
 

 

  
Abstract—A drawing of a binary tree T maps each node of T to a 

distinct point in the plane and each edge (u v) of T to a chain of line 
segments with end points u and v. Several approaches are found in 
the literature which includes path based, Rings based, HV and level 
based etc. In this paper, we introduce the context free grammar  using 
L-System to drae HV drawings of binary trees. It is observed that 
these grammars are easy to implement and modify. The major 
advantages of the new systems are: easy to implement, easy to modify 
and the width of the edge is inversely proportional to the  depth of 
each node. Thus it makes the visualization process easier and 
efficient from the stand point of human cognitive system. 
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I. INTRODUCTION 
HIS An L-system or Linden Mayer system is a parallel 

rewriting system [4, 5]. Linden Mayer system is a 
language, which means a set of strings that is made by the 
application using certain rules. L -System documents are text 
files containing L systems. L-System editor recognizes L-
System documents with the extension lin. Multiple  instances 
of L System documents can be opened in L System Editor. 
Linden Mayer systems consist of strings  of symbols [6, 7].
 The starting string is called the axiom. Each generation, 
zero or more transitions are applied to the string, based on a 
list of rules. Each rule consists of an "input"  and an "output"; 
the input is the search substring and the output is the substring 
it is to be replaced. The main concept of the generative process 
is string rewriting, in which the letters that comprise an initial 
string are replaced by other letters according to pre-defined 
rules. This string rewriting process is usually repeated for 
several  generations. In the interpretative process the letters of 
one or multiple generations of string are interpreted and 
visualized. For instance, letters of a string can be visualized by 
mapping them to attributes of objects or alternatively by 
interpreting them as turtle graphic commands. Linden Mayer 
System is the geometric representation of formal grammars. 
Grammars themselves are sets of simple rules used to 
transform strings of characters. We have used the following 
symbols: 

 
F---  move forward, drawing a line 
f ---  move forward without drawing a line 
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+---  Turn left (by rotating clockwise on the spot) 
 
- ---  Turn right  (by rotating anti-clockwise on the spot) 
 
             [  ---    remember this position 
] ---  return to the last remembered position 
 
The L system type will be set according to the extension [8]. 

Context-free production rules refer only to an individual 
symbol. Context-sensitive production rules apply to a 
particular symbol only if the symbol has certain neighbors. 
The system is said to be deterministic if there is exactly one 
production for each symbol.  Similarly  a system is said to be 
Stochastic if there are several, and each is chosen with certain 
probability during each iteration. 

 
An L-system consisting of 4 parts:- 
 
 A set of variables (i.e. the symbols that can be replaced 

by production rules). 
 A set of constants (i.e. the symbols that do not get 

replaced. The constants the following symbols: 
!, [, ], +, -. ). 

  A single axiom (i.e. the string composed of some 
number of variables and/or constants. The axiom is the 
initial state of the system). 

  A set of production rules- it may be defining the way 
variables can be replaced with combinations of 
constants and other variables. A production consists of 
two strings - the predecessor and the successor. 

L-system grammars are very similar to the semi-The 
grammar L-Systems are now commonly known as 
parametric L systems, defined as a tuple, 
 
G = (V, S, ω, P) Where, 
V (the alphabet) is a set of symbols containing elements that 

can be replaced (variables) S is a set of symbols containing 
elements that remain fixed (constants) 

ω (start, axiom or initiator) is a string of symbols from V 
defining the initial state of the system 

