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FOREWORD I B
: ' : ‘ 5 : |
This research and develgpment was conductgd in EQSPSnSE to the Nayy '
_ Decision Coordinating Paper, Education and Training Development (NDCP~
Z0108-PN) under subproject Z0108~PN,32, Advanced Computer-Based Systems
for Instructional Dialogue, and the sponsorship of the Director, Nava)
Educaeion and Training (OP=99). The overall objective of the subproject
1s to develop and evaluate advanced techniques of individvalized instryc-
Ei(jﬂ. . . ) ~ S - R : ;

This 18 one in a series of six reports dealing with the BASIC (Beg4n~

|

" ner's All-Purpose Symbolic Imstructlon Code) Inatructional Program (B1p)y,
which 1s a "'tutorial" programming laboratory designed for rhe student yho ,
has had no prevtous training in programming. The others concern the Bip,”
student manual (Note 1, *1978)," supervisor mapual (Note 2, 1978), systey”
documentation (Note 3, 1978), conversion.of the student mahual into.-the

- MAINSAIL language (Note 4, 1978), and Eﬁfti&ulum,iﬁfﬂfmétiﬂﬂﬁggﬁﬁQTKE for
comput er-asslsted instruction (Beard, Barr, Gouldﬂ_g,Wesﬂgurt, 1978) . 'Thds

report describes the conversion of E{P_its&lf,intﬂ‘tthMAINSAIL prog rapming '

languaze.

ﬁﬁbEAﬂéfk was pgrféfmed under Contract NDODlZEETEiCﬁLSﬂS’T§fStanfDrd'
University. The contract monitors were Dr. :
Dey James B, 'Hollan.

J. J. CLARKIN . ™,
- Commanding Officer - RS
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SUMMARY : . ) \

" The BASIC Ipstructional Program (BIP; ig a "handsg-on. laboratory' that
teaches .elementary programming in the BASIC language. This report. sum— '
marizes the rewriting of BIP from $AIL, a programming ‘lanpuage available
only on PDP-10 computers, dnto MAINSAIL, a'lgnguage degigned for port-
ability on a broad class of computers, ' r "

- i

A

The introductory sectfon describes BIP. and tells the' réason for wané;ng
to rewrite it.in a more machine-independent’ language. Section 2, the maif
body of the report, discusses the actual rewriting ‘of BIP in MAINSAIL, and
~---in particular, the redesign that was necessary to make BIP more machime---
independent. Section 3] describes MAINSATL improvements over the SAIL version, .
and Section 4, the current status 'of MAINSALL,.BIP, and possible future develop=-
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SECTION L{ INTRONUCTION T

. | ; ; - .

- The BASIC Ingtructional Program (BIP) |s a sophisticated computer—
based laboratory for Instruction in elementary programming in the BASIC

: languag&i It was developed as an experimental system on the IMSSS PDP-10
‘researdh computer facllity in a -specialized high-level programming language,
called SATL (Reiser, 1976), which 1s presently available, only to the PDP-10
user community. Thus, a proposal wag made to rewrite BIP in a more machine-
independent Janguage, so that it could be Implemented on other (notably,
smaller) systems, * - : ‘ - T

1.1 Dgs;:iptﬁpg of the BASIC Ins;rpcti@pal,?;ggtém

i

BIP is a “tutéfiaiﬁ.gragrsmming 1abérataiy designed for students who have

had no previous training din programming. These students. work thelr problems
at ‘an interactivk terminal under the constant supervision of the instructional
program, which offers hints or asalstance at thelr request, BIP monitors each
student's.programming attempts, contipually ypdates its model of the student'g
knowledge, and uses an iﬁEarmnticn3ne§a§rk representation of the eurriculum

to allow individualizad selection of the programming.problems given to the
student. Since BIP runs in an interactive environment, the student receives

immediate feedback about any syntax errors and information about other errorg -

' as soon as they are detected. These featurag keep the student from going too
~far down the wrong track without some warning. BIP's interpreter is built

- into the instructional prograhi so that further assistance 1s avatlable after
‘the first error message. ' SR

BIP has'beenﬁused_successfully by students at Stanford, at the U.S§. 2
Naval Academy, and at local colleges with access to the IMSSS!iﬂSEEQEtiGﬂal
facility.. ' ‘ - . 7 i o

"The BIP system, as developed in SAIL and.ﬂescribed in Barr, Beard, and
Atkinson (1976), is composed of ten major subsystems: :

- “elﬂ~VEQSIGEIpte:grgte;——ResPDnsibla for idéﬁtiﬂying syntax and runtime
-errors. Includes standard. debugging and editing commands.

