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Abstract: Partitionable mixed-mode systems can be dynamically reconfigured to form
independent or communicating submachines of various sizes, where each submachine can
switch between the SIMD and MIMD modes of parallelism at instruction level granularity.
These systems allow software developers to tailor the system size and mode of parallelism to
best match the problem. This chapter explores software issues related to one such system, the
PASM parallel processing system. Specific topics addressed include a programming language,
overlapped CU/PE operation, trade-offs between the SIMD and MIMD modes of paralielism,
and aspects of operating systems for automatic system reconfiguration. A reading-list of
PASM-related publications is appended.
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1. Enﬁ‘eductian

The parallel processing systems being designed today come in many *“shapes’” and “‘sizes.”’
The diversity reflects the myriad of dissimilar application areas demanding greatly enhanced
computing power [7]. In an effort to match machine configuration io program characteristics,
system designers have created parallel systems that can switch between the SIMD and MIMD
modes of parallelism. Although the goal in each of these systems is to exploit the advantages of
each mode, there are different levels of granularity at which mode switching can be supported,
such as: system level (heterogeneous networks of computers [4]), submachine level (Disputer
I97), program level (NETRA [2], TRAC [5]), subroutine level (PM4 [1]), and instruction level
(CM-5 [10}, Opsila [3], PASM [81, Triton{6]). Furthermore, to better match different problem
sizes and to exploit subtask parallelism, some of the above systems can be partitioned to form
independent or communicating submachines of various sizes. The variety of machine types has
necessitated the design of new programming languages, compilers, operating systems, and
algorithm mapping techniques.

This research was supported by the National Acronautical and Space Administration under grant number NGT-
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Foundation under grant number CDA-9015696. '
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This chapter considers some of the basic software issues that relate to partitionable systems
whose submachines can dynamically switch between the SIMD and MIMD mode of parallelism
atinstruction level granularity; that is, submachines capable of mixed-mode paralielism. This is
done by discussing some aspects of the research conducted in architecture, languages,
algorithms, and operating systems for the PASM paralle! processing system. Designed at
Purdue, the PASM system can support 1024 processing elements (PEs - processor/memory
pairs), and incorporates the flexibility needed to investigate many software issues affecting the
design and use of a partitionable mixed-mode system. A 30-processor small-scale prototype (16
processors in the computational engine) has been built and is being used as a testbed for research
studies. The PASM team currently includes the efforts of 12 faculty members and numerous
graduate students, involved in a large number of inter-related activities. PASM is a constantly
evelving research tool, providing a unique, dynamically reconfigurable environment for
studying parallel processing. Although the software issues in this chapter are discussed with
respect 1o the PASM system, the information presented can be applied to a variety of machines.

This chapter is organized as follows. Section 2 discusses the PASM system architecture. An
explicitly parallel language designed for use on reconfigurable systems is described in Section 3.
Section 4 treats in detail one SIMD/MIMD irade-off (SIMD control unit and PE computational
overlap), and overviews the impact of multiple SIMD/MIMD trade-offs on mixed-mode
implementations of an application. In Section 5, a model for an automatic reconfiguration
system is outlined. Appended to the chapter is a reading list of PASM-related publications. The
papers in the reading list also reference relevant work by others that have influenced PASM
activities. References to the reading list will be in the form “‘[A-11,”” which would refer to the
first reference in part A of the reading list.

2.PASM Architecture

The PASM (partitionable SIMD/MIMD) system can dynamically reconfigure to form
inaepcnaem or communicating submachines of various sizes, where each submachine operates
in mixed-mode. In addition, PASM uses a flexible multistage cube interconnection network,
which allows the connection pattern between the processors to be varied. Thus, PASM is
reconfigurable along three dimensions: partitionability, mode of parallelism (SIMD/MIMD),
and inter-processor connections. The PASM prototype implements all three of these dimensions
of reconfigurability.

The PASM conceptual design is comprised of six basic components, as shown in Figure 1.
The tasks performed by the System Control Unit include support for program development, job
scheduling, general system coordination, management of system configuration and partitioning,
and the assignment of user jobs to submachines. The hardware needed to combine and

-synchronize the PEs to form submachines of various sizes resides in the System Control Unit.

