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Why MT4G"? GPU Topologies are complex yet important

G GPU topologies are very complex

« Compute — massive parallelism and multiple compute blocks

- Memory — many different caches, specific for each vendor/microarchitecture
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Why MT4G"? GPU Topologies are complex yet important

G GPU topologies are very complex

« Compute — massive parallelism and multiple compute blocks
- Memory — many different caches, specific for each vendor/microarchitecture

Q Massive throughput required

» Cache subsystem plays a crucial role

- Stalls potentially affect thousands of compute cores on a single GPU
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Why MT4G"? GPU Topologies are complex yet important

G GPU topologies are very complex

« Compute — massive parallelism and multiple compute blocks
- Memory — many different caches, specific for each vendor/microarchitecture

Q Massive throughput required

» Cache subsystem plays a crucial role

- Stalls potentially affect thousands of compute cores on a single GPU

Q Limited control over scheduling
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Why MT4G"? GPU Topologies are complex yet important
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Why MT4G"? GPU Topologies are complex yet important

Trivial use-case
Repeat accesses to one array

? Array size
? Performance
? Performance Portability
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Why MT4G"? GPU Topologies are complex yet important

Trivial use-case Performance results
Repeat accesses to one array 1. Different Array Sizes

? Array size 2. Different GPUs
? Performance

? Performance Portability
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Why MT4G"? GPU Topologies are complex yet important

Trivial use-case Performance results
Repeat accesses to one array 1. Different Array Sizes

? Array size 2. Different GPUs
? Performance

? Performance Portability
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Why MT4G"? GPU Topologies are complex yet important

Trivial use-case Performance results
Repeat accesses to one array 1. Different Array Sizes

? Array size 2. Different GPUs
? Performance

? Performance Portability
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 Array size is performance-critical (up to 2.5x)
» Sharp changes, different for each GPU
* Predictable behaviour
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source: Vanecek et al., sys-sage: A Unified Representation of Dynamic Topologies & Attributes on HPC Systems
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Current Landscape
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Current Landscape

CPUs

Tools & Interfaces for discovery:
* HWIloc, LIKWID, Iscpu, ...

Providing valuable Information:
* Number of Cores, hyperthreading
* NUMASs, sockets, ..

» Cache hierarchy & properties (size, $lines, ..)

» Main memory (incl. sizes)
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Current Landscape

CPUs GPUs

Tools & Interfaces for discovery: Tools & Interfaces for discovery:
» HWIloc, LIKWID, Iscpu, ... » —lack ot standardized ones—

* nvidia-smi, rocm-smi, hipdeviceproperties, ..
Providing valuable Information:

- Number of Cores, hyperthreading Scattered information:

- NUMAS, sockets, .. » nvidia-smi: GPU name, memory size
» Cache hierarchy & properties (size, $lines, ..) - cuda/hipdeviceprop: L2 cache size

- Main memory (incl. sizes) » nvml: GPU configuration
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Current Landscape

CPUs GPUs

Complete, cross-vendor Tools & Interfaces for discovery:
» —lack ot standardized ones—

* nvidia-smi, rocm-smi, hipdeviceproperties, ..

ooroutes &/ Scattered information:
itional
T ——

Information

» nvidia-smi: GPU name, memory size
» cuda/hipdeviceprop: L2 cache size

» nvml: GPU configuration
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Current Landscape

CPUs GPUs

Complete, cross-vendor Incomplete, scattered, vendor-specific

API| B, AMD-only
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What MT4G Provides
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What MT4G Provides

Report on GPU building blocks and their attributes and capabilities

* NVIDIA (Pascal and newer)
* AMD (CDNA)
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What MT4G Provides

Report on GPU building blocks and their attributes and capabilities

e * NVIDIA (Pascal and newer)
e d * AMD (CDNA)

Target Memory Elements
NVIDIA AMD

« L1 cache * L1 cache

« L2 cache * L1s cache
« Texture & Readonly e L2 cache

cache « L3 cache (partially)
 Constant L1, L1.5 cache « Local Data Share

* Shared memory :
. * Device memory
* Device memory
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What MT4G Provides

Report on GPU building blocks and their attributes and capabilities

2" * NVIDIA (Pascal and newer)
e d * AMD (CDNA)

Target Memory Elements Queried properties
NVIDIA AMD Size

. L1 cache | 1 cache Cache Line Size ($-only)
+ L2 cache L1s cache Fetch Granularity ($-only)
* Texture & Readonly L2 cache Physical Layout

cache L3 cache (partially) Load Latency

+ Constant L1, L1.5 cache - Local Data Share Read & Write Bandwidth (L2 cache and above)

