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Abstract

I nthis paper, we describe about difficulty in understandi ng of error
nmessages gi ven by a conpil er froma vi ewpoi nt of conmuni cati on protoco
| ayer s anal ogous tot hat of conputer networks. Inthe case of human-human
or human- machi ne, | ayer ed communi cati on protocol nodel is introducedand
it is shown that several factors whi ch cause communi cati on obstacl es are
expl ai ned basedont henodel . Asanexperiment, wegave several progranm ng
subjects of Cto a student, then we anal yzed the error nmessages gi ven by
aCconpi | er agai nst the sanpl e prograns wittenbythestudent. The result
is that the error messages froma conpiler are easier to be understood

if they are can be processed at | ower |ayer for users.

gave sone proposals for
1. Introduction

Qurrently, communication between
human and non- hunan agents becomes
i nportant because of many intelligent
non- human aids come into w de use.
Initiative of communi cati on between a
human and a machi ne until nowis taken
by a hunman because machi nes have been
quite passive in their behaviors.

Furt hernore, we

i nprovenent of error nessages.

Qurrent situationis greatly different
frompast by the emergence of conputer
driven machines. Such nachines give
humans nat ur al | anguage or sone synbol i ¢
nmessages whi ch require the hurmans sone
conpl ex interpretation to get
informati on fromthe nessages i n order
to use the machi nes properly, that is,
communi cat i on bet ween machi ne and hunan
becanme nore conpl ex.



Thi s reports descri bes that there can
be assunedt o exi st sone protocol | ayers
of communi cat i on bet ween hunan- hurran or
human- machi ne whi ch are anal ogous to
t hat of conput er communi cation. Thenit
is described that difficulty in
under st andi ng error nessages gi ven by
aconpilerarecloselyrelatedtol ayers
required to process them

2. Protocol Layers of Communi cation
Protocols of comunication in
gener al areagreenent s of for mat onwhi ch
sonme physical /synbolic media carries
information. Inthissense, thereexist
great nmany protocols which are not
explicitly described. Furthernore,
vari ous i nf or mat i on processi ng syst ens
areconsi deredtobereal i zat i ons of such
pr ot ocol s. It is well known that
different information is obtained from
one sentence by different processing
algorithnms, that is, interpretation
pr ot ocol s. These facts show the
i nportance of problens of protocol
sel ectionfor success of communi cati on.
Atypical and rather highlevel exanpl e
which shows this inportance is an
utterance "Can you reach the salt?" If
the recei ver of the question takes the
surf ace semanti c | ayer, t he
communi cationfails. It is considered
to be used very conplex and diverse

protocols in comunication between
human and hunan. As a first
appr oxi mati on, we assune fol | owi ng si x
layers which are physical, code,
synbolic, relational, inferential and
not i ve. O course these are not
sufficient to describe all of hunman

communi cati ons, but these |ayers are
usef ul t oanal yze communi cati on bet ween
human and current machi ne.

PL(Physi cal Layer): Physical/ Chem cal
channel s whi ch c orrespond to functi ons
of visual, auditory, tactile, snelling
and tasting senses.

CL(Code Layer): Resulted code of
interpretation of PL signal by
perceptive organs.

SL(Synbol Layer): Conposition of codes
whi ch correspond to conceptions.

RL(Rel ation Layer): Information and
know edge which are represented as
rel ati ons between conceptions. The
"relation" at this |ayer i s supposed to
be expressed as a frane.

| L(I nference Layer): Inference which
derived from relations. Devi ce of
i nference i s know edge of inplication
or cause-effect forns.

Sender (Backup database) Receiver
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Fig.1 A multi-layered communication
pr ot ocol nodel .

M.(Motive Layer): The | ayer of notive
or intention of utterances.



In Figure 1, the ovals show backup
database to interpret input, which
correspond t oconmuni cati on prot ocol s.

The fol I owi ng exanpl es are fail ures
i n comuni cation at each | ayer, which
illustratethecharactersof thel ayers.

