .

-

.‘,./

.S, o . e 2 ‘ DEflnlng a Hel System e - o v

!

. It is necessary to yzrite a- ‘series of fJ.les that ‘contain ‘the .
‘information ‘to be made available -via the help system. JIf -the help.
- system is intended to ‘offer  ‘information on teaching assistant “hours, . -

rules of inference,  and tautologies, corresponding help modules ‘must. be
written in these files:  All the help actually .given to students is-.__-_ N

taken from them. '

These flles are written in VOCAL where each entry ivaithin the

.scope of a HELPMODULE opcode (see p. 19). Except for the. inclusion of -

' the special tags NAME, DESC, and EMPH, each entry looks just like an
ordinary -exercise, with the EXERCISE opcode replaced by the HELPMODULE

opcode. The help system files. cannot contain the opcodes: LESSON or

" EXERCISE, but they can contain questions and derivations designed to .

help 'a student understand the topJ.c. The student”s performance “on’ these
questions will not affect the ‘score’ _which is recorded for - control of

' BRANCHLESSON . L S ,f

A speclal file needs to be written -to . def1ne the interrogation
structure used by the computer. This file will contain a graph which is
- usually easily written and which is:easy to alter if experienée suggests

that - another cho:Lce sequence is wmore appropriate._ The Help system

L ° :._.__compilex is then run to; put all thJ.s 1nformation in a form acceptable to
' -the course dr::v%y L i e e T T
7 ' 4 2. 1‘ - Th"ev"Hélp I:fﬁdule FlleS . 3 :.' j’_l,.ﬂl' ._ 3 .A . o
. Lev - R BT Sl
- The help modules may be 1ncluded in onIZ or .more ' les. The source

extension for ease  in operating the: VOCAL. ‘compiler. 2Egch .such file

‘c\ontalns 2 sequence - of HELPMODULE opcodes.-, ‘They . furnish . information.

. flles may be- named . as. desired, .though they should gl ‘have a .VOC

. used in 'the 1nterrogatlon, and prov1de tlie VOCAL code to be 1nterpreted',

if | help on a particular’ topic is -requested by the - student. 'Ihe._'

o ‘helpmodule  files .must. . be processed ‘by the VOCAL comp:.ler, and the

o 'resultlng -VAL files: submltted to the help systém compiler.

ot

»
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Section 4.2.1 The Help Module Files

P
. 3

they may share some of the sameé helpmodules. Help on the use of Browse
: Mode, for example, would probably be the same for all courses. For this

1f different help systems are being. defined for several\courses&\

have to be -on the curriculum directory.' The HELP.PRC file which ‘is
created for each course by the help system cqmpiler informs the driver

of the directory and file name on which the helpmodule for each’ topic'
defined in the graph may ‘be found. A help system does not have to use

- all the'helpmodules on any file- which it accesses. Different_gourses

PR . may ‘piek and choose” among the various modules on a given file. If,
o however, the same topic name is to be’ used with different help |,

information 'in different courses, ‘'separate helpmodule files must be

~ created for those top;cs whose, definitions wary from course to course.

. This might occur, for example, in writing helpmodules on inference rules

". which have the same names for each course, but use different derivation
examples in the theory appropriate to the course's ,

- be clear, with the possible exception of the .optional EMPH opcode. This
is used to indicate the lessons in ‘which the help module-.needs to be
_emphasized in the sense of ‘being placed. at €he head of the topics in the
1nitial interrogation of ‘the student.‘ S &

~

o Io'illustrate this, suppose ‘that it 1s desired to define a help

" module about some derivatio% -command, " e.g.,. Tautology. ‘Suppose in .

‘addition that this rule of inference 1is introduced in Lesson 76 and that
4 _ exercises in Lesson 105 are particularlx suitable for its application.
Se One might then write the follow1ng help module.' - :

'_‘,_" . N

T  [HELPMODULE 3 "TAUTOLOGY: Using the Tautology Rule"

( (NAME "TAUTOLOGY") L -

(DESC "Using the Tautology Rule“) I
 (EMPH (76 78) (105 105))) -~ - . : . L -
3 [AUDIO L
o (S "J'U.St type T to use the Tautology Rule")]]

' Here the help available on the>Tautology Rule would be emphasized in
Lessons 76 through 78, and 105. SR : : L

3.

