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Improved Performance of Large Data Visualization using 
Sub-Zone Load-On-Demand 

Scott T. Imlay1 and Craig Mackey2 
Tecplot Inc., Bellevue, WA, 98006 

The size and number of datasets analyzed by post-processing and visualization 
tools is growing with Moore’s law. Conversely, the disk-read data transfer rate is only 
doubling every 36 months and is destined to be the bottleneck for traditional post-
processing architectures. To eliminate this bottleneck, a sub-zone load-on-demand 
visualization architecture has been developed which only loads the data needed to 
create the desired plot. The original dataset is subdivided into sub-zones of <256 cells 
or nodes and these subzones are indexed on the disk using interval trees for each 
variable. Loading the required data starts with an ࡻ൫(࢔)ࢍ࢕࢒൯ query of the interval tree 
to determine which sub-zones should be loaded. The resulting visualization tool is 
faster and uses far less memory than the standard visualization package.  

Nomenclature 
 

α = angle of attack 
β = yaw angle 
a = cylinder diameter 
Cp = pressure coefficient 
M = Mach number 
n = number of points in the full grid 
Re = Reynolds number 
t = time ߬ = pseudo time ݒറ = velocity at a point in space ݒ௜ = isosurface value of a variable ݒௗ = discriminant value of an interval tree root node or branch node ݒ௠௜௡௦  = minimum value of variable in subzone ݒ ݏ௠௔௫௦  = maximum value of variable in subzone ݏ 
x, y, z = x-, y-, and z-coordinates ݔറ = (x, y, z) position in space 
 
 

I. Introduction 
 
HE application of computational fluid dynamics (CFD) in the aerospace design process has increased 
dramatically over the last decade. This is due, in large part, to the relentless and continuing growth 

of computer performance. In some cases the enhanced computer power is used to perform high-
resolution CFD calculations to analyze the details of complicated unsteady flow fields around complex 
configurations. In other cases it is used to create a virtual wind-tunnel where hundreds or thousands of 
                                                           
1 Chief Technology Officer, P.O. Box 52708, Bellevue, WA, Senior Member AIAA. 
2 Senior Research Engineer, Research, P.O. Box 52708, Bellevue, WA. 
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abstractions are extracted, and the geometry and data on these abstractions is transferred across the 
slow network to a local client. In this context, “abstractions” may include model geometry, slices, 
isosurfaces, streamlines, vortex cores, and any other one- or two-dimensional data extraction the user 
may desire. A modification of the client-server architecture is to render the plot remotely and transfer 
the image at video-like frame-rates. These client-server architectures do nothing to overcome the 
primary bottleneck, sustained disk-read data transfer rates (SDRDTR). 
 
The current hardware-based solution to this problem is to increase the number of spindles (hard-disks) 
used in the parallel file system. If the number of spindles in the file system doubles every 3 years or so, 
the time to read a data file will remain constant. However, increasing the number of disks in the parallel 
file system is counter-intuitive, as the hard disk capacity will match the file size increases without 
adding disks. As such, that solution will likely meet with some resistance. Longer-term hardware-based 
solutions, such as solid-state disks (SSDs) are not yet economically viable for collections of large CFD 
datasets.  
 
The software-based solution is to read less data. Generally, only a small percentage of the total dataset 
is needed to create the abstractions the user wishes to view, so this solution seems viable. To be 
sustainable, the percentage of the dataset loaded must decrease over time (halved every three to four 
years). This solution also has other benefits, like reduced memory requirements and reduced network 
bandwidth requirements. This is one architectural approach taken by Tecplot Inc. for large-data 
visualization. 
 
In this paper, a new architecture will be described for visualizing large CFD datasets. It is based on 
loading subzones (spatially correlated sub-segments of the full dataset of less than 256 nodes or cells) 
on demand (only as needed). To support this algorithm, interval trees can be created to rapidly select 
the needed subzones. The architecture is sustainable: for slices and isosurfaces, the number of 

subzones loaded is approximately ܱ(݊మయ)  and for streamtraces it is approximately ܱ(݊భయ). For finite-
element data, the subzones are currently created using recursive orthogonal bisection.  Speed and 
memory-usage measurements are included for 1 billion and 10 billion cell synthetic datasets.  
 

II. Approach 

A. Related Work 
 

The current algorithms are largely based on the out-of-core techniques developed in the 1990’s to 
visualize large datasets on computers with insufficient memory2,3,4,5. They divide the data into small 
chunks (as small as a cell) which are indexed by I/O trees of various types.  
 