2, 'Prqgfam gfrq:wéngly;g; (ERRDR~DQCTGR)?*IdEﬂtifiES thé scructﬁral
bugs ir student programs. * T W - oo 1 '

~manual bésed on cues from the first two systems. - . .

4. Solution Checker--Verifies thatxtﬁe student's program does in fact -

3. HELP sgstem-géiveé advice and references to the off-Iine student

solve the problem,

‘ ] N 7 ,' ) //(7 ; 77_ b;, . ] . 7 - B i - . :
/; .5, 1h§~puf?;EUlum and the BIP Student Manual--A large set of program-—

‘ming problems, with hints and model -solutions, and the off-line manual
'that:studaﬂts use as a reference during the course.. o
6. ;g:riéulgmftﬁfétmgtiQQ Network and student mode 1--Describes the ‘
’ structure,of the curriculum and current abilities of the student,
80 that task sequencing can be individualized. : BT
e , , .-
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. 7. ‘Inﬂgruchr/Supervisar (¥ p?bilitLEﬂ—*Lxﬂmpleg DEL\EHFDI ing studﬂﬂtS,
'} " monitoring thelr prﬂg ess, aending megsages,_andlrgspanding to com—
plﬂiﬂts- . . '» : ’ . ' \ '

T
i

7. 8., The gfaphics debugging a;k ige (FLOW) and graphics flowcharting

Grtinn REP) L

9. The data cullgctiﬂn faciliLy——U ed to sav pIDLDEDlS,' or records

s QEcstudeﬂt ‘sessions, \

[

10. The sLudent file storage system--Used to allow Etudents to save up
to ten of their Programs at a’ time. ’

FLOW and REP (8 above) are the anly parts of SAIL BIP that have not yet bEEﬁ
written for MAINSAIL BIP. Before they can-be implemented, ‘a machine-
independent display pagkage must be written to access terminal-dependent
procedured. Lo

1.2 -Driginal Plan: To Rewrite in BASIC

The 'original prapasal was to rewrite the BIP iﬁStIUﬂtiﬂﬂal system in -
the BASIC programming language, the same language that BIP teaches, Since ,
BASIC 18 avallable on more- computer systems than any other. prngramming o R
language, this would allow the -test and evaluation of the BIP course in a o
':wide community of users. Further, BASIC is easy to implement on a simall
(relatively cheap)’ computer, Eully interactive, and fairly easy to 1eafn.
The BASIC 1aﬂguage, hawever, is not well suited for the develupment of
. programs as large and complex as the BIP system.. It has neither the- ver-
- satility nor the power of ALGOL-like languages' (e, g., SAIL and LISP). To .
implement the instructional 1ab3ratcry in BASIC wauld require considerable
'_madificatLan and redesign. ’ ‘ ~ — :
. . _ vt
b . Aﬁcther difficubty in trying to rewrite BIP 1n BASIC ig that, although
.1t is available on .almost all general-purpose computers, most- -manufacturers
have developed a unique dialect of the language. This has causeﬂ\seriaus
problems in tfaﬂspafting even small BASIC programs from one site to- -another, -
since syntax changes are almost. always necessary. Changes of this nature tro
" . a program as large as. the BIP systém would- make a ‘truly. tfansportablé systen

S

mk@ﬁhL:‘ _ e . - .

t

Finally, there are :gnaiderable difficulties invulved in rewriting the
code in BASIC for a small, computer, primarily because qf the restrictions of
the BASIC language (no recursign no string scanning;~and small segment size).
‘BIP's Curriculum Information Netwufk and - the student model (which form the
data base of the task-selection algorithm) make extensive use of the associla-
tive-data ﬁtruaturas avallable in the SAIL languiage; and the syntax parser
is théfﬂughly recurgive, These subsystems would be veryydifficult to imple=-