X respectively in the 100°s, 200° s,'and 300“s, then a topic which is to be

- emphasized in the beginning lessons of each _course might have the EMPH

list: (EMPH (101 102) (201 202) (301 302))

S - 1f EMPH strings are declared for any help modules, the help system
LT g -compller will‘produce 'a listing of the.emphasized topics by lesson. -
| AR B , ,
%\‘_ ) S _—“- . Lo
‘ s Ilpe- the Tesson " numbers, .. for two courses ~are the same, and ,a
helpmodule 1s to be empha51zed 1n‘d1fferent lessons in these. courses,i;t

~will be necessary to make separate ‘versions  of - thQ’ helpmodule w1th%’-?';

different EMPH lists.~--' . N T .

. N L

.28 . .

— reason, the .VAL files for helpmodules,. unlike those for lessons, .do_ not

The syntax and semantics of the HELPMODULE command. (p. 19) should .

~If a- helpmodule 1is .to-.be. accessed by more than one- course,-the EHPH-'
list ‘may - ~contain’- lesson numbers . from: each ‘'of -these courses... Forf
example, if there are. three  courses. whose lesson = numbers range_

{ .
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Consistent with the. rest of the VOCAL language, the. help modules in

any file must be numbered in increasing: order, from 1 onward..

Furthermore, the length of module NAMES should be 11 characters or less.

* Similarly, the length of DESC strings should not exceed 46 characters.
The length of the help module names is not critical apart from aesthetic’
considerations,. since optimal topic name recognition is'  done’
automati ly. : - : -

. ;ad y | £
The help system compiler does extensive error checking, ‘and gives
suitable warnings.- For example, the author will be warned if he doubly-
"defines a help médule topic or fails to define a HELPMODULE for a topic
.declared 'in the graph. . Note that helpmodules must still be written for
‘decision nodes which have no associated VOCAL actionms," since .the
helpmodule contains - the description - ‘information (needed for ' the
. interrogation display), and possibly emphasis data. e
L. < A -

N

-

4.2 The Gfaph File . 2l

_ Only one file is needed to define the interrogatidn structure for =
- any course. - This ffle should have the extension .GRAPH,- - and ‘may be on
any directory. Whe§ the*help system compiler is rum, it 1looks on the .

connected directory for the graph file unless another directory is
'spec1fied.. It also uses the name HELP.GR@PH as a default. The file

/ : " should contain a single S-expression, which is- essentially a list of
5 . . topic names and their subtopics. * The -S-expression . recursively
: defined as followst o . T f - }/ﬁé- L ‘
"graph S—expr = ::= (<t0pic-list>) ’ N
‘topic-list = ::= <topic> <topic list> B <null str1ng>
topic = <topic name> | <topic name> <graph S—expr>

The following is an example of what a. help system list for an elementaryy
logic® course might look like. It 1ncorporates all . the above‘
illustrations. e - . Wk

© [TA- .
_RULES ~ .
‘ ' (BOOLE
.;,u_TAUTOLOGX o L e LT e
S »'“%HYPOTHESIS (ANTECEDENT) B P S
‘ " cp (CONDITIONAL)) _ . f T*”°. ST
CONCEPTS - s . o
. * (ANTECEDENT ' R S
CONSEQUENT R
TAUTOLOGIES -
N L (CONSISTENCY :
s - INCONSISTENCY) ,
' - ALGORITH!M - > :
PR - CONDITIONAL (CP)
T 'CONSISTENCY o
S LIt Y F - INCONSISTENGY):

vy
N .P,\:('ﬂ‘ -
L
»
<

____Longer strings will disorder. the _display output, although not fatally._;kﬁ_;hlw;
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Section 4.2.2 =
©» ADMIN &
i . (TA
: . . NEWS _
S ... _GRIPE_
EXAMS -
GRADES