« Shared memory Device memory

* Device memory + Compute Resource Topological Information
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How MT4G Collects Data
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How MT4G Collects Data

0 Integrates existing interfaces, where available

HIP runtime (hipDeviceProp_t), AMD KFD Driver files
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How MT4G Collects Data

0 Integrates existing interfaces, where available
»  HIP runtime (hipDeviceProp_t), AMD KFD Driver files

a Introduces a suite of (>50) microbenchmarks
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How MT4G Collects Data

0 Integrates existing interfaces, where available
»  HIP runtime (hipDeviceProp_t), AMD KFD Driver files

a Introduces a suite of (>50) microbenchmarks

Automatic evaluation of the results

» Kolmogorov-Smirnov test
« Base statistical information
* Custom heuristic
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How MT4G Collects Data

0 Integrates existing interfaces, where available
HIP runtime (hipDeviceProp_t), AMD KFD Driver files

9 Introduces a suite of (>50) microbenchmarks

-

Automatic evaluation of the results -y

—_— AVQg
— Min

» Kolmogorov-Smirnov test == Heduced
« Base statistical information ‘

—————*———

e
L8
~
]
S
\

* Custom heuristic

"texture": {
"size": {
"confidence": 0.9704014799260037,
"method": "p-chase",
"randomized": false,
"size": 241920,
"unit": "bytes"
ks
ks
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How MT4G Collects Data

0 Integrates existing interfaces, where available
»  HIP runtime (hipDeviceProp_t), AMD KFD Driver files

9 Introduces a suite of (>50) microbenchmarks

A4 37 .42,37,42,37,42,37,42,37,42,37,42,37,42,37,42,37,42,37,4
2,37,42,37,42,37,42,37,42,37,42,8,44,37,42,37,42,37,42,37,42, ) — Max
37,42,37,42,37,42,37,42,37,42,37,42,37,42,37, . .. am—— Q‘(g
I — N
- == Reduced

"texture": { "texture": {
"latency": {

'mean”: 38.77647058823529, 'size": {
"measurements": 255, "confidence": 0.9704014799260037,

"method": "p-chase", "method": "p-chase"
"p50": 42.0. et T p se’,

"pO5": 42.0. "randomized": false,
"sampleSize": 256, "size": 241920,

::stgley'.' : "5 . 776@?@693811043, "unit": "bytes"
unit": "cycles
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What MT4G Provides for NVIDIA GPUs

Physical
hardware
sharing

cache line fetch Amount per

Memory Element LD lat R&W BW

size granularity | SM/GPU

L1 cache

L2 cache

Texture cache

Readonly cache

Constant L1 cache

X 8888 .

Constant L1.5 cache (Up o 64KB)

Shared Memory

Device Memory

= Avallable via microbenchmark; = Available via API; 5 = Bandwidth only for higher-level elements; X = not available
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What MT4G Provides for AMD GPUs

Physical
hardware
sharing

cache line fetch Amount per

Memory Element LD lat R&W BW SM/GPU

size granularity

(v)L1 cache

sL1 cache

L2 cache

L3 cache

Local Data Store

9080888
S8 X888

Device Memory

= Avallable via microbenchmark; = Available via API; 5 = Bandwidth only for higher-level elements; X = not available
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Microbenchmark deep-dive: Cache Size

0 Narrow down the search window

Q Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

@ Narrow down the search window

9 Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

@ Narrow down the search window

bt

1kB 1MB 1GB

a Run p-chase

9 Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

@ Narrow down the search window

T1000: L2=1MiB H100: L2=64MiB
1kB 1MB 1GB

a Run p-chase

9 Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

@ Narrow down the search window AR | A

P6000: CL1=2kiB T71000: L2=1MIB H100: L2=64MiB l
1kB 1MB 1GB

e Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

@ Narrow down the search window AR | A

P6000: CL1=2kiB T1000: L2=1MiB H100: L2=64MiB l
1kB 1MB 1GB
"P— hesssssssssssy hessssscssses hesccscsccsce T S —— |

1. Exponential Doubling Sizes

a Run p-chase

e Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

@ Narrow down the search window AR | A

P6000: CL1=2kiB T71000: L2=1MiB H100: L2=64MiB l
1kB 1MB 1GB
D essss8s80000d hesssssssssssd Bessessssssse hesssssssccee T — |
1. Exponential Doubling Sizes 2. Bisection l+**--- —t--1

a Run p-chase

e Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

@ Narrow down the search window AR | A

P6000: CL1=2kiB T71000: L2=1MiB H100: L2=64MiB l
1kB 1MB Search 1GB
Interval
Desssssesesend hssssssssssssd Bescssssssess  ——— T L ST W pp—— |
1. Exponential Doubling Sizes 2. Bisection l+**--- —t--1

a Run p-chase

e Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

0 Narrow down the search window

9 Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

G Narrow down the search window

Increase array sizes for p-chase

a Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

G Narrow down the search window

Increase array sizes for p-chase

a Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

G Narrow down the search window

Increase array sizes for p-chase

RN
RN

a Reduction + K-S test

MT4G: A Tool for Reliable Auto-Discovery of NVIDIA and AMD GPU Compute and Memory Topologies ; Stepan Vanecek; ProTools’25, 17th Nov 25