The Parallel Computation Unit contains N=2" PEs physically numbered from 0 to N-1,
and an interconnection network. Two memory units are used in each PE such that computation
and memory 1/O can be overlapped; for example, the PE processor can execute a job in one
memory unit while the next job is preloaded into the other memory unit from secondary storage.
These memory units compose the primary memory of the system. In SIMD or MIMD mode,
each PE can use its own PE address or local data as a basis for indirect addressing of its memory. .
The PE processors may be either standard microprocessors (as in the prototype) or custom
designed for parallel processing and/or a particular application.
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The Micro Controllers (MCs) are the multiple control units (CUs) required to have multiple
independent submachines capable of executing in SIMD mode. There are Q=29 MCs,
physically numbered from 0to Q— 1. Each MC controls a fixed group of N/Q PEs in the Parallel
Computation Unit. An MC and its associated PEs form an MC group. All N/Q PEs connected to
MC1i havei as the low-order q bits of their physical PE number. In an N= 1024 system, Q may be
32; for the N=16 prototype, Q=4. MC groups can be combined to form submachines of
different sizes. : '

In MIMD mode, PEs fetch instructions and data from their local RAM. In SIMD mode, PEs
still fetch data from their local RAM, but SIMD instructions are received from the stream of
SIMD instructions broadcast from the associated MC’s SIMD instruction fetch uynit. A PE
fetches SIMD instructions by reading an instruction word from the logical SIMD
instruction space. Thisisa logical address space —no physical memory is provided. Logic in the
PE detects read accesses to the SIMD instruction space, and any such request is interpreted as an
SIMD instruction request. A PE in MIMD mode can enter SIMD mode simply by executing a
branch to the SIMD instruction space. Similarly, a PE currently in SIMD mode can switch to an
MIMD program by executing a branch to the PE’s physical RAM space.

The interconnection network allows the PEs to communicate with each other. Because
PASM is a partitionable system, the interconnection network used must be partitionable. The
reconfiguration rule in PASM requires that the physical numbers of all the PEs in a submachine
of 2P PEs agree in their n—p low-order bit positions. Thus, the p high-order bits of a PE’s
physical number form its logical number within the submachine. The extra stage cube, a fault
tolerant variant of the multistage cube, was implemented in the PASM prototype and satisfies
these requirements.

The Memory Storage System is the secondary storage for the Parallel Computation Unit,
storing data files in SIMD mode and both program and data files in MIMD mode. The Memory
Storage System is comprised of N/Q independent Memory Storage Units (MSUs), numbered
from 0 to (N/Q)— 1. Each MSU contains a mass storage unit and a processor to manage the file
system and to transfer files to and from its associated PE memory units. MSU 1 is connected o
and stores files for the Q PEs whose n— q high-order address bits are equal toi. This high-order
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mapping is used so that each of the N/Q PEs connected to an MC is connecied to a different
MSU, allowing all N/Q MSUs to be used concurrently whenever one or more MC groups are
loaded/unloaded.

The Memory Management System supervises file transfers between the N PE memory
modules in the Parallel Computation Unit and the N/Q secondary storage devices in the Memory
Storage System.

The Control Storage is the mass storage for the MCs and the System Control Unit. It consists
of a secondary storage device and a processor for managing the file system on the device.

The goal of current architecture research projects is to evaluate, enhance, and learn from the
prototype implementation methodology so that a full 1024-PE system can be built effectively.
For additional information about the PASM organization, see the papers listed in the
“Architectural Issues’” section of the reading list. Issues discussed include: barrier
synchronization hardware, the control hierarchy in the prototype, enabling/disabling processors,
fault tolerance, and interconnection networks. The architecture overview above is summarized
from [A-10].

3. Parallel Language

The Explicit Language for Parallelism (ELP) is currently under development for PASM.
ELP requires the user to explicitly indicate the parallelism to be employed.

ELP syntax is based on C, and provides constructs for specifying and using SIMD, MIMD,
and mixed-mode parallelism. ELP distinguishes a subclass of MIMD mode where all
processors execute the same program, but do so asynchrenously with respect to one another; that
is, each follows its own control path. This is referred to as SPMD (single program - multiple
data) mode. A goal of ELP is to provide uniformity with respect to the SIMD and SPMD modes
of parallelism by having interpretations for each element of the language in both modes that are
identical in semantics. This is an important characteristic because it allows a data-parallel
algorithm to be coded in a mode-independent manner, producing a data-paraliel program for
which: (1) the ELP compiler can be instructed to generate only SIMD code, (2) the ELP
compiler can be instructed to generate only SPMD code, or (3) execution mode specifiers can be
added easily by the user to facilitate mixed-mode experimentation.

