
Glift: Generic, Efficient, Random-Access GPU Data
Structures

AARON E. LEFOHN
University of California, Davis
and
JOE KNISS
University of Utah
and
ROBERT STRZODKA
Caesar Research Institute, Bonn
and
SHUBHABRATA SENGUPTA and JOHN D. OWENS
University of California, Davis

This paper presents Glift, an abstraction and generic template library for defining complex,
random-access graphics processor (GPU) data structures. Like modern CPU data structure li-

braries, Glift enables GPU programmers to separate algorithms from data structure definitions;
thereby greatly simplifying algorithmic development and enabling reusable and interchangeable
data structures. We characterize a large body of previously published GPU data structures in

terms of our abstraction and present several new GPU data structures. The structures, a stack,
quadtree, and octree, are explained using simple Glift concepts and implemented using reusable

Glift components. We also describe two applications of these structures not previously demon-
strated on GPUs: adaptive shadow maps and octree 3D paint. Lastly, we show that our example

Glift data structures perform comparably to handwritten implementations while requiring only a
fraction of the programming effort.

Categories and Subject Descriptors: I.3.1 [Computer Graphics]: Hardware Architecture-Graphics processors; I.3.6 [Methodology and Tech-
niques]: Graphics Data Structures and Data Types; D.3.3 [Language Constructs and Features]: Concurrent programming structures

General Terms: Algorithms, Languages

Additional Key Words and Phrases: Adaptive, adaptive shadow maps, data structures, graphics

hardware, GPU, GPGPU, multiresolution, octree textures, parallel computation

1. INTRODUCTION

The computational power and programmability of today’s graphics hardware is rapidly impacting many areas of com-
puter graphics, including interactive rendering, film rendering, physical simulation, and visualization. The combina-
tion of shader-based graphics programming and general-purpose GPU programming (GPGPU) is enabling, for exam-
ple, interactive rendering applications to support high-quality effects such as ray tracing, high dynamic range lighting,
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(a) Virtual Domain (b) Adaptive Tiling (c) Page Table (d) Physical Memory (e) Adaptive Shadow Map

Fig. 1: Our abstractionallows GPU programmersto separatethe detailsof datastructuresfrom the algorithmsthat usethem. It alsosimpli�es
thedescriptionof complex structuresby factoringtheminto orthogonal,reusablecomponents.In this adaptive shadow map(ASM) example,the
shadow dataarestoredin aquadtree-likestructure.TheprogrammeraccessestheASM with traditionalshadow mapcoordinates,i.e.,thestructure's
virtual domain(a). This domainis adaptively tiled to focusshadow resolutionwhererequired(b). TheASM performsa shadow lookupby �rst
convertingthevirtual addressto a physicaladdresswith anaddresstranslator(c). This addresstranslatoris a minor modi�cation of a genericpage
tabletranslatorthatcanbeusedto de�ne many otherdatastructures.Thedataarethenretrieved from thephysicalmemorytexture (d). The last
image(e)showsaninteractive renderingwith theadaptive tilescoloredfor visualizationof theshadow resolution.

and subsurfacescatteringthat were consideredof�ine techniquesonly a few yearsago. In addition to rendering,
GPGPUresearchersareshowing that thepower, ubiquity andlow costof GPUsmakesthemanattractive alternative
high-performancecomputingplatform[Owenset al. 2005]. This literatureoftenreportsGPUspeedupsof morethan
� ve timesover optimizedCPUcode.Theprimitive GPUprogrammingmodel,however, greatlylimits theability of
bothgraphicsandGPGPUprogrammersto build complex applicationsthattake full advantageof thehardware.

The GPU programmingmodel hasquickly evolved from assemblylanguagesto high-level shadingand stream
processinglanguages[Buck et al. 2004;Kessenichet al. 2004;Mark et al. 2003;McCool et al. 2004;McCormick
et al. 2004;Proudfootet al. 2001]. Writing complex GPU algorithmsanddatastructures,however, continuesto be
muchmoredif�cult thanwriting an equivalentCPU program. With modernCPU programminglanguagessuchas
C++, programmersmanagecomplexity by separatingalgorithmsfrom datastructures,usinggenericlibrariessuchas
theStandardTemplateLibrary (STL), andencapsulatinglow-level detailsinto reusablecomponents.In contrast,GPU
programmershave very few equivalentabstractiontools availableto them. As a result,GPU programsareoften an
inseparabletangleof algorithmsanddatastructureaccesses,areapplication-speci�cinsteadof generic,andrarely
reuseexistingcode.

This paperpresentsa data-parallelprogrammingabstractionthat enablesGPU programmersto createhigh-level,
ef�cient, random-accessGPU datastructures.We alsopresentGlift, a C++ andCg [NVIDIA DeveloperRelations
2003] templatelibrary implementationof the abstraction.Glift encapsulatesthe GPU memorymodelandprovides
a framework for reusable,genericGPU datastructurecomponents.We demonstratethe expressive power of the
abstractionby usingit to characterizea largebodyof previousGPUdatastructuresandby building severalnovel GPU
datastructures(stack,quadtree,andoctree)andapplications(adaptive shadow mapsandoctree3D paint).

Themaincontributionsof thispaperare:

—Thedevelopmentof programmableaddresstranslationasa simple,powerful abstractionfor GPUdata
structures;

—Theclassi�cationof existingGPUdatastructuresbasedonaddresstranslatorcharacteristics;
—Thedesign,implementation,andanalysisof theGlift templatelibrary to implementtheabstraction;
—Theclari�cation of theGPUexecutionmodelin termsof datastructureiterators;and
—The demonstrationof two novel GPU applicationsthat showcasethe ability to useGlift to represent

complex GPUdatastructures:interactive adaptive shadow mapsandoctree3D paint.
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