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Extended abstract 

A new, simple, expressively complete visual formalism for programming in Prolog is 
presented. The formalism is shown to be equivalent to the standard textual notation for Prolog. 
Some aspects of Prolog programs are identified that appear to be clearer for novices when 
presented in the graphic formalism, while other aspects of Prolog are noted that may be clearer 
in the standard textual notation. The design of a computer environment dubbed VPP (short for 
"Visual Programming in Prolog") is presented that supports visual programming in Prolog 
using the graphical formalism. Two different implemented experimental prototypes of VPP are 
discussed. 

An extension of the programming environment is presented that allows Prolog execution 
spaces to be visualised in complete detail (or presented in various compressed, pruned or 
abstracted forms) using a simple three-dimensional extension of the same formalism. This 
approach is unique in that the same formalism can be used both for visual programming, and 
then ('stacked' in three dimensions), for complete visualisation of execution. This appears to 
offer two major advantages over other approaches described in the literature. Firstly, only one 
simple formalism need be learned, by contrast with systems where two different formalisms 
must be learned (and mentally interrelated) for programming and execution visualisation. 
Secondly, compared with systems that use only two dimensions for execution visualisation, 
clutter and complexity is greatly reduced, and multiple interrelationships can be shown clearly 
without a need to switch view. 

A prototype of this environment, dubbed VPE - short for "Visualising Prolog Execution" - is 
currently under construction. VPE is shown to provide complete information on Prolog 
execution (as does the Transparent Prolog Machine (TPM), due to Eisenstadt and Brayshaw 
(1987) - although TPM has no facilities for visual programing). Relationships are identified 
that are more directly expressed in VPE than in TPM. Particular pruned views of VPE traces 
are noted that allow recursion to be visualised in an intuitive! y satisfying nested "Russion doll" 
fashion. Note that in order to distinguish the formalism for visualising execution spaces from 
the environment (VPE) that uses the formalism, the notation for visualising execution spaces is 
dubbed "30-Prolog execution notation". 

A further extension of VPP and VPE for visualising and manipulating lists is presented that can 
be used to help make clear the action and purpose of commonly occurring list unification 
programming techniques. 

Some widely used prototypical Prolog programming techniques are identified which appear to 
be particularly lucid in the VPP formalism for lists. It is argued that translation of a library of 
prototypical Prolog "techniques" into the visual formalism and their examination in VPE may 
be a valuable way of helping novices to learn key Prolog programming skills 



Uses for VPP and VPE in teaching Pro log to novices, and in building domain specific 
application kits are discussed. A simple factory construction metaphor or "story" is presented 
to help novices make sense of Prolog execution traces. The metaphor distinguishes in a detailed 
way between features of pure logic programming and "impure" procedural features like cut, not, 
assert, etc. The metaphor makes this distinction by means of a detailed contrast between 
assembling machines in a factory in an orderly fashion from components and blueprints, and 
"trades union" activities such as· "cut" and "not" that restrict or alter normal working practices. 
This metaphor seems to be particularly helpful in helping beginners to understand 
backtracking, recursion, negation, cut, etc. 

As well as supporting the factory metaphor, VPE is shown to have good low-level perceptual 
visuo-spatial properties in allowing users to retrace backtracking behaviour continuously with a 
finger in a "natural" way. 

Connections with related work on graphic formalisms for programming in Prolog and Prolog 
execution visualisation are noted. Connections with recent work on 30 techniques for the 
visualisation of flat trees using 3-dimensional cone trees, cam trees, etc. at Xerox Pare are 
noted. We informally analyse the structure and properties of the notation from an abstract 
human-machine interaction viewpoint. Limitations and possibilities for further work are � 
identified and discussed. 

Finally, it is shown how VPP and VPE can be extended into a domain independent graphical 
logic programming tool kit (dubbed the Picture Machine) adaptable to become a domain-specific 
application kit in any given suitable domain. It is required that there should exist a mapping 
from a given space of domain-specific diagrams into relations representing the meaning of the 
diagrams. The Picture Machine (currently under implementation in prototype) should allow 
non-programmers interested in some domain to manipulate domain-specific diagrams as a way 
of querying and reprogramming existing domain-specific logic programs. 



