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3 Section 3 : GCC Compiler with Option -Ofast

MABGAQO Global Summary Application Functions
Loop Id: 23 Module: spmxv.exe
o @

Hide groups analysis

08x5000 MOVSXD  (%RBP,%RCX,4),%R11 [11
0x5005 VMOVSD  (%RBX,%R11,8) ,%XMMO [31
0x500b VMULSD  (%R12,%RCX,B) ,%XMMO, SXMMO [21
0x5011 INC SROX

0x5014 VADDSD  %XMM@, %XMML, %XMM1

0x5018 CMP %ECX, %R15D

0x581b JG 5080

FIGURE 12 — The assembly code generated for GCC -O3

For the assembly code analysis : The assembly code for the GCC compiler with
the -O3 flag reveals several optimization opportunities and inefficiencies.

— Uses SSE instructions (VMOVSD, VMULSD on XMM registers, 128-bit width)

instead of AVX (256-bit), limiting parallelism.

— Processes one element per instruction rather than leveraging full SIMD capabilities.

— Indirect memory access increases cache inefficiency.

— No loop unrolling detected, increasing instruction count and memory latency.

— No Fused Multiply-Add (FMA), leading to separate multiplication and addition

operations instead of combined execution.

To fully leverage the hardware, Maqao suggested improvements like AVX vectori-
zation, FMA | and loop unrolling . While the O3 optimizations provide some benefit, to
Magqao suggested also to add -ffast-math flag which is enabled in the O-fast flag for further
gains, particularly in floating-point operations.

Key Takeaways :

— CHUNK _SIZE = 1200 is the optimal configuration, ensuring the best balance

between execution time, stability, and memory efficiency.

— CHUNK _SIZE = 2000 fails to provide additional benefits, instead reducing thread

stability and increasing execution variability.

— Further optimizations should focus on improving NUMA-aware memory alloca-

tion and fine-tuning OpenMP scheduling, rather than increasing CHUNK SIZE
further.

3 Section 3 : GCC Compiler with Option -Ofast

3.1  Performance Results for CHUNK SIZE = 600

3.1.1 Performance Results :

Execution time was 53.83s, with kernel times fluctuating (0.000516s — 0.02377s), indi-
cating inconsistent workload distribution and memory inefficiencies. Performance varied
widely, with GFlops/s ranging from 0.61 to 28.08, averaging 2.69 GFlops/s, suggesting
cache contention and suboptimal SIMD utilization.

HPC - Optimizing SpMV : A Comparative Chunk Size Study 11
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3 Section 3 : GCC Compiler with Option -Ofast

3.2  Performance Results for CHUNK SIZE = 1200

3.2.1 Performance Results :

Number of Repetitions:
Input filename:
Matrix value array size:

Time measurements

Total experiment time:
Minimum kernel time:
Maximum kernel time:
Arithm. Mean kernel time:

Performance results
Total GFlops/s:
Minimum GFlops/s:
Maximum GFlops/s:
Arithm. Mean GFlops/s:

10000
input-matrix/mat_dim_493039.txt
57973976

59.8306
0.00049901
0.0259719
0.0059821

[a =Y

[ == I

N NN SN
s s D s s
N2 N

0BG

Arithm. Median GFlops/s:

FIGURE 15 — results for CHUNK SIZE=1200

Execution time remained stable at 53.83s, reflecting similar kernel execution variabi-
lity as CHUNK SIZE = 600. Average GFlops/s : 2.69 (range : 0.61 — 28.08 GFlops/s),
suggesting persistent memory bottlenecks and irregular workload distribution.

3.2.2 MAQAO Global Metrics Analysis for CHUNK SIZE=1200

MAGAO Global Summary

Application Functions Topology

spmxv.exe - 2025-02-18 03:20:30 - MAQAO 2.21.1

Help is available by moving the cursor above any [?] symbol or by checking MAQAO website.

(> Filter Information |

Global Metrics @ | cQA Potential Speedups Summary

Total Time () 59.95

Max (Thread Active Time) (s) 56.80

Average Active Time (5) 53.68

Activity Ratio (%) 220

Average number of active threads 10742

Afinity Stabilty (%) 348

Time in analyzed loops (%) 86.0

Time in analyzed innermost loops (%) 576

Time in user code (%) 86.0

Compilation Options Score (%) 750

Aray Access Effciency (%) 667

Potential Speedups .