An example of a feature of ELP that has the same semantics in SIMD and SPMD modes is
the variable class associated with each variable. A variable defined to be of class mono always
has a single value with respect to all PEs, independent of execution mode (i.e., amono variable is
scalar-valued); whereas a variable defined to be of class poly can have one or more values with
respect to all PEs, independent of execution mode (i.e., a poly variable is vector-valued). Each
mono variable has storage allocated for it on the CU and all PEs. If a mono variable is referenced
while in SIMD mode, its CU storage is active. If a mono variable is referenced while in SPMD
mode, its PE storage is active and all PE copies of the mono variable will have the same value
(guaranteed by the compiler). For variables defined to be poly, each PE has its own copy with its
own value, independent of execution mode.

In SIMD mode, operations on mono variables indicate work to be done on the CU, and they
permit the overlapping of CU and PE computation to be explicitly specified. This, in turn,
allows the user to experiment with load balancing between the CU and the PEs (discussed later
in this chapter). In SPMD mode, mono variables can be used to force if, while, do, and for
statements on different PEs to execute in the same fashion on all PEs; for example, mono
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variables could be used as the index variable and as the common upper bound for a for loop with
all PEs. All PEs must execute the same instructions, but not necessarily at the same time (as in
SIMD mode). Mono variables also permit other SPMD operations to be performed in an
identical fashion across all PEs, such as having each PE access the same element of an array.

The SIMD and SPMD modes of parallelism are supported by a full native-code compiler,
under development for the PASM prototype, that permits these modes to be switched
dynamically at instruction level granularity. ELP is being extended to include full MIMD
capability and user specification for partitioning the system into submachines for subtask
parallelism. The long term goal is to develop the technology that will allow the compiler to
select the best mode of parallelism for each section of code automatically and to balance CU/PE
overlap in SIMD mode. .

More about PASM programming topics can be found in papers listed in the ““Languages and
Compiling Topics” section of the reading list. Topics examined include: barrier
synchronization techniques, compilation methods, language constructs, memory usage, overlap
of CU and PE operations, and SIMD/MIMD mode specification. The language overview above
is summarized from [B-8].

4, Parallel Algorithm Studies

The effectiveness of a parallel algorithm can vary greatly depending on the mode of
parallelism (SIMD/MIMD) the target machine supports. If the parallel programmer has the
benefit of a heterogeneous computing environment [4] or is programming a mixed-mode
system, he or she must evaluate the impact of any SIMD versus MIMD mode trade-offs to
determine the mode of parallelism that is best suited for each portion of the algorithm. For some
of the trade-offs illustrated in Figure 2, a quantitative analysis of the impact of parallel mode

. selection is not possible; some form of heuristic analysis (possibly, an experienced
programmer’s judgement) is needed. For example, the advantage of executing variable-time
" instructions in MIMD mode cannot be quantified at compile-time because it is data-dependent,
" but it can have an impact on performance and must be considered in some way. Fortunately,

. other trade-offs can be quantified statically (i.e., before executing the task), under certain

¢ circumstances. In this section, an example of how a programmer or compiler may quantify the

SIMD advantage of overlapping CU and PE computation (known as CU/PE overlap) is
presented in general terms. This is followed by a discussion of the interaction of several trade-
offs in a bitonic sequence sorting application.

CU/PE overlap refers to the ability of some SIMD machines to overlap control flow
instructions, as well as any scalar instructions that are independent of the processor data (e.g.,
array address calculations needed by all PEs), with instructions that are executed on the PEs.
‘When CU/PE overlap occurs, the total execution time for a program is measured from the start of
execution to the time when all the PEs and the CU have completed their execution. There may be
an unequal amount of work on the CU and PEs, causing one to become idle. It has been shown

- that the best execution time is achieved by balancing the work between the CU and PEs (e.g.,

[C-17D.

