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Solving the fundamental
problems of high-performance
software development

By William Lundgren, Kerry Barnes, and James Steed

Integrated Development Environment tools

The fundamental problems of high- 
performance software development are 
how to get data into fast memory and how 
to process it efficiently from that memory. 
This may seem like an oversimplification, 
but consider the work that goes into both 
moving and processing data when pro-
gramming a multiprocessor system under 
tight real-time processing requirements. 
The task of getting data into fast memory 
includes data movement both on a single 
processor (for example, cache utilization) 
and between processors. The application 
must be partitioned between processors 
to keep the load balanced and to realize 
the benefit of parallelization while avoid-
ing deadlock. The task of processing data 
efficiently involves using every possible 
processing path. Compute-intensive por-
tions of the application must be struc-
tured so that all arithmetic logic units are 
fully utilized, and Direct Memory Access 
(DMA) processing units must be fully 
utilized to ensure data transfer and pro-
cessing happen simultaneously.

A few tools available today address soft-
ware development for multiprocessor ar-
chitectures. Current compilers are based 
on the assumption that the hardware is a 
von Neumann architecture (that is, a sin-
gle processor with sequential operations). 
Developing multiprocessor solutions with 
current compilers requires the developer 
to be aware of the architecture of the 
target, as shown in Figure 1a, and embed 
the details of the multiprocessor behavior 
in the code. Embedding this target-specific 
information in the code creates untenable 
software complexity. 

Easing the complexity of programming a 
multiprocessor or multicore architecture 
requires a compiler to be aware of all pro-
cessors in the target architecture, as shown 
in Figure 1b. The multiprocessor compiler 
collects global information about the ap-
plication, such as interprocessor commu-
nication, memory use, and CPU load, and 
uses that information to optimize resource 
utilization. 

Programming languages must provide multiprocessor

information to successfully move and process data in high-

performance software. In this analysis, William, Kerry, and 

James present three algorithms, explain how to implement 

them efficiently on a multiprocessor target, and show how the 

Gedae multiprocessor programming language can automate 

the implementation.

Figure 1a

Figure 1b
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To make use of a multiprocessor compiler, 
the programming language must pro-
vide the information required to collect 
this global information. The languages 
designed to work with von Neumann 
architectures unfortunately don’t provide 
enough information. Therefore, a new 
language must be developed alongside 
the compiler to provide multiprocessor 
information. This programming language 
can be built on software libraries as long 
as they are kept simple with low overhead; 
libraries encapsulating complex behavior 
hide the detail required for the multi- 
processor compiler to collect global infor-
mation on the application.

Gedae is a multiprocessor programming 
language and compiler that targets mul-
tiprocessor systems, including multicore 
architectures such as the Cell Broadband 
Engine, and chip architectures, including 
general purpose processors, DSPs, and 
FPGAs. The following discussion will 
demonstrate how Gedae can help simplify 
high-performance software development.

Simple specification of
data distribution
In the first example application, a distri-
buted Euler method, multiple cores or 
processors are used in parallel to efficient-
ly process the data set. The Euler method 

is an iterative algorithm that performs a 
3 x 3 neighborhood operation on a data 
matrix. To perform this algorithm in par-
allel, the developer must choose a data 
distribution of the matrix that minimizes 
the amount of interprocessor communica-
tion. For this example, the data is distrib-
uted row-wise in blocks; that is, if there 
are N rows and P processors, then the first 
N/P rows are given to the first processor, 
second N/P rows are given to the second 
processor, and so on. 

For each iteration, every processor cal-
culates a new value for its portion of the 
matrix. Some of these new values must 
be shared with adjacent processors to 
perform the next iteration. With this dis-
tribution, rows from adjacent processors 
must be communicated at each step in the 
iteration, as shown in Figure 2. Zero rows 
are inserted as boundary conditions in the 
top of the 0th processor’s data and the bot-
tom of the (P-1)st processor’s data. As the 
Euler method iterates on the data matrix, 
this data movement ensures each proces-
sor has the data necessary to perform the 
3 x 3 neighborhood operation. The com-
munication pattern is regular – two rows 
are transferred to and from each processor 
at each iteration. 

