BULLETIN of Cherkasy State Technological University

Journal homepage: https:/bulletin-chstu.com.ua/en Vol. 31 No. 2. 2026

ISSN: 2306-4412
E-ISSN: 2708-6070

UDC 004.253
DOI: 10.62660/bcstu/2.2026.48

Rethinking memory hierarchy policies in DRAM+HBM systems

Maksym Shcherba’

Postgraduate Student

Ivan Franko National University of Lviv
79007, 1 Universytetska Str., Lviv, Ukraine
https://orcid.org/0009-0008-0332-9254
Petro Tarnavskyi

Postgraduate Student

Ivan Franko National University of Lviv
79007, 1 Universytetska Str., Lviv, Ukraine
https://orcid.org/0000-0003-3265-8168

Abstract. Efficient management of heterogeneous memory systems integrating high-bandwidth memory (HBM)
is critical for overall performance. Conventional approaches often assume that dynamic random-access memory
(DRAM) is the fastest tier, which may not hold true in HBM-equipped configurations. This study aimed to evaluate
the performance impact of reconfiguring memory hierarchy policies by shifting the preference from DRAM to
HBM in DRAM+HBM systems. The research employed a modified Ambix framework, adapting migration policies
to designate HBM as the fast tier and tuning internal parameters to better suit the DRAM+HBM architecture.
Performance was assessed using HPCG and AMG benchmarks on a dual-socket server. It was established that
placing all data in HBM yielded performance gains of up to 24% over DRAM-only execution. The analysis
demonstrated that standard Linux NUMA balancing could cause up to 4% performance degradation because it
incorrectly promoted memory pages to the slower DRAM tier. Investigations revealed that while default Ambix
configurations might reduce performance by up to 23%, favouring HBM improved results by 1.4% to 22% over
DRAM-preferred policies. Furthermore, internal parameters were tuned to reduce page table scanning frequency
and increase migration limits per cycle. These modifications achieved a 3-7% performance gain for the HPCG
benchmark compared to the baseline system. For the AMG benchmark, experimental results showed variations
from 1.5% degradation to 1.4% improvement, depending on the DRAM:HBM capacity ratios. These findings can
enable system architects to optimise memory tiering in next-generation servers without requiring kernel or
application modification

Keywords: heterogeneous memory systems; memory management; dynamic random-access memory; high
bandwidth memory; memory hierarchy

INTRODUCTION

The ongoing evolution of high-performance comput-
ing is increasingly characterised by the integration of
diverse memory technologies, such as high-bandwidth
memory (HBM), alongside conventional dynamic ran-
dom-access memory (DRAM). This development offers
substantial potential for performance gains, particu-
larly for data-intensive applications that require high

throughput. However, a notable consideration in these
environments is that many existing system manage-
ment policies were originally designed for traditional
architectures where DRAM was the undisputed fast
tier. When these established mechanisms are applied
to mixed DRAM and HBM configurations, they may not
fully exploit the specific performance characteristics
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of the hardware, leading to instances of sub-optimal
resource utilisation. Consequently, there is a clear in-
centive to investigate refined management strategies
that can more effectively align data placement with the
actual bandwidth and latency profiles of modern heter-
0geneous memory systems.

The emergence of cache-coherent interconnects
such as Compute Express Link (CXL) has recently at-
tracted significant attention due to their capabilities in
hardware heterogeneity management and resource dis-
aggregation. D. Gouk et al. (2022) proposed DirectCXL, a
system that connects a host processor complex direct-
ly to remote memory resources over the CXL memory
protocol. Their research established that by bypassing
data copies between host and remote memory, it is
possible to expose the true performance of disaggre-
gated resources to the user. Whilst such technologies
facilitate hardware expansion, they also demand more
sophisticated monitoring frameworks to handle the re-
sulting complexity. S. Park et al. (2022) addressed this by
introducing DAQOS, an open-source system for data ac-
cess-aware memory management. By utilising practical
trade-offs between monitoring overhead and accuracy,
DAOS provides a runtime system that auto-tunes man-
agement schemes for user-defined objectives, demon-
strating that fine-grained access monitoring is essen-
tial for efficient placement decisions.

