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Abstract: Both visual data flow and logic basedgram- As a consequence, we would like to be able to prototype
ming languages have their merits as declarative languagesnew versions of DFLs in a rather short period of time. At
for certain application domains. Combining their concepts this point we have to mention the work of Fukanaga,
to program with data flows and backtracking seems to be a Kimura, and Pree published in [8]. They developed a
promising idea, which lead to the development of BDL. framework for the implementation of new DFLs, which
BDL is a visual data flow pgramming language with ~ are variants of the well-known DFL Show-aneHT[13].
constructs for nondeterministic ggramming and con-  This framework is realized in C++ and was already used

straint checking. Its nondeterminism issolved by using ~ for the development of a new variant of Hyperflow [12],

depth-first searh and backtracking a la Blog. called ProtoHyperflowlt facilitates the “low-level” task of
Keywords & Phrases: data flow pogramming language, implementing DFLs in C++, but not their design on a
backtracking, nondeterminism, graphwriting systems. higher level”.

. This was the starting point for our work, which resulted
1. Introduction finally in the design and prototypical implementation of a
Data flow languages (DFL) are one of the most popular data flow programming language with built-in backtrack-
branches of visual programming languages. They are usedng mechanisms. The overall goal of this work may be
for purposes like image processing [5], data mining with summarized as follows: Construction oframeworkthat
forms [22, 18], and construction of control panels for labo- supports thepecificatiorof syntax and semantics of visual
ratory instruments [14]. A non-exhaustive list of thaain (data flow) programming languages and which generates
advantagesooks like follows: corresponding editors and interpreters from these specifi-
1. DFIs enforce a programming style, where all flow of cations without any needs for low-level programming
data between subprocesses and all possibilities for par-activities [20].

allel execution of subprocesses are well-documented. Our work is based on the existence of gnaph gram-

2. Some DFLsO like Lab\View [24] O giVe excellent mar programming envb’nmentPROGRES [21] It Sup_
support for rapid prototyping and user interface con- ports editing, analysis, interpretation, and compilation of
struction activities. graph grammars (or more precisely programmed graph

3. Constructed visual data flow programs are often reada-rewriting systems). It has already been used for the devel-
ble for end users, thereby simplifying communication opment of visual software engineering tools [19] as well as

between software developers and software users. for the specification of the visual database query language
GOQL [1]. The most prominent features of PROGRES are

(1) a type concept based on EER-like graph schemata for
directed attributed graphs, (2) the declarative definition

and incremental evaluation of derived attributes and rela-
tionships, as well as (3) its depth-first search and back-
tracking mechanisms that deal with the inherently existing

nondeterminism of any rule-based language.

These statements ardiahed by experience reports “from
the real world”. Baroth and Hartsough mention for
instance in their case study [4] an average reduction of
software development time by at least a factor 4, compared
with the usage of nonvisual application domain specific
programming languages and tools.

Nowadays existing DFLs dédr with respect to many
properties. The only survey paper for DFLs [10], we are  Rather recentlywe developed PROGRES specifica-
aware of, compares 15 fiifent DFLs with respect to char-  tions for a number of related data flow programming lan-
acteristics like style of representation, available means of guages, including a variant of Show-aneltT(without
abstraction, déred support for iteration, higherder bounded sequential iteration and layout-dependent param-
functions, type concepts, execution modes, and so forth. Iteter binding). PROGRES graph schemata were used to
is our opinion that additional classification and comparison define the overall structure of data flow programs, derived
efforts are necessary to clarify the value of certain charac- attributes were used to model flows of data, and graph
teristics for a given application domain and to identify and rewrite rules were the appropriate means for defining syn-
implement new interesting combinations of properties, tax-preserving editing operations as well as step-wise exe-
which are not yet part of any available DFL. cution of regarded data flow programs.



