
(—THIS SIDEBAR DOES NOT PRINT—) 
DES I G N  G U I DE  

 
This PowerPoint 2007 template produces a 70cmx100cm presentation 
poster. You can use it to create your research poster and save valuable 
time placing titles, subtitles, text, and graphics.  
 
We provide a series of online tutorials that will guide you through the 
poster design process and answer your poster production questions. To 
view our template tutorials, go online to PosterPresentations.com 
and click on HELP DESK. 
 
When you are ready to print your poster, go online to 
PosterPresentations.com 
 
Need assistance? Call us at 1.510.649.3001 
 

 

QU ICK  START 
 

Zoom in and out 
 As you work on your poster zoom in and out to the level that is 
more comfortable to you. Go to VIEW > ZOOM. 

 
Title, Authors, and Affiliations 

Start designing your poster by adding the title, the names of the authors, and the 
affiliated institutions. You can type or paste text into the provided boxes. The 
template will automatically adjust the size of your text to fit the title box. You 
can manually override this feature and change the size of your text.  
 
TIP: The font size of your title should be bigger than your name(s) and institution 
name(s). 
 
 

 
 

Adding Logos / Seals 
Most often, logos are added on each side of the title. You can insert a logo by 
dragging and dropping it from your desktop, copy and paste or by going to INSERT 
> PICTURES. Logos taken from web sites are likely to be low quality when printed. 
Zoom it at 100% to see what the logo will look like on the final poster and make 
any necessary adjustments.   
 
TIP:  See if your school’s logo is available on our free poster templates page. 
 

Photographs / Graphics 
You can add images 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 corner handles. For a professional-looking 
poster, do not distort your images by enlarging them disproportionally. 
 

 
 
 
 
 
 
 

Image Quality Check 
Zoom in and look at your images at 100% magnification. If they look good they will 
print well.  
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QU ICK  START ( con t . )  
 

How to change the template color theme 
You can easily change the color theme of your poster by going to the DESIGN 
menu, click on COLORS, and choose the color theme of your choice. You can also 
create your own color theme. 
 
 
 
 
 
 
 
 
 
You can also manually change the color of your background by going to VIEW > 
SLIDE MASTER.  After you finish working on the master be sure to go to VIEW > 
NORMAL to continue working on your poster. 
 

How to add Text 
The template comes with a number of pre-formatted 
placeholders for headers and text blocks. You can add 
more blocks by copying and pasting the existing ones or 
by adding a text box from the HOME menu.  

 

 Text size 
Adjust the size of your text based on how much content you have to present.  
The default template text offers a good starting point. Follow the conference 
requirements. 

 

How to add Tables 
To add a table from scratch go to the INSERT menu and  
click on TABLE. A drop-down box will help you select rows and 
columns.  

You can also copy and a paste a table from Word or another PowerPoint document. 
A pasted table may need to be re-formatted by RIGHT-CLICK > FORMAT SHAPE, 
TEXT BOX, Margins. 
 

Graphs / Charts 
You can simply copy and paste charts and graphs from Excel or Word. Some 
reformatting may be required depending on how the original document has been 
created. 
 

How to change the column configuration 
RIGHT-CLICK on the poster background and select LAYOUT to see the column 
options available for this template. The poster columns can also be customized on 
the Master. VIEW > MASTER. 

 
How to remove the info bars 

If you are working in PowerPoint for Windows and have finished your poster, save 
as PDF and the bars will not be included. You can also delete them by going to 
VIEW > MASTER. On the Mac adjust the Page-Setup to match the Page-Setup in 
PowerPoint before you create a PDF. You can also delete them from the Slide 
Master. 
 

Save your work 
Save your template as a PowerPoint document. For printing, save as PowerPoint of 
“Print-quality” PDF. 
 

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. Choose the 
poster type the best suits your needs and submit your order. 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, Monday through 
Friday, your order will ship out that same day. Next day, Second day, Third day, 
and Free Ground services are offered. Go to PosterPresentations.com for more 
information. 
 

Student discounts are available on our Facebook page. 
Go to PosterPresentations.com and click on the FB icon.  
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The contribution of this study is a Field Pinning garbage collector (GC) without 
handshakes in the compaction phase. It is one step towards guaranteeing wait-free GC. 
It compacts memory concurrently and guarantees that fragmentation is bounded. 
Mutator heap accesses and computations are wait-free. The compaction algorithm does 
not need handshakes, but may use them for increased performance. The solution is 
evaluated experimentally in a prototype VM for Java. The GC progress is not wait-free, 
but impeded only by stack scanning and marking which was outside the scope of this 
study. The compaction algorithm does not impair global GC progress. 

INTRODUCTION	  

FIELD	  PINNING	  GC	  
EVALUATION	  

To evaluate the solution, a new prototype VM for Java was built using the LLVM 
compiler infrastructure. It supports basic features like multi threading, biased locking, 
thread-local allocation buffers, inlined allocations and inlined barriers. All experiments 
were run on a MacBook Pro 2.7 GHz Intel Core i7 with 16 GB 1600 MHz DDR3 RAM. 
  Figure 2 shows how our GC and VM performed compared to OpenJDK in the classical 
GCBench benchmark using various heap sizes. 