Gedae assists with the implementation of 
this application by automatically inserting 
all communication required to process the 
data set in parallel. As shown in Figure 3, 
the developer has two tasks: express the 
arithmetic of the algorithm (as encapsu-
lated in the StepOnce node) and express 
the data distribution (as done by families 
of m_selrowK and m_addrows nodes). 
The specification of the data distribution 

Gedae assists with

the implementation of

this application by 

automatically inserting 

all communication 

required to process the 

data set in parallel.
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in this flow graph closely mirrors the data 
movement diagram in Figure 2. The range 
variables r and rm1 create an array of pro-
cessing paths called a family when applied 
to the nodes in the graph, as indicated by 
the shadowing behind the nodes and arcs. 
The m_selrowK nodes select a row of data 
from the matrix to transfer to adjacent 
processors. The v_constant node provides 
zero rows, and m_addrows concatenates 
the data from other processors to the rows 
on the local processor. 

To create the parallel implementation, the 
developer uses Gedae’s implementation 
dialog to map the ith member of the family 
of nodes to the ith processor in the mul-
tiprocessor system. Gedae automatically 
inserts the necessary communication, but 
the developer has many degrees of free-
dom over what is added. In this example, 
the developer makes sure the communica-
tion is nonblocking and DMA transfers 
are utilized. To process the distributed 
data efficiently on each processor, Gedae 
builds its primitives atop a vector library 
called the E library, which provides basic 
arithmetic and signal processing opera-
tions. This E library is a light wrapper 
over hand-optimized routines created by 
the hardware vendor.

Dealing with lightweight
processors 
The second example application is a dis-
tributed sort application on a memory-
limited architecture where the data set 
will not fit in a single processor’s memory. 
An example of such an architecture is the 

Cell Broadband Engine where each of the 
eight synergistic processing elements has 
256 KB of local storage, with a larger bulk 
storage shared among all PEs. Similar to 
the finite element analysis in the first ex-
ample, the data must be decomposed and 
distributed across multiple processors. 
However, in this application, memory is 
also a limiting factor, not just required 
throughput. 

Assume at the beginning of the sort that 
each processor has N/P data elements 
where N and P are the data size and num-
ber of processors. To sort the distributed 
array in this algorithm, each processor 
locally calculates a histogram, and the 
histograms are collected to determine how 
the data should be redistributed. Each iter-
ation of the algorithm has two sections of 
interprocessor communication. The first 
section collects the histogram on a single 
processor. This communication contains a 
small amount of data, but all data must go 
to and from one processor. Once the histo-
gram is collected, the data redistribution 
is calculated and the information is broad-
cast to all processors. The second section 
of communication is the transfer of array 
data between processors according to the 
histogram results. The communication in 
the data redistribution is not regular; each 
data element may be sent to any processor, 
and potentially several elements are trans-
ferred during any iteration. Each proces-
sor merges the data left from the previous 
iteration and the new data received from 
other processors, resulting in sorted local 
data. 

Figure 2

Figure 3
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To implement this application, the devel-
oper must use memory efficiently so that 
the generated application fits within the 
architecture’s limited resources. Gedae 
statically allocates all memory usage and 
includes several memory-packing algo-
rithms to shrink the size of the allocated 
buffers. During compilation, Gedae ana-
lyzes the memory use at each stage in the 
statically determined order of execution 
and determines when each memory buf-
fer can be reused. Memory used in the 
histogram calculation can be reused in lat-
ter parts of the algorithm, such as when 
data is received from other processors 
and merged with the remaining local data. 
Furthermore, the flow graph language 
provides for the specification of in-place 
streams where inputs and outputs use the 
same memory buffer. For example, a sin-
gle N/P in-place buffer on each processor 
can perform the merge operation in this 
example. 

Gedae automatically inserts and manages 
all communication needed to sort the data, 
freeing the developer to concentrate on 
the algorithmic details of performing a 
distributed histogram and determining the 
data redistribution at each step. While the 
Euler method example has only 2*(P-1) 
transfers per iteration, this example adds 
many sends and receives to create the 
implementation. This inserted communi-
cation is displayed as green (send) and red 
(receive) bars in the Trace Table, as shown 
in Figure 4. The row labeled part_control 
in the table shows the execution of the 
distributed histogram calculation. This 
row is collapsed so that all the components 
are displayed in one line, and in this line 
the several send and receive pairs domi-
nate the execution time of this portion of 
the application.

The rows labeled vui_part_vvui show 
each processor partitioning the data after 

being told by the control processor how to 
redistribute it, and the vvui_nconcat_vui 
and vui_sort rows show each processor 
combining and merging the new data with 
the old. In this example, Gedae minimizes 
the work the developer has to do to imple-
ment the intricate communication pat-
terns and helps make sure the application 
remains memory efficient.