OVERVIEW OF TALK 

• Visual programming (VPP) 
• Vis of program execution (VPE) 

• Unique features of VPP + VPE 
• integrated system: one fon11alism 

prog + complete exec space 
• factory metaphor: non-progs? 
• exec model uses 3 spatial dims 

• Visual programming in Proloo 
• Visua1isation of Prolog exccu�ion 
• Factory Metaphor 
• Visualising list processincr ... ::, 

• Implementations 
• Related systems,comparisons, origins 

• Hypotheses about VPE and VPE 
r Limitations & further work 
· • Summary & Conclusions 

Clauses with shared 

'f constants in database 

parent(pam,bob). 
parcnt(bob. ann). 
parent(tom.hob ). 
parcnt(bob. pat). 
p:ircnl(pat, jim). 
parcnt(tom, liz). 

• "Common" display of atoms not compulsory 
• Can be displayed :is separate clauses 
• In some situations. can help to show· potentially 

infcrrable relationships easily 
• NB in compJcx situations, this style of display may 

not be helpful 

• Editor docs not allow shared variables between clauses 
• except in queries 
• except within rules 
• (no conjunctive clauses allowrd in database) 
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Visual Progra1n1ni11g 
& 
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Progra111 Executio11 
i11 Prolog 
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VISUAL PROGRAMMING IN PROLOG 

Facts in a database in VPP 
pnrenl(abc.ben). 
infccts-with(bcn.X.measlcs}. 

ohc-G-bcn 

bcn�--
X

�mcasles 

• Cons:ants and ,·ari�tblcs - links 
• Relations - boxes 

• Box shape docs not matter 
(just number of ports and name) 

• Upper and lower-case distinction for 
variables/constants as usual 

• Ordering of clauses in database 
• Jcfl to right, top to bottom 
• but optional numbering system 

snatinllv ordered virw 
n'umlK'r:ing sys1cm ordered ,·ic,,· 



Database Query 
( (lElt,n.� i jl11c..fS) 

abc--�bcn 

bcn--B-x I 

bcn --� ch:irlic 
Answer 

charlic --B- eoo1f bcn --8-- cl1:irlic 

, - ,, . -

Metaphor /stories (ref) 
Logical view 

• Program ;:: set of axioms, 
• Computation = constrc prf of goal stat from prog. 

Constraint satisfaction view 
• program::: �ct of com:traims, rcls or specifications. 
• computation= constrc or entity to satisfy constraints. 

f·•:. Advanta!!es 
• within familiar experience of beginners 
• Jinks to logical account 
• extends well to impure aspects of prolog 

3 areas on screen, 
• stores I warehouse 
• the order book 
• construction arc:i 

Warehouse carries 2/3 kinds of stock, 
• objects 
• templates 
• blueprints 

Stock laid out in order to he searched. 

Pure Prolog 
• ··nashing" as stock inspected, 
• copy of matching stock moved to construe area 
• "exploded diagram" metaphor 
• requests for an altemati\'c dcsi�n ... 
· partial failure 

• Sub-component brc:,kdown - 'Polar view' - rcn:rsion 

7 

Rules 
sister(X, Y):-

parent (Z,X). 
parent(Z.Y), 
female(X), 
different(X,Y). 

sister 

X 

-----8 
z 

y 

• Within a rule, optional variable & constant sharing � 
(e.g X,Y,Z above) 

• As with clause order in program, clauses in rule 
ordered left to right top to bottom. 

• Adjust clause order by nHwing clauses physically 

• Optionally, may use (and alter) numbers to overide 
default ordering 

Current prototype (slightly idealised) 
Proorammino usino VPP t:, t:, t:, 

• menu & strip of graphical tools 
• windows for - prog/query/answer 
• soldering iron to connect up boxes 
• scissors 

• boxes types to choose .from 
• typing tool to name boxes and variables 

• Boxes may be grown or shrunk for rules. 
• Boxes can be moved or deleted. 
• Moving boxes en masse - watch wires 
• Any size programs - scrollable window 
• Can generate text prolog in new window 

• magnified, reduced & alternative views 
• indexes and find functions 
• numhcrinc tool 

clauses wit1�in rrofr:i:n.s 
!!O:tls wi:h;n rules 
docks within a box. 
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Impure features of Prolog: Trades Union 
Metaphor 

• Cut , not, assert, etc 

Contrast 
� assemble components & blueprints, 

• alteration of no1mal work practices. 

