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History of Computer Graphics at Utah
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Research Cores





Research Centers We Direct

NIH/NIGMS Center for Integrative
Biomedical Computing

Center	  for	  Extreme	  Data	  Management,
Analysis,	  and	  Visualiza:on

CEDMAV

Utah	  Center	  for	  Neuroimage	  Analysis



Research Centers We are Affiliated With

NIH NAMIC

IAMCS
Institute for Applied Mathematics
and Computational Science

Scalable	  Data	  Management,	  Analysis
and	  Visualiza7on



Scientific Computing and Imaging Institute, University of Utah

NVIDIA Center of Excellence



Sources: Lesk, Berkeley SIMS, Landauer, EMC, TechCrunch, Smart Planet
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Every two days we create as much data as we did from the beginning of mankind 
until 2003! 



How Much is an Exabyte?

1 Exabyte = 1000 Petabytes = could hold approximately
500,000,000,000,000 pages of standard printed text

It takes one tree to produce 94,200 pages of a book

Thus it will take 530,785,562,327 trees to store an Exabyte of data

In 2005, there were 400,246,300,201 trees on Earth

We can store .75 Exabytes of data using all the trees on the entire planet.

Sources: http://www.whatsabyte.com/ and http://wiki.answers.com

How many trees does it take to print out an Exabyte?
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Brain Information Bandwidth
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Feynman Diagrams

Feynman: “What I am really try to do is bring birth to clarity, which is really 
a half-assedly thought-out-pictorial semi-vision thing. I would see the 
jiggle-jiggle-jiggle or the wiggle of the path. Even now when I talk about 
the influence functional, I see the coupling and I take this turn - like as if 
there was a big bag of stuff - and try to collect it in away and to push it. 
It's all visual. It's hard to explain.”

James Gleick, The Life and Science of Richard Feynman, Vintage Books, 
New York, 1992.
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New Visualization Techniques
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More New Visualization Techniques 
“VisTrail” “Dataflow”
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Even More New Visualization Techniques
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Watson and Crick - DNA

James Watson and Francis Crick - 1953
Nobel Prize - 1962
X-ray diffraction data from Maurice Wilkins 
and Rosalind Franklin 
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Mario Capecchi - Nobel Prize 2007

Mario R. Capecchi, Ph.D., distinguished professor of human genetics and biology at the University of Utah's 
Eccles Institute of Human Genetics has won the 2007 Nobel Prize in Physiology or Medicine.
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Image Based Phenotyping

J.T. Johnson III, M.S. Hansen, I. Wu, L.J. Healy, C.R. Johnson, G.M. Jones, M.R. Capecchi, C. Keller.
 “Virtual Histology of Transgenic Mouse Embryos for High-Throughput Phenotyping,”  
In PLoS Genetics, Vol. 2, No. 1, pp. 471-477. April, 2006.



Statistics of Shape, Connectivity, and Function

Anatomical shape averaging
and variability

Computational Statistics
in Nonlinear Spaces

Diffusion Tensor Image Analysis
Autism project

Combined PET + MRI analysis
Alzheimer’s disease project
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GPUs for Scientific Computing



Volume Rendering
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Multi-Dimensional Transfer Function
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Volume Rendering

enamel /
background

dentin / background dentin / enamel dentin / pulp

1D: not possible
2D: specificity not as good
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ImageVis3D
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ImageVis3D and Tuvok
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NIH Visible Male
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Visible Human - High Resolution



The Need for High Resolution Visualization

Lower Resolution High Resolution

 “…the data show for the first time how detailed transport and chemistry effects can influence the mixing of reactive scalars. It 
may be advantageous to incorporate these effects within molecular mixing models. It is worth noting that at present it is 
impossible to obtain this type of information any other way than by using the type of highly resolved simulation performed here.”
Jacqueline Chen, Sandia National Laboratories





University of Utah

§ Non-‐premixed	  DNS	  
combustion	  (J.	  Chen,	  SNL):	  	  
Analysis	  of	  the	  time	  evolution	  
of	  extinction	  and	  reignition	  
regions	  for	  the	  design
of	  better	  fuels

Topological	  Analysis	  of	  Massive	  Combustion	  Simulations
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New Parallel Topological Computations Achieve High 
Performance at Scale

Pure Computation

Computation + I/O



 ImageVis3D - Mobile
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ImageVis3D Mobile



Introduction

ImageVis3D Mobile DBS App

Deep Brain Stimulation
DBP: Chris Butson

C. Butson, G. Tamm, S. Jain, T. Fogal and J. Krüger
"Evaluation of Interactive Visualization on Mobile 
Computing Platforms for Selection of Deep Brain 
Stimulation Parameters” IEEE Transactions on 
Visualization and Computer Graphics, 2012 (in 
press).



FluoRender	  Ver	  2.9

Mouse	  hindLimb
	  A.	  Kelsey	  Lewis,	  Human	  Genetics,	  Univ.	  of	  Utah
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Parallel Rendering - Ray Tracing
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Rendering Algorithms
Basic idea: modeling the 

physics of light
Rasterization (Z-buffer)

• Invented at U of U in 1974
• Hardware in every modern 

PC

• High interactivity, 
increasing quality

Ray tracing
• Whitted 1980

• High quality, increasing 
interactivity

# of objects

R
en

de
rin

g 
tim

e
As datasets
get bigger,
ray tracing
is faster!