11



Microbenchmark deep-dive: Cache Size

G Narrow down the search window

Increase array sizes for p-chase

201 |
201 |

a Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

G Narrow down the search window

Increase array sizes for p-chase

3201
3201

a Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

G Narrow down the search window

Increase array sizes for p-chase

3201

a Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

G Narrow down the search window

Increase array sizes for p-chase

3201
54328

a Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

G Narrow down the search window

Increase array sizes for p-chase

3201
6543}

a Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

G Narrow down the search window

Increase array sizes for p-chase

3201
6543}

a Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

G Narrow down the search window

Increase array sizes for p-chase

1]3]2]
11654

a Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

G Narrow down the search window

Increase array sizes for p-chase

2]1]3]
2]1]6]5 P

a Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

G Narrow down the search window

Increase array sizes for p-chase Fine-grained p-chase

for(int 1=0; i<size; 1i++) AMD Instinct MI210 - Scalar L1 Size

{
ts_start[i] = clock();

\"}
| in ’,r L
E. - Reduce <~ Steep increase in individual values (max)
index = arr[index]; | ! e _

: ! Minimal change in aggregate (avg)
Enx ts_end[1] = CIOCk(); - l 16000 16500 17000 17500
} Bytes

Reduction Value

a Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

0 Narrow down the search window

a Run p-chase

@ Reduction + K-S test
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Microbenchmark deep-dive: Cache Size

0 Narrow down the search window

@ Reduction + K-S test

Array size: observed latencies

254208: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38

254464: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38

254720: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38

254976: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38

255232: 38,38,38,38,261,266,263,263,38,38,38,38,38,38,38,38

255488: 38,38,38,38,300,295,304,297,302,261,266,265,38,38,38,38

255744: 304,293,306,298,38,38,38,38,294,305,295,260,267,263,262,261
256000: 292,298,295,304,297,302,305,295,260,264,264,267,260,267,263,262
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Microbenchmark deep-dive: Cache Size

0 Narrow down the search window

@ Reduction + K-S test

Array size: observed latencies Jj=0
254208: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38

254464: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38
254720: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38 ZD 1 D
254976: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38

255232: 38,38,38,38,261,266,263,263,38,38,38,38,38,38,38,38

255488: 38,38,38,38,300,295,304,297,302,261,266,265,38,38,38,38 '
255744: 304,293,306,298,38,38,38,38,294,305,295,260,267,263,262,261 Red UCtIOn
256000: 292,298,295,304,297,302,305,295,260,264,264,267,260,267,263,262

MT4G: A Tool for Reliable Auto-Discovery of NVIDIA and AMD GPU Compute and Memory Topologies ; Stepan Vanecek; ProTools’25, 17th Nov 25

12



Microbenchmark deep-dive: Cache Size

Narrow down the search window

O
a Run p-chase

Reduction + K-S test

Array size: observed latencies

254208: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38
254404 : 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38

NVIDIA H100 NVL - L1 Size

254720: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38 ZD 3001 ___ ax ' 7 = o
254976: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38 — A~y ot 1003
255232: 38,38,38,38,261,266,263,263,38,38,38,38,38,38,38,38 4 500 — Min ’ >
255488: 38,38,38,38,300,295,304,297,302,261,266,265,38,38,38,38 Reduction 9 | T Reduced 50 2
255744: 304,293,306,298,38,38,38,38,294,305,295,260,267,263,262,261 © oo _ _ =
256000: 292,298,295,304,297,302,305,295,260,264,264,267,260,267,263,262 Steep increase in reduced values _— §
247500 250000 252500 255000 257500 260000 262500 ’

Bytes
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Microbenchmark deep-dive: Cache Size

Narrow down the search window

O
a Run p-chase

. 254208: 0
Reduction + K-S test osaict: 2
254720: 0
> 254976: 0
, 2 255232: 28
Si=.,12 <”ij - mm(”)) 255488: 44
Array size: observed latencies J=0 gggggg (532
254208: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38 '
254464 : 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38 NVIDIA H100 NVL - L1 Size
254720: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38 ZD 3001 \ax | v — o
254976: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38 —— Avg S PR ot 1003
255232: 38,38,38,38,261,266,263,263,38,38,38,38,38,38,38,38 B 500{ — Min >
255488: 38,38,38,38,300,295,304,297,302,261,266,265,38,38,38,38 RedUCtion 9 === Reduged 50 2
255744 : 304,293,306,298,38,38,38,38,294,305,295,260,267,263,262,261 © oo _ _ é
256000: 292,298,295,304,297,302,305,295,260,264,264,267,260,267,263,262 Steep increase in reduced values _— 9
T -0
247500 250000 252500 255000 257500 260000 262500