Parameter Passing The following two sections 4 and 5 deal with data flow

unification 2 Prolog CHIP nondetermlnlsm and cyclic data flows in BDL, respec-
CLP(R) tively. Section 6 and 7 conclude the paper with some

bidirectional 1 rabrik remarks concerning the prototypical implementation of

/ BDL and a summary of its main message.
unidirectional| LabView ahogr%ls\lll [BDL ] ]
flow of data T yp Sefection of 2. Basic Elements of BDL
| | | Computation . . . .
dataflow consistent depth-first s. Alternatives This section recapitulates the basic elements of any data

selectors completion backtracking flow programming language and explains their specific
representations in BDL. A BDL program is a directed
graph withfunction boxess nodes andata flow acs as
After some time we recognized that we didnake any directed edges. Data flows along edges from source to tar-
use of PROGRES' backtracking mechanisms. This is a get boxes onlyAny function box takes the values on its
consequence of the fact that not a single DFL we are awareincoming edges as input (without consuming them) and
of allows for the definition of nondeterministic processes “feeds” its outgoing edges with computed output values.

and resolves nondeterminism by means of depth-first The currently existing version of BDL knows only one

Fig. 1: Logic and data flow programming languages

search and backtracking a la Prolog. Figure 1 is an attemptype of dataset of integer

to make thdack of a whole subclass of DFbsore appar-

ently. It classifies programming languages with respect to

the following two properties:

1. Parameter passing modelaries between a unidirec-
tional data flow in traditional DFLs and a bidirectional
unification-based data flow in logic-based languages.

. Selection of computation alternativesvell-known
solutions are (a) the use of selectors and filters in tradi-
tional DFLs which deactivate certain data flows, (b) the
consistent completion model of Show-areliTwhere
flows of data are deactivated which would produce
inconsistent tayet box values, (c) the deterministic
depth-first-search and backtracking model of Prolog,
and (d) a depth-first-search and backtracking model
with nondeterministic selection of alternatives.

The discussed observation lead us to the following ques-
tion, the main topic of this paper:

Is it possible to develop a nondeterministic data flow

programming language with built-in depth-first

seach and backtracking mechanisms and would such

a language be useful in practice?

The answer should be yes, considering the fact that visual
DFLs are closely related to functional programming lan-
guages, and the fact that the combination of the functional
with the logic programming paradigm is a very active
research area for some years (see e.g. [2, 16]).

The rest of this paper studies the raised question in
detail. It continues with a very short introduction to the
world of data flow programming languages in section 2
and summarizes the “traditional” elements of the proposed
BacktrackingData flow programming anguageBDL .

The following section 3 explains then how control flow
nondeterminism may be incorporated into BDL. The same
section presents a very compact BDL program, which
solves a typical operations research problem of scheduling
tasks and resources. It relies heavily on the combination of
data flow programming with depth-first-search and back-
tracking mechanisms.

; the Boolean valuesue
andfalse are modeled as integer valueandO.

More preciselyBDL programs may contain the follow-
ing elements (cf. fig. 2):
» User defined functions are subdiagrams (subgraphs),
where the flow of data starts at a number of formal input
parameters and terminates at a number of formal output
parameters. Each parameter has a unique name within
the scope of its surrounding user function declaration.
Function calls are boxes with an appropriate icon and/or
name as inscription. All incoming data flows are con-
nected to so-called inlets of a function box, all outgoing
data flows are connected to its outlets. The number and
names of inlets (outlets) must be identical with the
number and names of formal input (output) parameters.
Data flows connected to the same out parameter (outlet)
receive the same values, input data flows connected to
the same in parameter (inlet) propagate the union of their
value sets.
Built-in functions, like* for multiply input values orl
for decrement input value, take sets of integers as input
and produce sets of integers as output. The result of

{2,3}*{2,3} is e.g. the sq#4,6,9}
: . factorialfunction callwith
function call: ﬂnﬂ inlet i and outlet o

in/out par. of m formal infout parameters
function decl.: in userfunction declaration
. from output parameter/outlet o
data flow. to input parameter/inlet i
built-in Attention:
functions: inlets/outlets
built-in > of built-ins ...
predicates: = are not shown
9 L .
filter: !:E. connects its input flow i to output o
Iiter: h if additional Boolean input c is true
III. connects t input to output o if
collector: Boolean input c is true,
0] finput to output o, otherwise.