Our goal is different - to minimize the amount of data read from the disk – but related. The primary 
difference is that out-of-core techniques will off-load (or deallocate) data once it is no longer in use, 
while our software keeps the data loaded as long as memory is available. This is an advantage for 
interactive data exploration, where the same subzone may be used multiple times.     
 

B. Subzone Creation 
 

The current algorithm subdivides the grid to create blocks, or subzones, of less than 256 cells (or 
nodes) each, and loads only those subzones needed to create the desired visualization. There are 
separate subzones for the cells (node-maps) and nodes, which aren’t necessarily co-located in space. 
The extent of each subzone of each variables is encoded in an interval tree which is used during visual 
abstraction generation to rapidly and efficiently choose the subzones to load (see following section). 
For node subzones, the extent (min-max) of the variables for all cells containing the node is encoded, 
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zones to find those that satisfy the Y and Z criteria. This is not as efficient as using a k-d tree or oct-tree, 
but it doesn’t require an additional tree structure to be stored on disk. 
 
We solve the equation for the tangent field using a standard second-order two-step Runge Kutta 
method. Generally, it takes many steps of the Runge Kutta solver before the streamtrace exits a 
subzone and another subzone must be loaded.  
 
  

III. Results 
 
The performance and memory-usage of subzone load-on-demand was compared to the standard 

Tecplot 360 for slice, isosurface, and/or streamline generation in four test cases. The first case, in 
section A, is a fabricated dataset designed to measure the scaling of performance and memory usage as 
a function of dataset size, ݊. Dramatic improvements in performance were observed. The scaling of 

SZLoD performance and memory usage is ܱ(݊మయ). The second case, in section B, is an animation of slices 
in a large, multi-block, structured-grid unsteady wind-turbine flow. The third case, in section C, is slice 
and streamline generation for a 187 million cell, unstructured-grid, generic transport configuration. The 
final case, in section D, is isosurface and slice generation for a 204 million cell unstructured-grid NASA 
Trapezoidal wing. 

 
The first three cases were run on a Windows Vista 64-bit workstation having 32GB of memory and 

dual Intel Xeon E5404 4-core processors running at 2.00 GHz. The final case was run on a Windows 7 
64-bit workstation having 48GB of memory and dual Intel Xeon E5520 4-core processors running at 
2.26 GHz. 

 

A. Synthetic Dataset  
 

The first example is a dataset created for the purpose of testing. It is a cylindrical ordered-grid with a 
simple vortex velocity field and a scalar isosurface variable defined by the equation ݌ = ݔ + ݔ ∗ ݕ ∗  ݖ
Figure 4 shows the geometry, figure 5 shows the isosurface (at p = 0.4), and figure 6 shows the 
subzones used to render that isosurfaces in a 75 million node case.  

 
Figure 4. a) Grid and b)Isosurface in synthetic dataset 
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Figure 6. Sub-zones loaded to render isosurface 

 
For the isosurfaces test, both Tecplot 360 and sub-zone load-on-demand were tested after a reboot for 
an uncached read test, and after several iterations of reading the same data for a cached read test. The 
timings are given in table 1 and compared in Figure 7. 
 
Memory usage was monitored during the test, and the peak memory usage recorded as well as the 
memory usage upon task completion. Memory usages are given in table 2 and compared in Figure 8. 
 
Note that the Tecplot 360 timings and memory usage scale with n, while the sub-zone load-on-demand 
times and memory usage are significantly lower and scale with ݊ଶ/ଷ. Also of note is that sub-zone load-
on demand completed the 1.2 billion case using a peak memory of 8.1GB while Tecplot 360 failed to 
complete the task, needing more than the available 32GB. 
 
