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Arm Telemetry Solution

-

“Arm Telemetry solution aims to provide a solution framework
to enable runtime monitoring (performance/power) and
optimization of software and hardware configuration
on Aarch64 based based platforms”




Agenda

® |Introduction to Arm Telemetry Solution
® Arm Performance Analysis Methodology
e Telemetry Tools

o Topdown Tool
e Telemetry Collaboration
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Arm Telemetry Solution for Performance Analysis

Arm Topdown
Methodology
PMU Events SPE (v8.2) BRBE (v8.7)

4 4

Top down Root Cause Analysis
Methodology for Memory Access
Hotspot Analysis Analysis

Workload

Branch Analysis
Basic Block Analysis
Profile Guided

Optimizations/AutoFDO
Characterization

Micro-architecture
Exploration
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PMU Events -> Metrics -> Methodology

+ BR_MIS_PRED (110)
« CPU_CYCLES (r11)

« OP_RETIRED (r3a)

+ OP_SPEC (r3b)

* STALL_SLOT (r3f)

+ STALL_SLOT BACKEND (r3d)
« STALL_SLOT_FRONTEND (r3¢)

« BR_MIS_PRED_RETIRED (122)
« BR_RETIRED (121)
« INST_RETIRED (108)

« DTLB_WALK (r34)

« INST_RETIRED (108)

- LID_TLB (25)

« LID_TLB_REFILL (105)
« L2D_TLB (r26)

« L2D_TLB_REFILL (:2d)

« INST_RETIRED (108)
« L2D_CACHE (116)
« L2D_CACHE_REFILL (117)

« CPU_CYCLES (f11)
« STALL_BACKEND (24)
« STALL_FRONTEND (:23)

+ INST_RETIRED (108)
+ ITLB_WALK (35)

+ LILTLB (:26)

« LILTLB_REFILL (02)
« L2D_TLB (2f)

« L2D_TLB_REFILL (12d)

+ INST_RETIRED (108)
+ LIL_CACHE (rl4)
+ LIL_CACHE_REFILL (101)

+ INST_RETIRED (108)
s LL_CACHE_MISS_RD (r37)
+ LL_CACHE_RD (136}

« BR_MIS_PRED_RETIRED (122)
« DTLB_WALK (134)

« INST_RETIRED (108)

« ITLB_WALK (135)

« LID_CACHE_REFILL (03)

« LID_TLB_REFILL (105)

« BR_MIS_PRED_RETIRED (122)
« BR_RETIRED (121)

« DTLB_WALK (134)

« ITLB_WALK (135)

« LID_CACHE (104)

« LID_CACHE_REFILL (r03)

« LID_TLB (25)

« LID_TLB_REFILL (105)

« LII_CACHE (r14)

« INST_RETIRED (108)
« LID_CACHE (104)
« LID_CACHE_REFILL (103)

« ASE_SPEC (174)
« BR_IMMED_SPEC (178)

« BR_INDIRECT SPEC (17a)
« CRYPTO_SPEC (:77)

« DP_SPEC (173)

+ LII_CACHE_REFILL (01)
+ LILTLB_REFILL (02)
« L2D_CACHE_REFILL (¢17)
« L2D_TLB_REFILL (12d)
« LL_CACHE_MISS_RD (r37)

« LIL_CACHE_REFILL (101)
« LILTLB (126)

« LILTLB_REFILL (02)

« L2D_CACHE (r16)

« L2D_CACHE_REFILL (117)
« L2D_TLB (r2f)

« L2D_TLB_REFILL (:2d)

« LL_CACHE_MISS_RD (r37)
« LL_CACHE_RD (36)

« INST_SPEC (rlb)
« LD_SPEC (70)
« ST_SPEC (r71)
« VFP_SPEC (75)

