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Problemslearning Prolog

* previous knowledge/skills not helpful
* many things suggest imperative understanding
- frequently used imperative names
suggest imperative meaning; e.g. append/3
- overwhelming majority of built-ins produce side ef’zcts
- imperative programming environments
- imperative 1/O required, often misused for "debugging"
- tracers show imperative not declarative meaning
- debuggers produce/require too much detail

Solution

avoid imperative references by focusing on language skills

reading techniques + programming environment

GUPU

Gesprachsunterstitzende Programmieriibungsumgebung
Conversation supporting programming course environment

http://www.complang.tuwien.ac.at/ulrich/gupu/

* specialized for Prolog courses

* side effect free, no toplevel shell

* subset of Prolog (e.g. layout and spelling significant)
* fast querying and testing

*
Built-in predicates according to Mixtus:
56 with side effects,
15 sensitive to instantiations e.g. var
16 logical

GUPU-Poster 1 Y




Reading programs

Family of reading techniques

* read few properties at once
by covering parts of program
* No execution traces, no proof trees

Informal reading English sentences
- limited to small programs

Declarative readin

(Clausewise readia;
(Goalwise readia]

Grgumentwise readi&

(Size of squtions}
(Size of squtionsequea:e Procedural reading

(Termination readin)

(Number of inferenas
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Informal and declarative reading

( Informal reading)
Someone is an ancestor of a descendant,

ancestor_of(Ancestor, Person) :-
child_of(Person, Ancestor). if he is the parent of that descendant, Incomprehensible

ancestor_of(Ancestor, Descendant)ar
child_of(Person, Ancestor), if he is the parent of another ancestor of

ancestor_of(Person, Descendantihe descendant.

read only partsat once
(add remark that something is missing)

(Declarative readin

Clausewise readin

ancestor_of(Ancestor, Person) :- Estor).
child of(Person Ancestor) ancestor of(Ancestor Descendant)
: child_of(Person, Ancestor),
ancestor_of(Person, Descendant).
Someone is an ancestor of a descendant, if he is
the parent of another ancestor of the descendant.
(But there may be other ancestors as well.)

Felant).

Someone is an ancestor of a person,
if he is the parent of that person.
(But there may be other ancestors as well.)

ancestor of(Ancestor Descendant) :-

Anyone is ancestor of anyone.
ancestor_of(Ancestor, Descendant) :-
child of(Person Ancestor)

ancestor_of(Ancestor, Descendant) :-

u..::.—.:-:-.-uu.u—“.un -~ Or)

Someone is an ancestor of a descendant, if the

ancestor_of(Person, Descendant). ancestor has a child. (But maybe more is required)
Someone is an ancestor of a descendant,
if the descendant descends from (another) /

person. (But maybe more is required)
Grgumentwise read@

/

ancestor_of(Ancester=Beseendant) :-
child o@n Ancestor)

Someone is an ancestor if he has a child.
(But maybe more is required)
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Detecting errors with declarative reading

most errors can be located by
reading only part of a program

Wrong definition

Someone is an ancestor of a person,
if the ancestor is a child of that person.

ancestor_of(Ancestor, Person) :-

The hidden clause cannot "undo" the error.
It can be ignored, if the remaining program is already wrong.

* errors can be located statically

* debuggers not helpful,
because they provide irrelevant detail
(e.g. procedural aspects)

Estimating efficiency
with declarative reading

size of solutionset
size of terms in solution
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Procedural reading

* gpecial case of declarative reading
* uncover goal in fixed order
* consider variables, estimate size of solutions

ancestor_oftAreesterbeseendant) :-
erfe—oHPerser—Areestor),
afrcestorofPerson, beseendant).

ancestor of(Ancestor Descendant) :~¢———— Free Variables in head.

ancestor_of(Ancestor, Descendant) :-

ch|Id of(Person Ancestor), — Person always free.

Descendant has no influence
on child_of/2.

ancestor_of(Ancestor, Descendant) :-
child_of(Person, Ancestor),
ancestor_of(Person, Descendant). e——

Descendant is passed through.
ancestor_of/2 depends on
child_of/2.

Termination reading

Hide parts that do not influence termination.
If remaining predicate terminates (for a
particular goal), also the original will terminate.

ancestor of(Ancestor Descendant) If this rule terminates (and fails),
child_of(Person, Ancestor), also original predicate terminates.
ancestor_of(Person, Descendant).