Perfect Flow Complexity 1.00 /

Perfect OpenMP + MPI + Pthread 114 -

Perfect OpenMP + MP| + Pthread + Perfect Load Distribution 123 10 —
Potential Speedup 119 1 2

No Scalar Integer Nb Loops to get 80% 1 Number of foops
Potential Speedup 150 :

FP Vectorised Ba==h 7 i 5 i T
Potential Speedup 314

Fully Vectorised et .
Potential Speedup 158

FP Arithmetic Only T .

FIGURE 16 — MAQAO OV RI1 results for CHUNK SIZE=1200

MAQAO profiling reported a total execution time of 66.06 seconds, with a high activity
ratio (92.4%) and an average active time of 59.5s. However, the low affinity stability
(27.9%) suggests frequent thread migrations, impacting cache efficiency and execution
consistency. The array access efficiency was 66.7%, indicating room for improvement in
memory handling.

Potential Speedups Analysis : The fully vectorized potential speedup is 3.14x
and The floating-point vectorization speedup is 1.59x ,indicating the importance of using
SIMD capabilities and optimizing floating-point operations.

HPC - Optimizing SpMV : A Comparative Chunk Size Study 13
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3 Section 3 : GCC Compiler with Option -Ofast

MAGAO Global Summary Application Functions Loops Topology &

spmxv.exe - 2025-02-18 04:17:34 - MAQAO 2.21.1

Help is available by moving the cursor above any [7] symbol or by checking MAQAO website.

(» Filter Information )

Global Metrics @ | CQA Potential Speedups Summary

Total Time (s) 67.88
Max (Thread Active Time) () 6271 | 26
Average Active Time (s) 5038 .
Activity Ratio (%) 89.6 =
Average number of active threads 10497
Affinity Stability (%) 166 o
Time in analyzed loops (%) 743 3 20
Time in analyzed innermost loops (%) 493 g
Time in user code (%) 743 21
Compilation Options Score (%) 750 £
Array Access Efficiency (%) 66.7 H e
Potential Speedups. e
Perfect Flow Complexity "
Perfect OpenMP + MP! + Pthread 129
Perfect OpenMP + MPI + Pthread + Perfect Load Distribution 141 10
Potential Speedup 116 1 2 3
No Scalar Integer
1 integer Nb Loops to get 80% 1 Number of loops
Potential Speedup 148 S F—— o
FP Vectorised Tt 2 811 No Scalar Iteger [ FP vectorzed [ 1 uly vectorized (M P only
Potential Speedup 244
Fully Vectorised 6 Loors o oet B0% 5
Potential Speedup 147
FP Arithmetic Only b Loors et 60% 2

FIGURE 19 - MAQAO OV R1 results for CHUNK SIZE=2000

Potential Speedups Analysis : The fully vectorized potential speedup is 2.44x
and The floating-point vectorization speedup is 1.59x ,indicating the importance of using
SIMD capabilities and optimizing floating-point operations.

3.3.3 MAQAO Stability Test Analysis

The stability analysis reveals moderate execution consistency, with most runs exhi-
biting thread active times centered around 54.19 seconds. However, occasional execution
spikes indicate that some iterations suffered from delays.

MAGAO Global Functions Loops o

spmxv.exe - 2025-02-18 04:24:23 - MAQAO 2.21.1

Help is available by moving the cursor above any [7] symbol or by checking MAQAO website.