[ Exanpl e 1] Suppose a Japanese A and an
Anerican Bare at asane br eakf ast t abl e.

(1) A-B. D ga-o0 ga y-ga-o-ga ga-ga
| -ga-k ga-ga-ga?
(2 B : ....7?

Expl anation: This case shows that B
couldn't hear A s utterance because
noi sy environnent.
(failure at physical |ayer)
(3)A-B: Do you like lice?
(4)B-A Oh, you are kidding ne!

Expl anation: This case shows that, A
couldn't pronounce "r" and "I"
differently as an ordi nary Japanese. A
i nt ended "kone(rice)" but he coul dn't
translate the code "r" to the correct
physi cal signal.

(failure at code |ayer)

(5)B-A: Do you like insects?
(6)A-B. Yes, Their songs
beauti ful .

(7)B-A Songs?

sound

Expl anation: B feels sound of insects
noi sy. This is caused from the
di fference of concepts of insects.
(failure at synbol |ayer)

Concept of sound of insects is:

A Insect(IS A Aninal, |NSTANCE
Cricket, SOUND: Beautiful)

B. Insect(IS A Aninmal, |NSTANCE

Cricket, SOUND: Noi sy)

(8)A-B: | am keepi ng sone crickets.
(9)B-A Why?

Expl anation: Odinary, they have no
habi t of keeping crickets for
appreciationin B s country, that is,
B couldn't imagine a relation of
keep/ kept bet ween hunman and cri ckets.
(failure at relation |ayer)

(10)B-A: Are you a biologist?
(11) A-~B: No. |' ma conputer scientist.

Expl anation: B used the followng

know edge:

Keep( AGENT: x, CBJECT: y) & Human(x)
& I nsect (y)
- Observe( AGENT: x, OBJECT: vy)
(bserve( AGENT: x, QBIECT: y) &
Human(x) & Insect(y)
- Bi ol ogi st (x),

on the contrary, A used the follow ng
know edge:

Keep( AGENT: x, CBJECT: y) & Human(x)
& I nsect(y) -

Appr eci at e( AGENT: x, COBIJECT:
sound(y)),
that is, different know edges are

applied to the sane event.
(failure at inference |ayer)

(6) A-B: Have you al r eady adj ust ed your
wat ch?

BoA Ch, it is 8:30 now.
Expl anation: A confirned B about
adjustnment of the watch to Japanese
standard tine out of A's kindness,
wher eas, Breceivedit asaskingtheti rre.



(failure at notive | ayer)

3. Height of Layers Required in
Communi cation and Difficulty

Communi cationisrealizedinvarious
layers. Dfficulty of communication
rel ates tothe hei ght of [ayer required
i n processi ng nessages.

[Example 2] A sinplest case of
conmuni cati on between hunmans.

A: Good norni ng.

B: Good norning.

Inthis case, Aand B are consi der ed
to have used only code | ayer, that is,
Bisrequiredonly to discrimnatethe

words. B may be a parrot to perform
communi cation. | nmanycases of peopl es
in a conmmon know edge gr oup,

communi cati oni softenperformedonvery
low | ayers, even if the contents of
communi cation are very conplex and
abstract. Thi sshowst hat t heconpl exity
or difficulty of comunication is
measur ed by t he hei ght of thel ayer whi ch
is required to performcomunication.

[ Exanpl e 3] Suppose it
A: Good norni ng.
B: Are you Kkidding nme?

is night.

At | east, Bisnust knowthe meani ng
of "nmorning" inthi scase. Thisprocess
i snot at the codel ayer but at t he synbol
| ayer.

4. Error Messages of a C conpiler
In the <case of communication
between human and machine can be
considered inasimlar viewoint. VW
will discuss in detail of the case

under standi ng C conpi |l er' s nessages.