As memory systems scale to multi-terabyte capac-
ities, the challenges of profiling and migration become
even more pronounced. J. Ren et al. (2024) developed
MTM, a framework for multi-tiered large memory that
connects profiling overhead control with high-quality
monitoring mechanisms. Their work indicates that a
universal page migration policy, combined with huge
page awareness, can significantly improve performance
across realistic big-data workloads. Building upon
these migration efficiencies, L. Xiang et al. (2024) in-
troduced Nomad, which challenges the traditional ex-
clusive tiering model. By implementing non-exclusive
tiering through transactional page migration and page
shadowing, Nomad mitigates memory thrashing and re-
moves data movement from the critical execution path,
significantly improving performance under memory
pressure compared to standard transparent placement
strategies. Beyond general page-level management,
some investigators have identified the importance of
specific system structures. S. Kannan et al. (2021) not-
ed that most existing systems overlook kernel-level
structures. Through the development of the KLOCs
mechanism, they established that tiering kernel-level
objects, such as inodes and socket buffers, significantly
improves the efficiency of heterogeneous systems.

Alternative approaches focus on the granularity of
management and the timing of data placement. The
problem of flexible object-level management was ad-
dressed by B.Kammerdiener et al.(2023),who developed
the bkmalloc method. They concluded that leveraging
object-level information at the programming language
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level allows for more accurate data migration decisions
between tiers compared to transparent OS-level mech-
anisms. The shortcomings of such transparent strate-
gies were further detailed by D. Moura et al. (2022), who
demonstrated that the standard AutoNUMA balancer
yielded modest results for graph analytics due to a
lack of temporal locality in data access patterns. Their
characterisation showed that an object-level tiering ap-
proach could reduce execution times by an average of
21% by more accurately capturing application-specific
behaviours than standard kernel heuristics. Similarly, M.
B. Olson et al. (2022) focused on developing an online
application guidance system, concluding that dynam-
ically assigning application data based on live usage
patterns achieves comparable performance to offline
profiling methods while significantly outperforming
standard unguided approaches. These developments
suggest a trend toward more autonomous and con-
text-aware systems that reduce the burden on the pro-
grammer whilst improving hardware efficiency.

Despite this significant number of developments,
a critical gap remains in the current literature. Most
analysed solutions are based on the assumption that
DRAM is the fast tier compared to slower tiers like
non-volatile memory or CXL expansion devices. Aspects
of system functioning where DRAM coexists with high-
er-speed HBM, as well as questions of migration param-
eter calibration for such configurations, remain insuffi-
ciently studied. Existing policies are often motivated by
capacity-driven assumptions, whereas for DRAM+HBM
systems, the optimal tier designation may differ signif-
icantly for certain workloads. Furthermore, online page
placement and migration without the necessity for of-
fline profiling, pre-runs,or application recompilation are
discussed only to a limited extent. Therefore, this work
aimed to experimentally evaluate online tiered-mem-
ory management in DRAM+HBM systems without the
requirement for offline preconditions. By investigating
these dynamics, the study sought to determine how
software-defined hierarchy policies could be reconciled
with the physical bandwidth advantages of HBM, whilst
identifying the efficiency thresholds where active man-
agement might become counter-productive.

MATERIALS AND METHODS

A modified memory management strategy based on the
Ambix framework (Marques, 2021; Pévoas et al., 2025)
was proposed, and its performance was evaluated ex-
perimentally. The selection of Ambix was justified by
its implementation as a Linux kernel module, which
enabled the deployment of new policies without re-
quiring modifications to the operating system kernel or
application source code. The approach involved recon-
figuring the memory hierarchy to designate HBM as the
primary fast tier, whilst DRAM served as the second-
ary tier for less frequently accessed data. The research
was based on a hypothesis that directly contradicted
the standard assumptions of the Linux AutoNUMA
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mechanism, where DRAM was viewed by default as
the fastest hierarchy tier-a premise typically valid for
DRAM+NVM or DRAM+CXL systems. Shifting priorities
in favour of HBM was driven by its significant band-
width advantage, which was a critical performance fac-
tor for data-intensive high-performance workloads. To
optimise system performance, the page table scanning
frequency was reduced to lower monitoring overhead,
while per-cycle migration limits were increased to facil-
itate the rapid promotion of active data to the HBM tier.
The experimental environment comprised a dual-sock-
et server equipped with an Intel Xeon CPU Max 9462
processor featuring 32 cores per socket. The platform
was configured with 256 GB of DRAM and 64 GB of
HBM. ALl benchmark executions were restricted to a
single CPU socket. The software stack utilised Rocky Li-
nux 9.5 with Linux kernel version 6.1.