Total Time (s) 60.53 _
Max (Thread Active Time) (s) 56.27 o]
Average Active Time (s) 53.86 ]
Activity Ratio (%) 918

Average number of active threads 10.681 50
Affinity Stability (%) 322 55|
Time in analyzed loops (%) 86.2 = ol
Time in analyzed innermost loops (%) 57.0

Time in user code (%) 86.2 =1

Max (Thread Active Time)

i 3 k] I3 2 3 5

Run index
min med | avg | max |

53.99 56.27 56.68 63.18
Dareantila Inday w | on | an | an | & a0 7 | s | an | a0 |

FIGURE 20 — MAQAO Stability results for CHUNK SIZE=2000

3.4 Comparative Analysis of CHUNK SIZE Variations

Increasing CHUNK _SIZE from 600 to 1200 improved execution time (66s — 59s) by
enhancing workload distribution and reducing synchronization overhead. However, increa-
sing CHUNK SIZE to 2000 led to performance regression (67s), revealing diminishing
returns due to memory contention and cache inefficiencies.

— Affinity Stability : Peaked at 85.1% (CHUNK _SIZE = 1200), but declined at 2000,

indicating increased thread migrations and reduced cache efficiency.

HPC - Optimizing SpMV : A Comparative Chunk Size Study 15
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S s s 5 Section 5 : OneAPI Compiler with Option -Ofast

MAGAO Global Summary Functions Loops o
Help is available by moving the cursor above any [7] symbol or by checking MAQAO website.
» Compared Reports
Global Metrics Application Categorization
Metric 0 n 2 Time
Total Time (s) 55.97 60.90 60.35
Max (Thread Active Time) (5) 5338 ssey s0r |
Average Active Time (s) 5224 5391 53.24
Activity Ratio (%) 96.1 91.0 90.7
Average number of active threads 11.200 10.622 10.586 6000
Affinity Stability (%) 61.9 226 271
Time in analyzed loops (%) 912 835 837
Time in analyzed innermost loops (%) 831 76.2 76.5
Time in user code (%) 912 835 5
Compilation Options Score (%) 66.7 66.7 .
Array Access Efficiency (%) 63.7 638 X
Perfect Flow Complexity
Perfect OpenMP + MPI + Pthread 115 -
Perfect OpenMP + MPI + Pthread + Perfect Load ; ;, 123 125
Distribution
Potential Speedup 004 o —
NoScalarInieger  npioopstoget80% 1 1 1
Potential Speedup 120 118 118 . P
EP Vectorised Nb Loops 1o get 80% 2 2 2 * Rep'm ¢
Fully Vectorised Potential Speedup 162 154 154
Nb Loops to get 80% 3 3 3 ] System [ Binary (B OMP [ String 18 Memory Il Others.
Potential Speedup O OS TOS——

FIGURE 32 — MAQAO Compare the Three Chunk Sizes : 600, 1200, 2000

MAGAO Global Summary Application Functions

16 Module: spmxv.exe

Hide groups analysis

0x4039e0 MOV (%R15,%RSI,4) ,%RDI [31
0x4039e4 MOV 0xB(%R15,%RSI,4) ,%R8 31
0x4039e9 MOVSXD %EDI,%R13

0x4@39ec MOVSXD %R8D,%R10

0x4039ef SAR $0x20,%RDT

0x4039f3 SAR $0x20,%RB

0x403a0f VINSERTF128 $0x1,%XMM1, SYMM2, %YMML

0x403al5 VFMADD231PD (%R14,%RSI,8) ,%YMML, %YMMO 21
0x403alb ADD $0x4,%RST

0x403alf CMP HRCX, %RSI

0x403a22 JBE 4839¢e0

FIGURE 33 — The assembly code generated for GCC -Ofast

The ICX -O3 compilation utilizes SIMD instructions, including VMOVSD, VMOVHPD,
and VEFMADD231PD, for floating-point operations on 128-bit %XMM and 256-bit
%YMM registers. The use of FMA (Fused Multiply-Add) reduces latency by combining
multiplication and addition into a single operation.
Optimization Insights :
— Vectorization Efficiency Remains Limited — SIMD instructions process a restricted
number of elements per register, limiting performance.
— Indirect Memory Access via Base-Register and Offset Addressing — Potentially
reduces cache efficiency, impacting memory bandwidth utilization.
— Potential for AVX-512 Usage — Utilizing %ZMM (512-bit registers) could in-
crease computational throughput.

HPC - Optimizing SpMV : A Comparative Chunk Size Study 22
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5 Section 5 : OneAPI Compiler with Option -Ofast

MAGAO Global Functions

spmxv.exe - 2025-02-20 02:23:37 - MAQAO 2.21.1

Help is available by moving the cursor above any [?] symbol or by checking MAQAQ website.

