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- Non-unified Memory Access (NUMA) Architecture is commonly used in 
HPC systems

- Memory access in NUMA systems is not uniform
Remote-access communication is slower than local-access communication

- Modern NUMA systems are susceptible to congestion
Current CPUs can cause a massive load to the memory controllers
Maximizing locality can hurt performance due to the memory congestion[1]
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Background: Memory congestion in modern NUMA systems
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Locality and memory congestion-aware thread mapping

Binary 
Dynamic Ins. 

(PIN [2] )
Step 1: Detect CommunicationsTarget app

Run
Communication 

events

Step 2: Identify congested threadsStep 3: Compute thread mapping

Execution time

6 7

Time resolution

Thread ID (T)

A cache line 
(64 byte block size)

Write
Read

The communication events will be detected as follows:
A=6, B=None  No event
A=7, B=6  E(T6, T7) 
A=8, B=7  E(T6, T8), E(T7, T8)
A=5, B=8  E(T8, T5)
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A communication event is detected from two 
consecutive accesses (with at least one write) 
by different threads to the same cache line:
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Step 2: Identifying the group of threads that potentially cause the congestion
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𝑃𝑐: number of thread pairs in group
𝑃: total number of pairs

Step 3: Computing the thread mapping

Idea: map a thread pair to the same node (improve 
locality), while also mapping the thread pairs in the 
same group to the different nodes to spread the 
loads of the group (reduce memory congestion).

- Identify the groups of threads from time-series data of communication events using a weighted k-means 
clustering method.

- Given a set of communication timestamps {𝑡1, 𝑡2, ..., 𝑡𝑛 } and a set of clusters {𝐶1, 𝐶2, ..., 𝐶𝑘 }, the objective 
function of the k-means:
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, 𝐴𝑐𝑜𝑚𝑚: the number of communications
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Step 1: Detecting communications between threads

Conclusions
On average, DeTLoc can achieve shorter 
execution times than that of the other methods 
by simultaneously reducing the memory 
congestion and the number of remote-access.
For a heavily congested application such as CG, 
DeTLoc can achieve 20% performance 
improvement compared with locality-based and 
balance-based thread mapping.

Ongoing works
- Evaluating the proposed method with larger 

nodes and larger problem sizes
- Evaluating the characteristics of applications 

that can benefit from the proposed method
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Experiment results
- Experiments on a 2-node Intel-based NUMA system 

with two Intel Xeon E5-2680v4 processors, and each 
node consists 14 cores (2.4 GHz) and 64 GB RAM.

- DeTLoc has been compared with Packed, Scatter, 
Balance-based, and Locality-based mapping 
methods.

A technique to map the application’s threads to CPU cores
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A node (processor) consists of a set of CPU cores that is physically associated 
with  memory controllers and memory devices.

Communication behavior
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Thread mapping with only considering locality will potentially 
cause memory congestion because the memory accesses will be 
concentrated more on particular nodes

Traffic congestion on memory controllers
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Decongested Thread Locality (DeTLoc)
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Note that a thread can belong to different pairs in 
one group. In such a case, avoiding the congestion 
will increase the number of remote-accesses. If the 
congestion level of the target application is low, the 
performance will become worse. We will discuss 
this issue in our future work.

In DeTLoc, a collective 
communication such as 
broadcast is detected as 
a set of peer-to-peer 
communications.
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