Figure 3 shows the code segment that computes ZZ T[i, j1 A[i, j], for 0<i<Cand 0<j<R,
where T is an Ry *Cr array and A is an Ry XCy array (RSRr <Ry, C<Cr<Cy). This is the
same type of calculation that is in an inner loop of an image correlation algorithm, and is
representative of the computation in many window-based image processing tasks. The numbers
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Figure 2. SIMD/MIMD trade-offs [C-18].
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Ccyu PE
- Thase = T[}; /+ initialize pointers */
- Abase = A[J;
14 for(i=0;i<R;i++) { /+4,8,6%
32 Tpir = Thase + Cy+i; /= increment row pirs =/
32 Aptr = Abase + Cp*i;
17 send_int(&Tptr, Tptr); /+ send ptrs from */ 8
17 send_int{&Aptr, Aptr); /+CUtoPEs +/ 8
14 for(j=0;j<C;j++) { /4,8,6¢+
] simdbegin /= broadcast SIMD block «/
Tptr+=1; /+ increment column pirs +/ 10
Aptr +=1; 10
Xysum += (+Tptr) = (Aptr); 34
simdend

}
}

Figure 3. Code segment that shows CU/PE overlap.

along the left and right sides of the figure provide approximate statement execution times for the
CU and PEs, respectively. All times in this section are in microseconds, and have been derived
empirically on the PASM prototype. The comment adjacent to the for statement indicates the
time to initialize the loop control variable (4 is), to test for the end-of-loop condition (8 ps), and
1o increment the loop control variable (6 ps). This distinction is necessary because the test and
increment operations are separate in the assembly code; that is, the increment operation is
performed at the end of the loop. For each iteration after the first, only the test and increment are
performed, which takes 8 + 6= 14 ys. This is why 14 is marked in the left column.

The code syntax in Figure 3 has been chosen to show the interaction between the CU and the
PEs. For the block of instructions between a simdbegin and a simdend, the CU CPU generates
control signals that move the block from the CU RAM to an instruction queue. This takes only 6
us. Independently of the CU CPU, the instruction queue is capable of broadcasting instructions
to the PEs (in FIFO order) when all enabled PEs request the next instruction. Furthermore, for
the statement send_int(), the CU generates and places in the instruction queue (17 us) an
instruction that, when executed by the PEs, loads the value of the CU’s i variable into the PEs’ i
variable (8 us). The other instructions listed are completely executed by either the CU or the
PEs.

Now consider the overlap of CU and PE computation that occurs when the first iteration of
the code segment of Figure 3 is executed. Assume the pointers Thase and Abase have been
initialized at compile-time. The CU takes 4 s to set i=0, 8 s to test | for the end-of-loop
condition, and 64 s to update the pointers Tptr and Aptr. Then, the CU uses 17 Us to generate
the instructions for the send_int(&Tptr,Tpir) statement. These instructions are placed in the
instruction queue. The PEs take 8 ps to execute these instructions, while the CU generates and
places in the instruction queue the instructions for the send_int{&Aptr,Aptr) statement (17 ps).
Because 17 us were required by the CU for the send_int(&Aptr,Apir) statement, the PEs have
finished receiving the Tptr variable and can immediately begin the 8 us of computation required
to receive the Aptr variable. The PEs’ 8 s are overlapped with the CU’s computation of setting.
=0 (4 pis}, and testing j for the end-of-loop condition (8 us). At this point the PEs are idle once



141

again. Finally, the CU takes 6 jis to move the SIMD block of instructions from the CU RAM 1o
the instruction queue. The PEs require 54 s to fetch and execute the SIMD block of instructions
queued for them. While the PEs execute the instructions from the instruction gueue, the CU
continues the succeeding iterations of the loop, performing control flow instructions and
queueing instructions for the PEs.

By using the statement execution times given, the exact amount of overlapped computation
for the code segment in Figure 3 can be computed [C-17]. Because the execution time of the
code segment is not data-dependent, one objective for an SIMD compiler is to determine the
optimal distribution of work between the CU and the PEs (as mentioned at the end of Section 3).
E’ac theoretical model for CU/PE overlap that assumes a general SIMD architecture is given in

-14].

If the loop in Figure 3 were executed in MIMD mode, the send_int(), simdbegin, and
simdend instructions would not be needed. The PEs would execute all other instructions (no
work is done by the control unit in MIMD mode). An analysis of the code segment in Figure 3
has shown that the SIMD mode implementation outperforms the corresponding MIMD mode
implementation by 28 percent [C-17]. This illustrates that CU/PE overlap can be quantified and
has a significant impact on execution time, especially when array-intensive and loop-intensive
computations are involved. Consequently, it must be considered when comparing the SIMD,
MIMD, and mixed-mode implementations of an algorithm. Y