Ray tracing
Rasterization
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Michelangelos David
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Michelangelos David - Part 2
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ViSUS	  Framework	  for	  Scalable	  Data	  



University of Utah

The	  ViSUS	  Parallel	  I/O	  Infrastructure	  (PIDX)
Adopts	  a	  3–Phase	  Data	  Transfer	  Model

Three-Phase I/O: 
(C).1 Data restructuring among 
processes transforms irregular data 
blocks at processes P0, P1 and P2 to 
regular data blocks at processes P0 
and P2. 
(C).2 HZ encoding of regular blocks 
l e ad i ng t o d en s e and non -
overlapping data buffer. 
(C).3 Data transfer from in-memory 
HZ ordered data to an aggregation 
buffer involving fewer large sized 
data packets.
(C).4 I/O writes from aggregation 
buffer to a IDX file.

One-Phase I/O: 
( A ) . 1 H Z e n c o d i n g o f 
irregular data set leads to 
s p a r s e d a t a b u f f e r s 
interleaved across processes. 
(A).2 I/O writes to underlying 
IDX file by each process, 
leading to a large number of 
small accesses to each file. 

Two-Phase I/O: 
(B).1 HZ encoding of irregular 
data set leads to sparse data 
buffers inter leaved across 
processes. 
(B).2 Data transfer from in-
memory HZ ordered data to an 
aggregation buffer involving 
large number of small sized data 
packets. 
(B).3 Large sized aligned I/O 
writes from aggregation buffer 
to the IDX file. 
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Large Scale Galaxy Simulation



341 Sections
90nm thick sections

~32GB/Section
~1000 tiles/section

4096x4096 pixels/tile
2.18 nm/Pixel

16.5 TB after processing
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Antony van Leeuwenhoek (1632-1723)

. . . my work, which I've done for a long time, was not pursued in order 
to gain the praise I now enjoy, but chiefly from a craving after 
knowledge, which I notice resides in me more than in most other 
men. And therewithal, whenever I found out anything remarkable, I 
have thought it my duty to put down my discovery on paper, so 
that all ingenious people might be informed thereof. 

Antony van Leeuwenhoek. Letter of June 12, 1716 
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PROBLEM-DRIVEN 
VISUALIZATION RESEARCH 
for biological data

- target specific biological problems

- close collaboration with biologists

- rapid, iterative prototyping

- focus on genomic and molecular data
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M. Meyer et al., EuroVis 2010. Pathline
!oouurrccee::    HHuummaann

ddee!ttiinnaattiioonn::    LLiizzaarrdd
cchhrr11

cchh
rr22

cc
hh
rr
33

cc
hh
rr
44

cc
hh
rr
55

cc
hh
rr66

cchh
rr77

cchhrr
88

cchhrr99

cchhrr1100

cchhrr1111

cc
hh
rr11
22

cc
hh
rr
11
33

cc
hh
rr
11
44

cc
hh
rr
11
55

cc
hh
rr
11
66

cc
hh
rr
11
77

cc
hh
rr
11
88

cc
hh
rr11
99

cchh
rr22
00

cc
hh
rr22
11

cc
hh
rr
22
22

cchhrr
XX

cchhrrYY

cchhrr33

cc
hh
rr
11

cchh
rr22

cchhrr33

cc
hh
rr
44

cc
hh
rr
55

cchh
rr66

cc
hh
rr
aa

cc
hh
rr
bb

cc
hh
rr
cc

cc
hh
rr
dd

cc
hh
rr
ff

cc
hh
rr
gg

cc
hh
rr
hh

!aattuurraattiioonn
lliinnee

-- ++

1100MMbb

cchhrr33

ggoo    ttoo::    

cchhrr33 cchhrr33

223377116644 114466770099666644

338866445555 114466885500996699

oorriieennttaattiioonn::

mmaattcchh

iinnvveerr!iioonn

    iinnvveerrtt

oouutt iinn

M. Meyer et al., InfoVis 2009.MizBee
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Genome-wide synteny 
through highly sensitive 
sequence alignment: Satsuma
M. Grabherr, et al. 
Bioinformatics (2010) 26 (9): 
1145-1151.



Scientific Computing and Imaging Institute, University of Utah

Uncertainty Visualization

When is the last time youʼve seen an 
error bar in a 3D visualization?
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Uncertainty Visualization
Surfaces imply certainty
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Uncertainty Visualization
Surfaces imply certainty
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Uncertainty Visualization
Surfaces imply certainty
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Visualizing Uncertainty

 

Fuzzy Sensitivity Confidence



QuizLens:  A Multi-lens approach for 
uncertainty exploration

• Global information 
important for 
qualitative 
evaluation & 
context

• Local information 
necessary for 
quantitative 
understanding

• Interchangeable 
lenses to explore 
various data 
characteristics

Probability Slice

Context High Level Focus Lens

Fuzzy Volume Uncertain Boundary
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Scientific Computing and Visualization



The SCI Institute



Productivity Machines
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More Information

www.sci.utah.edu

crj@sci.utah.edu