Cut 
• restrictive prac blt into blueprint. 
• cordons off any work already done to 

satisy a blueprint up to ! instruc 
• any demand to re-do work in cordoned

off area refused. 
• ban on scabbing - no alt blueprints to 

one subj to indust action 

not 

• symbol... 

cut fail blueprint, 
or, boycott, 

if nor(sthAfricOmgcs) in blueprint, 
provided sthAfricOrnges not in 

stores, 
assembly may proceed 

If, sthAfricOmgcs found in stores, 
'not 'operation fails 
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Backtracking, cut, not, etc 

party(X):- happy(X), birthday(X). 
pany(X):- friends(X,Y), sad(Y). 
happy(X):- hot, humid, not raining,!, 
swimming(X). 
happy(X):· cloudy, watching_tv(X). 
happy(X):- cloudy, having_fun(X). 
cloudy. 
hot. 
humid. 
having_fun(tom). 
having_fun(sam). 
swimming(iohn) 
,,·:ttching_tvUohn). 
sad(bill). 
sam(sam). 
birthday(tom) 
birthday(s,un) 
fricnds(tom,john). 
fricnds(tom,sam). 

Figure 10. A simple example program reproduced 
from Eisenstadt and Brayshaw (1987). 
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Structured terms 

Example  

cquals(triangle(point(- 1 .0), P2, P3)), 
(triangle(P 1 ,  point(O, I ), point(O, Y)). 

., ., . . 

-··� .... ....  , ' ' 
,... ,... I '

' 
roint 

P2 P3 ., ' ' 
0 

Compound tenns (structures) 

Diangle 
.... ....  , .... I 

Pl roinl ., \ ., ., 
I 

can be viewed as tree-structured variabJcs. 

1' 1ust distinguish 

' 

\ 

(I 

' ' 

I 

0 

• lines showing common occurrences of tenns and 
• lines showing tree strucruring of variables 

Nesting of components 
• nesting of functors and terms within structures 

shown by dotted lines. 
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List processing 

Lists arc special case o f  tree-structured variables 
• may be shown as trees using dot functor, 
• or conventional textual notation for lists 

Jdcn1 ical tenns in compound structures 
• Need not al ways be shown by single graphical 

imaance 
• Sometimes posi t ively hinders clarity 

Example of unclear diagram for a rule 

conc(XIL J ,  L2, XIL3):
conc(L 1 , L2, L3 ).  

cone X I  Ll -l..2----1 �oL3 --- X I  L3 
r. 

Present rccommcnd:H ion 
- show ) is l� conventional ly 

' 

- dont 1 ry i., show common 1cm1!- if unckar 



Prototype IMPLEMENTATIONS of VPP 

Philip (1 99 1 )  
Sunview C SPARC 
Generates textual prolog code from d iagrams 
Ad-hoc 
Works but has some bugs 

Treglown (1 99 1 )  
X-windows C SPARC 
More sys1cm:uic, uses fom1al visual grammar cct 
incomplete 

Larger lhan a studcnl project. .... 
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Related \\Tork 
VPP 
• Kahn & Saraswat (Xerox Pare 1 990) 

• programming  s imi lar? 
• not opt imised for clarity 
• no 3d execut ion mode] - s t o ry b o a r d  

• L:,drct  & Ruehcr 
• Neat connectiv i ty idea (cou]d borrow) 
• progra m m i nf rather d i fferen t 
• no execut iOi� model 

Kurita & Tamura 
• Programming sim i l ar 
• not so devel oped 
• no execution model 

VPE 
• Dewar & Cleary 

debugger only 
• V izzprol 

• TPM - best graphic tracer 
• no graphic prog Jang associated 
• d iff notat ion for prog & exec model 
• some alternatives not shown 
• does not take advantage of 3D 
• prob better for professs progi- (so far) 

• Co lgan  Ran k i n  Spence ( 1 mpcri a l )  
• no t  P ro lof :  Enf  dcs i g r; 
• son, c s i m i I a r i i  i cs 

• I NfO 
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General motivations for Visual 
Programming(Myers, 9 1 )  

• Human visual information processing 
optimised for muhi-dimensional data (Mycrs,9 1 )  

• Flowcharts & i ndenting known to help (Smi lh,77) 

• 2 D displays of d:ua structures in prO!!ram visual isation 
systems known to be helpful (Backer, Myers) 