Model-driven development 
deployed
The third example application is a radar 
application, which has two different op-
eration modes and must process data at a 
high data rate. To meet this high data rate, 
each processor must be highly utilized. 
Because different modes have differ-
ent execution times and require a differ-
ent number of processors to execute, the 
load must be balanced by sending data to 
idle processors to reach high utilization. 
This example application has two modes. 
Mode A only requires one processor and 
has a short duration. Mode B requires 
two processors, and its duration is four 
times as long as Mode A. A round-robin 
scheduling algorithm is used for manag-
ing which processors are busy and deter-
mining where to process the next mode; 
that is, a manager processor keeps track 
of which processors are busy and sends 
new instances of modes to the first idle 
processor in the queue.

Gedae helps the developer solve this prob-
lem by simplifying the operation modes’ 
specification and bringing the scheduling 
algorithm to the forefront while automat-
ing its implementation and data move-
ment. The operation modes’ specification 
is shown in Figure 5. This flow graph is 
executed on each of the processors. The 
scheduling algorithm determines which 
processor to process the mode on and 
sends this data downstream in a packet. 
When the processor is idle, it waits for a 
packet on the source of this flow graph. 
When it receives a packet from the control 
processor, the cp_decode node decodes it, 
extracting the mode ID, and branches the 
data to the subgraph, which implements 
the desired mode of operation. Thus, any 
processor can execute either mode, with 
the scheduling algorithm instructing each 
processor when to start processing data 
and which algorithm to use on that data.

This round-robin scheduling algorithm 
aptly utilizes multiple processors. Figure 6 
shows a Trace Table for this radar appli-
cation. The horizontal black bars indicate 
the processor is busy. The long black 
blocks on processors 101 and 102 indi-
cate an execution of Mode B where the 
duration is four times longer than that of 
Mode A. If Mode B is not being run, the 

Figure 4

Figure 6

Figure 5
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round-robin scheduler is free to send in-
stances of Mode A to the processors used 
by B, as shown in the application’s trace. 
This example implementation is inspired 
by an actual deployed radar system where 
the software modes, mode control, and 
dynamic load balancing were implemented, 
distributed, and deployed with Gedae.

Exposing what is pertinent; 
automating what is mundane
Creating high-performance software re-
quires both moving data into fast memory 
and processing data once it gets there. To 
assist with high-performance software 
development, the Gedae model-driven 
development tool automates the mundane 
details so the developer does not have to 
implement them.

Further, Gedae exposes the pertinent 
details so the developer can code and op-
timize the application more effectively. 
Data distribution is a natural part of the 
flow graph language, as shown in the 
Euler method example. By directly ac-
cessing the vendor’s optimized vector 
library, the application can run efficiently. 
Intricate communication patterns are im-
plemented automatically, as shown in the 
array sort example, and the generated im-
plementation’s communication web can 
be easily viewed in the Trace Table. 
Fully deployed software systems can also 
be created, such as in the radar example 
where a round-robin scheduling scheme 
distributes tasks of different duration and 
processing requirements on many pro-
cessors. Gedae significantly simplifies 

What is Gedae?

Gedae is an integrated application development environment. It has a language for describing an architecture-independent
functional specification, a multiprocessor virtual machine, and a multiprocessor compiler that transform the specification into one 
that runs on a virtual machine. The following topics are key to understanding Gedae: 

n	 Language: The language was developed with two requirements: All functionality must be easily expressible and the
	 language must be transformable into an efficient implementation on the virtual machine. The Gedae language consists of the 

Gedae Primitive Language and the Gedae Graph Language. The Primitive Language is geared toward expressiveness, while 
the Graph Language allows for the hierarchical development of graphs containing primitives, parameters, and other Gedae 
graphs. The resulting language permits direct expression of signal and data processing algorithms, distribution for providing 
load balancing and fault tolerance, and application control.

n	 Virtual machine: The language and machine were codesigned to achieve maximum efficiency. The virtual machine contains 
a runtime kernel that executes components generated by the compiler. The virtual machine also allows for vendor-specific 
processing optimizations, such as setting data transfer parameters. A thin layer over the vendor-provided vector-processing 
libraries allows primitives to execute efficiently. 

n	 Compiler: As the central part of Gedae, the multiprocessor compiler builds an efficient application from code expressed in 
the Gedae language to run on the Gedae virtual machine. The compiler passes are automated but can be guided by the user-
supplied implementation parameters to control distribution, strip mining, data transfers, scheduling priorities, queue policies, 
and memory management.
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high-performance software development 
without detriment to the delivered prod-
uct’s efficiency.
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