If Person= Ancestor it does not terminate
(similarly for larger cycles)
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*

Supported

example statement

query/assertion

answer substitutions
generated on demand

longer answer substitutions
are displayed in chunks of fi

queries/assertions checked

and its answer

negative assertion

goal must fail \

specialized for Prolog courses

approach to write predicates:

1) find relation
2) find nonimperative, descriptive names
names must not be verbs in imperative (checked)

3) write goals for which relation should hold and should not hold
4) code predicate

The programming environment GUPU

Gesprachsunterstitzende Programmieriibungsumgebung
Conversation supporting programming course environment

http://www.complang.tuwien.ac.at/ulrich/gupu/

* side effect free, no toplevel shell

* subset of Prolog (e.g. layout and spelling significant)
* fast querying and testing

assignment window help text window

i 2. el HHHERRRRERERRERRRERR IR R R R
I Schreiben eine Kleine Datenbasis (ni€ zumindest 10
i Personen), die familidre Beziehungen beschreibt

i kKind_von(Kind, Elternteil), ma@nnlich(Mann),

i weiblich(Frau), gatte_gattin{Mann, Frau)

- kind_von(Kind, maria_theresia).
7 ind = joseph_II.

0 Z Kind = leopold_II.

0 Z Kind = marie_antoinette.

@ % 3 Ldsungen gefunden

ind_von{ joseph_I, leopold_I).
ind_von(karl_VI, leopold_I).
ind_von(maria_theresia, karl VD).

ind_von( joseph_II, maria_theresia).
ind_von( joseph_II, franz_I).
ind_von(leopold_II, maria_theresia).
ind_von(leopold_II, franz_I).
ind_von(marie_antoinette, maria_theresia).
ind_von(franz_II, leopold_II).

= Kindivontind: Pareony:
0 Z Kind = joseph_I, Person = leopold_I.
0 Z Kind = karl_VI, Person = leopold_I

0 Z Kind = waria_theresia, Person = karl_VI
0 Z Kind = joseph_II, Person = waria_theresia.
0 Z Kind = joseph_II, Person = franz_I

On SaVIng, falllng querles\ﬂ! ? Heitere Lésungen mit SPACE
are reported as errors——m—--——

question to the Iecturer7

- Kind_von{Kind, joseph_II).
! Zusicherung gescheitert
ieso?
In Pradikat kind_von/2 komnt Joseph II nur als Kind vor

peiblich(maria_theresia).
peiblich(marie_antoinette).

hannlich(franz_I).
hannlich(franz_II).
hannlich( joseph_I).
hannlich(joseph_IT).
hannlich(karl_VI).
hannlich(leopold_I).
hannlich(leopold_II).

is checked

atte_gattin(franz_I, maria_theresia).

f Schreiben Sie die folgenden Sétze als negative

} Zusicherungen:

f Man ist nicht sein eigenes Kind

/- kind_von(Kind, Kind).

I Man ist nicht nit seinen eigenen Kind verheiratet

answer substitutionss;
are temporary text
deleted on reload

layout of predicates

n999 a3 1 07 05:06 # Tutor ¥ ncdl8 i (GUPU)-— Df-——-—-—oooooooooomoomo o - Ai-Emacs: Hauptverzeichnis.hlj

Eltte lesen Sie zuerM die Beschreibung dieser
m rogrannierungebung in fAnhang A und B! Eine
etaillierte Fihrung sehen Sie, indem Sie sich
nter ™info™ (Kein Papwort) einloggen.

Allgeneines: N
t*Tastatur, *tReservierung, ttibungsmodus,
tt0ffungszeiten, t*tSichern_von_Beispielen,
ttExternes_Einloggen, ttAbgabetermine
ttAutomat isches_Ausloggen

[ Tutoren konnen auf hermi ausdrucken ##

18 119 Bitte veruenden Sie sprechende
110 t*Pradikatsnamen!? und

vermeiden Sie TTImperative_Namen!
111tGemeinsame_Orte!! Testbeispiele
ttHege, tTHege?