Global Metrics @ | Max (Thread Active Time) )

Total Time (s) 6007
Max (Thread Active Time) (s) 56.65 )
Average Active Time (s) 5353 .
Activity Ratio (%) 925 “
Average number of active threads 10.765 —
Affinity Stability (%) 322 2w
Time in analyzed loops (%) 85.1 : s
Time in analyzed innermost loops (%) 715 2
Time in user code (%) 85.1 g
T w
é =
0
£
0
s
o
i . I e ] B3 Bl
Run index
min | med | avg | max
5290 56.65 56.85 61.92
Doreantilaindey |10 | o0 | an | an | & & | 7 | an | an | 100

FIGURE 42 — MAQAO Stability results for CHUNK SIZE=2000

5.4 Comparative Analysis of CHUNK SIZE Variations

MAGAO Global Summary Functions Loops -3

Help is available by moving the cursor above any [7] symbol or by checking MAQAO website.

Global Metrics Application Categorization
Time

0 n
Total Time (s) 60.92 58.42 58.25.

Max (Thread Active Time) (5) 5608 5580 5543 7000
Average Active Time (5) 53.73 53.99 52.97
Activity Ratio (%) 906 951 937
Average number of active threads 10585 11.089 10913 6000
Affinity Stability (%) 231 466 479
Time in analyzed loops (%) 840 892 885 S0 0471,
Time in analyzed innermost loops (%) 76.7 818 811
Time in user code (%) 840 89.2 885
Compilation Options Score (%) 66.7 66.7 66.7 @
Array Access Efficiency (%) 638 639 63.9 2
F o
Potential Speedups
Perfect Flow Complexity
Perfect OpenMP + MP! + Pthread 115 110 110
Perfect OpenMP + MPI + Pthread + Perfect Load 1 5y 115 118
Distribution - - -

No'Scala Integer  POtentl Speedup o4 1404

NbLoops to get 80% 1 1 1
Potential Speedup 118 120 120 o " .
FP Vectorised Nb Loops (0 get 80% 2 2 2
Potential Speedup 154 160 159 Reporls
Fully Vectorised
NbLoopstoget80% 3 3 3 8 System I Bivary 8 OV [ Siing W 10 Pivead i Memory [ Oers

Potential Speedup s 15 15
Coverage

FI1GURE 43 — MAQAQO Compare the Three Chunk Sizes : 600, 1200, 2000

For OneAPI ICPX -Ofast, increasing CHUNK SIZE from 600 to 2000 led to only
marginal performance improvements. The total execution time decreased from 60.92s
(600) to 58.25s (2000), with the maximum thread active time reducing slightly from
56.08s to 55.43s.

Despite a minor increase in the activity ratio (90.6% — 93.7%), indicating improved
thread engagement, affinity stability remained critically low, peaking at just 47.9% at
CHUNK _SIZE = 2000. This suggests that frequent thread migrations continue to degrade
cache efficiency, counteracting potential performance gains.

Vectorization & Memory Efficiency : Fully Vectorized Speedup Potential : Im-
proved only slightly from 1.54x to 1.59x, significantly lower than GCC’s 3x+ vectorization
potential, highlighting OneAPT’s limited ability to optimize for AMD architectures. Ar-
ray Access Efficiency : Remained stagnant at 66.7%, reinforcing inefficiencies in memory
access patterns and cache utilization.

For the assembly code analysis :

For the ICX -Ofast optimization, the assembly code analysis reveals poor vectorization
efficiency, with only 41% of the vector register length utilized. Despite the presence of

HPC - Optimizing SpMV : A Comparative Chunk Size Study 27



uvsQ®

6 Section 6 : AOCC Compiler with Option -O3

MAGAQO Global Summary Application Functions

Loop Id: 16 Module: spmxv.exe

0 @

Hide groups analysis

8x483a08 MOV (%R15,%RSI,4),%RDI  [3]

6x403a04 MOV OxB(%R15,%RSI,4),%R8  [3]