. ment in BASIC. - S . , 4

Sy




1.3 Final Language D ccislon; MAINBAIL .

MAINSAIL (MAchine-INdependent FAIL) (Wilcox, 1977a) 1s a 1anJuagg
being developed at.the Stanford Unipersity Medical Experimental (SUMEX)
Computer Facility. MAINSALL has evplved from SAIL, which was develloped
in the late 1960's at Stanford's Antificial Intelligence Laboratory.
SAIL %as designed for execution on.Ja PDP-10 computer with the TOPS}10
operating system, MAINSAIL, as reflected in its name, provides cap-
abilities similar to those in SAILL |independent of the underlying computer
system (Wilcox, 1977b). "It is desfgned to be powerful and cefficient, with
a high degree of portability on a Hroad class of computers,- In fact, [if
design goals are met, gngpfagram= ritten in pure MAINSAIL will be lable to

be run on ainy computer (dncluding’ gome minicomputers) that has a MAIN.AIL
. compiler--regardless of differing yord sizes, operating systems, ndmb rs
and types of registers, etc. It 1% designed for the development of port-
able software, such that programs fan be transported, with no alteration,
among all implementations, - ' '

" Any general-purpose computer with a reascnablyfpcﬁérful instruction set,
“rsuitable ‘data fﬂfmétShﬂﬁd-ﬂddEESEa ility, sufficient address space, a file<w
-Bystem, and an interactive termipal, should be capable of supporting an
implementation of MATNSAIL.  MAINSAIL is cqftentlg'runniﬂg on PDP-10's
~with both TENEX and TOPS-10 operatfing systems, and 1is under development for
* PDP=11's with three operating systiems: RT1l, RSX11l, and UNIX. A number of
other implementat ions (e.g., TI-990, HP=3000, IBM=370, INTERDATA) are under
icgnsidéréciang‘ - ' T

B

o Because it ‘i3 similar to SAIL, and -because it was designed expressly
for portfability, MAINSAIL was found to'be 1deally suited for the trans- < .

lation of BIP, Any computer’that {supports MAINSATL will be able to run

the MAINSAIL version of BIP without modifications. :
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- SECTION 2, \
R L = i

2:1; Initfial degrcggpgpggle yith,ﬂgghfsAILfdnqVﬁé;NEQIE{Cgmgilgrs e U

/

. When the MAINSAIL tfanslation was begun|in October 1976, MAINSAIL's
first implementation, off a PDP~10 (the computer on which the translation
was done), was not yet fompleted. Therefore, for seversl moriths, it was

necessary to write codé that was acceptable to .both the/SAIL and the

W,

THE REWRITING OF BIP INTO MAINSATL - . X .
‘ ¥

© MAINSAIL compilers. THis was accomplished by writing pure MAINSAIL code
as much as possible, but using macros and Pracedurcs to describe to the
SAIL compiler:the SAIL equivalents of various MAINSAIL system procedures, -

' reserved words, eté., Conditlonal compilation was also used occasionally;
that 1s,. somefimes two segments of code would be written to do the same ’
type of thing, one for the SAIL compiler and the other for the MAINSAIL
¢ompiler (a macro that was set Just before using either compiler deter-
mined which- segment of code wvas compiled). : ' o

Thus, the SAIL compiler "understood" the MAINSAIL code, and the modules
~ that were written during the first few months of the translation (notably,
the parser and the iInterpreter) were successfully compiled and tested by
the SAIL compiler:. Then, in April 1977, when MAINSAIL vas up onthe PDP-10,
. BIP was compiled and run more often with the MAINSAIL compiler. It was
still ﬂzeasianallyiccmpilgd with SAIL because of the avallability of a good
~symbolic debugger. called TAIL (Relser, 1976). (A debugger for MAINSAIL is _
now being written.) However, since May 1976, the MAINSAIL compiler has . been
used exclusively, and most of the code written since then has been solely '

for the MAINSAIL compiler., |

2.2 The Main Data S;rpctyreg ' ‘_ ] . - . c

.- BIP was written before the record data structure capability was added
to SAIL, at a time when LEAP was the only facility available for data storage
and retrieval other than arrays. As mentioned in the Introduction, SAIL BIP
~ made extensive use of LEAP structures that weré replaced by recdrds in the -
MAINSAIL version. : ' ' -