if\\'calpz].';;;‘"‘;‘
The,centrél<id¢a-f

a
-

sémeaintérrpgat}pn‘are—gt~
associated .with a topi¢ are, contained im a list immediately following

the topic. 'Thus the fir

' ~ - The Graph'File

o~ AN _ ' ‘
at opb¥omsswhich.are to be displayed at the
‘the top: levelvof the same 1ist,” and the topies . r-w -l

st; levels-of-'interrogation ‘in this particular -

help system would be¢ between TA, RULES,” CONCEPTS, ADMIN, and GRIPE, just

"as previogsly illustrated« ‘Further™~ interrogation is defiped .by the

sublists. So if GRLPE i5 chosen, the ‘helpmodule, as defimed in the - -

‘helpmodule file, is’  inmt

erp:éted, "telling the 'student: how to send

suggestions -and complaigté-fo the course 'authors; if RULES is ‘chosen,

-

the VOCAL code (if,§§w0lin the helpmodule files is interpreted;\apd the

further subtopic list of' topics is'presented. = —

© As preﬁiouély-remarked, tﬁe iﬁfgfroéatiéq“neéd}not'befa.tree. -In

the above example there-
CONDITIONAL and the GRIPE

Xf information on the CP rule is

the help available on the

help modwles. . In additionm, there is a cycle:/
en, the.student will be. reminded of

are twa pdths 'to.the same node for both th%/
concept of a conditionaly- if this latter help

module is interpreted, the student will then be reminded of the help on L
the CP-rule. oL : : ' SN S

. e . B - ~ L . .
{ . S _ e .
- . “ R et ’
. . .

4.2.3  The Help System Compiler

. 4

e ﬁheg; the files . containing the .interrogation graph and the help
-smodulesjhave~been_vritteh, the next step is to process them. _-One begins

- by pggtessingjtﬁe'HELPMODULE files using the VOCAL compiler as described
in the .next section. VOCAL will create procéssed versions' of :the help 74
module files. These files ’ :

f;les. T

' The ‘help system is created by running the help. system compiler, .
' called HELPMK for “HELP. system MaKer’.. . This program 'p:caceé;s_;'g_g';;-'th'e graph

. and help module files, ~producing .a corresponding - run=time file,

1fﬂELP,?RC,-fqr,usg<bxqtﬁein;ricplu@fd:i?e;ah_\_
" operation and includes extensive:rerrer—checking'and ‘analysis. SR

will have a. .VAL extension, just as for lesson

t is. self-explamatory in . ..o

When one célls-HELéMK, it first_presenﬁs'the optiop'of.creatihg'a ,‘ ,
new system from scratch, or modifying an old 'one. If the Create option. - ;

is chosen, the graph file

. are processed until all’
Under this option, when the compiler-encounters a helpmodule for a topic
whichhas already beéh_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;leghas'béen moved - to the curriculum

'fﬁmdmﬁf@ﬂﬁ?w“'”“ T e e .

. N A et

is first processed, -and then helpmodule files
‘the topics in the graph have been defined. a
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.

‘Q‘

" files. N o : . S, o, .§:? -

remove it from the graph S-<expression, and run HELPMK with the'Hodify_;' '

~ .option over the. new ‘graph file,'w1thout reprocessing the helpmodulet_-
- file. The helpmodule will 51mply exist -on a .VAL :file but never be -

afaccessed. To add .a topic. ‘to ‘the system, however, both the graph file”l
‘ 'and a helpmodule flle nust: be edited -and reprocessed. :

/7 - o . . .
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. If a fatal‘error~occurs after the. graph file has been processed
(for example, some module has incomplete\graph info), then the structure
at that point ‘is dumped onto a file called HELP.INCOMPLETE .and the

_______compilation is aborted. Th% error may then be corrected, an¢ HELPMK run’

with the Modify option using HELP INCOMPLETE as the “old” sy

If topic emphases have been* declared a further file, HELP.LESSON-
EMPHASIS, is also created, giving a-listing by lesson number of the
emphasized topics. This will assist the authér in keeping “track of
which topics are emphasized in which lessons. . .