9x403309 MOVSXD %EDI,%R13

8x483a0c MOVSXD %RBD,%R10

8x403a0F SAR  $8x28,%RDI

9x403a13 5AR  $6x20,%R8

0x403al7 VMOVSD (%R12,%R16,8),%XMM1  [1]

Ox483ald VMOVSD (%R12,%R13,8),%xmM2  [1]

0483223 VMOVHFD (%R12,%RE,8) , SXMML, BXMM1  [1]
0x403a29 VMOVHPD (%R12,%RDI, B), %XMM2, %002 [1]
0x403a2f VINSERTF128  $OxL,%XMML,%YMM2,%YMML
8x483a35 VFMADD231PD  (%R14,%RSI,8),%YMML,%vMMe  [2]
8x403a3b ADD  $6x4,%RSI

0x403a3f CMP  %RCX,%RSI

8x403a42 JBE 48380

FIGURE 44 — The assembly code generated for ICX -Ofast

SIMD instructions such as VMOVSD, VMOVHPD, and VFMADD231PD, the overall
vectorization remains suboptimal, with :
33% of SSE/AVX instructions being vectorized, Only 20% of memory loads utilizing
vectorized instructions.
Performance Bottlenecks & Optimization Potential :
— The iteration cost remains high at 4.00 cycles, whereas full vectorization could
reduce this to 3.07 cycles, offering a potential 1.30x speedup.
— Indirect memory accesses (e.g., MOVSXD, SAR) introduce cache inefficiencies,
impacting overall execution time.
While -Ofast enables aggressive optimizations, the ICX compiler fails to fully leverage
the available SIMD resources on AMD architectures, reinforcing the need for manual
vectorization strategies to maximize efficiency.

6 Section 6 : AOCC Compiler with Option -O3

6.1 Performance Results for CHUNK SIZE = 600

6.1.1 Performance Results

AOCC -03 demonstrated strong performance, achieving a total execution time of
45.71s, significantly faster than previous compilers. Kernel execution remained stable,
with a mean time of 0.00457s, and minimal fluctuations between 0.0045s (min) and 0.0078s
(max). The average performance reached 3.17 GFlops/s, with a consistent median of 3.18
GFlops/s, indicating balanced computational workload. Unlike GCC and OneAPI, which
exhibited high variability, AOCC maintained lower performance disparity (1.85 GFlops/s
min, 3.21 GFlops/s max), ensuring more predictable execution.

6.1.2 MAQAO Global Metrics Analysis for CHUNK SIZE=600

AOCC achieved near maximum CPU utilization (99.9%), confirming efficient thread
execution. However, affinity stability remains low (30.9%), indicating persistent thread
migrations. Array access efficiency at 66.1% suggests room for memory locality impro-

HPC - Optimizing SpMV : A Comparative Chunk Size Study 28



9 Application of MAQAO Suggestions :

8 Comparing Compilers GCC, ICX, and AOCC :

Compiler Comparison: Execution Times by Chunk Size

Emm CHUNK_SIZE 600
mm CHUNK SIZE 1200

60 I = CHUNK_SIZE 2000
5 I I I
| I [
304
204
101

Gcc 03

GCC Ofast ICX 03 ICX Ofast AOCC 03 AOCC Ofast
Compilers

Execution Time (seconds)
S S S

o

°

o

FIGURE 67 — Comparing between the Compiler used

The comparison of execution times across compilers and chunk sizes clearly highlights
AOCC 03 and AOCC Ofast as the most efficient compilers, particularly for AMD architec-
ture. AOCC O3 consistently delivers the fastest execution times, with minimal increases
as chunk size grows (47.31s, 47.35s, 47.48s), demonstrating strong stability and optimal
resource utilization. AOCC Ofast, while slightly less efficient at larger chunk sizes, still
outperforms the other compilers, with times ranging from 46.93s to 49.56s.

GCC 03, while solid, shows a noticeable performance dip at larger chunk sizes (58.59s
at 600 to 52.52s at 1200), though it maintains a competitive edge over ICX O3 and
ICX Ofast, whose performance deteriorates with larger chunk sizes. GCC Ofast, despite
promising optimizations, does not offer substantial gains over GCC O3 and in fact sees
execution times of 66.06s at 600 and 62.71s at 2000, suggesting that the "Ofast" flag
introduces more overhead than anticipated in this case.