CONCLUSIONS	  
This study presents the first concurrent compaction algorithm to a) guarantee 
fragmentation bounds, b) not induce handshakes to the GC. Mutator operations like 
heap accesses and computations are wait-free. Although GC-progress (and hence 
malloc) is not yet wait-free, this is due to the lack of wait-free tracing algorithm, 
which was outside the scope of our work. The compaction algorithm itself does not use 
any handshakes and hence induces no need for handshakes on its own for the GC. 
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A well known problem faced when attempting concurrent compaction is to decide if 
the address in the logical from-space or to-space should be used. The field pinning GC 
solves this problem. 
  The Field Pinning GC uses a pre and post barrier for all memory accesses. The pre 
barrier pins the address of a field so that the mutator can safely perform heap memory 
accesses. The post barrier unpins the field.  
  We defined two field pinning protocols to implement this idea. The first variant is 
straight forward but needs a handshake before copying can start to safely publish 
forwarding pointers of cells being evacuated, otherwise the pinning does not work. The 
second variant does not need a handshake before compaction can begin; it is capable 
of pinning fields even before evacuation has started. 
  The field pinning algorithm copies cells asynchronously and does not need a global 
end of the compaction phase. Instead, the heap is split into many smaller memory 
regions, and the copy progress is local to each such region, i.e. copying is started and 
finished asynchronously, freeing regions when their local copying is done. The GC 
allows regions to locally fall behind without impeding global GC progress. 
  Since the mutator is allowed to pin the address of fields, the progress of the copying 
is sometimes preempted. To handle this, mutators continue trying to asynchronously  
copy fields whenever they impair copy progress. That way the number of fields that 
cannot be moved is bounded by the number of threads, and hence GC progress 
impediments and fragmentation issues are also affecting only a bounded number of 
regions of arbitrary granularity, proportional to the number of threads. 
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FUTURE	  WORK	  
•  We are currently implementing a more pragmatic version of the algorithm into 

OpenJDK in collaboration with Oracle for better performance evaluation. 
•  We are also working on a wait-free root sampling and heap traversal algorithm. 
•  Our goal is a completely wait-free GC. 

PROGRESS	  GUARANTEES	  
In literature algorithms with concurrent synchronization not relying on locks or context 
switches are sometimes described as non-blocking. Their guarantees are typically 
classified in the following three levels of guarantees: 
•  Wait-freedom: An algorithm is wait-free if every operation has a bound on the 

number of steps the algorithm will take before the operation completes. 
•  Lock-freedom: An algorithm is lock-free if it satisfies that when the program 

threads are run sufficiently long at least one of the threads makes progress (for 
some sensible definition of progress). All wait-free algorithms are lock-free. 

•  Obstruction-freedom: An algorithm is obstruction-free if at any point, a single 
thread executed in isolation (i.e., with all obstructing threads suspended) for a 
bounded number of steps will complete its operation. All lock-free algorithms are 
obstruction-free. 

As for GC algorithms, it is difficult to say a whole GC algorithm belongs to a particular 
class of progress because it involves many different operations, each with a guarantee 
of its own. 
We define mutator progress to comprise the progress of heap accesses, stack accesses 
and computations (and hence GC checkpoints). GC progress is the progress of finding 
and recycling garbage to be provided by the malloc operation. 
  Figure 1 shows the dependencies between different mutator operations, GC 
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Figure 1: Dependencies of progress guarantees of GC operations and mutator operations	  

operations and their dependencies for our GC. The main contribution of our study is to 
make sure the compaction phase and all dependencies to it are green, meaning it does 
not hamper progress of any mutator nor GC operation.  
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Figure 2: GCBench comparing FieldPinning GC to OpenJDK GCs	  

LIMITATIONS	  
Our solution needs barriers for all memory accesses including for primitive types. Path 
specialization gets rid of this cost while not compacting but at the cost of GC progress 
guarantees as barriers are switched using a handshake. 
  A drawback with the solution is that it is complicated to implement at its current 
state, making it difficult to adopt in a larger VM for engineering reasons. 

A real-time benchmark copying arrays of different types and sizes with time slices of 
differents lengths at a frequency of 1 MHz were run too and results are shown in Table 
1. A concurrent thread is making as much noise as possible in the background by 
allocating a lot of memory. This benchmark was run with the most conservative field 
pinning algorithm that relies on no handshakes for entering and exiting the compaction 
phase. The reason that deadlines are not always met is because of root sampling not 
being incremental using stacklets. 

Element Type Elements On time Highest 
Int 64 99.4% 81.2 µs 
Ref 64 99.7% 73.2 µs 
Int 128 98.1% 73.7 µs 
Ref 128 98.1% 63.9 µs 
Int 256 90.8% 67.4 µs 
Ref 256 91.0% 93.4 µs 

Table 1: Completion ratio of a recurring real-time task copying arrays at 1 MHz	  


