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. . . Interconnection networks
First-week topics Threads and Thread programming 3 logi

. - _ topologies
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* Overview, Moore’s Law From assignment, you should have experience with Crossbar vs. buses
S * Multiprocessing, Multithreading, & Multicores £ threads 5 Direct vs. indirect networks
— ¢ Multprocessing Issues £l ¢ Creation : Trees, fat trees, mesh, torus, ring, hypercube
— Lost updates * Use of Mutex Perfect shuffle, Omega

% — Memory ordering 7§ * Condition variables E Topological measures (diameter, degree, bisection

= — Cache coherence 2] o Thread-safe, MT-safe functions : bandwidth)

E E ] Avoiding deadlock in routing, virtual circuits

£ H £ Store-and-Forward routing

: 3 3 Wormhold & Cut-through routing
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Simulation Scalable Memory Systems Scalable Memory Systems (2)
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S S S Directory-based protocols vs. snooping
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* General Simulation techniques

— time-based, event-based and process-based simulation
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— validation of results

e Architecture-specific simulation
— instruction emulation
— trace collection, reduction, processing

¢ Simulation tools

The University of Auckland | New Zealand

PRESENTATION

The University of Auckland | New Zealand

Interaction of

* Virtually-addressed cache
¢ Multi-level cache

¢ Cache coherence

* Non-blocking cache
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— Snooping has serious limitations of scale
— Directory-based is always slower, but scalable

— Basic protocol is simpler (3 states), but requires
more serial events

Maintaining a sharing list in the directory
Distributed writes are slow

Dealing with races
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Cache Coherence-MOESI Model

e Attributes
— ownership
— exclusiveness
— validity
¢ Five states
— Allowed state changes
— Permitted combination of states

* Example of lock contention
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Better programming Models

¢ Critical sections
* Atomic RMW operations
— T&S, T&T&S, Atomic Swap
— Compare & Swap
— LL/SC
* Notion of transactional memory
— Atomic insertion of a transaction (linearizability)
— Hardware support (SLE)

— Implementing Transactional Memory
Hardware
Software