As another example, consider the bitonic sorting of sequences on the PASM prototype.
This is not a study of sorting per se but a study of the interaction of algorithm characteristics with
modes of parallelism. :

Assume there are M numbers and N=2" PEs, where M is an integer multiple of N, and that
M/N numbers are stored in each PE, initially sorted. The goal of the bitonic sequence sorting
algorithm is to have each PE contain a sorted list of M/N elements, where the elements in PEi are
less than or equal to the elements in PEk, fori <k. A version of Batcher’s regular bitonic sorting
algorithm, where M =N, is modified in Figure 4 to accommodate the M/N element sequence in
each PE. Instead of performing a pairwise comparison at each step, an ordered-merge is done
between the local PE sequence X and the transferred sequence Y using local data-conditional
statements (*‘merge(X,Y)’"). The lesser half of the merged sequence is assigned the pointer X
and the greater half is assigned the pointer Y. The pointers to the two lists are then swapped,
based on a pre-computed data-independent mask (“*swap(X,Y)"").

fork =1 step+ 1 until log, N do
fori=k — 1 step~1 until 0 do

for g = 1 step + 1 until Mi/N do
load X{[q] into network
send to PE whose number differs in bit i
Y[q] « network output

merge(X,Y)

swap(X,Y)

Figure 4. Bitonic sequence sorting algorithm executed by each PE.

When choosing the mode of parallelism, the programmer must consider two salient
characteristics of the algorithm. First, the ordered-merge involves many comparisons that can -
be more efficiently computed in MIMD mode (due to the multiple control paths). Second, the
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algorithm requires many network transfers, which are better performed in SIMD mode (due to
simpler communication protocols resulting from the implicit synchronization). To evaluate
different approaches to this algorithm, a pure SIMD, a pure MIMD, and two mixed-mode
implementations have been executed on the prototype.

In the S/MIMD (SIMD/MIMD) mixed-mode implementation, the ordered-merge and swap
routines were executed in MIMD mode, while the rest of the operations, including network
transfers, were performed in SIMD mode. This algorithm has an advantage over pure SIMD and
pure MIMD implementations because all comparisons are done in MIMD mode and all network
transfers are done in SIMD mode. Additionally, there is potential for significant CU/PE overlap
in the SIMD instructions.

The BMIMD (barrier MIMD) mixed-mode implementation uses MIMD mode, but employs
barrier synchronization to synchronize all inter-PE transfers. On PASM this is accomplished by
fetching a word from the SIMD address space, thus using the SIMD instruction fetch
synchronization hardware to implement the barrier. Consequently, the PEs can perform the
transfer without the overhead normally involved with MIMD network transfers. Thus, the
BMIMD implementation has the advantage of performing data-dependent conditionals in
MIMD mode, but performs barrier synchronization to reduce inter-PE data-transfer overhead.
Therefore, its performance would be expected to be better than pure SIMD or pure MIMD.

1000
SIMD
100 —
execution
time
[msec] MIMD
(log scale) BMIMD
S/MIMD
’ 10 -
1 T T i i
16 64 128 256 512

problem size (M)

Figure 5. Bitonic sequence sorting execution time versus problem size for N = 16 PEs.

The results of the SIMD, MIMD, S/MIMD, and BMIMD mode algorithms for the bitonic
sequence sorting problem with N=16 PEs are shown in Figure 5. There is a significant
improvement in execution time for both mixed-mode algorithms. S/MIMD performed better
than BMIMD, with the difference increasing with M, mainly because of the CU/PE overlap. The
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research described in [C-12] shows that the relative performance of the four approaches are the
product of properties inherent to the modes of parallelism and not artifacts of the prototype
construction. ;

The goal of the algorithm research activities is to explore ways to exploit the flexibility of a
reconfigurable parallel processing system. This knowledge can then be codified in new
- programming techniques and compiler technology.

' PASM-related algorithm studies have included theoretical analyses, simulations, and
experiments on the PASM prototype. These studies have examined issues such as mapping
tasks onte reconfigurable parallel processing systems, trade-offs between the SIMD and MIMD
~modes of parallelism, CU/PE overlap in SIMD mode, and the impact of partitioning on
performance. Applications considered include: bitonic sorting, edge-guided thresholding,
- FFTs, global histogramming, image correlation, image smoothing, matrix multiplication,

range-image segmentation, scaling and rotational registration, and word recognition. Papers

about these algorithm research efforts are listed in the “*Algorithm Studies’” section of the
- reading list.