Bytes
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Microbenchmark deep-dive: Cache Size

0 Narrow down the search window

@ Reduction + K-S test

HE RS 35232, 25 e K-S: CHANGE POINT FOUND
Si=1|2 <”i-—mm(’”)> 255488: 44

i~a: i j=0 255744 50
Array size: observed latencies 256000 62

254208: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38
254404 : 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38

SO NS

NVIDIA H100 NVL - L1 Size

254720: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38 ZD 1 D 3001 ___ ax ' 7 = o
254976: 38,38,38,38,38,38,38,38,38,38,38,38,38,38,38,38 — A~y ot 1003
255232: 38,38,38,38,261,266,263,263,38,38,38,38,38,38,38,38 4 500 — Min ’ >
255488: 38,38,38,38,300,295,304,297,302,261,266,265,38,38,38,38 Reduction 9 | T Reduced 50 2
255744: 304,293,306,298,38,38,38,38,294,305,295,260,267,263,262,261 © oo _ _ =
256000: 292,298,295,304,297,302,305,295,260,264,264,267,260,267,263,262 Steep increase in reduced values _— §
247500 250000 252500 255000 257500 260000 262500 ’

Bytes
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Microbenchmark deep-dive: AMD scalar L1 cache sharing

AMD CDNA
architecture
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Microbenchmark deep-dive: AMD scalar L1 cache sharing

AMD CDNA
architecture

SL1
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Microbenchmark deep-dive: AMD scalar L1 cache sharing

AMD CDNA
architecture

h 4
B | 4

h 4
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Microbenchmark deep-dive: AMD scalar L1 cache sharing

AMD CDNA Algorlthm (extensive search for each pair of “CU x” and “CU y”)
architecture

h 4
B | 4

h 4
B @
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Microbenchmark deep-dive: AMD scalar L1 cache sharing

AMD CDNA Algorlthm (extensive search for each pair of “CU x” and “CU y”)
architecture

h 4
B | 4

€ cu xills sL1d € cu xills sL1d

h 4
B @
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Microbenchmark deep-dive: AMD scalar L1 cache sharing

AMD CDNA Algorlthm (extensive search for each pair of “CU x” and “CU y”)

architecture © cu xills sL1c € cu xills sL1d

— - B  cox NI
B | 4

© cu y s sL1d © cu y fills sL1d

ey | T
] V

h 4
B T (Bl
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Microbenchmark deep-dive: AMD scalar L1 cache sharing

AMD CDNA
architecture

h 4
B | 4

h 4
BT

Algorlthm (extensive search for each pair of “CU x” and “CU y”)

€ cu xills sL1d € cu xills sL1d

o

© cu y s sL1d © cu y fills sL1d

e CU x misses on repeated access e CU x hits on repeated access

To
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Microbenchmark deep-dive: AMD scalar L1 cache sharing

AMD CDNA Algorlthm (extensive search for each pair of “CU x” and “CU y”)

architecture © cu xills sL1c € cu xills sL1d

. o T
FEeD ”

© cu y s sL1d © cu y fills sL1d

e CU x misses on repeated access e CU x hits on repeated access

= _ cux
>A‘€ cu7 _ cux W CU x CUy
Dol et
CU x & CU y DO share slL1 CUx & CU y DO NOT share sL1
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Microbenchmark deep-dive: AMD scalar L1 cache sharing

AMD CDNA
architecture

h 4
B | 4

h 4
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Microbenchmark deep-dive: AMD scalar L1 cache sharing

AMD CDNA Why is it interesting?
architecture

h 4
B | 4

h 4
B @
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Microbenchmark deep-dive: AMD scalar L1 cache sharing

AMD CDNA Why is it interesting?
architecture

c g | @ e secvamaer
B | 4

h 4
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Microbenchmark deep-dive: AMD scalar L1 cache sharing

AMD CDNA Why is it interesting?
architecture

G How many bytes per CU available?

h 4
B | 4

a Schedule on CUs with large sL1 cache

h 4
B T (Bl
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Microbenchmark deep-dive: AMD scalar L1 cache sharing

AMD CDNA Why is it interesting?
architecture

G How many bytes per CU available?