 
 Reading Uncached Data Reading Cached Data 
Dataset Size Tecplot 

360 
Sub-zone Load-on-
Demand 

Tecplot 
360 

Sub-zone Load-on-
Demand 

75M 35s 18s 8s 6s 
150M 63s 30s 15s 9s 
300M 126s 69s 29s 14s 
600M 306s 138s 143 24s 
1,200M n/a 215s n/a 41s 
Table 1. Isosurface generation timing results 
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Figure 5. Isosurface timing results 

 
 Peak Memory Used Final State Memory Used 
Dataset Size Tecplot 

360 
Sub-zone Load-on-
Demand 

Tecplot 
360 

Sub-zone Load-on-
Demand 

75M 2.7GB 0.92GB 2.2GB 0.46GB 
150M 4.3GB 1.5GB 4.3GB 0.68GB 
300M 11GB 2.3GB 8.4GB 1.0GB 
600M 21GB 4.4GB 17GB 1.6GB 
1,200M n/a 8.1GB n/a 2.5GB 
Table 2. Isosurface generation memory-usage results 

 

 
Figure 8. Isosurface memory-usage results 

 
 
 
  



 

B. OVERF
 

Modern i
sufficient
Fossil fue
and the 
accident. 
attractive
 
One of th
a study th
The seque
the NREL
OVERFLO
point mes
blocks. Th
files cons
 

Figure 10. 

The wind 
Tecplot 3
per time 
beginning
However,
At the end

Improv

FLOW Wind-T

ndustrial eco
t supply of af
el based powe
future expan
For all of the

e. 

e largest issu
hat used a se
ence starts w

L 10m diame
W 2.2 code w
sh (in 68 bloc
he results we
sumed roughl

The NREL 10m

turbine resu
60 reading T
step, to read

g, when the g
 as the numb
d of the anim

ved Performa

Turbine Resul

onomies are
ffordable and
er generation
nsion of nuc
ese reasons, “

ues with wind
equence of nu
with a solutio
eter research
with adaptive
cks) and over
ere exported 
ly half a terab

m Research Win

ults were anim
Tecplot plt fil
d, generate th
grid is relative
ber of grid po

mation, SZLoD

nce of Large 

lts 

 heavily reli
d reliable po
n capabilities
clear power 
“environmen

d-turbines is 
umerical met
n of the Navi

h wind turbi
 mesh refine

r 7152 time s
to plot files 

byte of disk s

nd Turbine 

mated with st
les, and with 
he slice, and 
ely small, SZL
oints increase
 is more than

Data Visualiz

 

 

iant on elec
ower generat
s have becom

is uncertain
tally friendly

noise. For th
thods to pred
ier-Stokes eq
ne (figure 1
ment. The co

steps grew to
every 16 tim
pace. 

tandard Tecp
subzone loa
render the i

LoD is only sl
es over time t
n a factor of 3

zation using S

tricity and d
ion capabilit

me less attract
n following t
y” wind and s

is reason, Ne
dict the noise
quations for t
10). The equa

mputational 
o over 260 mi
me steps for f

plot 360 read
ad-on-deman
mage are sh

lightly faster 
the advantag

3 faster than t

Sub-Zone Loa

developing a
ty is a priorit
tive for envir
the recent F
solar power h

elson, et. al., r
e pattern from
the unsteady
ations were 
grid started w
illion points i
further analy

ding Plot3D fi
d (SZLoD). Th
owing in figu
than the stan

ge of SZLoD b
the standard 

ad-On-Deman

and maintain
ty of every n
ronmental re

Fukashima nu
have become 

recently publ
m wind-turbi

y flow-field ar
solved usin

with a 30.5 m
in more than 

ysis. In all, the

iles, with sta
he resulting t
ure 11a.  Nea
ndard Tecplot
becomes app
Tecplot 360. 

nd |  9 

ning a 
ation. 
asons 
uclear 
more 

lished 
nes11. 
round 
g the 

million 
5600 

e plot 

 

ndard 
times, 
ar the 
t 360. 
arent. 
 



 

 
The mem
just below
number o
memory t
 
The perfo
the other 
There are
with the g

Figure 11. 

 

C. Gener
 
The third 
Figure 12
is compos
 
Subzone 
nose to n
The SZLo
vary from
seconds a
to read th
regardles
SZLoD is f
 
Peak mem
350MB a
standard 
standard 
Tecplot 3

Improve

ory usage for
w 200MB. In 
of grid points
than SZLoD. 

ormance gain
test cases. T

e many opera
grid size.  

Timing (left) a

ic Transport A

example is s
. The flaps, s

sed of 187 m

load-on-dem
ear the tail. T
D timing for 

m just over 1 
at X=25, whe
he data, gene
s of position
from 20 to 12

mory usage b
nd 750MB, d
Tecplot 360 
Tecplot 360

60.  

ed Performan

r the animatio
comparison, 

s per time ste

s for the wind
his is probab
tions that are

and memory u

Aircraft in La

subsonic flow
lats, and land
illion cells, w

and was test
The timings i
the slice as 
second near

re the geome
erate the slic
n. The ratio o
20 times faste

y SZLoD, as a
depending o
uses 16.2GB 

0 and SZLoD

nce of Large D

on is shown i
the standard

ep. At the fin

d turbine ani
bly because th
e linear in the

sage (right) co

anding Config

w past a gene
ding gear are 

with prisms ne

ed by perform
nclude all op
a function of
r the tail whe
etry is compl
e, and rende

of standard T
er than stand

a function of 
n the grid re
of memory. 