Fig. 2: Used icons and data flow connections



File Window Layout Options Unde Edit Browse Exec

Scale:
Rotate:

Help

[l
T

Hna “Huﬂ

L

(L] Ler

o

T

Hi—h“\n [l

o

Fig. 3: Screen dump of BDL environment prototype with a definition of the factorial function

Built-in predicates take sets of values as input and pro-

predicate# delivers the resufialse . This causes the fil-

duce a single boolean value as output. The semantics ofter to propagate no value to its output and prohibits thereby

expressions lik€2,3} p{2,3} withpO{=#,.}isa
matter of debate. Our preferred definition looks like fol-
lows: sefp set’ ;= Jelset,e’Dset :epe’.

Special filter and collector icons control the flow of data.
A filter propagates its input to the output, if its input
parameteic has the valuérue ; it returns the empty
set otherwise. A collector propagates the value of its
input parametet orf to the output depending on the
fact whether its third input istrue orfalse

Almost all explained BDL language elements are used
in fig. 3 to program once again the factorial function. The
displayed screen dump of the prototypical BDL program-
ming environment implementation shows the usual recur-
sive definition. Its execution proceeds as follows for a
given input valuen greater than O:

1. Create a fresh copy of the displayed diagram and prop-

agate the value to its in parameter.

Compare the diagrasi'actual input value with 0 and
use the# comparison resultrue to pass the input

valuei through the filter

. Decrement the output value of the filtarmich is still

n, and expand the recursive function call by creating
another copy of the subdiagram with the decremented
input valuen-1 .

. Complete the recursive call of the factorial function
and multiply its result with the old input valane

. The computed result is finally propagated through the
t(rue) entry of the diagram’ collector to the out
parametep.

2.

the evaluation of the decrement function and the recursive

call of I. Furthermore, the collector propagates now the

other inputl to its output, which is the proper resultdf
Abstracting from the description above, thescution of

a BDL pogram may be modeled as a process which

extends and re-evaluates a data flow graph step by step. It

starts with the data flow graph of a selected main program
and executes the following two steps as long as the con-
structed data flow graph changes:

1. (Re-)Evaluate any built-in system function with fresh
or changed input data (a nonempty set of data).

2. Expand any call of a user defined function with availa-
ble input data (nonempty sets) by copying its defini-
tion, a subdiagram, and connecting its input and output
parameters to the corresponding input/output data
flows of the function call.

Please note that the current version of BDL expands user

function calls onlyif all their input parameters have non-

empty sets as values. Future versions might distinguish
between mandatory and optional parameters. They should

then expand a function call as soon as all its mandatory

input parameters have nonempty sets as values.

The PROGRES specification of the sketched evaluation
process uses ancremental attribute evaluation algorithm

to perform step 1 above. This guarantees that built-in func-
tions are evaluated in the correct order (imposed by the
flow of data) and that any changes of a functidnput

data trigger only the re-evaluation of its own body and of
all its successor functions. Any remaining degrees of free-
dom of steps 1 and 2 above in the evaluation order of built-

We have to add for reasons of completeness that recursionn functions and the expansion order of user defined func-

terminates as soon as the subdiagsamput isO, i.e. the

tions are resolved by using a random number generator



3. Nondeter minism and Backtracking in BDL

latest pos.
start time

2

Having explained the basic elements of the visual data
flow programming language BDL it is now time to proceed
to the main topic of the paperondeterminism and back-
tracking. But first of all, we will present the promised run-
ning example for the rest of the papenoject management
problemslike task and resource scheduling or warehouse
location optimization are a mixture of data flow computa-
tion and constraint solving problems. They are nowadays
solved by means of dedicated operations research algo-
rithms written in procedural programming languages, or
by programs written in logic-based constraint program-
ming languages like CHIP [23] or CLP(R1[1

A typical though still simple example of this kind is the
following task and esouce schedulingroblem: Given is
a set of tasks with precedence relationships between them
(this task may no be started before the end of that task).
Each task needs certain resources, which are assigned [, iest
manually Simultaneously active tasks may - of course - end time
not use the same resource.