’

‘4.2.ﬁ' ' Modifying an Existing Help System

If ‘one wishes only to change the VOCAL actions in a_ helpmodule
which is already defined in a working help system, it is sufficient to

"edit the source file and generatef a new version of" the .VAL file (thé

file name and directory must not be changed).‘ The HELP.PRC need not be
regenerated; it will always call 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 .VAL 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 and/or helpmodule files, and

then HELPMK must be run to create a new version of HEL_P.PRCf

Under thé Modify option; only the'new files'orhthose which have
been changed need be processed. ' Unlike the procedure in.Create muode,
second occurrences of a helpmodule for a topic will not be dignored but--

" rdther will cause the module to be redefined. The system will retain

all information from the old system which 1s not Superceded by the new-

Note that to delete a topic from the system, 1t is sufflcient to

.

5- Operatlon of the VOCAL Compiler’ and Interpreter ‘;

Once -a lesson ‘has ‘been; written, -it must be tested and complled.

-This is done using the. VOCAL compiler,’ a program that assists authors in-

lesson testing ‘and debugging and that produces various files needed for
the audio system - and course driver. . Ihls section ,describes the

operation and features of VOCAL. ~

- "
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. Section 5.1 . ST _ Initihlizing VOCAL {

501 Initializing VOCAL
. . R - | )
o - The 1é§§on source files are usually- giverd names of the  form

—ﬂ<1esson>tvocﬂ.murhe_exactmform~o£w<lesson>»dependsmonmthelcourse@_gm—-»m—mmnm_—n——

Ay

B S,

" Wheff VOCAL is started, it prints a herald giving the program 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 the. audio channel associated with .the .
. controlling terminal? If there is none or if VOCAL is unable to assign
it, it will say, "No audio channel assigned." If - the MISS machine is
down, it will also say, "Audio system.not available." In any case, if .
the ‘channel is assigned, VOCAL begins in AUDIO .mode. If the audio
-channel is not assigned, VOCAL will begin in DPY or TIY mode ‘according
“to .the. type of the controlling terminal: ~In these modes authors are
subject to the VOGAL conditional opcodes AUDIO, NONAUDIO, DPY, ‘and TTY,
‘described in-Sectfon 2.10. For éxample, in AUDIO ‘mode VOCAL will not.
execute any actionsy surrounded by, NONAUDIO, DPY, or ITY opcodes-and
similarly for the other modes. This can be changed by use of the A, Y
-~ or TIY commands described below.H‘ ‘ ‘ . X
If VOCAL succeeds in assigning the - audio channel for the
controlling terminal, it will ask, "Do you want Long Sounds?",- -followed
by an "*", which is VOCAL s prompt character at "this level. If° the
. : lesson has been recorded, the answer will usually be "Y", otherwise "N"
v ‘for "no" or jast a carriage-return which defaults to a. no answer.  If’
e the answer was no, VOCAL nexg. asks, '"Do you want PROSODY?" A "Y" answer
‘ . to this question means that”any audio messages will be spoken using the
' prosody system. ~A carriage-return again defaults to a ne .answer. .: If po
‘audio channel was assigned, ‘these two questions will be skipped. )

. .
. J
. .
S

o - » : ) e,

, L S.Zk_r Top—level VOGAL Commands
A T ) ’ vy L Coe L S L o
' . After. 1nit1allzlng, VOCAL will print "Type T, I, G, or ? *", Thisc'.' <
is. the top command level for VOCAL, and there ‘are- numerous optlons o '

available°‘
N N .f'? _ Print a list of the available options. - .1:;lf
T Enter Test mode- This mode allows the author ‘to- test a A
e . lesson using code which has not yet. been compiled. Test :
AR , " mode is described in Section 5.3. . A '
I Enter - Interpret .mode. This mode is much like test mode,
except that VOCAL will read files that have -already. been
_ compiled. See Section-5.4 for detalls. i . .
G "'Enter Genérate files mode. This is the mode which allows
‘leor Stanford s loglc course, the lessons have names of the formv' ‘ }f

Lnnn VOC, where nnn' is" a unique threeedigit number assigmed to’ the
particular-lesson. Other courses may have deferent conventions.

