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“The many-core inflection point presents a new challenge for our industry, 
namely general-purpose parallel computing. Unless this challenge is met, 

the continued growth and importance of computing itself and of the 
businesses engaged in it are at risk. We must make parallel programming 

easier and more generally applicable than it is now.” 

Synopsis of talk by Microsoft Fellow Burton Smith 
 “The Future of Computing,” Summer 2007 
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Game programming is already challenging, and with the evolution of multi-

core architectures varying across different game platforms, the 

programmer’s job is even more difficult.  Programmers need new tools and 

techniques to take advantage of the increased power multi-core promises. 

This technical brief discusses the challenges of multithreaded 

programming and Emergent’s answer to one portion of the multi-core 

problem, as offered by Gamebryo™ and the Floodgate™ stream 

processing engine. 
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Until recently, increases in computing power were gained from increases in 

clock speed that allowed for more instructions processed per second. 

However, this resulted in unacceptable levels of power consumption and 

heat generation. As chip manufacturers looked for new ways to satisfy the 
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self-fulfilling prophecy of Moore’s Law1, the multi-core processor was born: 

a single chip housing multiple processing cores, with shared cache and 

other on-chip resources to streamline processing times at the lowest level 

of the hardware. 

Once again, processing power is accelerating, and so too is the difficulty of 

programming for these processors. This evolution in hardware has 

offloaded the cost of innovation onto software developers, who now must 

learn new methods of programming in order to incorporate parallel 

processing into their applications. For any performance advantage to be 

realized, the software running on a multi-core system must use those 

separate cores by partitioning application logic, synchronizing processes 

and handling load balancing – and the programmer must implement these 

mechanisms into the code. Without that effort, the additional cores go to 

waste and the processors’ advanced capabilities are lost. 

With games, additional complications are added. Every game platform has 

a different hardware architecture, and the tools provided by the 

manufacturers are insufficient to help programmers bridge the gaps. The 

MIMD (Multiple Instruction stream, Multiple Data stream) design of IBM’s 

Cell Broadband Engine™ (Cell/B.E.) chip used in the PLAYSTATION®3, 

for example, is an asymmetric, NUMA (non-uniform memory access) 

architecture with a single PowerPC™ core, the PPE, plus seven 

Synergistic Processing Units, or SPUs, none of which have direct access 

to main memory. The PowerPC on the Xbox 360™ has three symmetric 

cores on a single die; each core is identical, and each executes two 

threads simultaneously. And while the Nintendo® Wii™ has just a single 

core, it complicates the equation when included in the mix of targets for a 

multi-platform title.  

                                                      

1 In 1965, Gordon Moore, co-founder of Intel, predicted that computing 
power would roughly double every two years. Some say that this has created 
a hypercompetitive microprocessor industry that is artificially tied to a two-
year innovation cycle.  
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With most games developed for multiple platforms, the game programmer 

has heretofore been forced to independently optimize parallel codebases 

to take advantage of the multi-core capabilities on each platform (and 

branch the code in an entirely different direction if the Wii is also a target). 

Multi-core processors have made code reusability even harder to achieve 

and are a direct contributor to the escalating budgets and extended 

schedules with which today’s game studios are grappling. 

FIGURE 1: Traditional multi-platform development, one platform at a 
time 
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There are several strategies available for programmers to deal with the 

multi-core challenge, among them task-based functional decomposition 

and stream processing for data decomposition. While functional 

decomposition is perhaps easiest to implement, stream processing has 

some distinct advantages for developing high-performance games quickly, 

cost-efficiently and with improved scalability.  

Using functional decomposition, each major game subsystem is allocated 

to its own core. For example, sound might go on one core, AI on another, 

etc. In this model, the synchronization points between the subsystems are 

limited and well understood, so programming is relatively straightforward. 

However, this is not the most efficient model, as some subsystems do not 

require a dedicated core to run effectively and so system resource usage is 

DEVELOPMENT PATH PLATFORM
X

DEVELOPMENT PATH PLATFORM
Y

DEVELOPMENT PATH PLATFORM
Z

In the Floodgate 
stream processing 

engine, data is divided 
into buffers (input and 
output streams), which 

are passed to the 
scheduling system, 
where an operation 

(kernel) is performed 
on the stream. This 
simple unit of input 

and output streams and 
a kernel is called a 

task. Groups of tasks 
are executed as a unit 

called a workflow. 
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imbalanced, with some resources grossly underutilized. It’s like leaving 

money on the table where performance potential is concerned. In addition, 

latency often increases due to the overhead of communications between 

the cores, and the system does not scale well with the number of cores.  

By contrast, stream processing as a design paradigm offers many benefits. 

Development overhead is reduced because the inputs and outputs of a 

computation kernel are clearly indicated and easily traversed in a generally 

predictable manner, which minimizes memory coherence problems. For 

many game subsystems that are computationally- and data-intensive, 

stream processing is relatively easy to implement with a significant payoff 

in performance. This payoff continues to increase with the number of 

available cores. As a data decomposition-based model, stream processing 

can continue to subdivide individual tasks to accommodate an arbitrary 

number of cores. 

