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Motivation

Separation of Resources

» Database systems have widely adapted
separation of compute & storage

> Elastic scaling of storage on demand

» Avoid resource over-provisioning = cost reduction
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NVLink versions

MOtivatiOn Data rate

# L Th ical
Version  per link ar.les # Links eore.tlca Architecture
(GB/s] per link bandwidth
Separation of Resources ’ 20 g 4 20 Pascal
: 2 25 8 6 150 Volt
» Database systems have widely adapted o
. 3 25 4 12 300 Ampere
separation of compute & storage
4/ C2C 25 4 18 450 Hopper

> Elastic scaling of storage on demand

» Avoid resource over-provisioning = cost reduction

Memory Expansion Device

Interconnect Memory

]
CXL

64 GB/s
(x16 PCle 5)

» Compute & memory tightly coupled

> Result: stranded memory

Memory Disaggregation

> Initiatives towards memory disaggregation
to separate memory from compute resources

> Compute Express Link (CXL) as a recent option
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NVLink versions

MOtivatiOn Data rate

#L Th ical
Version  per link al.les # Links eore.tlca Architecture
(GB/s] per link bandwidth
Separation Of Resources 1 20 3 4 30 Pascal
. 2 25 3 6 150 Volt
» Database systems have widely adapted ot
separation of compute & storage 3 29 4 12 300 Ampere
4 | C2C 25 4 18 450 Hopper

> Elastic scaling of storage on demand

» Avoid resource over-provisioning = cost reduction

Memory Expansion Device

Interconnect Memory

2 D
CXL

» Compute & memory tightly coupled

> Result: stranded memory

Memory Disaggregation

Is NVLink C2C suitable for

> [nitiatives towards memory disaggregation
to separate memory from compute resources

memory expansion?

> Compute Express Link (CXL) as a recent option
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Contributions

» Performance evaluation of memory access performance over NVLink C2C
» CPU>GPU memory: throughput, latency

» CPU2>CPU & GPU memory: throughput expansion

» Impact of storing data in GPU memory on database operations

> Discuss suitability of NVLink-attached memory for memory expansion
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Hardware Setup

NVIDIA Grace-Hopper Superchip

s ™
Grace CPU |« » NVIDIA H100 GPU
25 Cores NVLink C2C
450 GB/s N A y,
4000 GB/s
i 384 GB/s \
HBM3
LPDDR5X
96 GB

480 GB
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Bandwidth & Latency

CPU->CPU Memory CPU->GPU Memory
Sustained Bandwidth

Seq Read Seq Write Seq Read Seq Write

362 370 130 163

36%
CPU->CPU

Rnd Read Rnd Write Rnd Read Rnd Write

345 370 128 168

45%
CPU->CPU
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Bandwidth & Latency

Sustained Bandwidth

Latency [ns]
(random reads)

CPU->CPU Memory

CPU->GPU Memory

Seq Read Seq Write

Seq Read Seq Write

362 370 130 163
36%
CPU->CPU
Rnd Read Rnd Write Rnd Read Rnd Write
345 370 128 168
45%
CPU->CPU
|dle |dle
220 810 (3.7x)
Loaded Loaded
440 1020 (2.3x)
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Economic Viability

» HBM is on-package memory =2 not modular like DRAM DIMMs

> Price estimation attempt: compare GPU models with different memory capacities

NVIDIA A100 NVIDIA A100

Prices retrieved from geizhals.eu in February 2025.
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Economic Viability

» HBM is on-package memory =2 not modular like DRAM DIMMs

> Price estimation attempt: compare GPU models with different memory capacities

NVIDIA A100 NVIDIA A100

2 -
GB GB

22 250 € 11 000 € 11 250 € ~280 €

Prices retrieved from geizhals.eu in February 2025.
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Economic Viability

(=] I8
GB

~280 €

Prices retrieved from geizhals.eu in February 2025. 15
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Economic Viability

1 1 vy
38.4 GB/s
(] P8 cs @
~280 €
Grace CPU |« » NVIDIA H100 GPU
25 Cores NVLink C2C
450 GB/s X
4000 GB/s
iSUD GB/s \V/
HBMS3
LPDDR5X

Prices retrieved from geizhals.eu in February 2025.
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Memory Expansion Device

Economic Viability
DIMM setup DPRS-4500
_____ ] DIMM
@ 1 1 \ 4 38 4 GB/ e 460.8 GB/s 12X
GB GB @ ' S .+ 192GB Mem’ channel
~280 € e H28 €
Grace CPU [« » NVIDIA H100 GPU
25 Cores NVLIink C2C
450 GB/s A
4000 GB/s
iSGD GB/s V
HBM3
LPDDR5X

Prices retrieved from geizhals.eu in February 2025.



https://geizhals.eu/

DES A pATA
Benchmarking CPU-Requested GPU Memory Access | Marcel Weisgut ﬂ!r])}‘ EvsG'II'II\EIII\E/IESRCIiI\IIR%UP

