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Structure of Parallel Programs
data partition

create threads

start thread execution

(review of week 10)
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start thread execution

collect results

performance improvement
by parallel processing



th[0] = new AdderThread ...
th[1] = new AdderThread ...

th[2] = new AdderThread ...

th[0].start();

th[1].start();

th[2].start();

main thread
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time

th[2].start();

th[0].join();
th[1].join();

th[2].join();



Reuse Threads

create a thread

set attributes
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set attributes

start

wait



Java
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C++ Qt
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Make (Qt) Threads Reusable

• remove the “intelligence” in threads
– keep knowledge within the operands
– implement of the real work inside the objects that 

need computation
• use threads for computation only. Threads do not need 
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• use threads for computation only. Threads do not need 
to know what to do. They just supply processor cycles.
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When to Reuse Threads

• Threads do identical or similar work in different parts of 
the program.

• The overhead of creating and destroying threads is too 
high.

• The overhead of assigning parameters is too high.
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• The overhead of assigning parameters is too high.
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Structure of a Ray Tracer

set up objects

set up lights

location, shape, color, surface material

location, color, emission pattern
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set up lights

generate rays

fill pixels

one ray per pixel from the eye
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Reverse Ray Tracing
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screen
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Parallelize Ray Tracer

• divide the pixels into different regions
• assign each region to one thread
• read shared data: the scene description is shared by all 

threads, read only
• write each pixel exclusively: each pixel is written by one 
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• write each pixel exclusively: each pixel is written by one 
and only one thread
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Parallel Programming

• Parallel programming on desktop, laptop, and palm 
computers are “real”. Multi-core processors are now 
standard in most new computers.

• Parallel processing has been provided by hardware 
using pipeline, VLIW, superscalar (ECE 437).
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using pipeline, VLIW, superscalar (ECE 437).
• Automatically converting sequential programs 

(parallelizing compilers) is not mature.
• Programmers, in the foreseeable future, have to write 

parallel programs explicitly.
• Threads are one popular approach for parallel 

programming  but threads have serious problems.



What is wrong with Threads?

• interleaving: there is no guarantee about the orders of 
threads’ execution

• worse: different results may occur after executing the 
same program with the same inputs

• Synchronization (lock, conditional wait) is provided to 
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• Synchronization (lock, conditional wait) is provided to 
prevent undesired results.

• This is a wrong approach (by Edward Lee). Threads 
assume no guarantee of ordering and some possible 
interleavings are removed by enforcing atomicity.



Synchronization

• Problems of programmer-inserted synchronization
– too many: slow down the program
– too few: incorrect
– no easy way to analyze or detect deadlocks

• Bugs are probably common but they have not detected 
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• Bugs are probably common but they have not detected 
because most computers, so far, have only single 
processors. When multi-cores are widely used, more 
bugs may be discovered.

• It is not easy to create correct synchronization. Locks are 
too low-level for many programmers.



Future Parallel Programming

• Why does ECE 462 teach threads only? This is the 
starting point for you to learn other ways of parallel 
programming.

• Alternatives 
– different programming languages
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– different programming languages
– different programming models (such as transactions)
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