 

FIGURE 2: Task: A Set of Streams and a Kernel 
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Implementation of stream management across varying platforms 

requires not only careful consideration of which tasks are good candidates 

for stream processing, but also a detailed knowledge of the target CPU and 

memory architectures. As part of Gamebryo from Emergent Game 

Technologies, Floodgate can provide significant benefits with stream 

processing for cross-platform game development. As a stream processing 

engine, Floodgate simplifies multi-core development on the 

PLAYSTATION®3, Xbox 360 and PC, while not introducing significant 

overhead for the Wii.   

FIGURE 3: Floodgate Implementation 

 

 

Floodgate is a lightweight cross-platform API for building, 

scheduling, executing and synchronizing groups of interdependent tasks. 

With Floodgate, a 
varying stream is a 

buffer of varying data 
(positions, 

animations, etc.), 
while a fixed stream 
contains fixed data 
(blending weights, 

constants, etc.) 
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Floodgate helps programmers anticipate and prevent deadlocks and race 

conditions between threads. Floodgate also accelerates implementation of 

stream processing across diverse hardware, from general-purpose CPUs 

to hybrids like IBM’s CELL. With Floodgate, game programmers benefit 

from “write once run multiple” reusability through the abstraction of work 

into streams and kernels that are written to a single API and portable to 

these different target platforms, which saves development time and money. 
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The stream processing system divides the data and logic into smaller, well-

defined units that can each be passed to an available core. Stream 

management consists of programmatically distributing the work between 

cores and recombining results after execution. The challenges include 

memory management, especially with pre-fetching data on the local stores; 

race conditions and thrashing; and deadlocking threads. A good rule of 

thumb for multithreaded design is to have no more than one CPU-intensive 

thread running on each core, with an assortment of non-CPU-intensive 

threads for intermittent tasks or blocked I/O functions also running on the 

same core. Context switching comes at a price and affects performance, 

so a good balance here is important.  

 

FIGURE 4: Workflow: A Collection of Tasks Executed as a Unit 
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operation, and 
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output streams. 
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Decomposing games for parallel processing requires some difficult 

evaluations and decisions. Stream processing lends itself best to 

computationally-heavy game tasks. When partitioning tasks for parallel 

processing on different cores, developers must start to think in terms of 

dependencies, collecting tasks into workflows and recombining outputs 

from separate tasks into inputs for subsequent tasks. A dependency graph 

ensures that tasks are processed in the proper sequence, with stream 

relationships preserved by proper execution scheduling and the “critical 

path” method borrowed from project management and graph theory. The 

entire process must be synchronized to avoid race conditions and 

processing errors when dealing with shared variables. If not planned and 

executed carefully, it’s fairly easy to write multithreaded code that ends up 

performing worse than a single-threaded application! Having a tool to 

manage these workflows – especially one that works on multiple game 

platforms – greatly simplifies the programmer’s life. 

The best way to approach kernel design is to first decouple your existing 

interdependent systems, then take the independent systems and 

decompose them into smaller modules that can be run concurrently. Within 

those modules, identify the data structures that have separate regions. 

Floodgate assumes a one-to-one relationship between the inputs and 

outputs of a kernel, so that heuristic can help in analyzing candidates for 

streams. Tasks (kernels) can then be defined to operate on those separate 

data regions (streams) in parallel. Task dependency analysis is also 

necessary to identify which set of tasks can be performed first and which 

can or should go after. This helps determine the synchronization points and 

informs which streams can be scheduled on which core, thread or 

processing unit (e.g., SPU on the PS3). Floodgate detects when 

processing of a kernel is complete, either asynchronously or 

synchronously, and the application either polls or waits for the results.  
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FIGURE 5: Workflow: Dependency Graph Sorted into Stages 
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While it may not be possible (or desirable) to multi-thread every game 

system, many are prime candidates for stream processing. Floodgate is 

ideal for managing streaming execution for: 

�  Morphing 

�  Skinning  

�  Particle  Generators  

�  Liquids/Fluids  Simulations  

�  Cloth Simulation 

�  Hair  and Fur  Generation   

�  Procedurally-Generated Vegetation 

�  Collision  Detection  

�  Animation  

�  Any other general-purpose stream-based computing 

process  
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Floodgate manages the tasks (input and output streams and the kernel) 

that combine into workflows allocated to different threads and cores. The 

steps for creating a Floodgate workflow are: 

1. Create Streams for input and output data 

2. Create a Kernel 

3. Create a Workflow 

4. Add a new Task to the Workflow 

5. Set the Kernel on the Task 

6. Add Input and Output Streams to Task 

7. Execute the Workflow  

8. Wait for results and synchronize 
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Floodgate can accelerate your productivity and make multi-threaded 

programming less cumbersome and time-consuming. Emergent’s 

Gamebryo engine includes the Floodgate API as part of the standard 

product, and parts of Gamebryo have been rewritten as multithreaded 

using the Floodgate API since it was incorporated into the core product in 

2007.  