Summary

» CPU—>GPU achieves 36% and 45% of the CPU—>CPU read/write throughput
» CPU—>GPU has access latencies of between ~800 ns to ~1000 ns (3.7x/ 2.3x of CPU—> CPU)
» Bandwidth expansion study shows improvements between of 1.3x for reads and 1.7x for writes

> Multiple DDR DIMMSs more cost-efficient for pure memory expansion than GPU HBM

18
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Rnd writes: 1.7x
Seq writes: 1.6x
Seq reads: 1.3x

Access size: 64 B
Region size: 90 GiB

Reads: Id1
Writes: vstlg_u8 x4

20



DES K paTa
Benchmarking CPU-Requested GPU Memory Access | Marcel Weisgut ME$S%EEA%R(IEI\IIR%UP ﬂ

-®- |Inner: CPU, Leaf: CPU -®- |Inner: GPU, Leaf: CPU
% Inner: CPU, Leaf: GPU - |Inner: GPU, Leaf: GPU

Lookup
) —
@ 40 o—0— 2%
O ./.'—. x,,—)("'
(— / ’x,”
S ./. W
o 20 ./ ”x——x o ILLL " ILLLLL Weenee " [ILLLL PWevenee " IILLLL B ]
C ~ _-X g e R LR e e L e
o) o =% _— -t
) 10 ./ B ey H‘:__+_--+
/x’.ul'l“":‘-T- -
o Q‘%.’-;:‘-’i-""—" =
el R
Update
8 /././x’ — 'X‘ -
./.—‘ ”x‘—'
O ‘/ - -
2 30 /‘/ ,—X"’x‘
= ./ X~
8. 20 /./ > < ”x — | - & " TILLLL " CLLLLE Peueee T BWoeeeee N
= s S o e B R e
G) /. "/x‘ ------- Hl:_,:$.;-:—+l_—-+
) 10 ,,X ______ M=t
O .’/x‘ __,n.--:‘_‘m--—'+-
[ a,,lxl'__-_;-=$'-"—‘--+—
_C ':»fé+':i“"““+I
— O -
0 8 16 24 32 40 48 56 64 {2
# Threads

21



DES A pATA
Benchmarking CPU-Requested GPU Memory Access | Marcel Weisgut ﬂ!,]f{‘ EvsG'II'II\EIII\E/IESRCIiI\II?%UP

CXL-Bench

» Support for fundamental and chains of memory access operations
> Memory region preparation
> Pin memory region to NUMA node(s) (mbind) — such as CXL and (modern) GPU memory
> Multiple regions, partitions, and NUMA nodes supported
» Round-robin & weighted page interleaving supported
> Task execution
> Thread pinning to set of cores (pthread setaffinity np)
» Memory access via scalar & SIMD instructions (using compiler vector intrinsics)

» Configurable with YAML files
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LOCAL MEMORY ACCESS THROUGHPUT

Sequential Reads

65536 - EYEEREERIEEE) 1 300 327 346 357 361 360 360 359 359 358 357 357 357
32768 - BYEZREEEIEEE) P15 300 327 346 356 362 361 360 360 359 358 358 357 357 357
16384 - BBREEREEHAEET] "1 302 328 346 356 362 361 360 360 359 359 358 358 358 358
8192 - BBUEEREEE)EEE) 10 303 328 345 356 361 361 360 360 359 359 358 358 358 358
4096 - BYEEREERAEEE] "1 301 327 344 354 360 360 360 359 358 358 358 357 357 357
2048 - BYEEREEIEEE] P11 302 328 345 355 360 360 359 359 358 358 357 357 357 357
1024 - BSYEERFERAETIF 7] 301 326 344 354 358 358 358 357 357 356 356 356 355 356
512 - EERIBWEEAEET ] 299 324 341 351 355 355 354 354 353 353 352 352 351 351
256 - RBECREERIEEPIELE) 296 321 336 345 349 349 349 348 347 347 347 346 346 346
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| | | | | | |
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Thread Count

Access size (Byte)

Random Reads

65536 —m 278 304 321 331 336 337 339 340 342 344 344345 344
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NVIDIA Grace CPU NVIDIA H100 GPU
Cﬁ)ie GPCs with SMs
L2 .
Hub - - XBar
[.3LLC ; !
—— 18 x 25 GB/s : L2 Cache
Memory NVLink /O @3 NVLink I/ Memory
Controllers Controllers
T 384 GB/s 4000 GB/s %
LPDDR5X HBM3
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NVLink Evolution
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, Data rate # Lanes , Theoretical ,
Version  per link , # Links . Architecture
(GB/s] per link bandwidth
1 20 8 4 80 Pascal
2 25 8 6 150 Volta
3 25 4 12 300 Ampere
4/ C2C 25 4 18 450 Hopper
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NVLINK C2C VS CPU INTERCONNECTS

AWS Graviton 4

AMD EPYC 9V33X (Genoa-X), NP52, Read

Mvidia GH2 00

AMD EPYC 5754 (Bergamao], NP51, Read

AMD EPYC V73X (Milan-X), MP52*

Irtel Xeon E5-2660v4 (Broadwell), CoD*

Intel X5650 (Westmere), Read

Local vs Remote NUMA Memory Bandwidth
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20.44
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