TtFrag_niemals_Wie

110

ttTernination
ttEigenschaften_einer_Anfrage

44: Httmatrix_transposed!! Testbeispiele

154: ttalpha_beta_alpha

154,56: ttTineouts

*tInstanzierungsmuster

56 *tIRNA_richtig

198: *Stern Bild

162: *tDiagonalen

173: tfaktorielle

175: +4Grundierne
+*hufbauendel VAs
+*Tutoreninformationen
ttAbgabeternineS51996

182: ttfunctoruniv ttKonstanten
ttunivspezial
ttmetalogisch ttvarnonvar

182 ttvordefinierte_Pradikate ttmetamiss

. 197 ttmetafehler trmetalinear
tt0peratorassoziativitat
1*Metaprogrannsyntax
11Prologsyntax

183: ttdefaulty

184: *tHengenausdriicke

86 ttdegni, ttdegmiBUG

195: THAST

198: *tEinschrdnkungen

199: *tKéniginnen

193

*tFehlersf¢he, Trsetofgrenzen
+rappendnadhsuf fix
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Viewing answer substitutions

side effect free "output" using query annotations
based on elementary viewers more complex viewers are built

i- text(Cs) <<< Query.
.- postscript(Cs) <<< Query.
:- html (Cs) <<< Query.

View characterlist as unstructured text.
View characterlist as postscript document.

View characterlist as html document.

it 101. Beispiel
# Arithmetische Aufgabe.
# 16. Halbheft, Seite 516.

: - geladen(+t100).

Die Gartenlaube, 1892,
(Siehe Riickseite).

lgartenlaube(Liste, Summe) --
Liste=[A,B,C,D,EF,GH 1J,KLIl
domain(Liste, 1,123,
all_different(Liste),
BaC+D+ER=Summe,
BaF+I+L#=Summe,
E+G+J+L#=Summe,

He T+ J+Kit=Summe,
HeF+C+AR=Summe,
K+G+D+AR=Summe,
labeling([], Liste)

simple query

: - gartenlaube(Lfste, Summe).

0@ 7 Liste = [1,2,4,12,8,10,6,11,5,3,7,91, Sunwe = 26. 0.4 8)
0@ Z Liste = [1,2,6,10,8,12,4,7,3,5,11,91, Sunwe = 26. 0.9 8)
oo % Liste = [1,2,7,11,6,8,5,10,4,3,9,12], Sunme = 26. 12 s
oo % Liste = [1,2,7,12,5,10,4,8,3.6,9, 111, Sunme = 26. 1.3 s
00 7 Liste = [1,2,8,9,7,11,4,6,3,5,12,10], Summe = 26. L5 s
@@ % Anfrage unterbrochen, Antwort unvollsténdig

o0 7 ste = [1,2,4,12,8,10,6,11,5,3,7,91, Summe = 26. Z 0.4 s

Q0 2 Heitere Losungen it SPACE

lgartenlaubendarstellung(lA, B,C.D,E,F,6,H,1,J,K,L1) ——>
¢ neuline J,
" zmelst(ﬁ) neuline ),

\ /" neuline J,
", zueist(L), neuline ).

4

o nemllne J.

( ',zuelst(ﬂ) ", zueist(C),™ -, zueist(D),™ -, zueist(E), newline ),
(O 4 neullne J.

(O zuelst(F) ", zueist(6),neuline ),

o I\ / neuline ),

€7 7 zueist(H), ™ =", zueist(I),™ =", zueist(J),™ =", zueist(K), neuline ),
¢

¢

;-8 text(L2rphrase(gartenlaubendarsiellung(Ngte),L2)) <<< gartenlaube2(Liste,$).
lgartenlaube2(Liste, Summe) -
Liste=[A,B,C,D,E,F,GH1,JKL],
donain(Liste, 1,12,
all_different(Liste),
labeling(L1, [B,C,D,ED},
BeCeD+E#=Sunne,
labeling([1,[F,1,L1),
B +I+L#=Sunne,

seq(LLI
gseq(
{1_r¢
[RI.

1_r (01,
1 e (0,

0 kann das Fenster rechis der_entfernt werde

0'r).
0.

- phrase(f,
- phrase(f,
= phrase(f,
= phrase(f,

™).
“pelepll™).
“relrplleeelle ™).

-->
£,

(L_XIXsD) -->
{phrase(f(Xs),Cs)},
Cs,

grammar for Postscript

r,
gseq{Cs).
phrase(f, LRs).