Performance evaluation was conducted using
the HPCG (Dongarra et al., 2016) and AMG Problem 2
(Yang et al., 2017) benchmarks. For each run, it was
calculated the standard performance metrics report-
ed by the benchmarks as the Figure of Merit (FOM):
HPCG performance in GFLOP/s and AMG performance
as its reported FoM, which represents the rate of useful
sparse-matrix work (i.e., effective matrix operations per
second). To verify that the selected test scenarios were
indeed bandwidth-bounded, a comparative analysis of
results was performed in configurations where the en-
tire memory volume was allocated exclusively in DRAM

or exclusively in HBM. These tools provided standard-
ised metrics to analyse system behaviour under band-
width-intensive conditions.

To investigate the impact of resource availability, a
memory offlining mechanism was employed to create
controlled DRAM:HBM capacity ratios of 2:1, 1:1, and
1:2. Memory offlining was performed using the Linux
memory hotplug interface via sysfs, which allows se-
lected memory blocks to be disabled to enforce the
desired ratios. The resulting data were recorded across
six distinct system configurations, enabling a compar-
ison between the proposed solution and standard ker-
nel mechanisms, specifically the AutoNUMA balancing
system (Huang, 2019). This configuration ensured that
the benchmarks occupied nearly all available memory
within a single socket, providing a comprehensive un-
derstanding of how different policies influenced com-
putational efficiency.

RESULTS AND DISCUSSION

Initial performance comparisons demonstrated that
allocating the entire memory volume to HBM yielded
substantial throughput improvements over configura-
tions utilising only DRAM. As shown in Figure 1, data
placement within HBM provided a 24% performance
gain for the HPCG benchmark and a 22% gain for the
AMG benchmark. The observed performance gap be-
tween DRAM-only and HBM-only configurations vali-
dated the bandwidth-intensive nature of the workloads.
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Figure 1. Performance comparison of DRAM and HBM memory across benchmarks

Source: created by the authors

Assessments across varying DRAM:HBM capac-
ity ratios indicated that standard operating system
mechanisms could lead to sub-optimal resource uti-
lisation. For the HPCG workload, the No balancing
baseline yielded performance between 33.62 and
34.93 GFLOP/s, as summarised in Table 1.The activation

of NUMA balancing resulted in a performance degra-
dation of up to 4% relative to the baseline - a de-
crease attributed to the misalignment of page promo-
tion directions, where the kernel incorrectly identified
the slower DRAM tier as the fast tier and promoted
pages accordingly.

Table 1. HPCG benchmark performance (GFLOP/s) across different DRAM:HBM capacity ratios
and memory management policies

Configuration Performance (GFLOP/s)
DRAM:HBM =2:1 DRAM:HBM=1:1 DRAM:HBM =1:2
No balancing 33.62 33.85 3493
NUMA balancing 32.44 32.40 33.97
Ambix (DRAM-priority) 29.06 29.63 30.87
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Continued Table 1.