Overall, AOCC compilers stands out for its balance between performance and sta-
bility, whereas GCC and ICX struggle with efficiency as workload increases, with ICX
underperforming particularly when compared to AOCC.

9 Application of MAQAO Suggestions :

As recommended by MAQAOQO, optimizations were primarily focused on the spmxv_ csr
function, which accounts for approximately 90% of the execution time. The goal was to
enhance performance by applying memory alignment, loop unrolling, and SIMD vectori-
zation.

1. Memory Alignment : One of the first optimizations implemented was ensuring 32-
byte memory alignment for critical data structures. Using posix memalign, key arrays
such as y, Aval, Acol, Arow, and x were aligned to enable efficient SIMD operations and
improve cache locality.

posix _memalign ((void*x)&y, 32, sizeof(double) % tInput—>stNumRows);
// 32—byte aligned
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Use vector aligned instructions:

1. align your arrays on 32 bytes boundaries: replace { void *p =
malloc (size); } with { void *p; posix_memalign (&p, 32, size); }.

2. inform your compiler that your arrays are vector aligned: if
array 'foo’ is 32 bytes-aligned, define a pointer 'p_foo' as
__builtin_assume_aligned (foo, 32) and use it instead of 'foo’
in the loop.

FIGURE 68 — Maqao Suggesting Memory Alignment

Aligning these arrays ensures faster memory access, reducing cache misses and memory
access latency.
2. Loop Unrolling : To reduce loop overhead and maximize CPU register utilization,

Unroll opportunity

Loop body is too small to efficiently use resources.

Workaround

Unroll your loop if trip count is significantly higher than target unroll factor. This can be done manually. Or with the unroll (resp. unroll_and_jam)
directive on top of the inner (resp. surrounding) loop. You can enforce an unroll factor: #pragma unroll_and_jam N, unroll_and_jam(N), unroll N
or unroll{N)

FIGURE 69 — Maqao suggesting loop unrolling

loop unrolling by a factor of 4 was applied to the innermost loop of the matrix-vector
multiplication. This approach decreases loop control operations, allowing the processor to
execute multiple computations in parallel, thereby improving computational throughput.

// Unrolling loop by 4
for (nz = rowbeg; nz + 3 < rowend; nz 4= 4)
{

sum += Aval[nz| % x[Acol|[nz]];

sum += Aval[nz + 1] * x[Acol[nz + 1]];

sum += Aval[nz + 2] * x[Acol[nz + 2]];

sum += Aval|nz + 3] % x[Acol[nz + 3]]|

Y

}

By unrolling the loop, fewer iterations are required, leading to lower branch overhead and
better instruction-level parallelism

3. SIMD Vectorization : SIMD vectorization was introduced using AVX2 intrinsics,
allowing the processor to operate on multiple data elements simultaneously. 256-bit vector
registers (_ m256d) were used for processing four double values in parallel, significantly
improving floating-point computation.

~ m256d sum = mm256 setzero pd(); // Set sum to zero
. m256d Aval vals = mm256 set pd(Aval[nz+3], Aval|[nz+2],
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Aval[nz+1], Aval[nz]);

~ m256i Acol vals = mm256 set epi32(Acol|nz+3|, Acol|[nz+2],
Acol|nz+1]|, Acol[nz]|, 0, 0, 0, 0);

. m256d x_vals = mm256 set pd(x|Acol|nz+3]], x|[Acol[nz+2]],
x|[Acol|nz+1]], x[Acol|nz]]);

sum = mm256 fmadd pd(Aval vals, x vals, sum);

The use of FMA (Fused Multiply-Add) operations (VFMADD132SD) reduces instruction
count by combining multiplication and addition into a single operation, thus minimizing
latency and maximizing throughput.