LRs

% 0.0 s (0.1s)
rleelleeellelleeeleellleellell™. Z 0.0 s (0.2 s
= rrlrrllrrrllrllrrrlrrlllrrllrllrrrlrrllrrrllrlllrrlrrlllrrllrll

%2 0.1s (0

awaaaaaaalaaaagé

Z = rrlrrllrrrllrllrrrlrrlllrrllrllrrrlrrllrrrllrlllrrlrrlllrrllrllrrrlrrllrrrllr\
llrrrlrrlll rllrllleelerliceelleilleelee]llee el 1™ Z 0.1
0 7 LRs = “prleelleeellelleerleelleelirlieee Ierlieee L IRTTIer 1T Iee LIl reeIee L lerr IRy
[lrerlerllicelieliieeleelicerliclieelee 1 dee e Leee ler Leee e Lireeee Ll ler e Heee Iee 1TY
LT LT DRIV RTRRRTY L S I T R A N O T ST R DTN IR DTN DI RN TU A TN DD UM DAY B R
Z20.2s(0.58)
@ Z LRs = “releellerrllelleerlerlllcrllelleee leelieerllel1ler Il eeLIeLirerIer Lleer ey

Llreelerllleelicrllleeleelleee e e lee I dee e leee ler Leee e leee Ine L Lee e Heer Ier 11N
rrllellleeleellleellellleeleelleeellelleee lee e e Ll Iee Iee Leee e LT ee e T e e Hee
Ierlleerllelleerleellleelleleeeleelleee e I ee Iee L ee e Heer eeHeerLle Lieee Iee L ee 1N
ir11leeIeelleerllelllerlee Il iee e Iee Iee T leee e Lleer Iee LT er e HerrIee Lieee e LT Iee Iery
[11rellrllleelerlleeelleleeelee e 1le I ee lee Heee Lir T T Tee Ire 1 Tee IR 1L™, 2 0.4 s €0.9Y

annotated query

text(LZ*phrase(garteniaubendarstel]ung([|ste) s gartenlaubs(Llste. Sunne):
i 0.4 s)

grammar describes text representation

Allgemeines:

+tTastatur,
T10ffungszeiten,
ttExternes_Einloggen,
TtAutomatisches_Ausloggen

g Tutoren konnen auf hermi ausdrucken %%

Bitte lesen Sie zuerst die Beschrelbung dleser
Progrannierungebung in Anhang A und
etaillierte Fihrung sehen Sie, inden “Sie sich
nter “info™ (kein Papuort) einloggen

Allgemeines: .
trTastatur, ttReservierung, ttUbungsmodus
110ffungszeiten, ttSichern_von_Beispielen
ttExternes_Einloggen, TTAbgabetermine,
ttAutomatisches_Ausloggen

fkx Tutoren kénnen auf hermi ausdrucken #%
18 19 Bitte verwenden Sie sprechende
110

t*Pradikatsnamen! und
verneiden Sie TtImperative_Namen!

110 t1rGemeinsame_Ortel! Testbeispiele
17 ttHege, TTHege2

23 *tFrag_nienals_Wie

27

128 *tTernination

+tLigenschaften_einer_finfrage
ttmatrix_transposed!! Testheispiele
+talpha_beta_alpha

+*Tineouts

)
11-5-3-7
A4

9

ttReservierung, ttlbungsmodus,
t1Sichern_von_Beispielen,
ttAbgabeternine,

ttEigenschaften_einer_finfrage
4tmatrix_transposed!? Testbelsplele
ttalpha_beta_alpha
+*Tineouts
auptverzeichnis.

s)

Bitte lesen Sie zuerst die Beschreibung dieser
Programmierungebung in Anhang A und B! Eine
etaillierte Fihrung sehen Sie, inden Sie sich
nter “info™ (kein Papwort) einloggen

Rllgemeines: N
trTastatur, ttReservierung, *tUbungsmodus
110ffungszeiten, TtSichern_von_Beispielen
ttExternes_Einloggen, ttAbgabeternine
*tAutomatisches_Ausloggen

g% Tutoren kénnen auf hermi ausdrucken #x
18 19 Bitte verwenden Sie sprechende

+*Pradikatsnamen!? und
verneiden Sie ttImperative_Namen!

10 11rtGemeinsame_Ortell Testbeispiele

17 *tHege, TTHege2

123 *tFrag_niemals_Hie

127

128 +tTernination
+tEigenschaften_einer_finfrage

144: *t+tmatrix_transposed!? Testbeispiele

154: +talpha_beta_alpha

54, 56: ++Tincouts

e [Logikarientierte Programiersprachen, LU 185

‘W5 1996: Logikorientierte Programmiexsprachen,
185.911LU2

Unm alle Informationen zu dieser Ubung z2 exfahren:
& Loggen Sie sichiin den Ubungsréumen unter info (kein
Paguront) ein.
Argentinierstrae 8, 5. Stock, gedfinet 7h00-22h00
@ Lesen Sie diese Seite Gber WWW.
URL.