Configuration Performance (GFLOP/s)
DRAM:HBM=2:1 DRAM:HBM=1:1 DRAM:HBM=1:2
Ambix (HBM-priority) 31.14 30.05 3142
Ambix (DRAM-priority, tuned) 29.42 31.46 34.19
Ambix (HBM-priority, tuned) 35.86 35.38 36.05

Source: created by the authors

Performance metrics for the HPCG benchmark, illus-
trated in Figure 2, revealed significant variations based
on the management policy employed. The original Am-
bix (DRAM-priority) configuration resulted in a perfor-
mance decline of 12-14% relative to the baseline. It was
observed that implementing individual modifications
to this framework yielded incremental improvements,

though neither was sufficient to outperform the base-
line independently. Reconfiguring the hierarchy to pri-
oritise HBM - Ambix (HBM-priority) - partially mitigat-
ed the loss, reducing degradation to 7-11%. Similarly,
maintaining the DRAM-priority while optimising inter-
nal framework logic - Ambix (DRAM-priority, tuned) -
reduced the performance penalty to 2-12%.
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Figure 2. Comparison of HPCG benchmark performance (GFLOP/s)
across evaluated memory management policies

Source: created by the authors

Net performance gains were only realised when
both modifications were applied simultaneously. Un-
der the Ambix (HBM-priority, tuned) framework, which
combined an HBM-fast hierarchy with optimised scan
frequencies and migration limits, performance im-
provements of 7%, 5%, and 3% were achieved for the
2:1,1:1, and 1:2 DRAM:HBM ratios, respectively. These
findings indicated that while each structural change
provided a marginal benefit, the synergy between a
hardware-aligned hierarchy and tuned migration pa-
rameters was essential to surpass the performance of
the baseline.

Furthermore, the results suggested that the effective-
ness of proactive memory placement diminished as the
availability of HBM increased. At lower HBM capacities,

efficient data placement was critical to maximise
throughput, whereas higher HBM availability allowed a
larger portion of the hot data to reside in the fast tier
without intervention, thereby diminishing the relative
impact of managed migration. Performance metrics for
the AMG benchmark were summarised in Table 2, where
the baseline provided a FoM ranging from 1.25-10° to
1.36 - 10°. In contrast to the results observed for HPCG,
the activation of NUMA balancing yielded performance
identical to the baseline, indicating that the default ker-
nel mechanism neither improved nor degraded through-
put for this specific workload. However, the broader re-
sults for managed configurations demonstrated a trend
consistent with the overhead typically associated with
active memory management in tiered systems.

Table 2. AMG benchmark performance (FoM) across different DRAM:HBM capacity ratios
and memory management policies

. Figure of Merit
Configuration
DRAM:HBM=2:1 DRAM:HBM=1:1 DRAM:HBM=1:2
No balancing 1.25-10° 1.26-10° 1.36-10°
NUMA balancing 1.25-10° 1.26-10° 1.36-10°
Ambix (DRAM-priority) 0.99-10° 1.00-10° 1.04-10°
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Continued Table 2.
Configuration Figure of Merit
DRAM:HBM=2:1 DRAM:HBM=1:1 DRAM:HBM=1:2
Ambix (HBM-priority) 1.06-10° 1.07-10° 1.10-10°
Ambix (DRAM-priority, tuned) 1.19-10° 1.21-10° 1.29-10°
Ambix (HBM-priority, tuned) 1.27-10° 1.27-10° 1.34-10°

Notes: the Figure of Merit is the performance metric reported by the AMG benchmark

Source: created by the authors

The introduction of managed placement via the
Ambix (DRAM-priority) policy resulted in a significant
performance reduction of 21-23% relative to the base-
line. Incremental improvements were observed when
modifications were applied individually to the frame-
work; these trends were visualised for comparative
analysis in Figure 3 to highlight the relative impact

of each change. Prioritising the high-bandwidth tier
in the Ambix (HBM-priority) configuration reduced
the performance penalty to 15-19% compared to the
baseline. Similarly, maintaining the original hierarchy
while applying parameter optimisations in the Ambix
(DRAM-priority, tuned) configuration further limited the
degradation to 4-5%.
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Figure 3. Comparison of AMG benchmark performance (Figure of Merit)
across evaluated memory management policies
Notes: the Figure of Merit is the performance metric reported by the AMG benchmark

