
Parallel Computing Fundamentals & 
Decomposition



Some historical context: why avoid parallel 
processing? 































Types of Parallelism

Instruction-Level Parallelism (ILP): executing multiple machine-level 
instructions simultaneously within a single processor core. Achieved 
through hardware features like pipelining, superscalar execution, and 
out-of-order execution.

Task Parallelism: Running independent threads/tasks concurrently 
on multiple cores or processors. Example: Sorting different parts of 
an array in parallel.

Data Parallelism: Performing the same operation on different 
pieces of data simultaneously. Example: Applying a filter to pixels in
an image concurrently.





























Parallel Computer Memory 
Architectures



Memory architectures
• Shared Memory
- is memory that may be simultaneously accessed by multiple programs with an intent to 
provide communication among them or avoid redundant copies. Shared memory is an efficient 
means of passing data between programs.

• Distributed Memory
- refers to a multiprocessor computer system in which each processor has its own private 
memory. Computational tasks can only operate on local data, and if remote data is required, the 
computational task must communicate with one or more remote processors.

• Hybrid Distributed-Shared Memory
- hybrid programming techniques combining the best of distributed and shared memory 
programs are becoming more popular.



Shared Memory
• Shared memory parallel computers vary widely, but generally have in common the ability for all 

processors to access all memory as global address space. 

• Multiple processors can operate independently but share the same memory resources. 
• Changes in a memory location effected by one processor are visible to all other processors. 
• Shared memory machines can be divided into two main classes based upon memory access 

times: UMA and NUMA. 



Shared Memory : UMA vs. NUMA

• Uniform Memory Access (UMA): 
• Most commonly represented today by Symmetric Multiprocessor (SMP) machines 
• Identical processors 
• Equal access and access times to memory 
• Sometimes called CC-UMA - Cache Coherent UMA. Cache coherent means if one 

processor updates a location in shared memory, all the other processors know about the 
update. Cache coherency is accomplished at the hardware level. 

• Non-Uniform Memory Access (NUMA): 
• Often made by physically linking two or more SMPs 
• One SMP can directly access memory of another SMP 
• Not all processors have equal access time to all memories 
• Memory access across link is slower 
• If cache coherency is maintained, then may also be called CC-NUMA - Cache Coherent 

NUMA 



UMA vs NUMA



Shared Memory: Pro and Con
Advantages

• Global address space provides a user-friendly programming perspective to
memory

• Data sharing between tasks is both fast and uniform due to the proximity of
memory to CPUs

Disadvantages:
• Primary disadvantage is the lack of scalability between memory and CPUs.

Adding more CPUs can geometrically increases traffic on the shared memory-
CPU path, and for cache coherent systems, geometrically increase traffic
associated with cache/memory management.

• Programmer responsibility for synchronization constructs that insure
"correct" access of global memory.

• Expense: it becomes increasingly difficult and expensive to design and
produce shared memory machines with ever increasing numbers of
processors.



Distributed Memory
In a distributed memory system, each processor has its own local memory.
Processors do not share memory directly; instead, they communicate with one
another through a network interconnect to exchange data. Unlike shared
memory systems, there is no global memory address space.

Key Characteristics:
1.Local Memory:
2.No Cache Coherency:
3.Explicit Communication:
4.Network Interconnect:



Distributed Memory: Pro and Con
• Advantages

• Memory is scalable with number of processors. Increase the number of 
processors and the size of memory increases proportionately. 

• Each processor can rapidly access its own memory without interference 
and without the overhead incurred with trying to maintain cache coherency. 

• Cost effectiveness: can use commodity, off-the-shelf processors and 
networking. 

• Disadvantages
• The programmer is responsible for many of the details associated with data 

communication between processors. 
• It may be difficult to map existing data structures, based on global memory, 

to this memory organization. 
• Non-uniform memory access (NUMA) times



Hybrid Distributed-Shared Memory
• Hybrid distributed-shared memory systems combine the strengths 

of shared memory and distributed memory architectures. 
• Supports scalability, flexibility, and efficient resource utilization, 

making it a dominant choice for modern high-performance 
computing (HPC) systems

• Key Features:
1.Shared Memory Component:
2.Distributed Memory Component:
3.Communication Between Nodes:



Hybrid Distributed-Shared Memory
Comparison of Shared and Distributed Memory Architectures

Architecture CC-UMA CC-NUMA Distributed

Examples SMPs 
Sun Vexx
DEC/Compaq 
SGI Challenge 
IBM POWER3

Bull NovaScale
SGI Origin 
Sequent
HP Exemplar
DEC/Compaq 
IBM POWER4 (MCM) 

Cray T3E 
Maspar 
IBM SP2
IBM BlueGene

Communications MPI 
Threads 
OpenMP 
shmem 

MPI 
Threads 
OpenMP
shmem

MPI 

Scalability to 10s of processors to 100s of processors to 1000s of processors 

Draw Backs Memory-CPU 
bandwidth

Memory-CPU 
bandwidth
Non-uniform access 
times

System administration 
Programming is hard to 
develop and maintain

Software Availability many 1000s ISVs many 1000s ISVs 100s ISVs 



Any Question?
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