[ Exanpl e 4] Let's consider an warni ng
nmessage "warning: passing arg 1 of
“printf' nakes pointer from integer
wi thout a cast." given by a C conpil er
agai nst the follow ng statenent:

printf('¥n');

Thi s message cont ai ns some i ssues to be
consi der ed.

First, though this nessage is in a
formof warning, the conpiled program
causes a fatal error "Segnentation
Fault" if it is executed. An straight
interpretation of the term "warning"
nmakes the state serious. This term
shoul d not be interpreted at the | ayer
of synbol but at a higher |ayer.

Second, some terns such as "poi nter”
and "cast" are not famliar to novice
users. These terns cause a synbol | ayer
obst acl e.

Furthernore, the sentence "makes
poi nt er fromi nt eger"” t hr ownovi ce users
intoconfusionat therelational |ayer.
To wunderstand the relation "nake"
bet ween "pointer" and "integer”, it is
necessary to know the architecture of
conmputers. Sonei nferencesbasedont he
function and concept of "printf",
"pointer"” and "integer" are necessary
for a correct understanding of the
situation.

[Exanple 5] An exanple of logically
definite but syntactically anbi guous
nmessage.

#i ncl ude <stdi o. h>

1

2

3. main()

4. {

5 int c;

6 c=get char ();

7 if((c>="0")&&(c<="9"))
8 c=t;



9. el se

10. c=f;

11. put char (c);

12.}

<error nessages>

el.c: In function ‘mail’:

el.c:8: ‘“t’ undeclared (first use this
function)

el.c:8: (Each undeclaredidentifier is
reported only once)

el.c:10: ‘f’ undeclared (first usethis
function)

el.c: 10: (Eachundecl ared identifier is
reported only once)

Straight interpretation of the above
error messages leads to insertion of
declarations of identifiers t and f,
whi ch renove syntactic defects of the
above program but the nodification
causes substitutionof i ndefiniteval ue
to ¢ and will cause fatal error at
executing “putcahr(c)”. The statenent
c=t islogicallyinadequate because the
valueof t isnot given. Inorder tokeep
| ogi cal consistency, “t” nust be
definite, that is, if there is no
decl arationof “t”, “t” nust beaconst ant
‘t’. The same is “f”.

5. dassification of Messages Based on
Requi red Layers

V¢ have given students several C
programm ng subjects and collected
error messages, then anal yzed t hemfrom
the viewpoint of communi cation nodel
described in chapter 2. 13 prograns
caused error messages. 2 of them
requi redcodel ayer processi ng, 1of t hem
requi redsynbol | ayer processi ngandt he
others required inference |ayer
processing to understand them This
result shows the difficulty of
understanding C conpiler's error

nmessages.

Inaconparisonwththe aboveresult,
we applied "lint" which is a detail
syntacti c anal yzer of Csource program
to the same exanpl e prograns, then we
obt ai ned nore code | ayer nessages but
afewnessagesrel atedtol i nkagel oader
wer e not i ncl uded as amatter of course.

Furthernore, we extracted error

nmessages froma part of source program
of C conpiler and anal yzed t hem

6. I nprovenent of error nessages

Fromt he above anal yses, we obt ai ned
sone i deas of inprovenent of conpiler
error messages whi char ebasedonsever al

di fferent nethods.

(1) Preparing hyper text of error
nessages to explain terns in the
nmessages. This is mainly a neasure
to the synbol |ayer obstacles.

(2) Preparing a database which is
constructed by pairs of frequently
generated error statenments and
corrections of program statenents
correspondi ng to t he error nessages
and their statistics. This is a
nmeasure to obstacl es at al | | ayers.
The following exanple is this type
of message.

Doubt ful expression: printf('¥n');
This is often a mss typing of
printf(“¥n");.

(3) Making error messages with nore
concrete form Torealizethis, it
is necessary to know nore about
mechanism of a conpiler and
i nformati on froml ower functions of
aconpiler. Thisisamasuretothe
requi renment of preparing messages
under st andabl e at code | ayer. The
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