- LEAP provides high-level data. structures, such as sets and lists, and-
operations on those structufes, such as union, intersection, removal and
Insertion of elements, etc. -LEAP also has an associative data store of
triples that allows one to store and retrieve informatioh based on relations.
‘between specified elements. Take, for example, a "Skill of'" relation.  If
the programmer has formed assocliations such as "Skill of Task8 is 2" and
"Sk1ll of Task8 La 8," et¢,, he can then perform scarches to find the set
of skills in task 8 by having the LEAP search routines return a set of o
triples whose first component is "Ski1l of" and whose second component is
"Task8.". [ : ' - '

. Records provide a means by which a number of closely related variables

~may be allocated and manipulated as-a unit, without the overhead or, limita-
. tlons associated with using parallel arrays and without the restriction that
" . the vdriables all be of the same data type,’ Each record is an inétance of
‘@ userrdefined record class, ‘which serves as a template describing the various
flelds of a record. In the example above, instead of forming .a "Skill of
Task8" association for every skill in task 8, and then later asking LEAP to
form a set of the skills in task 8 by searching for all triples whose first .

b - .




gqmpnnent is "Skiyy of" and. whgse second ccmpcnent is "TaskB " we could

- bufld up and keeP tpe 'set” readily available durselves, by putting the
task B skills in g jinked 1list of records. A record claga called “"gkill"”
could be defined to have two fields, ome for a skill number and the sother
for A pointer t0 the next record in a dinked 1list of skills, We could ‘
form 8 record of the class "sgkill" for each skill in task 8, and 1f the

‘skillls are 2, 5, apd 12; then ghe linked list cnuld be pictured as -
) .
BN o R s’
P2 «|=~>1l5 ]~ l==>l12] |

. One of the My, datad structures in{HAINSAILrBIP is a linked 1list of
‘recokds, one for ezch task., The thirteen fields of each record hold various
Information needeq by BIP, including the task name, its number, .the location
in the TASKS file ¢ {ts descriptian, model sclutian, and hints, a painter
to the linked 1i8t of its skills (as: described above), etc. See Segtdon 2,2
) Qf Note 3 (1978) for a more detailgd desctipuicn of the task recafds. mﬂ
t
LEAP yas used Extaﬂﬁively throughgut thg SAIL version of BIP, not necasw
aarily because 1t j 55 the best of all programming structures for what was
neaded, but becauae it vas -the only major data storage and retrieval method,
other than arrays, gyailable in SAIL at the time, The high-level LEAP v
. strustures have £o pe very general--usually more general (and thus less
‘efficlent) than Negyed. in any particular instance in BIP, and the LEAP syhtay.
is often anfusiﬂg and obscure:. MAINSAIL does not: support LEAP because the.
runtime code for ‘it yould be excessive and because most of. the capabilitisa
~ provided by LEAP ape easily implemented with records.  The use of regords
- Instead of LEAP in the MAINSAIL version of BIP did not cause any logs in
clarlty, simplicity or flexibility-=in fact, it'led to a number of &implif i~
cationﬁ, both caﬂceptuglly and in implemantatinn.r
z 3 File Names : S e
: .ile'namga on different computers have different length and “starting
charaeter gpecificarions. On some computers, they may be a maximum of six
& characters long; 9n others they may be almost as long as the;user desires.
"~ Some computers. allgw the Starting character to be either a number or a letthr,
¢ wheresd others SPEQify that {t must-be only a letter. Thus, in order For the
’_MAINSAiL BIP file names tO be truly "machine-indeperdent,' they" aIi begiﬂ
Hith letters . and Are g maximynm af six characters 1n length :

. ‘The fgfmat of -student histary file names, fa: example, is <student
number HST in the ga1r, version of BIP. In thé MAINSAIL version, it is

