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Topology and NUMA
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[SuperMicro Inc. ‘15]
Demo:
▶ Show lstopo on porter, from hwloc.
▶ lstopo on MI300
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Placement and Pinning
Who decides on what core my code runs? How?

Who decides on what NUMA node memory is allocated?

Demo: intro/NUMA and Bandwidths
What is the main expense in NUMA?
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Cache Coherence
What is cache coherence?

How is cache coherence implemented?

Cache coherence simulation
What are the performance impacts?
▶ Demo: intro/Threads vs Cache
▶ Demo: intro/Lock Contention 93



MESI Sequence to Try
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’Conventional’ vs Atomic Memory Update

Read Increment Write

Interruptible! Interruptible!

Read Increment Write

Protected Protected
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Outline

Introduction

Machine Abstractions
C
OpenCL/CUDA
Convergence, Differences in Machine Mapping
Lower-Level Abstractions: SPIR-V, PTX

Performance: Expectation, Experiment, Observation

Performance-Oriented Languages and Abstractions

Polyhedral Representation and Transformation
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Atomic Operations: Compare-and-Swap
#inc lude <stda tom i c . h>
_Bool atomic_compare_exchange_strong (

v o l a t i l e A∗ obj , C∗ expected , C d e s i r e d ) ;

What does volatile mean?

What does this do?

How might you use this to implement atomic FP multiplication?
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Memory Ordering
Why is Memory Ordering a Problem?

What are the different memory orders and what do they mean?
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Example: A Semaphore With Atomics
#inc lude <stda tom ic . h> // mo_−>memory_order , a_−>atomic
typedef s t ruc t { atomic_int v ; } naive_sem_t ;
void sem_down( naive_sem_t ∗ s )
{

whi le (1 ) {
whi le ( a_ l o ad_exp l i c i t (&( s−>v ) , mo_______) < 1)

sp in loop_body ( ) ;
i n t tmp=a_fe tch_add_exp l i c i t (&( s−>v ) , −1, mo________rel ) ;
i f ( tmp >= 1)

break ; // we got the l o c k
e l s e // undo our attempt

a_fe tch_add_exp l i c i t (&( s−>v ) , 1 , mo_______) ;
}

}
void sem_up( naive_s_t ∗ s ) {

a_fe tch_add_exp l i c i t (&( s−>v ) , 1 , mo_______) ;
}

[Cordes ‘16] — Hardware implementation: how? 100