4. Performance Improvement : After incorporating these optimizations, the execution

Input filename: input-matrix/mat_dim_493039.txt
Matrix value array size: 57973976

Time measurements

Total experiment time: 38.3882
Minimum kernel time: 0.00459003
Maximum kernel time: 0.00811505
Arithm. Mean kernel time: ©0.00479845

Performance results
Total GFlops/s:

Minimum GFlops/s:
Maximum GFlops/s:
Arithm. Mean GFlops/s:
Arithm. Median GFlops/s:

F1GURE 70 — Applicating Maqao suggestions : loop unrolling and using AVX intrensics

time for the spmx_csr function was reduced from 46 seconds to 38 seconds, marking a
significant performance improvement. This reduction was achieved through better data
alignment, efficient use of SIMD instructions, and reduced loop overhead from unrolling.
However, the code was not fully vectorized, and further improvements could be made by
fully utilizing SIMD for all operations.

Assembly Code Optimization Analysis : After applying MAQAOQO’s suggestions, the

MAGAO Global Summary Application Functions
Loop Id: 23 Module: spmxv.exe
o @
Hide groups analysis

0x7010 MOVSXD  (%R10,%RAX,4),%RCK  [3]

0X7614 MOVSXD ~ xB(%R16,%RAX,4) ¥RDX  [3]
0x7019 LEA Ox4(%RAX) , £RBP

0x701d VMOVSD  (%R9,%RCX,8) XML [2]

0X7623 MOVSXD  6x4(%R16,%RAX,4) WRCX  [3]
07628 VFMADD1325D (%R8, SRAX, B) , WXHMO, SXMM1  [1]
0X762e VMOVSD  (%R9,%RCX,8) =xiMe (2]

0x7034 MOVSXD  SEBX,%RCX

0x7037 LEA Ox7 (%RAX) , £EBX

0x763a VMOVHPD (%R, %RDX,8), wxiMe, xmie  [2]
0X7040 MOVSXD  (SR18,%RCX,4) %RDX  [3]

07044 VMULPD  OXBI%RB,%RAX,8) , wXiMO, 5XMMO (1]
0x704b ADD $0x7, %RAX

X704 VADDSD  %XMMB, SXMMI, BXMML

0x7053 VSHUFPD  $0x1,%XMHO, SXMMO, SXHMO

0X7058 VADDSD  %XMM, XML, XML

0X765¢ VMOVSD  (%R9,%RDX,8), wxiMe  [2]

07062 VFMADD1325D (%R8, %RCX, B) , WXHML,%XMMO  [1]
0X7068 CMP SR15, SRAX

0x706b MOV SRBP, SRAX

0x706e JL 7010

FIGURE 71 — Assembly generated with loop unrolling and using AVX
assembly code was analyzed to assess the effectiveness of optimizations :
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10 Conclusion

— Memory operations (MOVSD, VMULPD, VADDPS) now process multiple

elements simultaneously, improving data throughput.

— FMA operations (VFMADD132SD) replace separate multiplication and addi-

tion, reducing instruction count and enhancing performance.

— Loop unrolling ensures efficient iteration handling, preventing performance losses

from excessive loop control operations.

These optimizations collectively resulted in a significant performance boost, making
better use of the available hardware resources. While further vectorization (e.g., AVX-512)
could yield additional gains, the current optimizations have already provided a substantial
reduction in computation time.

10 Conclusion

In conclusion, this study provides a comprehensive analysis of sparse matrix-vector
multiplication (SpMV) performance across different compilers—GCC, Intel OneAPI, and
AMD AOCC—on an AMD architecture. By testing various chunk sizes and optimization
flags, we identified key patterns in execution time, thread utilization, and memory effi-
ciency. The results demonstrated that, for AMD systems, AOCC provided a significant
advantage in performance, leveraging AMD-specific optimizations, while GCC and Intel
compilers showed varying results depending on optimization flags. Despite the general
expectation that larger chunk sizes would yield better performance, we observed dimini-
shing returns after a certain point, with CHUNK SIZE = 1200 emerging as the optimal
configuration for most compilers. Furthermore, the assembly analysis revealed that full
vectorization is crucial for maximizing performance, as scalar approaches underutilize the
potential of the system’s execution units. Overall, the study highlights the importance
of tailored compiler optimizations, thread management, and memory access patterns for
achieving peak performance in computational tasks like SpMV.
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