_ ’.v.32.
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an author to compile a. 1esson. See 'Se tion-« 5.5 for
"details. : - . ,/F .

~N

S___Adjust:_the_ Speech rate of the ‘audio. 'system. In .the

-—

current’ implementation\‘the ‘default speech rate is’ 0.9.
This may be adjusted to -anywhere between 0.25 and 1l.2. A
small number increases the speech rate and a larger number
slows- it down. This'has an effect only when testing or
-interpreting}a lesson in audio mode with an audio channel

assigned. Sy
o A ‘ S _
- Select Audio.mode. {If an audio channel has been &ssigned,
VOCAL will 'repeat the two questions  concerping- "Long
Sounds" and "Prosody'. This: provides a faster way of

switching between the three modes than an exit.teo the EXEC
to obtain a_ fresh core image. If no audio channel " is,
assigned, VOCAL will be set in a’mode where if a lesson is
tested or”interpreted in audio mode, the text of whatever
.would have' been spoken will print out in the SCROLL region
- of the’ terminal prefaced by the word "SPEAK'" e

Yil §elect diSplaY mode. If a JIesson 1is tested or
. interpreted, the code within “the scope of a DPY opcode
, B will be ‘executed.. # : . .

_V-TTY ‘Select TeleTYpe mode.‘. If. S a. ; lesson is  tested  or
interpreted, . the code within the scope of a TTIY opcode "
will be executed. e - - ; I

-

- ERR Interrupts the program with a pseudo user error in order _°
to enter DDI or other debugging program. This feature is
_ for ‘the- convenience of the programmers ‘and is not normally
needed by the . lessbn authors. R - R

N L
—

X Make a oraceful eX1t from VOCAL .- Preferable to a ~C exit,
-since all ~open files will be properly reset: and closed.

..

ﬁ,r“- -

A‘..

5.3 . I—test VOCAL Files Mode'  , 4 4 el e

When an author enters Test mode, VOCAL will begln by asking for a

directory. No filepame. .recognition is done, but if the extension is the

. standard ".VOC" only the name field needs to be typed-

‘ Once a file has been sucessﬁully opened VOCAL begins promptlng“
'-uw1th "==>" instead of *"." 1In test mode, VOCAL files can be’ compiled _
and tested one “"object". (i.e., S-expression) at a time: No output.files’
are generated. . The audio’ ‘channel (if -assigned) is open in “speIl”'mode'
 (unless reset at command level using 'the’"A" ‘'optiony, s0 that lessonsf-
" ‘can be tested wrthout their Long Sounds or prosody.' - -

-

.’

" The’ commands available 1n:Test mode are:
C 33 0

_‘ji3Ei;

_file name: If the author wishes to be able to use the  TVEDIT text - -
editor on'the.file while inside VOCAL, the file must. be on the connected

s



\Section 5.3 . . :

’

Print a-list'of the aVailable options. A

) .

Jump. over page marks.’ The author is asked how many to

. T--test VOCAL Files Mode

A

e

jump.: No compiling is done and‘progress*through‘the file
is faster than with "G". .Random access is not' available

at this stage, which limits ‘the use of "J" to going®- '

forward. Jumping "o pagemarks résets the file to ‘page 1.

Edit and Look Ahead.- As an aid to. debugging, a simplified
scanner is provided to "look ahead" on the current page.

The scanner: prints out the text (suppressing the content

of strings) and .checks for delimiter .mismatches and

misspelled opcodes. ., TVEDIT, the IMSSS ‘text editor, ‘'is-

available in this mode to alter the VOCAL text. Upon
return to Test mode, 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 current page may be

- changed by using "the "J" command. ' Upon entering the

scanner_ the author is prompted with "TV or Look". If .the

-

author then provides a "list of opcodes", the current page

will be scanned for each opcode -in the list, in order. _
"The delimiter scan will cogmence with the last ‘opcode in..
the listi The default is the first opcode on' the current

pxge, and . typing. TV'.(carriage-return) takes the author

directly to the editor.

Get»next‘object'(S-eXpression) from file and'oompile.it.

