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Motivation & Illustrative Example MAGUS Design

Prior uncore frequency tuning studies have primarily focused on conventional HPC

workloads running on CPU-only systems. As HPC advances toward heterogeneous
computing, integrating diverse GPU workloads on heterogeneous CPU-GPU systems, it k INITIALIZATION
becomes imperative to revisit and enhance uncore scaling. Our investigation reveals that T
uncore frequency scales down only when CPU power approaches its TDP (Thermal Design & Ph . Memory Throughput
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Power) --- a rare scenario in GPU-dominant applications --- resulting in unnecessary
power waste in modern computing systems. Throughput
. . Memory Throughput State 3: State 4:
PI‘edICthIl Predictor uncore set to max No Chanée
. e Phase1:Memqry‘ ¢
U N et Traln ] ng Exa mp I e Throughput Prediction YT NTO
¢+ Phase 2: Frequent e o memory P
Phase Change {hroughput change < thrihold freq>=threshold Phase 2: Frequent
Phase Transition
. . ate 2: etection
” A heterogeneous SYStem Wlth > | | } : i ey DeteCtion No Change >thrT o dE?£§;§n9 - o
‘ | ! High-F
Intel Xeon CPU-A100 GPU N25 : i 1200 8 State 1 N Merlr?ory 'rrﬁgﬁ;ﬁﬁut
o ;ri — o 2.25 1 uncore increasing o Change Detector
> 2 o
node 220 ? J
] § 800 - & 2.20
< CPU core frequency and GPU sl E eool .
- (@) 2.:2:15
. O =) . ¢ g0
clock Speed are dynamlcally il 400 - Algorithm 1: Memory Throughput Trend Prediction Algorithm 2: High Frequency Detection
2.10 A s 1 ]
adjusted by default ro 1: function MEM_THT_TREND_PREDICTION(direv_length, o Pusiction HIGH_FREQ_DETECTION(high _freq_ threshold.

. 20 5 o R inc_threshold, dec_threshold, mem_throughput _ls )
mem_throughput_Is[-1]-mem_throughput_ls[0] uncore_t une_ls)

. . Sample Index Sample Index 9 derivative — ‘
« Uncore frequency remains at its direv Tengh 3 freq — Sumluncore tune Is)
(a) CPU freq.  (b) GPU clock speed  (c) Uncore freq. % if derivative > inc_threshold then | T Ten(uncore_tune Is)
maximum 4 return 1 3 if freq > high_freq_threshold then
5. elseif derivative < dec_threshold then 4 return True
. . .. 6 return -1 5. else
% Power Proflles of UNet training T —— e Gperatinond - ™ —_—
under different uncore frequencies: 8 return 0 ’ RESTEEIL ok
. —— RAPL Package Power GPU Power —— RAPL Package Power GPU Power 8 7. end if
max (2.2 GHz) versus min (0.8 500 500 9 endif .
GHz). Py 400 4 10: end function 8: end function
% Reducing the uncore frequency S5 -
results in (1) an 82-watt reduction in g ool LM a_.ﬂm._\__mﬁ»k § - l o
CPU power, from 200 watts (blue ULM»__L l\.—-L ﬂL
curve on the left) to 120 watts (blue 1 | 1 I Overheads
curve on the I‘lght) 7 10 20 30 40 "% 1o 20 30 40 50 60
% An increase in runtime, from 47 fimet fime (8
seconds (left) to 57 seconds (right). (a) Max Uncore Freq. (2.2 GHz)  (b) Min Uncore Freq. (0.8 GHz) System Power Overhead (%) Invocation Overhead (s)
MAGUS UPS MAGUS UPS
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Benchmarks & Appllcatlons Normalized Runtime Normalized Runtime

Prediction Accuracy

% GPU benchmark suite Altis: Level 1 & Level2 applications
% ECP Proxy Apps: miniGAN, CRADL, Laghos, SW4lite

Table 1: Jaccard similarity for memory throughput trend

Application Jaccard ‘ Application Jaccard

% Al-enabled applications: GROMACS, LAMMPS bfs 0.99 | gemm 0.71

pathfinder 0.98 sort 0.96

% MLPerf training Benchmarks: UNet, Bert, Resnet50 cfd 0.94 | cfd_double 0.63

fdtd2d 0.40 kmeans 0.97

Evaluation Metrics o ol Lo .98

particlefilter_float 0.67 raytracing 0.87

where 0.94 Laghos 0.99

% Performance loss: percentage increase in execution time compared to the baseline miniGAN 0.98 | swdlite 0.87

% Power saving: CPU package + DRAM power saving Egtetlarge g'zz fesne;zo 8'32
< Energy saving: CPU package + DRAM + GPU energy saving R 0.99 '

End-to-End Performance
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(a) Overall performance on Intel+A100.
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