Source: created by the authors

As illustrated in Figure 3,the highest efficiency across
all evaluated configurations was achieved through the
simultaneous application of hierarchy reconfiguration
and parameter tuning. Under the Ambix (HBM-priority,
tuned) policy, the system showed a 1.4% improvement
over the baseline at a 2:1 DRAM:HBM capacity ratio,
although a 1.5% degradation was experienced at the
1:2 ratio. This slight decline at higher HBM capacities
was attributed to the variable nature of the AMG mem-
ory footprint. At the onset of the workload, the active
dataset could fit entirely within the HBM tier. In such
instances, the computational overhead of the manage-
ment framework outweighed the benefits of page mi-
gration, rendering active management counter-produc-
tive when HBM resources were sufficiently abundant
to accommodate the workload without intervention.
In summary, the evaluation across both benchmarks
underscored that effective tiered memory management
in DRAM+HBM systems required a synergistic approach.
While individual modifications - such as aligning the
memory hierarchy with hardware bandwidth in Ambix

(HBM-priority) or optimising migration logic in Ambix
(DRAM-priority, tuned) - yielded incremental benefits,
neither was sufficient to consistently surpass the No
balancing baseline. Net performance improvements
were only realised through the unified Ambix (HBM-pri-
ority, tuned) policy, which reconciled the software-de-
fined hierarchy with the physical memory topology.
Furthermore, the results highlighted a critical efficiency
threshold: as the availability of HBM increased relative
to the workload footprint, the computational overhead
of the management framework began to outweigh the
benefits of proactive migration. This phenomenon was
particularly evident in the AMG results, suggesting that
the utility of managed memory placement was most
pronounced in resource-constrained scenarios where
the high-bandwidth tier could not accommodate the
entire active dataset without intervention.

The observed performance dynamics in DRAM+HBM
systems indicated a fundamental departure from the
capacity-driven paradigms that dominated tiered mem-
ory research over the last decade. While conventional
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heterogeneous memory management had focused on
expanding DRAM capacity through slower tiers Llike
CXL, the integration of HBM inverted the performance
hierarchy. In this bandwidth-driven context, the sec-
ondary tier was significantly faster than the primary ca-
pacity tier. The recorded 4% performance degradation
under the NUMA balancing configuration underscored
the failure of legacy locality heuristics in such environ-
ments. As highlighted by H. Al Maruf et al. (2023), the
Linux kernel was originally designed for homogene-
ous architectures and traditionally prioritised memory
nodes based on relative NUMA distances, which fail to
reflect the actual bandwidth capabilities of heteroge-
neous tiers. Consequently, if a thread was perceived as
local to the DRAM node, standard mechanisms inad-
vertently promoted pages to the slower tier, a finding
that aligned with the research of J. Kim et al. (2021) re-
garding multi-tiered systems. This study confirmed that
tier-agnostic policies, which prioritised proximity over
throughput, were fundamentally ill-equipped for asym-
metric bandwidth hierarchies.

