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Abstract
[bookmark: _Hlk209791256]This contribution provides presents the evaluation results of external memory access concerning the group-off tests of ECM-18.0. The measurements were conducted using Valgrind, focusing on instruction reference (Ir) and LL cache data read misses (DLmr) across the entire decoding process in class B, C, and D of RA and class A, B, C, D, E and F of AI under the CTCCTC. This allows enables us to assess the complexity of each group-off test from the perspective of instructions and external memory access.
v2 added the results of AI.

Introduction
In the JVET AM meeting, it was remarked mentioned that measuring memory bandwidth (using methods such as Valgrind) would be useful in addition to run-time as a criterion for evaluation [1]. Consequently, we evaluated the group-off tests utilized used in AHG7 from the perspective of instructions references and external memory access cache miss and assessed the complexity. The measurements were conducted using Valgrind. In the experiments, we changed the Last Level Cache (LL) Size to 1KB (1,024), 16KB (16,384), 32KB (32,768), 64KB (65,536) and 128KB (131,072) and measured the instruction reference (Ir) and LL cache data read misses (DLmr) across the entire decoding process to compare the group-off tests in class B, C and D of RA and class A, B, C, D, E and F of AI under CTC. Additionally, by examining the relationship with BD-rate, we demonstrated the extent of the gain that can be achieved regarding concerning complexity in external memory access.
We measured them with the following command:
valgrind --tool=cachegrind --cachegrind-out-file=$cachegrind_out –cache-sim=yes --D1=128,2,64 --LL=${LAST-CACHE-SIZE},2,64 ${TEST-DECODER} –b ${TEST-BITSTREAM}
The group off tests are as follows:
· Group 1: Inter template matching tools
· Group 2: Coding tools that interleave the (merge/skip/AMVP/subblock/IBC/etc) list derivation with the intra prediction/reconstruction process
· Group 3: Intra and IBC template matching (with search) related tools
· Group 4: Tools that require more processing on the neighboring reconstructed samples than VVC
· Group 5: Tools with large memory access


Experimental results
Total Instruction references and Total LL cache data read misses
Figures 1-1-1 and 1-1-2 shows the total Instruction references (Ir) measured for each group-off tests with ${LAST-CACHE-SIZE} = 1024, 16384, 32768, 65536, and 131072 under RA and AI conditions, respectively..
Regarding RA, it It is evident that Group 1 (Inter template matching tools) and then Group 5 (Tools with large memory access) Off hasexhibit  the highest  highest complexitytotal instruction references.

Fig.1-1-1. Total Instruction references (Ir) for each group-off test (RA).
Regarding AI, Group 5 (Tools with large memory access) and Group 3 (Intra and IBC template matching (with search) related tools) exhibit the highest complexity.

Fig.1-1-2. Total Instruction references (Ir) for each group-off test (AI).


Figures 1-2-1 and  1-2-2 shows the total LL cache data read misses (DLmr) measured for each group-off test with ${LAST-CACHE-SIZE} = 1024, 16384, 32768, 65536, and 131072 under RA and AI conditions, respectively.
Regarding RA, it shows Group 1 (Inter template matching tools) and Group 5 (Tools with large memory access) are identified as the most complex among the group-off tests. Additionally, Group 1 Off has the highest total cache misses among group-off tests.

Fig.1-2-1. Total LL cache data read misses (DLmr) for each group-off test (RA).

Regarding AI, it is evident that Group 5 (Tools with large memory access) and Group 3 (Intra and IBC template matching (with search) related tools) are identified as the most complex among the group-off tests.

Fig.1-2-2. Total LL cache data read misses (DLmr) for each group-off test (AI).


Instruction references ratio and LL cache data read misses ratio 
Figures 2-1 and 2-2 shows Iinstruction reference (Ir) ratio, LL cache data read misses (DLmr) ratio, where ${LAST-CACHE-SIZE} = 16384, and decoding time (DecT) ratio against ECM180 under RA and AI conditions, respectively.. 
Only Group 5 Off (Tools with large memory access) Off shows exhibits a a decrease smaller in the ratio of DLmr ratio to and Ir ratio compared to DecT ratio. This indicates that Group 5 (Tools with large memory access) has a greater impact from Ir and DLmr than from DecT..

Fig.2-1. Instruction reference (Ir) ratio LL cache data read misses (DLmr) ratio and decoding time (DecT) ratio against ECM-18.0 for each group-off test (RA).
Regarding AI, Group 5 (Tools with large memory access) Off has the lowest DLmr ratio.

Fig.2-2. Instruction reference (Ir) ratio LL cache data read misses (DLmr) ratio and decoding time (DecT) ratio against ECM-18.0 for each group-off test (AI).



YUV BD-rate vs Instruction references ratio
Figures 3-1 and 3-2 shows the relationship between YUV BD-rate (YUV gain), which is calculated by Y + (U + V) / 20, and Iinstruction reference (Ir) ratio, where ${LAST-CACHE-SIZE} = 16384, with using ECM180 as the anchor under RA and AI conditions, respectively. The YUV BD-rate is calculated as Y + (U + V) / 20.
Less instruction, More gain

Fig.3-1. YUV BD-rate vs Instruction reference (Ir) ratio for each group-off (RA).


Fig.3-2. YUV BD-rate vs Instruction reference (Ir) ratio for each group-off (AI).


YUV BD-rate vs LL cache data read misses ratio
[bookmark: _Hlk210671868]Figures 4-1 and 4-2 shows the relationship between YUV BD-rate (YUV gain), which is calculated by Y + (U + V) / 20, and LL cache data read misses (DLmr) ratio, where ${LAST-CACHE-SIZE} = 16384, with using ECM180 as the anchor under RA and AI conditions, respectively. The YUV BD-rate is calculated as Y + (U + V) / 20.

Less cache miss, More gain

Fig.4-1. YUV BD-rate vs LL cache data read misses (DLmr) ratio for each group-off (RA).

Fig.4-2. YUV BD-rate vs LL cache data read misses (DLmr) ratio for each group-off (AI).



YUV BD-rate vs DecT ratio
Figures 5-1 and 5-2 shows the relationship between YUV BD-rate, which is calculated by Y + (U + V) / 20, and decoding time (DecT) ratio with ECM180 as the anchor under RA and AI conditions, respectively. The YUV BD-rate is calculated as Y + (U + V) / 20..
Regarding RA,  It can be observed that it Figure 5-1 generally has the same trend as YUV BD-rate vs Ir (Figure 3-1) as well as DLmr vs YUV BD-rate vs DLmr (Figure 4-1).

Fig.5-1. YUV BD-rate vs decoding time (DecT) ratio for each group-off test (RA).

Fig.5-2. YUV BD-rate vs decoding time (DecT) ratio for each group-off test (AI).



Conclusion
In this contribution, we measured the complexity of the group-off tests from the perspective of external memory access.
This study shows demonstrates that external memory access, measured assessed in terms of LL cache data read misses, provides complementary insights intto decoding time whenin evaluating tool complexity. Group 1 Off exhibits the highest instruction count and cache misses, while Group 5 Off shows relatively efficient memory behavior. The correlation between BD-rate and memory access metrics suggests that cache miss analysis can be serve as a meaningful supplementary criterion for future coding tool evaluations.
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