. HST<student pumber>; (Note that 999 is the highest possible student number,
since & Enur=digit number would make the history file name seven zharaﬂt&fﬁ

lﬂng ) B N

. As. anothgr Exampleg sﬁudents afe allawed to save up ta tén of thelr
p:ggrams for latet gg? The file ‘names . fﬁr these in SAIL BIP is

o . i
oL <student qumbgr? fwhatever name the studgnt agsigns to the file?;

'2 . : . s U . : .
. i s

™)

"

oy
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In the HAINSAfL'versien, gtudents may seill assipn whatever pamos thay
wish to thelr programs, but the file names under yhich gthe progriamg arc

~actually saved are complete]y different, They arn of the format S<student

number>F<file number>, where “file number> is a number bCtyeen O and 9,
A ten-element array called stuFile holds the.nameg assigned by the students,

For example, if student numbar 88 saves his first program under the name

ﬁDPERATDR;“ then stuFile [0] = "OPERATOR", and the name of the flle actually

saved is S88F0. Beatween 5084 long, the student-assipned names are gaved in

the student history (Section 2.3 of Note 3, 1978),

- 244 §pacemSaQiﬁg

| !

The 'SAIL version of RIP Eahuirea a very lafgelgpaCE,‘iﬁAPﬂrtlculaf’fGI
strings.  All the model solutions and task descriptions for the 93 piogram--

i ming tasks aré ‘kept 1in memory-resident Etring arrays., So-are all_che eTrror
messages (nearly 100), the help messages (nearly 400, some of which are 300~

400 characters long), and one~line descriptions of aach of 83 programming .

- skills. The PDP-10 has enough space for thase 8trings, but many other com-

puters, especilally minicomputers, do not. Therefoyre, space-gaving measures

' _were taken in the MAINSATIL verasion of BIP,

Instead of being stored in string arrays, all'che‘hgip ﬁessagési’eifﬂf

messag;sj,and skill descriptions are on a file called MSGS. Each group of -
messages is on a separate pAge of MSGS, in order. The beginning of each
page has pointers to the atart of all’the messSages on that page- Given a

message from the file M3GS,

- page and a message numbar, A .spacific BIP procedure will copy the apprepriate.

i

All of the task infdrmatiahﬁ?task,dEScriptiahs$ hints, model solutions,
etc.--1is kept on the file TASKS, and the curriculum data Structure (Section
2.2 of Note 3, 1978) containg pointers into that File so that apbpropriate -
information can be efficiently dccessed when needed, . R

. . )
2.5~.H15§org_Fi;§s;

e

Each individual student's pefgénalzhisgafy filgxis’a data fille ysed to
store information about the student's current state-(what task he 1s cur-

‘rently working on, how many tasks completed so far

v ete ), and past performance

on tasks and skills. SAIL BIP uses 36=bit words tuo save information dn the
history for each "tagk and for each.skill. The 36-bit assumption is clearly -

?~machine—dgpen§ent, Since'sgmé“éamputarsihave 16‘bithQde§ﬁéomg_SzébiE1WQde,
-etc.  MAINSAIL has a data type called bits for repragenting a ghort sequence

of bits. It will support at least 16 bits (independent of the word size of
the host machine), and.that 18 Lhe number used in each element of the student

hilstory “in MAINSAIL BIP.

-

2.6 g:lsan& Timég;gqufafiam}

.
]

. Saving date and timeiinfnxmatféﬂ, such as’the‘amguﬁt'@f tiﬂg:spéﬁt on
each task, the date of the last gign on, etc.,.would pe useful and of interest

‘tQ‘EhE'BIP\SuPErViS§%;>‘This wis. done in the SAIL version of BIP. Again,
- this type of information 1§ scewgsed in a machine-dépendent mappet, using

TENEX- JSYS calls. TFor the MAINSATL version, two simple machine-dependent

&



ol

procedures (allowed by:fﬁa MAINSAIL qualifiefiCODED) are all chat are
needed for eath implementation. So- far, they have only. been writteq'fg: .
the .PDP- -10. : o _ L AR |