The limitations of such heuristics extended be-
yond standard kernel mechanisms, manifesting even
more severely in specialised management frameworks,
as evidenced by the significant performance reduction
of 21-23% observed in the Ambix (DRAM-priority) con-
figuration. This provided empirical evidence that soft-
ware assumptions must align with hardware realities,
yet merely reconfiguring the hierarchy to prioritise the
high-bandwidth tier (Ambix (HBM-priority)) proved in-
sufficient, as it only reduced the performance penalty
to 15-19%. This residual gap suggests that a correct
hierarchy is only the first requirement; the second es-
sential pillar is the precise calibration of management
logic. Similar conclusions were reported by M. Kim et
al.(2025) for tiered-memory management under co-lo-
cated workloads, where correct tier preference must be
complemented by adaptive runtime control. The sen-
sitivity of tiered systems to such logic was validated
by the work of T.D. Doudali et al. (2021), whose Cori
framework demonstrated that sub-optimal migration
frequencies could lead to a 10-100% performance
degradation. These findings explain why surpassing
the baseline in this study required a synergy between
an HBM-priority hierarchy and carefully tuned migra-
tion limits. As J.D. McCalpin (2023) established, sus-
tained bandwidth in Xeon Max processors is already
constrained by hardware limiters such as insufficient
memory concurrency, making the system exceptionally
vulnerable to software overheads that arise from un-
calibrated management policies. The most pervasive
of these overheads originated from the methodolog-
ical challenges associated with kernel-level monitor-
ing remained a primary friction point. A. Raybuck et
al. (2021) discovered in their work on HeMem that
page table scanning incurred prohibitive costs due to
TLB shootdowns and lock contention. While this study
utilised a kernel-integrated approach, the performance
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gains achieved by reducing scanning frequency in the
Ambix (HBM-priority, tuned) configuration served as
a necessary concession to these inherent costs. This
strategy was consistent with the research of T. Lee et
al. (2023), who established in their work on MEMTIS
that fixed-rate scanning mechanisms faced a steep
overhead-accuracy trade-off, with CPU costs reaching
72.85% to maintain high monitoring precision. They
demonstrated that an effective management layer re-
quired dynamic page classification via multiple access
thresholds, which enabled a significant reduction in
sampling intensity for colder memory regions to mit-
igate system-wide overhead. Such optimisations were
crucial, as the sensitivity of the HBM-DRAM gap made
management overhead even more critical than in la-
tency-heavy NVM systems. Recent work such as Flex-
Mem (Xu et al., 2024) supports this point: by adapting
profiling and demotion decisions, it avoids scanning
with fixed ratio and reduces unnecessary page migra-
tions in tiered memory.

The tangible impact of these overheads was most
clearly manifested in the identification of an effi-
ciency threshold, illustrated by the AMG benchmark
results. The transition from a 1.4% improvement at
a 2:1 ratio to a 1.5% degradation at a 1:2 ratio sug-
gested that active memory management possessed
a point of diminishing returns. When HBM resources
were sufficiently abundant to accommodate the ac-
tive dataset at the onset of a workload, the compu-
tational overhead associated with page table scan-
ning outweighed any potential performance benefits.
Ultimately, the comparative analysis suggested that
while industry efforts were largely focused on mask-
ing the slowness of expansion tiers, HBM required a
paradigm that exploited primary tier bandwidth while
minimising management interference. As explored
by P. Duraisamy et al. (2023) in the TMTS framework,
hardware-guided tiering often scaled better than
software-only scanning. This study validated that an
HBM-priority policy acted as a necessary proxy for
bandwidth-priority, forcing data into the wider pipe
even when latency signals were ambiguous. The syner-
gy between hierarchy prioritisation and parameter tun-
ing was therefore a fundamental requirement for un-
locking the performance potential of next-generation
heterogeneous memory systems.

CONCLUSIONS

This study demonstrated that effective utilisation
of heterogeneous memory systems, particularly for
DRAM+HBM configurations, required a well-defined
and carefully considered memory hierarchy. The prima-
ry outcome of this research was the confirmation that
reconsidering the memory hierarchy, by treating HBM
as a top-tier memory in a multi-level system, could
significantly enhance performance for bandwidth-de-
pendent workloads. This finding challenged the default
assumptions embedded in most modern operating
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systems, where DRAM was typically regarded as the
fastest memory and thus prioritised for page promo-
tion. The proposed modification, based on the Ambix
system, achieved improved efficiency through two key
mechanisms: preferential use of HBM and fine-tuning
of internal page migration parameters. Experimental
evaluations using standard benchmarks revealed con-
sistent performance improvements across most tested
configurations. The most substantial gains were ob-
served in scenarios with limited HBM capacity, where
intelligent data placement became critical.