D.  SZLoD u

Data Visualiza

 

 

n Figure 11b
d Tecplot me

nal time step,

mation are le
he grid is com
e number of 

omparisons for

guration 

eric transport
down, and th

ear the wall a

ming a seque
perations from
f position fro
ere there is a
lex and there

er the images
Tecplot 360 t
dard Tecplot 3

slice position
efinement in
Figure 14b sh
ses 22 to 5

ation using Su

b. SZLoD mem
emory usage 
, standard Te

ess dramatic t
mposed of a l
zones, and th

r the 10m NRE

t aircraft in la
he aircraft is 

and tetrahedr

ence of slices
m reading th

om nose to ta
a comparativ

e is a very fin
s in standard 
time to SZLo
360. 

n, is shown in
n the region 
hows the rati

54 times les

ub-Zone Load

mory usage is 
grows propo

ecplot 360 us

than the perf
large numbe
he number o

L research win

anding config
in a strong c

rals away from

s along the x-
he data to ren
ail is show in
vely coarse g
e grid. In com
Tecplot 360

D time is giv

n Figure 14a.
being sliced

io of memory
ss memory t

d-On-Demand

nearly const
ortionally wit
ses six times 

formance gai
r of smaller z
f zones is gro

 
nd turbine 

guration, sho
rosswind. Th

m the wall. 

-axis from nea
ndering the im
n Figure 13a.
grid, to just o
mparison, the

0 was 139 sec
ven in Figure

. It varies bet
d. In contras
y requiremen
than the sta

d |  10 

ant at 
th the 
more 

ns for 
zones. 
owing 

own in 
e grid 

ar the 
mage. 
. They 

over 9 
e time 
conds 

e 13b. 

tween 
st, the 
nts for 
ndard  



 

Figure 12. 

 

Figure 13. 

 

Figure 14. 
transport a

Improve

Generic transp

Timing (left) a

Slice memory
aircraft 

ed Performan

port aircraft w

and performan

y requirements

nce of Large D

 
with representa

nce improveme

s (left) and me

Data Visualiza

 

 

ative slices use

ent (right) for 

mory usage im
 

ation using Su

ed for timing

generic transp

mprovement (r

ub-Zone Load

port aircraft 

right) for gene

d-On-Demand

 

 
eric  

d |  11 



 

The use o
transport 
generate 
SZLoD too
 
 

Figure 15. 

Improve

of subzone lo
dataset (Figu
the streamlin

ok 2.2 second

Streamline fo

ed Performan

oad-on-dema
ure 15). In th
ne, and rende
ds and 1.3GB 

r generic trans

nce of Large D

nd was also t
is case, the s
er the image.
of memory t

sport aircraft

Data Visualiza

 

 

tested for th
tandard Tecp
. In the proce
o accomplish

ation using Su

e generation
plot 360 took
ess, it utilized
h the same ta

ub-Zone Load

n of a streaml
k 170 second
d 16GB of me
sk.  

 

d-On-Demand

line in the ge
s to read the

emory. In con

d |  12 

eneric 
e data, 
ntrast, 



Improved Performance of Large Data Visualization using Sub-Zone Load-On-Demand |  13 

 
 

 

 

D. High Lift Prediction Workshop Unstructured Grid 
 

 
Figure 16. Grid and computed flow properties for the NASA Trapezoidal Wing configuration used in the High Lift 
Prediction Workshop (image from http://hiliftpw.larc.nasa.gov/Workshop1/geometries.html). 

 
The fourth example is a finite-element grid calculation for the NASA Trapezoidal Wing configuration. 
This is the same configuration used at the 2010 High-Lift Prediction Workshop13,14. The grid consists of 
three Tecplot zones: containing, respectively, 122 million Brick elements in the viscous layer near the 
wall, 82 million Tetrahedral elements away from the wall, and 640 thousand Pyramid elements in the 
transition region between the first two zones. All together there are roughly 204 million cells and the 
zones share 76 million nodes where the field data is located. 
 