6

Fig. 5: Main program for a scheduling problem

The determination of earliest/latest start and end times
for all tasks as well as a so-called “critical path” in the net-
work of tasks is a typical data flow computation problem.
But what about the treatment of a resource conflict
between a pair of taskg @nd T,? One program written in
the logic-based constraint programming language CHIP
solves the problem roughly as follows under the assump-
tion that additional resources are not available (cf. [23] for

further details): The program computes first preliminary mateddurationd, and a set dfitest possiblend timesle .

s_:_ar_';_and end tm:jes f(?]r all tasks, selects then a palr: of taskgyg outputs are thearliest possiblend timeee and thdat-
(T1,To) connected to the same resource, inserts either a préyg; possibletart timels . They are computed as follows:
cedence relationship from;To T, or from T, to T, , — — i )

. . ee:=max(es) +d, Is := min(le) d.
recomputes changed start and end times, and repeats this _ _ _
process as long as necessdiyne limits for the whole Any precedencg—z relationship from a task (fL_mct|on cqll) T
project or for single tasks may have thieefthat the com-  t0 a task (function call) ;Tis then translated into a pair of
puted earliest possible start time fdF T, is greater than ~ data flow edges, which connectée to T,es and T.Is
its own latest possible end time. This kind of inconsistency 10 Tile , respectivelyFig. 5 contains the corresponding
causes backtracking, and the program starts to reverse th§'@in program for a project with five taskgtfirough T,

o : : ; and the following precedence relationships:
directions of inserted precedence relationships. T <T,<To<T, and To<T,<T,.

We will now present a BDL program which implements
exactly the algorithm described above. It consists of two
user function definitions - one for tasks and one for
resources - and a main program, which encodes the depen-
dencies between tasks and resources as appropriate flows
of data. The user functiom(ask ) receives three input
parameters and computes two output parameters. Its input
parameters are a setaafrliest possiblatart timeses, esti-

T = \1, \1, Please note that the sample data flow program contains
es le two input parameters which are actually connected to two
\ input data flows and receive, therefore, a set of values
: instead of a single value. These are
max \g min T,es :={Tsee, T,ee},

Formal in/out parameters:

es = earliest poss. start time (& . . .
d = duration of task + All other input parameters are either connected to a single

(6]
a
le = latest poss. end time output parameter or a single constant value.drharame-
ters of all T(ask)
!

Tole ={Tyls , Tyls }.

ee = earliest poss. end tim . function calls receive for instance
Is = latest poss. start time j\ either the constant valdeor 2 (time units). And the earli-

e est possible start times of the first task Jis set to0,
whereas the latest possible end timeof the last task J
iS set t06.

(]

Fig. 4. Definition of function T(ask)



variant 1: T, before T,

variant 2: T,before T,

: constraint, i.e. guard of subdiagram; input = fe
triggers backtracking (selection of other varial

Fig. 6: Definition of function R(esource)

The not yet explained call of functiét(esource) in
the centre of fig. 5 models the fact that bottaid T, need
the same resource R. Its definition is displayed in fig. 6. It
is no longer a single subdiagram, but a set of (two) subdia-
grams, which have the same input and output parameters,
but different flows of data between them.