h 4
B | 4

a Schedule on CUs with large sL1 cache

v e Cross-CU data exchange
B e
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Validation

Tested and verified results on 10 GPUs

@ NVIDIA Pascal Quadro P6000 @ AMD CDNA Instinct MI-100

@ NVIDIA Volta V100 @ AMD CDNAZ2 Instinct MI-210

||| =

NVIDIA Turing T1000
NVIDIA Turing RTX 2080 Ti

@ NVIDIA Ampere A100

NVIDIA Hopper H100 80 GB
NVIDIA Hopper H100 96 GB

@ AMD CDNAS3 Instinct MI-300X VF

MT4G: A Tool for Reliable Auto-Discovery of NVIDIA and AMD GPU Compute and Memory Topologies ; Stepan Vanecek; ProTools’25, 17th Nov 25 15



Validation NVIDIA H100

cache line fetch Amount per
Memory Element ﬂ LD lat R&W BW granularity | SM/GPU
1

L1 cache 238 KiB 38 ns 128 B 32 B

Physical
hardware
sharing

RO, TX,L1

2 KiB
> 64 KiB
228 KiB 30 ns
80 GB

Constant L1 cache

L2 cache 50 MB 220 ns 4.4/3.4 TiB/s 128 B 32 B 2
Texture cache 238 KiB 128 B 32 B 1 RO, TX,L1
Readonly cache 238 KiB 128 B 32 B 1 RO, TX,L1
1

Constant L1.5 cache

Shared Memory

2.5/2.7 TiB/s

Device Memory

no

Bold = new for this GPU: [talic = from an APl: Underlined = new for this vendor: X = not available

MT4G: A Tool for Reliable Auto-Discovery of NVIDIA and AMD GPU Compute and Memory Topologies ; Stepan Vanecek; ProTools’25, 17th Nov 25
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Validation

Memory Element ﬂ LD lat R&W BW

(v)L1 cache 16 KiB 125 ns

AMD MI210

sL1 cache 15.5 KiB 50 ns

L2 cache 8 MB 310 ns

4.2/2.4 TiB/s

Local Data Store 64 KiB 55 ns

Device Memory 64 GiB 738 ns

1.0/0.9 TiB/s

Bold = new for this GPU; [talic = from

64 B

Physical
hardware
sharing

fetch
granularity

Amount per
SM/GPU

64 B

an APl; Underlined = new for this vendor;

MT4G: A Tool for Reliable Auto-Discovery of NVIDIA and AMD GPU Compute and Memory Topologies ; Stepan Vanecek; ProTools’25, 17th Nov 25
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Use-case: Dynamic GPU Topologies with sys-sage
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Use-case: Dynamic GPU Topologies with sys-sage

@ sys-sage integrates static and dynamic GPU topology information

» MT4G static topology report

» NVIDIA nvml API to read current MIG settings
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Use-case: Dynamic GPU Topologies with sys-sage

@ sys-sage integrates static and dynamic GPU topology information

» MT4G static topology report
» NVIDIA nvml API to read current MIG settings

W
o

($))
|

(0}
|

cudaDevicéProp e e e
observed
sys-sage

2
20
1
1

o

A100
Tesla V100
Quelldro PQOOO |

P P P
Array size [MB]

source: Vanecek et al., sys-sage: A Unified Representation of Dynamic Topologies & Attributes

m
~
2
A=
()
O
-
©
=
S
=
o
al
()
2]
1
)
>
£

o (6}
|
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Use-case: Dynamic GPU Topologies with sys-sage

@ sys-sage integrates static and dynamic GPU topology information

» MT4G static topology report
» NVIDIA nvml API to read current MIG settings

W
o
W
o

N
(6}
N
(6))

N
o
N
o

cudaDevicéProp e e e
observed
SYS-SaQge = = -

29.10gh ==

Tesla V100 = | 49.20gb = |
Quadro P6000 —— no MIG ——

0% o0 aP W N P pO
Array size [MB] Array size [MB]

source: Vanecek et al., sys-sage: A Unified Representation of Dynamic Topologies & Attributes source: Vanecek et al., sys-sage: A Unified Representation of Dynamic Topologies & Attributes

cudaDevicéProp e e e
observed
SYS-Sage = = =

A100 =

—

o
-
o

(6}
(6}

: -
=) =

O
S S
- -
°° g
E 15 =15
£ 2
O O
al al
(b (b
()

>
E E

o

o

MT4G: A Tool for Reliable Auto-Discovery of NVIDIA and AMD GPU Compute and Memory Topologies ; Stepan Vanecek; ProTools’25, 17th Nov 25

