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This PowerPoint template produces a A0 presentation poster. You can use it 
to create your research poster by placing your title, subtitle, text, tables, 
charts and photos. 

We provide a series of online tutorials that will guide you through the poster 
design process and answer your poster production questions. For complete 
template tutorials, go online to PosterPresentations.com and click on the  
HELP DESK tab.

To print your poster using our same-day professional printing service, go 
online to PosterPresentations.com and click on "Order your poster".

This is a template for a
presentation poster 

A0
(841mm x 1189mm)

(33.11 x 46.81 inches)

Important: Check the template size
Before you start working on your poster and 
to avoid printing problems check that you 
have downloaded and that you are using 
the correct size template for your poster 
presentation.

How to Zoom in and out
Use the PowerPoint zoom tool to adjust the 
screen magnification to view comfortably. 
PowerPoint provides 2 ways to zoom: 
1. On the top menu bar click on the VIEW 
tab and then click on ZOOM. Choose the 
zoom percentage that works best for you. 
2. For better zoom flexibility, use the zoom 
slider at the bottom right of the window.

Ruler and Guides
The dotted lines on his poster template are guides.  The horizontal and vertical 
guides will help you align your poster elements accurately. Text boxes and 
other elements will ”snap” to the guides and stay within the boundaries of the 
columns. To hide the guides go to VIEW and uncheck the Guides box.

Headers and text containers
Included in this template are commonly 
used section headers such as Abstract, 
Objectives, Methods, Results, etc. 
- Click inside a section header to add its 
text. 
- To add another header, click on edge of 
the section box so that it is outlined. Copy 
and paste it. 
- To increase its size, click on the white 
circles and expand to the the desired size.

Adding content to the poster
Start by adding your text to each section without spending too much time with 
formatting. Use the default font size even if your text extends beyond the 
bottom of the poster. Continue until you have added all your content including 
text, graphics, photos, etc. Once you finish adding your content you can go 
back and format your text as needed.
- If you run out of room, try to reduce the size of your fonts and/or the size of 

your graphics. If there is a lot of empty space try to increase your font sizes 
and the size of your graphics. The font used for references can be smaller.

Photos
You can add photos by dragging and dropping from your desktop, copy and 
paste, or by going to INSERT > PICTURES. Resize images proportionally by 
holding down the SHIFT key and dragging one of the white corner handles 
(dots). For a professional-looking poster, do not distort your images by 
stretching them disproportionally.

Quality check your graphics
Zoom in and look at your images at 100%-200% magnification. If they look 
clear, they will print well. 
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How to change the template colors
You can change the overall template color theme by clicking on the COLORS 
dropdown menu under the DESIGN tab. You can see a tutorial here: 
https://www.posterpresentations.com/how-to-change-the-research-poster-templat
e-colors.html

You can also manually change the color of individual elements by going to 
VIEW > SLIDE MASTER. On the left side of your screen select the 
background master where you can change the template background, column 
sizes, etc. 

After you finish working on the SLIDE MASTER, it is important that you go to 
VIEW > NORMAL to continue working on your poster. 

How to change the column layout configuration
You can manually change the configuration on the columns by going to VIEW 
> SLIDE MASTER. You can delete columns, resize them or modify them as 
needed for your layout. 
You can see a tutorial here: 
https://www.posterpresentations.com/how-to-change-the-column-configuration
.html

How to hide the QUICK START GUIDE 
bars from the sides of the template
The Quick Start Guides are outside the 
template’s printable area and they will not be 
on the printed poster. 

If you create a PDF file from your template, the 
guides will not be included.

To hide the guides click on the Home tab (top 
of the screen) and then click on the Layout 
button below to see the available layouts. 
Choose the Without Guides layout.

How to preview your 
poster prior to printing
You can preview your poster 
at any time by pressing the 
F5 key on your keyboard. 
You will see on the screen 
what's on your poster and 
how it should look when 
printed. Press the ESC key to 
exit Preview.

F5 

How to print your poster
When you are ready to have your poster printed go online to 
PosterPresentations.com and click on the "Order Your Poster" button. You can 
have your poster printed on professional papers, fabric for easy traveling and 
a variety of other materials. 
If you submit a PowerPoint document, you will be receiving a PDF proof for 
your approval prior to printing. If your order is placed and paid for before noon 
(Pacific time) Monday-Friday, your order will ship out that same day. FedEx 
Next day, Second day, Third day, and Free Ground services are offered. 

Go to PosterPresentations.com for more information.
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For complete tutorials visit:
https://www.posterpresentations.com/helpdesk.
html

Two overlaid meshes: Blue crab and Edgar Allan 
(provided by IMR 2024)
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● Roundoff errors: challenge in geometric 
computation.

● They can be avoided with exact rational 
numbers.

● Big datasets:
○ Greater chance of having errors.
○ Computation with rationals: slower than 

native floats.
● People want exactness and performance.