The R(esource) function with its two cases has a
corresponding input parameter for any output parameter of
its two relatedl'(ask) functions, and it has a correspond-
ing output parameter for any input parameter of the two
involvedT(ask) functions. The overall idea of its imple-
mentation may be described as follows:

1. The left variant may be selected if and only if the earli-
est possible end time of task(Res1 =T,.es) is less
equal than the latest possible start time of tagk T
(Res2 =T,.es), i.e. if the depicted timing constraint
is fulfilled. It connects task;Tin the same way to task
T, as a precedes relationship would connegctoTT,
(To.es =T.ee, Tile =T,ls ).

. The right variant simply exchanges the roles of tagks T
and T,, respectively

The following fig. 7 displays three important intermediate
states of our main prograsnéxecution trace. Fig. 7.a dis-
plays the data flow graph after the expansion (evaluation)
of all T(ask) functions. Functions with expanded bodies
are collapsed into single nodes with bold borders and all
data flow edges between two function nodes are collapsed
into a single (bidirectional) edge, in order to keep the dia-

a) Task network before resource conflict check:

Toes=01s=0

gram legible. Small arrows have been added as decorations
of data flows. They illustrate the established precedence

relationships between tasks. The text labels of function

boxes display their input and output parameters together
with their current values (question marks are used for still

uncomputed values). The displayed parameter values
reveal that the (estimated) time for the execution of all

tasks is 6 units, as long as the possibly existing resource
conflict is not taken into account.

ee=2le=2
4 1 G- < \
T, es=21Is=2 T, es=21s=4
ede:—13 le=3 Resl—? es2=2 ede:—13 le=5
eel=3 ee2=3
Is1=2 Is2=4 7\
N/ L% lel1=? le2="
T, es=31Is=3
ee=5le=5
d=2
T, es=51Is=5
'N\—) * ee=6le=6 v
d=1
b) Remove resource conflict with
right task T, precedes left task T, (fails):
T, es=0Is=7?
ee=2le=?
v/ T € M
T, es=7? Is=2 T, es=21s=?
=2 le= =3 ]le=?
w23 | Reizs es2-2 ee=3le
eel=3 ee2=3
\L Isl=2 1s2=4
t—) le1=? le2=2 6—7
< <
T, es=? Is=3 ee2>|sl@
ee=? le=5
d=2
T, es=? Is=5
&_) 4 e=? le=6 \L
d=1
¢) Remove resource conflict with
left task T, precedes right task T, (succeeds):
To es=01s=0
7—-’ FET <—\&
T, es=21Is=2 T, es=3 Is=4
=3le=3 =4 le=5
i Resl=? e2=3 il
eel=3 e2=4
‘s: Isl=2 1Is2=4
v = lel=? le2="7 @;
T, es=31Is=3 eel<|s2
ee=5le=5
d=2
T — —
\ 4 €es=51Is=5
N ee=61le=6 \A
d=1

Fig. 7: Evaluation of T ask Network



The next snapshot of fig. 7.b shows tHeafof unfold- The interpreter loophas to be modified as follows to
ing theR(esource) function call by inserting the right  take the new source of nondeterminism into account:
subdiagram of fig. 6. The resulting modification of the data 1. (Re-)Evaluate (needed) built-in functions with availa-
flow graph invalidates a number of previously computed ble input data. The evaluation of a selector function is
function and parameter values. Some of these values are the selection and propagation of one of its input values
immediately recomputed as a siddeef of the check to its output port.
whether the inserted constraint holdsfeffed parameter 2 Check constraints and trigger backtracking if at least
values are displayed in bold figures). Others may or may  one constraint is violated. Backtracking returns to the
not be recomputed depending on the fact whether we are  |atest nondeterministic user function expansion (cf.
using a demand driven lazy or an eager data flow re-evalu- step 3) or input element selection step (cf. step 1).

ation algorithm (the BDIs prototype uses a lazy imple- 3 gynand user function call(s) with available input data.

mg;‘gti%ngngr;ﬁ Cgrstggitgéiﬁez ii Itshle efijn:i?)n of Inserted subdiagrams are chosen nondeterministically
the R(esource) gf%nction call has tgo’ b.e .reconsiorlJered (randomly) in the case of function definitions which
’ consist of more then one subdiagram.