Interpret current object. NOTE: The interpreter will not
interpret any derive-class opcodes, nor aany branching or

flag-altering opcodes. o o KN
Display Current Coding. Th\_current object (S-expression)
is typed out for inspection.‘ 2 .

,Compile urrent object (S—eXpression). The ourrent'object

is processed so that it can be interpreted using -the I

" command. _ .

Dl$play~Current Output Coding. The compiled version: of

- the current object is typed out. Note that this is ‘not -

'everything that goes irg:o the, Final output file (. VAL - -
file) as a result of the "G" mode’ below.-ﬁ See the -
diSCussion of the file fotmat in Appendix A.

.
< -

Ce T
Select Audio mode. SFme as tbe top—level A command..

Select.Display-mode. Same as- the’ top—level D command.‘

'Select'Prosody‘mode. Invokes the prosody system. d

.

7"’"

o
3. -

¢
s S
&

1]

'AdJust the speech rate. Same as the top-level S command. T

P

,.Select Teletype mode.\ Same as the top-level TTY command.,:_“
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f - R
- > . .
i

Q . Sélect nonprosody mode. Resets the .aud_io 'sfst'em“from
prosody mode to Spell mode. s . .

Select“audio _symbol _ 1etter.4__Useful when looking at a file _

oo i _ " in which recorded -audio is preSent. By selecting ‘the _
) o letter(s) used in -the\ file, an author “.can - -fear all 1.
’ recorded messages while obtaining unrecorded meSsages in

-

b Spell mode. - : .. Ty

. _‘\
,‘_ © LANGUAGE Select an’ audio language. this allows an author to Lo
: change languages wifhout restarting VOCAL. :

- ~

v

o "ERR Int€rrupts the program with a‘vpseudo user error. ‘Same as - )
v ‘-the top level ERR command. -~ - ’ Co

X EXit Test mode. Returns control ‘to the top level.. Not:e .
) ' that to completeiy exit VOCAL from inside Test mode, it is :
- " necessary to type two X“s.. . i . -
. . S B
] L -

"5.4__ ‘ .I--Interpret Previously Compiled VOCAL Files Mode

L - Once a lesson file has been’'compiled, it can be.interpreted using
VOCAL by entering Interpret mode. Just“as in Test modé, VOCAL begins. by
asking for a file name. However, the default extension is VAL instead

) - of VOC. All VOCAL opcodes will work correctly in this wmode, ‘except

’ that, as in test -mode, derive-class, branching, and flag-alteration
*  opcodes ‘are not interpreted at all. VOCAL will usually detect major
syntax errors within the scope of these opcodes and warn the author.
But there are many kinds of errors that it cannot detect.” So it is very
'important that a compiled' file "is_ tested using the appropriate
- curriculum driVer before the lesson is made available to .students. ‘
J\' " Jump to an. Exercise. VOCAL rhen asks “for the number.
Ty Once the lessonZ has i(been compiled, VOCAL can randomly
< ‘access. the exercises; thus there is no restriction about

go:tng backward or, forward in the lesson. Lty S -

e R 'Interpret Current Exercisel. S L
e / ) ‘ e~ I
' G go to _mext Exercise.-. Goes _to the next higher number
) exercise. If there is no .nmext higher .numbered exercises
VOCAL will prlnt a message to that effect.

[

.=

T I D Display Current Compiled Code. " Prints out the compiled’ S- “T '
.. ™. .expression for J.nSpection. Note that this is ,only a part
“ of the compiled'VOCAL file..- See the description of the ~
file format in 4Appendix A. . e o, ’
) . —S ' Adjus;t the speech rate. Same’ as_the‘ topFlevel S command. .
) et , _ \
fﬁA Select Audio, mode. ‘Same as the top-leV'el A command. -
‘ -~ T Select Ieletype mode.r-. Same as the- cop—level TZY. command. \
: DR ¢ =
< ) - . \ .
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.ﬂseetion 5.4 '_"“f I-—Interpret Previously Compiled VOCAL Files' Mode
Y  Select Display mode. rSame asfthe top—level D command;

ERR rInterrupts the program w1th a pseudo user error, in order'
) to enter DDT or other.debugging program. » ‘