18



MT4G: GPU Topology Information for NVIDIA and AMD GPUs

Provides information on

» General GPU information
» Compute Topologies
» Cache and Memory subsystem

MT4G

« Open source
- Works with recent NVIDIA and AMD(CDNA) GPUs

* Provides rich topological information and attributes
» Microbenchmarking at the core

- Automatic evaluation (K-S test)

- Verified on 10 GPUs and 3 use-cases

« Machine+Human readable JSON output

 Size, cache line size, HW layout, ...
- Load latency, R&W bandwidth

Try MT4G out and reach out to us! Acknowledgements

P D Exa SPONSORED BY THE

B | oo
PLAS MA - and Research
PLASMA nEEp.SER

Q} https://github.com/caps-tum/mt4g

.~ stepan.vanecek@tum.de
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Use-case: Adding HW context to GPUscout
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Use-case: Adding HW context to GPUscout

Nsight
Compute
CLI

CUDA Blnary CUPTI PCSampllng Metrics

Y

SASS Warp Metric
Analysis Stalls Analysis

, Instructions ! > Stall reasons ' I;)ata flow
to blame ! \ . in kernel

s----l---‘ -

DISPLAY
Detected SASS instructions, stall reasons,

source code line numbers and recommendations
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Use-case: Adding HW context to GPUscout

Nsight

C OI I ' p u te GPUscout-GUI Register Spilling Analysis for Kernel cuSZp_decompress_kernel_plain_f64

Current kernel: g
C L I cuSZp_decompres... v Relevant Kemnel Metrics @ Show View Complete Memory Graph

The following metrics are relevant for the current analysis

Relevant analyses: Global & Local Loads Performance impact of local memory«™  Warp stall analysis e

0,
Datatype Conversion 6.132.859 Inst. EEFYPNIeN] 20% hit L2 Occupancy Hibs Stalls e e

Register Spilling Memory L Cache Local load L1 cache hits 1% Long Scoreboard Stalls 13.694.849.580
, u (20 MiB) E -
e LMEM Bandwidth impact 4.191.525 Inst. LG Throttle Stalls 6.126.643.233
ache

CUDA Binary CUPTI PCSampling Metrics e

1% hit i
rate

Code Comparison

Compare the source code with intermediary PTX or SASS representations

No line selected.

S AS S W M t 1 : ckenbjcuSZy . ' D00 .text._Z33cuSZp_decompress_kernel_plain_{64PdPKhPViS3_F Select a line highlighted in red or blue to get
a rp e rl C #include "cuSZp_kernels_f64.h" 000 ! MOV R1, c[0x0][0x28] ; information about findings in that line.

BAR.SYNC.DEFER_BLOCKING 0x0 ; 2 Lines highlighted in blue correspond to general

A I i St I l A l 1 3 —device__ inline int quantization(double data, double recipPrecision) 002 IADD3 R1, R1, -0x80, RZ ; 2 information, while lines marked in red contain
na ySIS a S na ySIS { 0030 ! S2R R23, SR_CTAID.X; 2|2

optimizations for potential performance
double dataRecip = data*recipPrecision; g ULDC.64 UR36, c[0x0][0x118] ; 2 | 2 bottlenecks.

Jreturn (int) (dataRecip+0.5) - (dataRecip < -0.5); 5 S2R RO, SR_TID.X ;
[Ireturn __double2ll_rz(dataRecip + 0.5) - (dataRecip < -0.5); 50 ! BAR.SYNC.DEFER_BLOCKING 0x0 ;
int s = dataRecip>=-0.520:1; 70 | IMAD R23, R23, c[0x0][0x0], RO ;

IMAD.SHL.U32 R3, R21, 0x400, RZ ;
! D t ﬂ : return (sizeof(unsigned int)*8) - __clz(x); BAR.SYNC.DEFER_BLOCKING 0x0 ;

). Stall : i ala 110w :

- Stall reasons L |

to b | ame | : N ke rne | BAR.SYNC.DEFER_BLOCKING 00 ;
volatile unsigned int* const __restrict__ cm BAR.SYNC.DEFER_BLOCKING 0x0 ;
const double eb, const size_t nbEle) BAR.SYNC.DEFER_BLOCKING 0x0 ;
Bt e et BAR.SYNC.DEFER_BLOCKING 0x0 ;

return (int)(dataRecip+0.5) - s; D080 ! SHF.R.S32.HI R21, RZ, 0x5, R23;
P = = - - - - P "= = = - - - \ O™ "= = = - e == = - __device__ inline int get_bit_num(unsigned int x) 00k BAR.SYNC.DEFER_BLOCKING 0x0 ;
} BAR.SYNC.DEFER_BLOCKING 0x0 ;
] ] __global__ void cuSZp_compress_kernel_outlier_f64(const double* con BAR.SYNC.DEFER_BLOCKING 0x0 ;
volatile unsigned int* const __restrict__ loc BAR.SYNC.DEFER_BLOCKING 0x0 ;
{ BAR.SYNC.DEFER_BLOCKING 0x0 ;
Detected SASS instructions, stall reasons, Sl o sl

