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Contemporary 
locking

Πρόσφατες τεχνικές για κλειδαριές (Lock cohorting, Compact 
NUMA-aware locks, Fissile locks)
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Parallel File 
Systems and MPI 
I/O

 Many high-performance parallel applications, need to read or write large 
amounts of data from/to disks. For example, reading (huge) initial 
matrices or writing simulation results, or store checkpointing data for 
fault tolerance. While this is more pronounced in MPI-based parallel 
applications (see MPI-I/O), OpenMP applications also need high-
performance I/O.

 A common scenario is to have a single process (or thread) read or write to 
the disk; all others have to retrieve/store data through this process. This 
however is obviously not peformant. High performance I/O must allow 
concurrent accesses to storage, which in turn requires parallel file systems.
Lustre and GPFS are arguably the most prominent, popular ones.

 Study, summarize and present the world of parallel file systems (design, 
organization, operation, taxonomy, etc) and specialize in Lustre.
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PGAS
Partitioned Global 
Address Space

 Global (shared) address space, but each “thread” knows that it owns a small portion of the 
space.

− A collection of “threads” (processes) operating in a partitioned 
global address space that is logically distributed across threads.

− Each thread has affinity with a portion of the globally shared 
address space. Each thread has also a private space.

− Elements in the partitioned global space co-located with a 
thread are said to have affinity to that thread.

 Programmer has control over performance-critical factors—data distribution and locality 
control—computation partitioning—communication placement.

 A number of languages but UPC most prominent; XScalableMP another one; both are C 
extensions. There are many others (Java-based mostly).

 Start with:

− M.D. Wael, S. Marr, B.D. Fraine, T.V. Cutsem and W.D. Meuter, “Partitioned Global Address Space 
Languages”, ACM Comput. Surv., Vol. 47, No. 4, pp. 1–27, July 2015.
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Polyhedral model 
for automatic loop 
parallelization

Δεν έχει ανεξάρτητες επαναλήψεις:
for (i = 1; i < n; i++) {
for (j = 1; j < (i + 2) && j < n; j++) {
a[i][j] = a[i - 1][j] + a[i][j - 1];

}
}

Polyhedral (or polytope) model for loop parallelization

− What it is

− How it works

− A full example explaining it

− Frameworks that implement it
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Non-blocking 
algorithms/data 
structures

 In plain words:

− Blocking: uses locks to protect critical regions (a waiting thread is 
blocked until the lock is released; what if the thread that holds the lock 
dies?)

− Non-blocking: no locks; failure of any thread cannot stop the system of 
progressing.

■ They employ atomic instructions (fetch-and-add. Compare-and-swap, etc)

■ Lock-free: guaranteed system-wide progress (usually c-a-s)

■ Wait-free: lock-free AND in addition, per-thread progress (no thread may 
starve) (usually f-a-a)

Difficult to be general in algorithms

− Non-blocking data structures usually

− Linked lists, stacks, etc

Λ8 – ΣΥΣΤΗΜΑΤΑ ΚΑΙ ΛΟΓΙΣΜΙΚΟ ΥΨΗΛΩΝ ΕΠΙΔΟΣΕΩΝ (High Performance Systems and Software) 7



PARALLEL 

PROCESSING 

GROUP

PARALLEL 

PROCESSING 

GROUP

Schedule

 Select till: Thursday, 8/5/2025

Report till: Friday, 31/5/2025

Present (15 minutes max): Tuesday, 3/6/2025
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