: AN
X EXit Interpret mode- Returns control to. the top level.' o B
" Note that to. completely exit VOCAL from' inside Interpret_
mode. it is necessary to type two X'se . : -
. V ?
P - 7 %"N' : - . S
5 5 G--Genérate Compiled F11es and Audio Scripts ‘Mode -7 A -iqﬂ_; :

VAT A T . .
. -
L

When an author enters Generate Files mode, VOCAL begins by asking}

“for a filename.' Like Test ,mode, tHe default -extension is VOC. ' Next,-

:. . prosody or “Long Sounds’. If Long Sounds are selected, VOCAL will ask-

- VOCAL ' will ask wh1Ch version to compile:: audio (A),. display (Y),'or
teletype (TTY). If audio is selected, the author has a  choice -of

~for a. letter to.precede the lesson number in.the sound: names in- thef'zﬁ
. script file. .This letter is used in making up -the internal "name" of
each Long: Sound.l3. VOCAL will also ask whether it should retain _the

: audio text in the VAL file. This allows the file to be interpreted in.

- Spell Mode. Normally, the audio text should not be retained, but this-‘ T
is sometimes useful when the audio messages are going to be recorded ‘and SRR
an author wishes to use the ‘curriculum driver to test the lesson before

the’ recordings are: available. v -
‘When a<iesson file is compiled, the follow1ng files are produced.~

.VAL file. Ihis is -the file 'interprete'd by the' c’urricu_lum .
driver or by VOCAL in "I". mode. The internal file format

' is shown in Appendix A. E A

~SCP file. This is - the,audio script which is used to record; : ' .
» the: "long sounds™ for the lesson. It-is. simply a list.of., "7 ..
pairs of sound names (also called "audio symbols“) and thegug" ’ :
text to be spoken. , ) _

-BRA file. if PROSODY is- selected, this f{le contains- the

~ spoken material in ‘bracketed” form. The -bracketing

. represents the prosody module’s idea of the syn ctic
structure. of the material to be spoken. o 1

..-LST 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 SN opcodes can be changed back
to S opcodes in the revised portion (deleting the ‘sound
names) and the lesson can be recompiled.. No’ audio script R
will be generated for the unchanged portiops ‘of the .~ . il
lesson, When compiled in prosody mode, this file contains - ..oty

13Authors should see the supplement for their course to. find ‘out j;ij

: which letters are currently being used.‘ o o . _ Ll R

.
Lot
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ST recompile for prosody. . - g o ,5, o .
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ot o File Fo;t for .‘Comp.iiet.l)-_' VOCAL Files .

‘ - '. ‘_.‘- ‘ -.- "_: : o .~‘ “ .._' ) o : PP
'.l.:i, . ’ . .
P The file format for IEMPLAIES is._

8 . worp 0: TOIAL " AREAS DEFINED (A2LAST) - IR
S ~. AREAS IN TEM1 REGION (AlLAST) e §
ST 3’~ “TOIAL OF STRINGS (I2LAST) e e
I . '1LINES IN TEM1 REGION (II1LAST) L .
. LENGTH OF STRINGS FOR ARRYIN/ARRYOUI (IEMSLENGTH)

I

" (RELOCATABLE BYTEPOINTERS FOR STRINGS (ILINES) R
- COMPACTED STRINGS BUFFER (TEMSTRINGS) S

N
";ﬁj o _, __coMPREssnD ‘AREA. DEFINITION TABLE (AREADEFS) L _,;fﬁj“;’f'f

<S'EXPRESSIOV FOR AREA ASSOCIATION) (AREALIST)

 ';«f' The file format for EXERCISES iss :'  5'.
_woxn.o. <TEMPLAIE 1> ’1?j f. I
.féTEMPLAIE “N> o
" <SIEXPRESSION FOéFGRAPH INFO) I
<S'EXPRESSION FOR’ EXERCISE> - :

INDEX: EXERCISE
' . OF TEMPLATES °

Appemdix A - . . . " File Format for Compiled VOCAL Files ' .= =

. e . .
s o . oo......-oo....'- . . A - o ~
. - . . ' L A ;-_ LY "._ Y

WORD' OF T£MPLAIE’