This data was visualized using the prototype subzone load-on-demand add-on and the results were 
compared to an instrumented version of Tecplot. Timings and memory usage were compared for two 
cases, and isosurface of pressure coefficient at a value of -2.0, and a slice at Y = 100. 
 
The isosurface of pressure coefficient is shown in Figure 17. It consists of 1.55 million surface elements 
near the leading edge, the slat, and the wing tip. 
 
The timing measurements for this case are shown in the second column of Table 3. The standard 
Tecplot, with multi-threading, takes roughly 4 minutes to load the data, generate the isosurface, and 
render the image. The single-threaded Tecplot takes roughly 22 minutes – nearly six times as long as 
the multi-threaded Tecplot – to accomplish the same tasks. In contrast, subzone load-on-demand takes 
only 20.5 seconds to load the data, generate the isosurface, and render the image. This is 11.5 times 
faster than the standard Tecplot, and 65 times faster than the single-threaded Tecplot. Since the SZLoD 
prototype is single-threaded, we expect to gain substantial speed when we implement the multi-
threaded version. 
 
The memory-usage measurements for this isosurface are shown in the third column of Table 3. The 
standard and single-threaded Tecplot have a peak usage of 23GB of memory. In contrast, SZLoD uses 
1.3GB of memory, a factor of 18 less than the standard Tecplot. 
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Figure 17. Isosurface of pressure coefficient at -2 for the NASA Trapezoidal Wing 

Algorithm Used Time (sec) Peak Memory Usage (GB)
Standard Tecplot 234 23
Single-Threaded Tecplot 1330 22.8
Subzone Load-on-
Demand 

20.5 1.26 

Table 3. Timing and peak memory usage for Cp = -2 isosurfaces of the NASA Trapezoidal Wing 205M cell dataset  

 
The slice at Y=100 is shown in Figure 18. It located roughly 2/3 of the way from root to tip, and consists 
of 173 thousand surface elements. 
 
The timing measurements for the slice are shown in the second column of Table 4. The standard 
Tecplot, with multi-threading, takes roughly 3.7 minutes to load the data, generate the slice, and render 
the image. The single-threaded Tecplot takes roughly 21 minutes – nearly six times as long as the 
multi-threaded Tecplot – to accomplish the same tasks. In contrast, subzone load-on-demand takes only 
2.36 seconds to load the data, generate the isosurface, and render the image. This is 94 times faster 
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than the standard Tecplot, and 540 times faster than the single-threaded Tecplot. As with isosurface, 
we expect to gain substantial speed in SZLoD when we implement the multi-threaded version. 
 
The memory-usage measurements for this slice are shown in the third column of Table 3. The standard 
and single-threaded Tecplot have a peak usage of 20.5GB of memory. In contrast, SZLoD uses 0.37GB of 
memory, a factor of 55 less than the standard Tecplot. 
 

 
Figure 18. Slice at Y=100 for the NASA Trapezoidal Wing 

 

Algorithm Used Time (sec) Peak Memory Usage (GB)
Standard Tecplot 222 20.5
Single-Threaded Tecplot 1279 20.4
Subzone Load-on-
Demand 

2.36 0.366 

Table 4. Timing and peak memory usage for Y=100 slices of the NASA Trapezoidal Wing 205M cell dataset  
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IV. Conclusion 
 
The sub-zone load-on-demand visualization architecture has demonstrated dramatic reductions in 

memory requirements and substantial reduction in time-to-first-image for isosurface, slice, and 
streamtrace calculations in a variety of structured and unstructured synthetic and CFD datasets. The 
memory requirement for large cases is 4 to 55 times less than the memory requirement for the 
standard Tecplot 360. Likewise, the time to first images is between 3 and 540 times faster than the 
standard Tecplot 360. In all cases, the largest unstructured-grid cases gave the greatest improvements. 

 
The synthetic study demonstrated that the time to first image and memory requirements of subzone 

load-on-demand scales approximately with ܱ(݊ଶ/ଷ), where ݊, is the number of grid cells. This result is 
significant because it helps close the widening gap between disk read performance, which doubles in 
performance every 36 months, and CPU performance, which doubles in speed every 18 months (with 
Moore’s law).  

 
The downside of subzone load-on-demand is that it requires a new file format to get the dramatic 

reductions in time to first image. Memory reductions, however, might be obtained with existing file 
formats if properly indexed. 
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