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Figure 0: Solids X1, X2, X3, X4, and X5 (from left) were rendered with Blister in real-time directly from their CSG expressions. X3 has 48 
CSG primitives. Its disjunctive form has over 30,000 products. X4 subtracts a bunny from the union of 3 other bunnies. X5 is transparent.  

Abstract 
By combining depth-peeling with a linear formulation of a 
Boolean expression called Blist, the Blister algorithm renders an 
arbitrary CSG model of n primitives in at most k steps, where k is 
the number of depth-layers in the arrangement of the primitives. 
Each step starts by rendering each primitive to produce candidate 
surfels on the next depth-layer. Then, it renders the primitives 
again, one at a time, to classify the candidate surfels against the 
primitive and to evaluate the Boolean expression directly on the 
GPU. Since Blist does not expand the CSG expression into a 
disjunctive (sum-of-products) form, Blister has O(kn) time 
complexity. We explain the Blist formulation while providing 
algorithms for CSG-to-Blist conversion and Blist-based parallel 
surfel classification. We report real-time performance for non-
trivial CSG models. On hardware with an 8-bit stencil buffer, we 
can render all possible CSG expressions with 3909 primitives.  
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1 Introduction 
Designers of manufactured products and processes or of 
videogame environments use CSG (Constructive Solid Geometry) 
[Requicha 1980; Hoffmann 1989] for specifying solid models as 
Boolean combinations (Fig. 1) of primitives. CSG expressions can 
be converted to a polygonal mesh through boundary evaluation, 
but conversion algorithms remain too slow for real-time graphic 
[Requicha and Voelcker 1985; Tawfik 1991; Keyser et al. 2002, 
Banerjee et al. 1993]. Consequently, many algorithms exist for 
rendering images of a CSG solid from a specific viewpoint 
without explicit calculation of the boundary. 

  

 
Figure 1: Boolean combinations of a red block A with a blue 
cylinder B: union A∪B, intersection A∩B, and difference A–B. 
A CSG expression describes a tree, in which leaves represent 
primitives and nodes represent Boolean operators (Fig. 2).  For 
simplicity, we assume that parent-nodes with more than two 
children have been expanded into a binary tree.   

 
Figure 2: A CSG solid (left) and its CSG tree (right). 

Because industrial and architectural CAD models may contain 
hundreds or even thousands of primitives, there is a need for 
improving the space-and-time complexity of CSG-rendering 
algorithms. Most previously proposed hardware-assisted 
algorithms expand the CSG expression into a sum-of-products 
(disjunctive form) [Epstein et al. 1989; Rossignac 1994; 
Goldfeather et al. 1986; Goldfeather et al. 1989].  This form often 
contains an exponential number of products, hence drastically 
reducing performance for complex CSG models. Other algorithms 
partially evaluate the model [Rappoport and Spitz 1997] or 
require expensive custom hardware [Ellis et al. 1991].   

The method introduced here converts an arbitrary Boolean 
combination of primitives into its Blist form [Rossignac 1999]—a 
list of the original primitives, each represented only once. Our 
Blister algorithm, which stands for Blist-Expression Renderer, 
uses the Blist formulation to render the corresponding solid on 
commodity graphics hardware. 

With only trivial pre-computation, Blister renders CSG models of 
20 primitives at 11 frames per second on a nVidia GeForce 6800 
adapter, and models with 48 primitives at 2 frames per second.  
With only 8 available stencil planes, we can guarantee support for 
all CSG expressions with less than 3909 primitives, while usually 
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