ST .CHARACTER. . .. OF. EXERCISE SIEXPRESSION J%f757kl; fi*;ﬂ&?7ﬂﬁr* »

Ty ifi ficHARACTER or GRAEH. INFO, S'EXPRESSION

R S fiais
e The flle format for LESSONS isi

V_N-WORD 0z WORD' OF INDEX - . i o
| " '<LESSON DESCRIPTOR> == — MEXERGISE 0"
<EXERCISE 1> | B
esessene - ,)
. <EXERCISE N> : N
<LESSON DIRECTORY> ' — TEMPLATE FOR BROWSER .

o fINDEXé-_LESSON o U .
2. ='.  OF EXERCISES e I
| . .'WORD -OF LESSON DESCRIPTOR. T o
WORD ' OF EXERCISE - 1 (INDEX - -
ERRE :,woxn ‘OF EXERCISE N INDEX-'; ST

""" 'WORD " OF LESSON DIRECTORY ' - T
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& ‘ Appendix §.._i e
| .lmplementations gg.the'§_opcbdef' ot

' Currently three‘limplementations of the S ‘opcode  are being
considered: "Long Sounds", "Prosody", ‘and "Spell, Mode". "Long Sounds™

- means that  the "messages" are- recorded.in segment3 of no.more than 4. 5

_'seconds ‘duration. If an’ individual "message" is expected to be longer. -

.than 4.5 seconds, ‘the lesson. author must divide it into two or ‘more

. L messages. "Prosody” will parse .the messages" into a bracketed string -
T . . ("Arvin-expression"), then ‘generate a list: of prosody' specifications

' ,,("SIL-expression") which will be passed to. the -audio system for
_ interpretation by the MISS. machine. "Spell Mode" is. thé: lesson—author
_stest  mode in which the’ "messages" are simply spoken word..by word and

(S

words ‘not available in' the- audio" lexicon are- spelled out.-;' ST

R As a further aid to timing, a period encountered within a "message )
'c,Will be followed. by 500 ms .of silence, any. colon or ‘semicolonwill be.-
followed by. 250 ms of silence, and any cOmma will be fqllowed by 125 ms
I.of Silence._,“v,:(v“‘f_ T TR .

>
- -

which may be-retained by the author if he.uses the ".LST" output file as
. - his gource: file. . This- may. be -useful in the ase. of - "Prosody as long as
RS parsing. and: prosing are "slow processes.  ‘The -syntax.of ‘these’ internal
- forms is indicated below,. but is. actually somewhat tore’ complex and-v

- .
e

'{“:ﬁ:fﬁﬂ;’ B '?ff.‘ Q;: '(SN "name" "text of message MY e
B .- ) s "" * \""-! } Te n ‘_ .

. ‘ : <. R
‘The compiler produces a variety of" internal fOrms for the S opcode,-i o

.Subject to cpntinuing development. ’ ;» I N e R -:l,

o The SN opcode is-one’ of the opcodes into which the S cPcode may, compile._'”.?

"Name" is ‘the name of ::a-Long Sound - ‘(an entry - .in the" audio lexicon).
'"Text of message" is the original text of . the message, and i's: dr0pped in
Lo the cOmpiled ‘form (unless explicitly retgined).- This .text .is: always’
WS zg,-retained in the listing form (which ‘may become the,source file). N

S (SB "br keted text") ;" o :‘_"i o 7
. e } . . : . .
:"Bracketed text" is a prosody expreSSion (an "Afwin—expression") that is
to be prosodied and~Spoken- E : L . : :
':'n.. (SL "literal SPEAK text" "original text")

-

I"Literal SPEAK text” is. the "SIL—expreSSion that should be passed
directly to the . SPEAK. audio library procedure.. . "original.- text" is the

.-fi_;;u;[original text that’ produced this and is dropped in the compiled form but
o :retained in the source listing. ‘_ ~ o oo :
. 14‘I'he actual duration of<Silences is subJect to the implementation
~and’ may change. e S TP T v e
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