The challenge

Interval Arithmetic (IA)

Steps of the algorithm

● 3D grid is created with a ragged array.
● Red and blue triangles inserted into the cells they intersect.
● For each cell c: bounding-box intersection tests are 

performed with the pairs of red-blue triangles in c.
● Bounding-box tests performed using two passes: 

○ First: count the intersections.
○ Second: insert the intersecting pairs into an array.

● Each GPU thread processes some pairs. 
○ Challenge: determine the pair each GPU thread will process 

(irregular distribution of triangles among grid cells).
● Result: array with pairs of potentially intersecting triangles.

Results and conclusions
●  Intel Xeon E5-2660 CPU at 2 GHz (3.2 GHz Turbo Boost), 256 GB of RAM, RTX 8000 GPU (48GB 

of RAM + 4608 CUDA cores). 
● Datasets provided by IMR2024 and tetrahedralized with Gmsh: 

○ Blue Crab: 25x106 triangles → 45x106 triangles in the ragged array
○ Edgar Allan (poet): 33x106 triangles → 64x106 triangles in the ragged array

● Uniform grid: 1003 cells, 87% are empty
● Baseline: sequential CPU implementation
● Steps:

○ Pre-processing: access index, perform bounding-box tests and distribute work among threads 
(GPU version)

○ Intersection: perform intersection tests with orientation predicates
○ Post-processing: remove duplicates and re-evaluate interval failures with rationals

● Speedup: 993x on the intersection tests, 99x on the total time.
● Double precision: fewer (0) filter failures, but slower computation. 
● Approximate floats on GPUs (where they shine) can accelerate exact geometric 

computation.
● Future work:

○ Employ this technique for other applications.
○ Higher speedups could be achieved in applications where bigger bottlenecks could be moved 

into the GPU (performing more computation and fewer memory transference)

Bibliography

● Interval arithmetic (IA) + arithmetic filtering can accelerate exact computation.
● Each coordinate/value: represented with exact part (rationals) and an interval 

approximation (floats).
● Computation is done with the approximation. 

○ E.g.: [3,5] – [1,2] = [3-2,5-1] = [1.0,4.0] 
■ the approximation [0.9,4.1] is ok (contains [1,4])
■ the approximation [1.1,4.1] is not ok (does not contain [1,4])

● Interval arithmetic + IEEE-754 (rounding modes): computation can be done ensuring the 
interval will always CONTAIN be exact result (containment property).

● Containment property → sign of the exact result can often be inferred from the intervals:
○ Is a*b - c = [ 1.0,4.0] positive? Certainly → use this result.
○ Is a*b - c = [-0.1,4.0] positive? Maybe → recompute with better approximations (double, 

rationals, etc).
● Geometric predicates: typically computed with sign of a determinant (suitable for IA).

1Universidade Federal de Viçosa, Brazil    2Rensselaer Polytechnic Institute, USA

Salles V. G. Magalhães1, W. Randolph Franklin2 , Marcelo Menezes1 

Employing GPUs to accelerate exact 3D 
geometric computation

● IA: much faster than rationals, but slower than regular floating-point.
● GPUs: excellent for floating-point and intervals. 
● Rounding mode can be quickly switched (on a CPU → this would empty the pipeline).
● Example of the operator + using CUDA:

○  [alb,aub] + [blb,bub] = [alb + blb , aub + bub]

IA on GPUs

Intersecting red and blue triangles

● Problem: find triangles from one mesh 
intersecting triangles from another one.

● Applications: collision detection, boolean 
operations, etc.

● Goal: compute it exactly and efficiently.
● Uniform grid index employed for avoiding 

testing O(N2) pairs of triangles.
● IA + rationals for exactness.
● GPU is employed for performance.

● The (typically few) failures (uncertainties) are re-evaluated on the CPU with GMP rationals.
● Duplicated pairs of intersecting triangles are removed (using a GPU sort+unique 

implementation).

1 - Uniform grid indexing

2 - Triangle-triangle intersection
● For each pair of potentially intersecting triangles, 

intersection tests are performed.
● Uses orientation predicates implemented with IA.
● Orientation = sign of determinant: IA returns positive, 

negative, 0 or unknown (failure).
● Each GPU thread processes a pair of potentially 

intersecting triangles.
● Result is two arrays:

○ Intersections: certainly intersecting pairs of triangles.
○ Failures: Interval failures (rarely happens) - when 

orientation cannot be inferred using the intervals. 

Intersection of a segment and a triangle 
can be computed with 5 3D orientations.
Intersection of a segment and a triangle 
→ intersection of two triangles.

2D example of a 2x2 uniform 
grid indexing red and blue 
segments.

3 - Post-processing

Example

1. 2D orientation
2. Can be computed with a determinant
3. Errors due to floating-point arithmetic. 

Source of the image: [2]
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rounding up to the next 
representable float

rounding up to the next 
representable float
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