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Assignment 9 — Task 1 a)

Optimizing loop code

move sqrt
outside of
inner loop

wrong loop order - strided access
outer dimension power of 2 w/ strides
sqrt in inner loop
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Assignment 9 — Task 1 a)

Optimizing loop code

interchange loops

Compiler might move the
sqrt but does not apply
loop interchange or perform
tabulation
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Assignment 9 — Task 1 b)
Optimizing loop code

Assuming 2.4 GHz (base freq) _

Assuming no sqrt — sqrt would
take 3 cy — 1F/3cy — 28.8 GF/s

Prax = 1%;2_“ per core = 691 GFLOP/s per socket
. Byte . . @
B: = 24 Flop with bg = 160 :

Assuming WA — NT stores
lead to 16 B/F

b 160
P = min <Pmax, B—S> = min (691,E> GF/s = 6.67 GF /s
C

PTfS 2026 Tutorial - Assignment 9 2026-07-09 4



Assignment 9 — Task 2

Hardware Performance Counters a) Instrumentation

Marker calls have overhead!
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Assignment 9 — Task 2

Hardware Performance Counters b)
= Compile with
icpx -DLIKWID PERFMON ... $LIKWID_INC $LIKWID_LIB ... —1llikwid

- Slngle COre srun -cpu-freqg=performance likwid-perfctr -g MEM -C S0:0 -m ./a.out

| HWThread 0 |

.6465

———_———————— +—————————— +
Metric
= Expect a read to write data
volume ratio of 3 : 1 Runtime (RDTSC) [s]
Runtime unhalted [s]
= Per iteration we expect Clock [MHz]

108 x (4 = 8 byte) = 3.2 Gbyte Clr

Memory read bandwidth [MBytes/s]
= 3 iterations with expected result
| Memory write bandwidth [MBytes/s]

| Memory bandwidth [MBytes/s]

.0080
.2930
.6790

.6741

| 21739.

+
|
|
|
|
|

e ———— ———————————— +
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Assignment 9 — Task 2

Hardware Performance Counters b)
= Single NUMA domain (18 cores)

srun —-cpu-freg=performance likwid-perfctr -g MEM -C S0:0-17 -m ./a.out

= We still expect 3.2 Gbyte per iteration; w/ 15 iterations: 48 GB

Runtime (RDTSC) [s] STAT
Runtime unhalted [s] STAT
Clock [MHz] STAT
CPI STAT
Memory read bandwidth [MBytes/s] STAT | 51802.

0.4834 |

0.6995 |

3495.6223 : 3495.6389 |
4.0695 : 4.6790 |
2877.9127 |

—_——— — +

| Memory write bandwidth [MBytes/s] STAT | 24905. 0 | 24905.

| Memory bandwidth [MBytes/s] STAT | 76707. 0 | 76707.

= Oberserved read to write data volume ratio of 2 : 1; = 1 load less per iteration
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Assignment 9 — Task 2

Hardware Performance Counters c¢) Cache Traffic
= |2 Cache

srun —-cpu-freg=performance likwid-perfctr -g L2 -C S0:0-17 -m ./a.out
= Read to write data volume ratio of 3 : 1
= Cache line claim does not help us here

= | 3 Cache

srun —-cpu-freq=performance likwid-perfctr -g L3 -C S0:0-17 -m ./a.out
= Read to write data volume ratio of 1 : 1
Due to Fritz ICX exclusive victim L3 cache

= E.g., every array is written back into L3, even if they aren’t modified
= Read == evict from L2
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Assignment 9 — Task 2

DAXPY COde srun --cpu-freq=2000000-2000000:performance
. . . likwid-pin -qg -C E:N:1 ./bench-serial
a[1] = a[l] + s * b[ll Running with 1 threads.

. Total walltime: 0.226606 NITER: 1048576 N: 2000
a) Serial Performance Perf [GFlop/s]: 17.651783

. Cycles per parallel region: 453.212

- With N = 2000, P ~ 17.65 [GF/s]
4000([F]

= Tesierss F 2 10°[cy/s] = 453 [cy]

b) Parallel Performance (nt := number of threads)
=nt=1: T= 1423 [cy]
= nt = 2: T = 3639 [cy] with N = 4000 /‘ Increase problem size with nt
- nt = 4: T = 4754 [cy] with N = 8000
- nt = 18: T = 6890 [cy] with N = 36000
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Assignment 9 — Task 2

OpenMP Overhead

c) Overhead in cycles

= nt = 1:

- Overhead: 1423 — 453 = 970 [cy]
= nt = 2.

- Overhead: 3639 — 453 = 3186 [cy]
= nt = 4.

- Overhead: 4754 — 453 = 4301 [cy]
= nt = 18:

- Overhead: 6890 — 453 = 6437 [cy]

etc.
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Assignment 9 — Task 3
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Assignment

9 —-Task 3
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   𝑷  𝐦 𝐚 𝐱 = 1   A V X 512 − i t  c y


  𝟔 𝟗 𝟏   𝑮 𝑭 𝑳 𝑶 𝑷 / 𝒔


   𝑩 𝑪 = 24   B y t e  F l o p


   b S = 160   G B s


  𝑷 =   min ⁡   (   P  max ,    b S   B C ) = min  (  691 ,   160  24 ) G F / s = 6 . 67   G F / s


   𝑷  𝐦 𝐚 𝐱


   𝑩 𝑪


    10 8 ∗    (  4   ∗   8   b y t e ) = 3 . 2   G b y t e  


  N   =   2000


  P ≈ 17 . 65   [ G F / s ]


  T =   4000  [ F ]  17 . 65   [ G F / s ] ∗ 2 ∗   10 9 [ c y / s ] = 453   [ c y ]


  n t   : =


  n t = 1 :   T = 1423   [ cy ]


  n t = 2 :   T = 3639   [ cy ]


  N = 4000


  n t = 4 :   T = 4754   [ cy ]


  N = 8000


  n t = 18 :   T = 6890   [ cy ]


  N = 36000


  n t


  n t = 1


  1423   −   453   =   𝟗 𝟕 𝟎   [ 𝒄 𝒚 ]


  n t = 2


  3639   −   453   =   𝟑 𝟏 𝟖 𝟔   [ 𝒄 𝒚 ]


  n t = 4


  4754   −   453   =   𝟒 𝟑 𝟎 𝟏   [ 𝒄 𝒚 ]


  n t = 18


  6890   −   453   =   𝟔 𝟒 𝟑 𝟕   [ 𝒄 𝒚 ]