This results in the execution state of fig. 7.c, where the || . he iust introduced sel f . Id mod
left subdiagram of fig. 6 was used to expand the regarded-USIng the Just introduced selector function we could mod-
: ify the example of section 3 as depicted in fig. 8. The input

R(esource) function call. Thg constraint of this subdia- parametete  of task T, is now eithes or 6 or 7.
gram holds due to the fact that it is possible to perform task Taking into account that the actual implementation of
T, after task Tin parallel with task T, i.e. the latest possi- Y . . P

the selector function does not pick elements randomly

ble start time of is greater equal then the earliest possi- from the input set, but returns always the smallest remain-

ble end time of T. . o ; i
] i ) ) ing element, the modified program is executed as follows:
Adding constraints and backtracking to BDL requires 4 T,le is set tcb.

some modifications of its mainterpreter loop The new . All T(ask)

version executes still as long as the constructed data flow

graph changes, but performs now the following steps:

1. (Re-)Evaluate (needed) built-in functions with changed
or new input data.

2. Check constraints and trigger backtracking if at least
one constraint is violated. Backtracking returns to the
latest nondeterministic user function expansion (cf.
step 3) and chooses a still remaining alternative.

3. Expand user function call(s) with available input data.
Inserted subdiagrams are chosen nondeterministically

function calls are expanded and their out-

put parameters are computed.

3. The output parametexe of T, has now the same value
6 as in fig. 7.a.

4. This violates constraint,ee <5 of fig. 8.

5. Backtracking starts and setgl& now to6.

6. Afterwards, the execution process may continue as
depicted in fig. 7 of section 3.

It is worth-while to mention that backtracking reconsiders

once met decisions in thedhronological everse aler.

) ; . : This has the consequence that the sketched violation of the
(randomly) in the case of function definitions which ot Resource)  function call expansion in fig. 7.b is
consist of more than one subdiagram (as in fig. 6). not resolved by simply setting, e to 7, but by exploring

Please note that constraint checking and backtracking isfirst the remaining expansion alternative fr Further-

not always as simple as in the explained program trace,more, we have to admit that a future version of BDL

where the insertion of a subdiagram causes immediatelyshould allow for the definition olpplication specific

the violation of its own constraint. In the general case it selection strategiesChoosing to be inserted subdiagrams

may happen that an inserted constraint exists for a longalways randomly and to be forwarded integer values

time, until its value changes false . The detected con-  always in increasing order is a rather ad hoc approach.
straint violation and the triggered backtracking process has

then to undo one function expansion after the otinail it %pﬂ?;e;'be{i %lfa,g%h(ﬂfjer
returns to a point in the past with still unexplored expan- s s
sion alternatives. This may or may not be the expansion of T4 1
the function that inserted the violated constraint. ee ] [le
.. . a

4. Data Flow Nondeter minism in BDL < s
Until now we considered only the case, where nondetermi- n
nism was caused by function definitions consisting of more | : .

i H . selects one element from set;
then one sybd@gram. This is what we caII(_adftmI flow M backiracking triggers selectibh
nondeterminism.’ A new selector function gives program- AN N| selection of another element ‘ 5 ‘ ‘ 6 ‘ ‘ 7 ‘

mers now the possibility to moddhta flow nondetermi-
nism too. It takes a set of values as input and forwards a Fig. 8: Modified Fig. 5 with additional constraint and
(randomly) selected element of the input set to its output. data flow nondeterminism