Floodgate offers key advantages to game programmers:  

�  Accelerates Cross-Platform Projects —Floodgate has been 

developed for high performance on all supported platforms, so 

that you write code once, run it everywhere, and optimize it only 

as needed.  Task partitioning, task dependency analysis and task 

staging are all handled internally by Floodgate using platform-

agnostic methods.  Plus, Gamebryo can drive the same title on 

one or more multi-core platforms while also targeting the single-

core Wii console. 
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�  Manages Interdependent Streams, Tasks and Workflows — 

You define operations to perform on specified input streams, 

creating an output stream which in turn can serve as the input 

stream to another task. Floodgate supports chaining, so you can 

identify relationships between streams and tasks to create 

workflows that execute smoothly. 

�  Handles Scheduling, Execution and Synchronization o f 

Workflows —You can create dependencies between tasks using 

a directed acyclic graph. Floodgate schedules a task, executes it 

and waits for it to complete to synchronize with other tasks in the 

workflow. 

�  Automatically Decomposes Data —Floodgate automatically 

determines how data is decomposed for increased performance, 

and developers can further tune this process if additional 

optimizations are needed. 
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With the power of Floodgate, Gamebryo is arguably the best game engine 

available for games designed for Sony’s PLAYSTATION®3. The internal 

Floodgate conventions manage the job chain and synchronization specific 

to the PS3 while also providing platform-portable kernel management. 

Gamebryo’s Floodgate API provides many benefits to PS3 developers: 

·  Leverages SPURS for interoperability with other SPU code, which 

minimizes latency and performance hits from context switching, 

simplifies DMA transfers and provides workflow encoding via job 

chain command lists 

·  Compatible with PS3 EDGE library 

·  Provides C++ classes for most SPURS constructs 

·  Schedules kernels on the SPUs implemented as regular C/C++ 

code for portability, or using SIMD intrinsics for platform-specific 

high performance 
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·  Can schedule kernels on the PPU, which enables a task to 

execute PPU code as part of a workflow (useful for OS calls or for 

large parts of existing code that cannot be easily ported to SPUs; 

PPU kernels can be used anywhere within a workflow and will run 

concurrently with any SPU jobs, though they are expensive). 

·  Manages Job Chains (8 per SPURS instance) by creating a Job 

Chain Pool at startup, then recycling instead of using costly 

terminate/create calls, and maximizing usage by building large 

command lists. 

·  Synchronizes by notifying the PPU upon workflow completion and 

writing to an RSX label (signal task can be set up with RSX label 

address, which causes a write to the label in addition to notifying 

the PPU). 

Because the local store on the PS3 is limited and data streams will not all 

fit into the local store at once, each stream is partitioned into chunks and a 

SPURS job is built for each task with chunks of the I/O streams. During 

partitioning, Floodgate also handles misaligned streams by expanding and 

contracting incoming and outgoing transfers so they are 128-byte aligned. 

Small DMA transfers are also massaged.  

These are just some of the methods that Floodgate uses to simplify stream 

processing on the unique architecture of the PS3. 
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On the Xbox 360, Floodgate harnesses the core execution framework to 

provide outstanding performance increases. Under the default 

configuration, Floodgate creates four worker threads to process tasks. 

These threads are targeted to specific processor cores, determined by 

internal profiling, to guarantee maximum performance without conflicting 

with core application logic. 

Since memory bandwidth and latency are often the gating factors for 

performance, Floodgate automatically divides tasks into appropriately-

sized workloads using its internal heuristics. These heuristics help ensure 
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that Floodgate uses its pre-fetching logic for each workload to saturate the 

data bus, maximizing the probability that the data reads in each Floodgate 

kernel are accessing data in the L1 and L2 caches rather than main 

memory. Developers can further tune and optimize their tasks if necessary 

to control the subdivision of tasks on a per-task basis if they choose to 

override the Floodgate heuristics. Floodgate allows Xbox 360 developers 

to take full advantage of the multi-core environment on this console.  
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The Wii is, of course, a single-core console. Targeting your game for the 

Wii could be complicated if the original targets for the title were any of the 

multi-core platforms. Gamebryo makes this equation simple: your game 

can be compiled for the Wii without significant overhead from the 

Floodgate optimizations for any multi-core architectures also included in 

the mix. Gamebryo and Floodgate can simplify your processes and bring 

your title to market for more platforms by the quickest path possible. 
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Hardware manufacturers are scaling up production towards ever-greater 

numbers of cores on a chip, and the complexity of developing for these 

platforms is only going to increase. Stream management with Floodgate 

provides a marked advantage to developing scalable, high-performance 

games for multiple target platforms. The ability to leverage and maximize 

current and future generations of hardware will be a key differentiator for 

game developers, and Emergent makes it easy.  

If you would like to learn more about Floodgate or other advantages to 

the Gamebryo game engine, please visit our website, www.emergent.net, 

or contact our sales team at sales@emergent.net. 
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