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(Dynamic Page Migration Technique for Tiered Memory Systems)
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Abstract

Tiered memory systems, which combine a small, fast tier with a large, slow tier, are increasingly
recognized as an effective approach to optimizing both performance and cost in memory-intensive
workloads. In such systems, page migration plays a central role; however, when the working set size
(WSS) exceeds the capacity of the fast memory tier, frequent promotions and demotions can lead to
a ping-pong effect that significantly degrades memory bandwidth. This paper proposes a page
migration technique that dynamically adjusts the NUMA scan period by detecting changes in WSS
based on memory bandwidth. When a large WSS is detected, the scan period is increased to reduce
page migrations; conversely, when a small WSS is detected, the scan period is decreased to allow more
aggressive page migration. Experiments simulating a CXL-based tiered memory system under
dynamically changing WSS demonstrate that the proposed technique achieves up to 21.12%
performance improvement compared to the state-of-the-art memory management scheme, TPP.
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Algorithm 1 WSS-Based System State Update
Input: Current EMA Bandwidth B,
Previous EMA Bandwidth B,_4,
Global Variable: updatePeriodFlag,
System state S,
Stable Bandwidth Threshold Bgtqpie,
Variation Tolerance &

1: A« B,—B,_; //Compute the bandwidth change

20 if (Et = Bsanie) of (1Al < €)

3:  updatePeriodFlag < False

4: return

5: endif

6: if A<O0 //Adecrease in bandwidth is observed

7: if S = Aggressive Scan

8: S « Conservative Scan

9: else

10: S « Aggressive Scan

I1:  endif

12: end if

13: updatePeriodFlag < True
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Algorithm 2 NUMA Scan Period Update

Global Variable: updatePeriodFlag,
System state S,
Maximum value of the NUMA scan period Py,
Minimum value of the NUMA scan period Py,

if updatePeriodFlag

1:

2: return

3: endif

4: if S = Aggressive Scan
5: P « Ppin

6: else

7: P « Pyax

8: end if

9:

10: for each process p in system do
11:  if (p has no memory context)

12: continue

13:  endif

14:  if p.numa_scan_period # P // update NUMA scan period
15: p.numa_scan_period < P

16: p.numa_scan_period_max < P

17: p.mm.numa_next_scan « jif fies + P

18:  endif

19: end for
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(b) Without CXL
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