P is a set of production rules or productions defining the 
way variables can be replaced with combinations  of  constants  
and  other  variables.  A  production  consists  of  two  strings,  
the predecessor and the successor 
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II.  GRAPH DRAWING OF BINARY TREES 
Tree  drawing  is  concerned  with  the  automatic  

generation  of  geometric  representations  of relational 
information, often for visualization purposes [1, 2, 3]. The 
typical data structure for modeling hierarchical  information  is  
a  tree  whose  vertices  represent  entities  and  whose  edges  
correspond  to relationships between entities. Visualizations of 
hierarchical structures are only useful to the degree that the 
associated diagrams effectively convey information to the 
people that use them. A good d iagram helps the reader 
understand the system,  but a poor diagram can be confusing. 
The automatic generation of drawings of trees finds many 
applications, such as Software Engineering (program nesting 
trees, object- oriented class hierarchies), Business 
Administration  (organization charts), Decision Support 
Systems (activity trees), Artificial Intelligence (knowledge - 
representation is a hierarchies), Logic Programming (SLD-
trees), Web-site Design and Browsing (structure of a Web-
site), Biology (evolutionary trees), and Chemistry (molecular 
drawings). 

A drawing convention is a basic rule that a drawing must 
satisfy to be admissible [4, 5]. A poly- line  drawing is a 
drawing in which each edge is drawn as a connected sequence 
of one or more line- segments, where the meeting point of 
consecutive line-segments is called a bend. An orthogonal 
drawing is one in which each edge is drawn as a chain of 
alternating horizontal and vertical segments. An upward 
drawing is defined as a drawing where no child is placed 
higher in the y- direction than its parent. A non- upward 
drawing is a drawing which is not upward. A grid drawing is 
one in which each vertex is placed at integer coordinates. 
Assuming that the plane is covered by horizontal and vertical 
channels, with unit distance between two consecutive 
channels, the meeting point of a horizontal and a vertical 
channel is called a grid-point. The computer screen can be 
viewed as a grid of pixels placed at integer coordinates. Grid 
drawings guarantee at least unit distance separation between 
the nodes of the tree, and the integer coordinates of the nodes 
and edge-bends allow the drawings to be rendered in a  (large-
enough) grid- based display surface, such as a computer 
screen, without any distortions due to truncation and round -off 
errors. The smallest rectangle with horizontal and vertical 
sides parallel to the axes, that covers the entire grid drawing, is 
called the enclosing rectangle. A planar drawing is a drawing 
in which edges do not intersect each other in the drawing. 
Planar drawings are normally easier to understand than non-
planar drawings, i.e.  drawings with edge-crossings. Since any 
tree admits a planar drawing, it is desirable to obtain planar 
drawings  for trees. The so called straight-line tree drawings 
have each edge drawn as a straight line segment. It is natural to 
draw each edge of a tree as a straight line between its end -
nodes. Straight-line drawings are easier to understand than 
poly line drawings. 

The Level-Based Approach can be used on both binary and 
general trees and it is characterized by the fact that in the 

drawings produced, the nodes at the same distance from the 
root are horizontally aligned. A  layered drawing of a graph is 
a drawing such that the vertices are constrained to lie on 
geometric layers which can be lines, circles, or other kind of 
curves. Partitioning the vertices into distinct layers can be an 
effective way to emphasize some structural properties of the 
graph; in many cases this is required in some real -world 
applications to convey the so called semantic constraints. 

Radial  drawings  are  often  used  in  drawing  graphs,  even  
though  they  do  always  guarantee planarity.  The  
Horizontal-Vertical  Approach  can  be  used  on  both  binary  
and  general  trees.  In  this approach,  a divide-and-conquer 
strategy is used to recursively construct an upward, orthogonal, 
and straight-line drawing of a tree, by placing the root of the 
tree in the top-left corner, and the drawings of its left and right 
sub trees one next to the other (horizontal composition) or one 
below the other (vertical composition). The resulting drawing 
also exhibits the sub tree separation property within an O (n 
log n) area. 

Horizontal- Vertical Approach can be used on both binary 
and general trees. In this approach, a divide-and- conquer 
strategy is used to recursively construct an upward, orthogonal, 
and straight -line drawing of a tree, by placing the root of the 
tree in the top-left corner, and the drawings of its left and right  
sub  trees  one  next  to  the  other  (horizontal  composition)  
or  one  below  the  other  (vertical composition). The resulting 
drawing also exhibits the sub tree separation property within 
an O(n log n) area. 