Inhalt: )]
118 19 Bitte veruenden Sie sprechende in der
m1e ttPradikatsnamen! und Prolog, Phicht im 3. Semester Informatiffsiche
vermeiden Sie ttImperative_Namenl Vorlesung Hufbauend auf] Logik
1o I1t1Gemeinsame _Orte!! Testbeispiele (VO+UE} von Pref. Leitsch.
17 ttHege, TTHege2 Vobereit Gh - s
™23 ttFrag_nienals_Hie
27 | ] /
28 Ternination

EED —_— viewers visualize
T g, answer substitutions
‘ .
1
O g
TEinimEig
[ OO
i gt P
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Partial evaluation

* Mixtus integrated

* simple usage by annotating query

* instant response

* often helpful for finding errors

annotated quer

summands_sum([1, 0).

summands_sum([111s]1, S1) :-
n_n_sunCI, S2, S1),
summands_sum(Is, $2).

summands_n_sum(Is,N,S) ==
length(Is, N),
summands_sun(Is, $).

1= pe summands n sum(Is, 6, $).

ae

ae

00 % summands_n_suml(A, B):-sumnnands_n_sum(A, 6, B)
00 summands_n_suw1C(IL,J,H,F,D,B1, M) :-

oo > M),

Partielle Auswertung von Programmen

Einige Beispiele, die z.B. die Schnittstelle
tmakenextdone veruendelen, oder ausdruck//1,
aben Programmiertechniken gezeigt, die es

erlauben, relativ allgemeine und erueiterbare

Programme zu schreiben. Diese Allgemeinheit hat

aber einen oft entscheidenden Nachteil: Die

Programme laufen wesentlich langsamer als

Aquivalente effizient kodierte Varianten. Ist

etua beim Ziel ausdruck_liste/2 der Ausdruck
chon vor einem Beweis bekannt, nur die zu
etrachtende / erzeugende Liste unbekannt,
onnte man eigentlich ein spezialisiertes und

n

n_n_sunCL, K, M) effizienteres Programm schreiben.
00 n_n_sun{J, I, K,
00 n_n_sunCH, G, 1), Man steht so friher oder spdter vor der
0e n_n_sun(F, E, G), leichen unangenehmen Mahl, wie auch in anderen
e n_n_sun(D, C, E), el rogranniersprachen: Entueder man enischeidet
e n_n_sun(B, A, C), ich fir Effizienz (speziellere ,,auscodierte’®
() =0 Progrannteile, in Modula oder C vermeidet man
00 7 true. # 0.5 s (0.5 s) dann néglichst Prozeduraufrufe etc.) und ninnt
o sung gefunden dadurch einen erhthten Kodierungs- und

n399 a3 ! 07 08:0' % Tufor % ncd18 u (GUPU)--847—————-—oooooo—oooooooo— - 7Z-Emacs

(Hinueis)--Top----
Note: file is urite protected [

residual program
can be included into source

Abstract.

GUPU is a programming environment specialized for Prolog programming courses
which supports a novel way to teaching Prolog. The major improvement in teaching
Prolog concerns how programs are read and understood. While the traditional
approach covers Prolog’s execution mechanism and its relation to mathematical logic
we confine ourselves to reading programs informally as English sentences. The
student’s attention remains focused on a program’s meaning instead of details like
proof trees or execution traces. Informal reading is limited to short predicates.
Larger predicates translate into incomprehensible sentences cluttered with referents
and connectives. To overcome this problem a simple reading technique is presented
that does not translate the whole predicate at once into English. Only parts of a
predicate are considered. The remainder (e.g. some clauses, goals, arguments) is
neglected for the moment. In this manner incomprehensible sentences are avoided.
Our reading technique extends well to the more procedural aspects of Prolog like
termination and resource consumption. The reading technique allows to reason about
a program (e.g. understanding, detecting errors) in an efficient static manner while
avoiding reference to superfluous details of the computation.

GUPU supports this approach with a side effect free programming environment.
Programs are subject to restrictions which ease informal reading and catch many
mostly syntactic and stylistic errors. The cumbersome “type and forget”-style
top-level shell is replaced by a side effect free mode of interaction which also
improves coding style by allowing to write tests before coding a predicate. The
partial evaluator Mixtus is seamlessly integrated into GUPU.
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