Some impl entatians will be unable- ‘to pravide date and . timé infg¥ma—
tion at all, agg conditional Ecmpilatign 1s used to allow for either situa~
tion, Befare .compilation of the BIP syatem, a macro called haveDaTime myst
be set to TRUE if the machine-dependent procedures have. been written for
the implementation, and FALSE othetwise. If FALSE, then all the code~for
calculating, priﬂting, snd saving the date and time infarmaticn is simply

not ﬂampiled

14
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SECTION 3, IMPROVEMENTS OVER THE SAIL YVERSION OF BIP

The fact that the MAINSAIL version of BEP |g. mac hirte-independent ,
. while the SAIL version it limited to 'a PDP-]10 with a TENEX operating system,
* and yet does all that the SAIL version does (excluding the graphic Program-
ming aids) is of course itself a trenmendous improyement. Buf a number o
‘other improvements in efficlencdy and design were 3150 nade. Analysis of the
SAILL version prior to writing the MAINSAIL version sparked ldeas for fmprov ed
code and algprithms and revealed some bugs, whicy were promptly fixed.

The SAIL version of BIP was written, expandeq, and improved by a jumbex

: of people over ‘i.period of years, The project des@ribred in this report pro-
vided an ideal opportunity for one person to analyze the system developad
77" by those people, learnipg about its design, its sgrengths and weaknesses,
and then' to rewrite it all,pusing what had been ylitten as a base and vyeg

) fedégig?iﬂg\i a,]rgm:itﬁfng and d;a:ta structures where {mprovements could be made |

(or where changes had to be made for machine-independence). Important space-
saving measures, as described in Section 2.4, were taken, and virtually every
procedure had minor improvements in code that tontributed to the overall im—
provement in efficiency and design. ’ :
Major redesign was raquired iﬁ, order to use retord data sttuctures i
place of the extensively-used associative data structures (ZLFEAP) 1in the
- SAIL version.' The new design could also be cons {de ted an improvement ip
clarity and ease of implementatién. .An eXtreme exgmple is the ERRDOK moqule .
‘he SAIL version used a number of complicateq LE4p structures, most of vhdch
were not related to.the actual function of the ERppOK procedures. (At (he
time that ERRDOK was written, there was some hobe of using its complicated
information- about the structure of the student's program in a more sophisticared
soluffion checker.) Only tyo small linked lists of’ gecords are used in the
MAINSAIL version to perform the same functions dcryally implemented in the
SAIL Nersion (see Section 6 of Note 3, 1978) . T
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SECTION 4. CURRENT STATUS AND POSSIBLE EUTURE DEVELOPMENTS

& 11 the subsystems in the 54IL version of BIp that were listed in
‘Sectton 1.1, except for the terminal-dependent graphics features, have
. beep {mplementéed in MATNSATIL. MAINSAEL BIP is capable of running on all

PDP.10 compyters that have eicher TENEX or Tops-1lp operating systems, and

At wil 1 be put up on PDP-11's when MAINSAIL ig available on them, It should |

Be ahle to run on any computer that has' MAINSATL. " ) .
The BIP Student Manual (Note 4, 1978) hag been modified to conform

with the MAINSAIL version of BIP. Although BIp 15 a "self-instructional"

£yStems & Supervisor's Manual has been written to explain the goals, methods,

#nd gperation: bf the sysrem to supervisory personnel (Norte 2, 1978). Also,

it dneZudes documentation of g1l necessary ¢lerical capabilities, . such as

regdstering and terminating students,. examining their progress, and adding

special programming tasks. o

Complete documentation hgs been wrltren o degcribe zl1l the programming
modules that comprise the MAINSAIL BIP system inclyding the BASIC interpreter
the tagk-selection algorithm, the currdcuium, the solution checker, the help
s¥stem, and collection of relavant student Performance data (Note 3, 1978),
A detai led description of the information saved In student histories ard of
the _wur Ticulym data structures 1is a%ga ine luded. ' ’

Future possible additions and il’llpl:DV&Iﬂfgﬂlﬁs woyld ireJude making MAINSALL
BLIP avadlabie on various other machines, and writing a graphics display pack-
age and termipnal-dependent procedures so that the graphics debuggirig package
(FLOW) and the graphics flow-charting option (REP) could ke implemented. :

.
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