• Higher levels of abs1rnc1ion can often be shown c:1si ly 
• Can represent rcl:11 ionsh ips that arc hard to verbalise 
• Can show mu!t :plc relationships concisely and clearly 

without cogni l i \'C overloading 
• Structures can be c:1s ier to remember. Shu ( 1 988) 

• Clarisse (86) : graphical reps can be . 
• nearer to presumed mental reps of problem 
• manips nearer to those performed on phys ohjs 
• easier to understand & generate for 

nonprogrammers or programmer novices 

• Catalogue of psychological motivations (Smi lh I 977) 

� 
• Use perceptual processing to free up scarce cogn i 1 i ve 
resources to deal with h igher level problems. (Xerox 
PARC, Informa1io11 Visualiser) 

LIMITATIONS AND 
Vi7EA KNESSES OF VPP 

Current implementations verv l im i ted 
�I 

J 

· Following origins,  so far optim ised for 
domain specific programming kits & for 
non-prolog programmers 

cf Labview 
Max 
Melody Machine 
Picture machine 

Parts of design st i 1 1  b: ing refined - c . � .  
large_ scale ;, jcws , l i st process ing.  etc 

Studies of users required 

Origins 

I nspired by 

• Steele's ( 1 980) notation for constraint 
programming 
(clcclronics DIP metaphor) 

• Design of a graphic programming 
language for beginners for a domain  
speci fic constraint-based planner 
(music) (Holland, 1 989) 

• General ised to Prolog 1 990 

• 30 Execut ion model devised 1 990 but dropped 
on grounds of impracticabil ity until saw 
rcporls of Xerox infonnation v isual iser 

• Picture machine devised 1 990 

• Two implementat ions 1 99 1  

• Refined execution model with reference to  TPM 
(Eisenstadt & Brayshaw) 
1 99 1  - otherwise dc\'elopcd in ignorance 

of related work 

Hypotheses 

• NB - a l l  open to experimental test 

• General . , ,1 u,.1-.;� c.-..� 

• unloads t asks from cog facs to 
percept facs, 

..... 

• provides easily grouped 'visual 
caches' 

• exploi ts gestault percept skil ls in 
l ieu of problem solving skil l s  

• Integrated f'"'""'"1 "" · • .... 
• less to learn 
• less cog load in matching source .... .... 

+ exec t race 

• Factory metaphor 
• makes sense/ usable for novices 

with no Prolog at all 
• clear story for pure/impure features 

• 3D execut ion model / o f  04�.s� 
• more distinctions clear at a 
glance using low level percept ski l ls  
• explo i ts s trengths 1..>f i i l �cly new 
wave of  GUis  



CONCLUSIONS 

VPP an.d VPE 
Unique features of VPP + VPE 

• integrated systcn1 :  one fonnal is 111 
con1plete overv iew 

• factory 111 c t aphor: 11011-progs? 
• exec 111odcl uses 3 spatial d i 111 s 

Hypotheses 
• G enera l  

• un loads tasks from cog foes to percept facs ,  
• provides eas i ly  grouped 'v isual  caches' 
• exploits gcslau l l  percept sk i l l s  in l ieu of problem 

solv ing ski l l s  

• In tegrated 
• less lo learn 
• less cog load in  ma tch ing sou rce exec trace 

• Factory metaphor 
• m akes sense/ usable for novices with no Prolog 
• ckc1r s tory for pure/impure fea tures 

• 30 execut ion model 
• more d is t inct ions c lear al a glance us ing low 
level  percept ski l l s  
• explo i ts s trengths of l i kely new wave of  G U is 

Experimentat ion & more re fined implementa t ion 
req l 1 i rcd 

FUR.THER WORK 
· More refined in1plement & design VPP 
• In1ple1nent VPE (I-Iol land, Treglown) 

Instant iati on flows 
Selec tive v iews, prune,zoo111 , 

3D rotation  
Long dis tance views view 

• Various ex tensions or VPE have been 
�Ies igncd wh ich i n  pri nc iple could make 
1 t  as fully-featured a debugger as TPM 
a l though that i s  not its primary purpos�. 

• Expc1:i n1e1�t wi th sy1nbology for VPE 
a11 1 1nallon vs notation : 

" ? "  k fl . . . 1nar s vs aslung etc 
l is ts 

• Fonnative evaluation : experi111ents with 
users 