The Path-Based Approach uses a recursive winding 
paradigm to draw a binary tree T by laying down a small chain 
of nodes monotonically in the x-direction leading to a 
distinguished node v, and then 

”winding” by recursively laying out the subtrees rooted at 
the children of v in the opposite direction. 

A rectangular drawing of a plane graph G is a planar 
drawing of G such that each edge is drawn as a horizontal or 
vertical segment and each face is drawn as a rectangle. Every 
graph with a rectangular drawing is bi- connected and has at 
least four vertices of degree 2 on its outer face. An ortho-radial 
grid is a grid composed of  concentric circles and half-lines 
starting at the center of the circles. In the present paper we 
extend the concept of rectangular drawings to this grid. In an 
ortho-radial grid, a radial segment is a connected part of a half-
line that does not include the center S of the circles, and a 
circular segment is 

Horizontal-Vertical drawing of binary treeT is based on  
Straight-line grid drawing where each node is placed on the 
corner of a set of squares which equally divide the drawing 
space. In HV drawings,  for every vertex u, a child of u is 
either: 

1.horizontally aligned to the right of u, as shown in pink 
color in the diagram  

2.or vertically aligned below u as shown in green color in 
the diagram 

in such a way that t he bounding rectangles of subtrees of u 



 

 

do not intersect 
 
Thus HV drawings are 
  a)Planar (no edges intersect) 
  b)Straight-lined 

c)Orthogonal (perpendicular)                               
d)Downward 

 

 
We follow the divide and  conquer method.  While dividing 

we recursively construct HV- drawings for the left and right 
subtrees. While conquering we perform either a horizontal 
combination or a vertical combination. 

 
Thus Order of children (embedding)  is preserved only if 
 

• Left subtree placed to the left  in horizontal combination 
• Left subtree placed below in vertical combination 

 
Let us consider a tree with n nodes. Then height and width 

are each at most n-1 . The area required to draw is  
O(nlogn).The width is at most n-1.The height is at most logn 

L system editior allows you to edit L systems and generate 
images from them.you can save the images as graph 
files.Lsystem editior allows you to open multiple L system 
documents ,copy and paste between them,and run the L 
systems ,contained in the documents. 

  Lsystem editior consists of a multiple document interface 
that  is container for any number of editiors. 

Turtle graphics are a method of drawing in which turtle 
commands is interpreted as drawing instructions .The turtle 
state consists of a posistion and a heading.given a step size and 
and angle increment the turtle can respond to commands.L 
system is based on the turtle graphics.It is on screen cursor 
which can be drawing instructions such as move forward by a 
specified distance or turn left by a specified angle 

 
  

 

 
Fig. 1 Screen format of the L-System 

 
 
 
 



 

 

 
 The title bar,windows control buttons,and control menu are 

standard windows features.the title bar displays the name of 
the l system document in the editor. 

The edit window is a simple text editor that allows you to 

edit Lsystems.if the current Lsystem is too large to fit in the 
edit window ,you can use the scroll bars to expose different 
portions of the text. 

 
 

 
Fig. 2 Without Pruning 

 

 
Fig.  1 With double pruning 

 
 



 

 

 
Fig. 4 A grammar for the HV Drawings 

 
In this paper, an easy implementation is given using L-

System to draw the layout for binary tree with variable width 
in edge. This methodology can be very much helpful in VLSI 
design where each edge represent the clock pulse and a D.C 
power supply in a planner graph drawing. Wider the width of 
the edge can represent  grater power consumption in the VLSI 
layout. The growth of these binary trees is exponential in time. 
As given in the Fig.1, the variable H and V can be increased 
with few more F in order to change the shape of the tree. More 
nodes can be added by increasing the number of iterations. 
Similarly, one can prune one or more sides of the tree by 
introducing late substitution. For example, we have introduced 
a dummy variable B to prune the growth in Fig.2 
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