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Bandwidth—-aware Memory Placement on Hybrid Memories

targeting High Performance Computing Systems
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Abstract

Modern computers provide tremendous computing capability and a large memory system. Hybrid

memories consist of next generation memory devices and are adopted in high performance systems.

However, the increased complexity of the microprocessor makes it difficult to operate the system

effectively. In this paper, we propose a simple data migration method called Bandwidth-aware Data

Migration (BDM) to efficiently use memory systems for high performance processors with hybrid

memory. BDM monitors the status of applications running on the system using hardware performance

monitoring tools and migrates the appropriate pages of selected applications to High Bandwidth

Memory (HBM).

BDM selects applications whose bandwidth usages are high and also evenly

distributed among the threads. Experimental results show that BDM improves execution time by an

average of 20% over baseline execution.
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Structure of Intel KNL Processor [1]
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Fig. 2. Memory Configurations of KNL Processor
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Fig. 3. Structure of Monitored Data

Algorithm 1 BDM Algorithm (p)
Input: p + time window period
I*
L @ the list of running application
W : the list of windows for monitoring data
b : the selected application id
*f
initiate L
while length(L) = 0 do
wail p
1. L + getCurrent Application()
2. Monitoring(L, W)
3. b+ Selection(L, W)
4. Migration(b, L, W)
end while

RA7} el

A

B9 Ad A7k FHulgk #0171 9130 Intelol A
Quadrant cluster A& ARSIAT  [16].
MCDRAM #8 Al 7)Al(cache), ZH(flat), sFo]H =
(hybrid)e] Al 74 B& & shbs dEste] 448 ol‘:}
Fig. 2= KNL Z2A47} A dah= sto]Be|= miie] 4%
UeRfar 9tk 23 BEE MCDRAME DRAMY #2& F4

FZHaddress space)dllA T4 AA 7hse WRZ AR}
i, 7§ BE=s= MCDRAMS: whA 2-2¥(Last-level) ] 7]
2 AR shojHE]= BEE MCDRAMS 7 F-Eo= 2
gato] mxek-gldl FjA|2k DRAMZ Zo] 4 A|H 7Fse
R 2 AReTh 2 =il E AR HRE FAE X
Aste] MCDRAMS A = e &3 BE8 gidoz st
o [1, 171



4 Journal of The Korea Society of Computer and Information

2. Proposed Technique

2.1 Overview
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Algorithm 2 Monitoring(L, W)
Input: L + the list of running application
W+ the hst of windows for momtonng data

lf*

M : the list of monitoring data for applications

i : the index of application

*

for i «— Ly to length(L) do
. M; + getMonitoringData(i)
2. /* M, .band : current bandwidth of threads */
3. /* Mipf:#of page faults */

end for
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2.2 Application Monitoring
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Algorithm 3 Selection(L, W)
Input: L + the list of running application
W+ the list of windows for monitoring data
Output: b + the selected application id
ft
5 : the sorted list of applications

i : the index of applications
Pfary : the averaged page faults
*
l. 5 + regressionAndSort(W)
2. pfawy & getAvgPageFault(Wy)
for i — 0 to length(S) do
3.1f S;.pf > pfawg then continue
4. b+ get Appld(5S;, L)
5. return b
end for
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Fig. 4. Example of Application Selection
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Algorithm 4 Migration(b, W)
Input: b + the selected application id
W+ the hist of windows for momtonng data

th
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2.4 Data Migration
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V. Experiments

1. Experimental Methodology
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