} 90 | LOP3.LUT R36, R23, 0x1f, RZ, 0xcO, !PT ;
. \| 1 i { ) LOP3.LUT RO, R3, Oxfffffc00, R36, 0xe2, !PT ;
Instructions !
l BAR.SYNC.DEFER_BLOCKING 0x0 ;
R R e — _' S e - - VN e o o e = = = P unsigned char* const __restrict__ cmpData BAR.SYNC.DEFER_BLOCKING 0x0 ;
volatile int* const __restrict__ flag, BAR.SYNC.DEFER_BLOCKING 0x0 ;
__shared___ unsigned int excl_sum; BAR.SYNC.DEFER_BLOCKING 0x0 ;
D I s P LAY __shared__ unsigned int base_idx; BAR.SYNC.DEFER_BLOCKING 0x0 ;
- -
source code line numbers and recommendations
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Use-case: Adding HW context to GPUscout

Nsight
Compute

Relevant Kernel Metrics @ Show
C L I cuSZp_decompres... v [
obal & Local Loads

GPUscout-GUI Register Spilling Analysis for Kernel cuSZp_decompress_kernel_plain_f64

View Complete Memory Graph

Performance impact of local memory «
Occupancy 47% Stalls 36.039.077.840

Relevant analyses:

Datatype Conversion 6.132.859 Inst. EEFYPNIeN] 20% hit L2
Register Spilling Memory rate Cache
u (20 MiB)

Local load L1 cache hits 1% Long Scoreboard Stalls 13.694.849.680

e LMEM Bandwidth impact 4.191.525 Inst. LG Throttle Stalls 6.126.643.233
ache

l V I t [ (22 KiB)
e rl CS Warp Divergence 507.904 Inst. RG] 5% hit

1% hit i
rate

(40 GiB) O
LMEM Instruction impact 1.032.192 Inst.

CUDA Binary CUPTI PCSampling

Compare the source code with intermediary PTX or SASS representations.

No line selected.

Select a line highlighted in red or blue to get
information about findings in that line.

Lines highlighted in blue correspond to general

text._Z33cuSZp_decompress_kernel_plain_f64PdPKhPVjS3_F
MOV R1, c[0x0][0x28] ;
BAR.SYNC.DEFER_BLOCKING 0x0 ;

SASS Warp

#include "cuSZp_kernels_f64.h"

Metric

Analysis

Stalls

Analysis

__device__ inline int quantization(double data, double recipPrecision)

{

IADD3 R1, R1, -0x80, RZ ;
S2R R23, SR_CTAID.X ;

information, while lines marked in red contain
optimizations for potential performance

ULDC.64 UR36, c[0x0][0x118] ; 7. ,7 bottlenecks.
S2R RO, SR_TID.X ; :
BAR.SYNC.DEFER_BLOCKING 0x0 ;

double dataRecip = data*recipPrecision;

J[return (int) (dataRecip+0.5) - (dataRecip < -0.5);

J[return __double2ll_rz(dataRecip + 0.5) - (dataRecip < -0.5);

int s = dataRecip>=-0.570:1; IMAD R23, R23, c[0x0][0x0], RO ;

return (int)(dataRecip+0.5) - s; SHF.R.S32.HI R21, RZ, 0x5, R23 ;
} 90 | LOP3.LUT R36, R23, 0x1f, RZ, 0xcO, !PT ;

; IMAD.SHL.U32 R3, R21, 0x400, RZ ;

__device__ inline int get_bit_num(unsigned int x) BAR.SYNC.DEFER_BLOCKING 0x0 ;
{ ) LOP3.LUT RO, R3, Oxfffffc00, R36, 0xe2, !PT ;

return (sizeof(unsigned int)*8) - __clz(x); BAR.SYNC.DEFER_BLOCKING 0x0 ;
} BAR.SYNC.DEFER_BLOCKING 0x0 ;
BAR.SYNC.DEFER_BLOCKING 0x0 ;
BAR.SYNC.DEFER_BLOCKING 0x0 ;
BAR.SYNC.DEFER_BLOCKING 0x0 ;
BAR.SYNC.DEFER_BLOCKING 0x0 ;
BAR.SYNC.DEFER_BLOCKING 0x0 ;
BAR.SYNC.DEFER_BLOCKING 0x0 ;

Data flow
in kernel

. T L

\

\

Instructions * : '
I
)