6



5. Cyclic Data Flows and Iteration in BDL and reflects the opinion that iteration is just a special form
Until now we have alw. made the implicit mption of recursion (tail recursion). The second one allows for the
oW, We have aways mace the Implcit assumplion ., i ction ofcyclic data flowsand deals with them by
that constructed data flow graphs are acyclic and that aVintroducing the concept of evaluation states. In the most
kind of needed iteration process is defined by using recur- 9 Pt ; ) .
general case, any function or variable possesses an associ-

sive functions. It is the topic of this section to demonstrate q fval ; d of a sinal I
that the construction and (fix-point) evaluation of cyclic ated stréam of values instead of a single value. New stream

data flows would be useful in practice and to show the rela- €ntries for function outputs are then computed based on
tionships between cyclic data flows and iteration. old stream entries for function inputs (as in Hyperflow
[12]). In the simplest case, data flow cycles are broken by

introducing special loop variables, which possess a pair of
values (old, new) instead of a single value. This is the cur-
rently implemented sequential iteration concept of BDL.

The main reason for favoring the approach based on
loop variableswas our believe that cyclic data flow pro-
grams are often the natural solution for a given problem.
Consider for instance a slightly modified version of the
task scheduling problem in section 3, where taskant
) ) ) . T3 (and not T and T) share the same resource. A straight-

Itis clear that the concept of parallel iteration can easily t5yard translation of the new situation would result in the
be added to any DFL without destroying the concept of qnsiryction of the data flow program in fig. 9. Its execu-
stateless programming. But this is no longer true for o may or may not construct a cyclic data flow graph as
sequential iterationA programmeis intention behind this o intermediate computation result depending on the fact

kind of iteration is to evaluate the same “piece of code” \\hether the call oR is first expanded to the right subdia-
(subdiagram) again and again with its own old output val- gram or to the left subdiagram in fig. 6.Such a cycle may

ues as new input values, until a certain condition becomesypa proken by treating all in parametersRofunctions as
true. It is a matter of debate whether a DFL should really loop variables.

support this kind of iteration, but it is a matter of fact that
(almost) all really used DFLs support sequential iteration.

First of all we have to distinguish two kinds of iteration,
which are usually called parallel iteration and sequential
iteration, respectivelyParallel iteration means the simul-
taneous execution of a function call for all element of a
given list or set of input elements. All computed results are
returned as another set or list of elements. This kind of iter-
ation is for instance available in Show-areltT13] or
Prograph [7], and it was already introduced in section 2 for
built-in functions like* or +.

The modified version of the interpre®main loop for
} _ loop variables has about the following (final) form:
' Th.ere'are at least two main approach?s how sequential 7 (Re-)Evaluate all built-in functions with respect to old
iteration is added to a DFL. The flr_st one is based on creat- loop variable values (initial values are empty sets). Halt
ing afresh copyof the iterated subdiagram for each execu- execution in the case of any data flow cycles which are
tion cycle. It avoids the construction of cyclic data flows not broken by the introduction of loop variables.

latest pos. 2. Replace all old loop variable values by the (union of)
start time the values on incoming data flows simultaneausly

2 3. Check constraints and start backtracking if necessary

4. Expand user function call(s) with available input data.

6. Implementation of BDL

It was already mentioned that the BDL programming envi-
ronment prototype - shown in fig. 3 of section 2 - is not
handcoded, but automatically derived from a high level
graph grammar specificatioThe developed specification
is not just a description of the language BDL itself, but
defines the complete functionality of its accompanying
programming environment. This includes aspects like syn-
tax-directed editing of BDL (sub-)diagrams, browsing and
zooming through diagrams as well as stepwise execution.
Writing and testing the specifications for both BDL and
a subset of Show-andeIl took about 4 weeks. The result-
ing BDL specification has a length of 30 pages with 23
pages being reused from the preceding specification of
Show-and-€ll. Thegenerated BDL mitotypeconsists of

earliest

6

end time
32.000 lines of C code on top of our own graph-oriented
Fig. 9: BDL data flow program with potentially database system GRAS and the user interface toolkit Tk/
cyclic data flow graph at runtime Tcl. It supports all presented language elements in this
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