In contrast, when HBM capacity was sufficient to
store the full active data used in a benchmark, the ben-
efits of controlled page migration lessened or might
even have become negative due to overhead costs.
This highlighted the importance of adaptive approach-
es that considered memory utilisation and workload
characteristics. In systems with limited DRAM capaci-
ty where HBM was added as a supplementary but also
constrained memory tier, the proposed approach sig-
nificantly improved performance by optimising data
placement and memory bandwidth usage. Overall, the
results indicated that an appropriate memory poli-
cy could improve system efficiency without requiring
modifications to application code or operating system
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AHoTauis. EdekTuBHe ynpaBniHHS pisHOPIAHMMM CUCTEMAMM NAMATI, WO MICTATb MAM'ATb i3 BUCOKOK NPOMYCKHOK
3aaTHicTio (HBM), € KpUTMYHO BaXNMBKUM ANA 3aranbHOi NPOAYKTUBHOCTI. TpaaMUiiHi NiAXoAM 4acTto NpUnycKawTb,
WO AMHAMIYHA NamMaTb 3 fOBiNbHUM gocTynoM (DRAM) € HaMWBUALLUM PiBHEM, WO MOXE He CMpaBaXyBaTUCS B
KoHdirypauisx 3 HBM. MeToto Lboro gocnigxeHHs 6yno ouiHIOBaHHS BM/IMBY Ha MPOAYKTUBHICTb NEpEHANaLUTyBaHHS
noniTUKK iepapxii naM’aTi wasaxom 3miHn nepesarn 3 DRAM Ha HBM y cuctemax DRAM + HBM. Y pocnigxeHHi
BMKOPUCTaHO MoaundikoBaHy cucteMy Ambix, y sKii aganToBaHO NOAITMKM Mirpauii nsg npusHaveHHs HBM weuakmm
piBHEM Ta HanalWTOBaHO BHYTPilIHi NapaMeTpu Ans Kpawoi BignosigHocTti apxitektypi DRAM + HBM. OuiHioBaHHS
nposoannocs 3a gonomoroto TectiB HPCG Ta AMG Ha aBonpouecopHoMy cepBepi. BctaHoBnEHO, WO po3MilLeHHs BCixX
faHux y namsati HBM 3abe3neunno npupict npoayKTMBHOCTI A0 24 % NOPiBHSHO 3 BUKOPUCTaHHAM nvwe DRAM. AHanis
NpOAEeMOHCTPYBaB, WO CTaHAapTHe H6anaHcyBaHHs NUMA B Linux MOro cnpuynHUTK ferpajauito NpoayKTUBHOCTI
[0 4 %, OCKiNbKW BOHO HEKOPEKTHO NepeMilllyBano CTOPiHKM NamaTi Ao noBinbHiworo pisHg DRAM. JocnigxeHHs
BMSIBMJIO, LLLO XO4a CTaHAAPTHI KOHdirypauii Ambix MOrM 3HWXKyBaTH NMPOAYKTUBHICTb A0 23 %, HaJaHHS nepeBaru
HBM nokpalumnno pesynbratv Ha BenuuunHy Big 1,4 % 0o 22 % nopiBHAHO 3 NONITMKaMK, OpiEHTOBaHMMM Ha DRAM.
Kpim TOro, HanawToBaHO BHYTPILLHI MapaMeTpy, WO A03BOMI0 3MEHLIUTH YACTOTY CKaHyBaHHS TabauLb CTOPiHOK
Ta 36iNblWKTM NiMITK Mirpauii 3a umkn. Lli Moandikauii 3a6e3neunnm npupict npoayKTMBHOCTI Big, 3 % no 7 % pns
Tecty HPCG nopiBHsHO 3 6a30Boto cuctemoto. [ng Tecty AMG ekcnepvMeHTasbHi pe3ynsTaTi NoKa3anun BapitoBaHHS
Bif merpagauii Ha 1,5 % no nokpaweHHs Ha 1,4 %, 3anexHo Big cniBeigHoweHHs 06csrie DRAM:HBM. OtpumaHi
pe3ynbTaTu A03BONAOTb CUCTEMHUM apXiTEKTOPAM OMNTUMI3yBaTH iEpapXito NaMATI B cepBepax HACTYMHOrO NOKOAIHHS
6e3 HeobXxigHOCTI BHeceHHS 3MiH fo sapa OC abo kony nporpam

KntouoBi cnoBa: pisHOpigHi cucTeMn namdTi; ynpaBAiHHA NaMaTTiO; AMHAMIYHA NaMATb 3 AOBINbHUM LOCTYNOM;
namM’aTb 3 BUCOKOK NPOMYCKHOI 34aTHICTIO; iEpapXis nam4ri
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