! i I
‘0 blame », Stall reasons! :

| ] __global__ void cuSZp_compress_kernel_outlier_f64(const double* con
- - e W WE W W W W

unsigned char* const __restrict__ cmpData

volatile unsigned int* const __restrict__ cm

volatile unsigned int* const __restrict__ loc

volatile int* const __restrict__ flag, BAR.SYNC.DEFER_BLOCKING 0x0 ;

const double eb, const size_t nbEle) BAR.SYNC.DEFER_BLOCKING 0x0 ;

{ BAR.SYNC.DEFER_BLOCKING 0x0 ;
__shared___ unsigned int excl_sum; BAR.SYNC.DEFER_BLOCKING 0x0 ;

\----

DISPLAY

Detected SASS instructions, stall reasons,

source code line numbers and recommendations

Select new result
Quit

__shared___ unsigned int base_idx;

const int tid = threadldx.x;

ranct int hid — hiasbidy v

BAR.SYNC.DEFER_BLOCKING 0x0 ;
BAR.SYNC.DEFER_BLOCKING 0x0 ;

BAR.SYNC.DEFER_BLOCKING 0x0 ;
RAD QVAIA NEEED RI ACKINRG AvA -
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Use-case: Adding HW context to GPUscout

&

CUDA Binary

v

SASS
Analysis

. Instructions

&

CUPTI PCSampling

v

Warp
Stalls

», Stall reasons '

Nsight
Compute
CLI

Metrics

v

Metric
Analysis

DISPLAY

Detected SASS instructions, stall reasons,

source code line numbers and recommendations
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49151 Inst.
Shared
32.767 Inst. Memory
6.132.859 Inst.
Global

Memory

8.454.175 Inst.

507.904 Inst.

524.288 Inst.

0 Inst.

J[return __double2ll_rz(dataRecip + 0.5) - (dataRecip < -0.5);
int s = dataRecip>=-0.570:1;
return (int)(dataRecip+0.5) - s;

}

Global & Local Loads

6.132.859 Inst.

507.904 Inst.

L1 Cache

L2 Cache

(22 KiB)
(20 MiB)

20% hit rate 3,12GB

512,86MB
' DRAM

(40 GiB)

65% load hit

[ 32,48MB

1% hit rate 61,38MB
e I

51,84MB
99% store hit
0% hit rate 0B rate

060 | BAR.SYNC.DEFER_BLOCKING 0x0 ;

070 | IMAD R23, R23, c[0x0][0x0], RO ;

0080 ! SHF.R.S32.HI R21, RZ, 0x5, R23;

090 | LOP3.LUT R36, R23, Ox1f, RZ, 0xc0, PT ;
D0a0 ! IMAD.SHL.U32 R3, R21, 0x400, RZ ;

RAD QVANIM NEEED RI NACKING NvN -

20% hit L2

Eo Cache
L1 (20 MiB)

Cache
(22 KiB)

65% hit
1% hit 61,38MB o

rate

512,86MB -7 T
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Use-case: Adding HW context to GPUscout

&

CUDA Binary

v

SASS
Analysis

. Instructions

&

CUPTI PCSampling

v

Warp
Stalls

», Stall reasons '

Nsight
Compute
CLI

Metrics

v

Metric
Analysis

DISPLAY

Detected SASS instructions, stall reasons,

source code line numbers and recommendations
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49151 Inst.
Shared
32.767 Inst. Memory
6.132.859 Inst.
Global

Memory

8.454.175 Inst.

507.904 Inst.

524.288 Inst.

0 Inst.

J[return __double2ll_rz(dataRecip + 0.5) - (dataRecip < -0.5);
int s = dataRecip>=-0.570:1;
return (int)(dataRecip+0.5) - s;

}

Global & Local Loads

6.132.859 Inst.

507.904 Inst.

L1 Cache

L2 Cache

(22 KiB)
(20 MiB)

20% hit rate 3,12GB

512,86MB
' DRAM

(40 GiB)

65% load hit

[ 32,48MB

1% hit rate 61,38MB
e I

51,84MB
99% store hit
0% hit rate 0B rate

060 | BAR.SYNC.DEFER_BLOCKING 0x0 ;

070 | IMAD R23, R23, c[0x0][0x0], RO ;

0080 ! SHF.R.S32.HI R21, RZ, 0x5, R23;

090 | LOP3.LUT R36, R23, Ox1f, RZ, 0xc0, PT ;
D0a0 ! IMAD.SHL.U32 R3, R21, 0x400, RZ ;

RAD QVANIM NEEED RI NACKING NvN -

20% hit L2

Eo Cache
L1 (20 MiB)

Cache

512,86MB [ I T

" (22 KiB)

65% hit
1% hit 61,38MB o

rate
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