- §. Automatic Reconfiguration System

Many tasks (e.g., image processing) involve having a collection of algorithms operate on a
. given data set, some of which can execute concurrently and some of which must execute in
sequence. An assignment of resources (e.g., PEs) to each algorithm (i.e., subtask) needs to be
made with the goal of minimizing execution time for the entire task. A model for an Automatic
Reconfiguration System (ARS) that would do this dynamically is overviewed in this section.

In the case of image understanding applications, a single task may consist of a number of
subtasks (e.g., median filtering, edge detection, texture analysis, boundary tracing, region
formation, object recognition). The temporal ordering of subtasks follows a data-dependent
precedence graph that allows for the concurrent execution of certain subtasks. Each node of the
* graph represents one of the subtasks that is conditionally executed, depending upon the results
' from previous subtasks. An image uriderstanding system must select an appropriate aigorithm
~for each subtask (node), based upon image analysis properties as well as the properties of the
“iinputimages (e.g., signal-to-noise ratio). The control-flow graph is then passed to the ARS from
* the image understanding layer.

The ARS requires information about the system configuration to schedule the subtasks
gffectively. The state of a reconfigurable system is the division of the PEs into submachines and
* the state of any jobs executing or awaiting execution at the given point in time. To minimize
overall task execution time, as subtasks complete, their associated PEs may be assigned to
- 'waiting subtasks or joined with PEs assigned to currently executing subtasks to complete the
siibtask on a larger partition. Relevant parameters used to make resource ailocation decisions
include: precedence constraints among subtasks, assignment of algorithms to submachines,
‘execution time expended and the amount of working memory consumed by each algorithm,
‘relationship of execution time to number of PEs used in each submachine and to input size,
-expected execution time, expected memory requirements, and data allocation schemes among
the PEs of the submachine for both input and output data.

From the controi-flow (data-dependent precedence) graph, the ARS schedules the execution
of the algorithms by determining a system state for each point in time. Because some algorithms
dy have non-deterministic execution times, the ARS is responsible for dynamically updating
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the system state, when necessary, to maximize performance. Thus, currently executing subtasks
may have their resource allocation changed.

Asscciated with each algorithm may be several parallel implementations from which the
ARS can choose the one that results in the best overall task execution. A parallel
implementation may be chosen on the basis of performance/system-requirements characteristics
such as: resolution of data conditionals, current allocation of resources, algorithm execution
time as a function of resources (PEs), subtask precedence constraints, and impact of temporal

_ juxtaposition of algorithms on data allocations.

The ARS may incorporate fault-tclerant capability and allow the *‘conceniration’ of
computational resources for subtasks of high priority in a real-time process. Also, the same ARS
can be used for other applications (e.g., speech understanding).

This high-level model for the ARS provides a framework for ongoing research. The long
term goal is to develop the techniques to calculate, represent, and use the dynamic information
needed to implement the ARS.

Further details about automatic reconfiguration and information about other areas of system
software for PASM can be found in papers listed in the *‘Operating System Aspects”” section of
the reading list. Aspects explored include: automatic system reconfiguration, image
understanding environments, partition management, performance measurements, secondary
storage service rate, synchronization techniques, system models, system reconfiguration, and
task migration. The automatic reconfiguration overview above is summarized from [D-9].

6. Summary

The flexibility of partitionable mixed-mode systems makes the efficient execution of a
wide-range of applications possible. However, the software challenges for partitionable
mixed-mode systems are a superset of those for MIMD and SIMD systems.

This chapter overviewed some of the software issues being addressed by the PASM research
team. The PASM prototype acts as a testbed for new software ideas, and much of the research
can be extended to other systems. For instance, the ELP language is a general language for
partitionable mixed-mode parallel systems that is being developed on the PASM prototype.
Several algorithm studies implemented on the prototype (e.g., bitonic sequence sorting) have
given insights into the interaction of general program characteristics with modes of parallelism.
Consequently, SIMD versus MIMD trade-offs (e.g., CU/PE overlap) have been better
understood. A thorough understanding of the effect of system configuration on an application’s
performance is necessary when designing a compiler and an operating system that will be
mapping tasks onto reconfigurable machines. ARS was presented as 2 model for automatically
assigning processors to subtasks to minimize the execution time of a task. The reading list at the
end of the chapter references publications that provide more information on the subject of each
section as well as related topics.
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