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Abstract: We introduce a new syntax-directed translation device called top-down tree
to-graph transducer. Such transducers are very similar to the usual top-down tree trans
ducers except that the right-hand sides of their rules are hypergraphs rather than trees. 
Since we are aiming at a device which also allows to translate trees into objects different 
from graphs, we focus our attention on so-called tree-generating top-down tree-to-graph 
transducers. Then the result of every computation is a hypergraph which represents a 
tree, and in its turn the tree can be interpreted in any algebra of appropriate signature. 
Although for both devices, top-down tree transducers and tree-generating top-down tree
to-graph transducers, the translation of a subtree of an input tree does not depend on 
its context, the latter transducers have much more transformational power than the for
Iner. In this paper we prove that tree-generating top-down tree-to-graph transducers are 
equivalent to macro tree transducers, which are transducers for which the translation of a 
subtree may depend on its context. 

1Supported by COMPUGRAPH ("Computing by Graph Transformation"), ESPRJT Basic Re
search Working Group Number 3299 
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1 Introduction 

The concept of syntax-directed translation as introduced in [Iro61], has become a well
known and elegant method to associate meaning to tree-structured objects ( cf. [Eng81] 
for a general discussion). The main idea of this concept is to define the translation (or 
sernantics or meaning) of a tree in terms of translations of its subtrees. Nowadays, there 
exist several formalizations of this concept which, from the schematic point of view, have 
different translation power, e.g., generalized syntax-directed translation schemes [AU71, 
A U73], top-down tree transducers [Tha70, Rou70, Bak78, Eng75, GS84], attributed tree 
transducers [Fül81 b, Fül81a] which are based on attribute grammars [Knu68], macro tree 
transducers [CF82, Eng80, EV85], and high-level tree transducers [EV88]. Actually, viewed 
as schemes, every device in this list is strictly more powerful than its predecessor except for 
the first two devices which are equivalent. The macro tree transducer closely corresponds 
to the model of syntax-dhected translation in [Iro61]. 

In this paper, we introduce a new, quite simple, formal model of syntax-directed trans
lation: the top-down tree-to-graph transducer (for short: td-tg transducer). lts definition 
has the same simplicity as the definitions of top-down tree transducers or attribute gram
mars with synthesized attributes only: the translation of a subtree of the input tree does 
not depend on its context. 

Intuitively, td-tg transducers can be viewed as context-free hypergraph grammars of 
which the derivations are controlled by an input tree; the result of the derivation is the 
output (hyper)graph. This is entirely analogaus to the fact that top-down tree transducers 
can be viewed as ordinary context-free grammars with tree-controlled derivations ( see 
[Eng86a]). Context-free hypergraph grammars (for short: cfhg grammars) are introduced 
in [BC87, HK87b] and are studied in [Hab89, Cou87b, Cou87a, Cou88] [Cou90, ER90, 
HK87a, Lau88a] [Lau88b, MR87, EH91, EH92]. A cfhg grammar generates a set of edge 
labeled, directed hypergraphs. These are graphs in which an edge may be incident with 
any nurober of nodes rather than two as for usual graphs. Every edge is labeled by a 
symbol of some ranked alphabet where the rank of the label is equal to the number of 
incident nodes. Figure 1 shows a hypergraph where edges and nodes are represented by 
boxes and circles, respectively. The line connecting an edge and a node is called a tentacle. 
To implement a direction of tentacles and a functionality of edges, we associate with an 
edge e the sequence v1 ... VkVk+l of incident nodes. The nodes v1 , ••. , Vk are called the 
arguments of e and the node vk+l is called the result of e; the tentacle which connects 
Vi, i E {l, ... ,k}, with e (or Vk+l with e), is called outgoing from Vi (or incoming to 
vk+b respectively). Some nodes of the hypergraph rnay be distinguished; they are called 
external nodes and their order is indicated by natural numbers. 

The derivation mechanism of cfhg grammars is an easy edge replacement: for two 
hypergraphs ~1 and ~2 over some ranked alphabet, 6 can be rewritten to c;2 by replacing 
son1e X -labeled edge e of 6 ( where X is a non terminal) by the right-hand side h of some 
rule X --+ h, and by pairwise identifying the nodes that were incident with e in 6 with the 
external nodes of h ( cf. Figure 2); the number of external nodes of h equals the rank of X. 
N ow td-tg transducers can be understood as cfhg grammars of which the derivations are 
controlled by an input tree, in the sense that the nonterminals of the grammar correspond 
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