Hardware Centric — Micro-architecture oriented

« backend_bound
# bad_speculation
« frontend_bound
* retiring

« branch_misprediction_ratio
* branch_mpki

« dtlb_mpki

« dtlb_walk_ratio

o 11d_tlb_miss_ratio
« 11d_tlb_mpki

» 12_tlb_miss_ratio
e 12_tlb_mpki

# 12_cache_miss_ratio
s 12_cache_mpki

+ backend_stalled_cycles
+ frontend_stalled_cycles

« itlb_mpki

o itlb_walk_ratio

o 11i_tlb_miss_ratio
o 1li_tlb_mpki

e 12_tlb_miss_ratio
« 12_tlb_mpki

» 11i_cache_miss_ratio
« 11i_cache_mpki

« Il_cache_read_hit_ratio
« [I_cache_read_miss_ratio
e Il_cache_read_mpki

» branch_mpki

» dilb_mpki

+ itlb_mpki

# 11d_cache_mpki
+ 11d_tlb_mpki

+ branch_misprediction_ratio
» dilb_walk_ratio

= itlb_walk_ratio

# 11d_cache_miss_ratio

« 11d_tlb_miss_ratio

» 11d_cache_miss_ratio
« 11d_cache_mpki

* branch_percentage

* crypto_percentage

« integer_dp_percentage
« load_percentage

 11i_cache_mpki

« 1li_tlb_mpki

* 12_cache_mpki

« 12_tlb_mpki

» 1_cache_read_mpki

« 1li_cache_miss_ratio

® 11i_tlb_miss_ratio

* 12_cache_miss_ratio

e 12_tlb_miss_ratio

o 1I_cache_read_miss_ratio

e scalar_fp_percentage
* simd_percentage
« store_percentage

Software Centric — H\W details abstracted away
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Workload profiling enabled by Topdown Methodology

® Reference: Neoverse V1 Methodology Whitepaper

e Data Center Profiling

I Retiring Il Bad speculation
[ Front-end bound [EE Back-end bound

Neoverse V1 &
Arrow CSV Parser Workload — N2 solution
ads

Topdown Level 1 Metrics available bigtable
disk
flight-search
gmail
gmail-fix
indexingl
indexing2
searchl
search2
search3
video

backend_bound
24%

A00.perlbench
445.gobmk
frontend_bound retiring 471,:;:;%‘:;
23% 53% 433.milc
0 20 40 60 &80 100 120

Pipeline slot breakdown (%)

Figure 4: Top-level bottleneck breakdown. SPEC CPU2006
benchmarks do not exhibit the combination of low retirement
rates and high front-end boundedness of WSC ones.

bad_speculation
0%

Profiling a Warehouse-Scale Computer -S. Kanev, J. P. Darago, K.
Hazelwood, P. Ranganathan, T. Moseley, G. Wei and D. Brooks, in
International Symposium on Computer Architecture (ISCA), June 2015.
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https://armkeil.blob.core.windows.net/developer/Files/pdf/white-paper/neoverse-v1-core-performance-analysis.pdf

Arm Topdown Methodology Specification

Arm Top-down Analysis Methodology specification for how to conduct performance analysis and processor bottleneck identification
with supporting derived metrics and PMU events.

Standardized list of metrics enabled by STALL related
PMU events, mostly architectural events but may
include micro-arch extensions

Stage 1: Top-down Analysis for

Bottleneck Identification Standardized list of micro-architectural resource effectiveness
metrics, mostly architectural events but may include micro-arch
extensions. Enables micro-architecture specific events

Stage 2: Micro-architecture Performance analysis methodology to follow for further
Exploration to Miszills Processor detailed root cause analysis using other architected features
Efficiency such as SPE/BRBE:

Memory Access Analysis, False Sharing, Basic Block Analysis etc

SPE/BRBE

Stage 3: Root Cause Analysis

(Extension to PMUSs)

LinaroConnect
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Arm Telemetry Solution: First Release

Arm Neoverse V1 - Top-down Methodology for Performance Analysis & Release Blog with all references
Telemetry Specification

Telemetry
Specification
(Events, Metrics,
Methodology)

Tooling Collateral MVP Tools
(Standardized JSON (Arm topdown tool, SPE
schema) analysis tool)

Telemetry Methodology
& Metrics Validation Suite

WHITE PAPER

Arm Neoverse V1 Core:

Performance Analysis
Methodology

Telemetry Solution®
Project ID: 349 [3

Performance Analysis on Neoverse V1 Core
Using Hardware PMU Features

fundichipparakkal®, Yibo Cai", SamE https://gitlab.arm.com/telemetry-solution/telemetry-solution

Neoverse V1 Methodology Whitepaper (@) LingroConnect
LONDON 2023
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https://community.arm.com/arm-community-blogs/b/infrastructure-solutions-blog/posts/arm-neoverse-v1-top-down-methodology-for-performance-analysis
https://gitlab.arm.com/telemetry-solution/telemetry-solution
https://armkeil.blob.core.windows.net/developer/Files/pdf/white-paper/neoverse-v1-core-performance-analysis.pdf

Telemetry Methodology
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UStress

Topdown Methodology in Action

Neoverse V1 Methodology Whitepaper
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https://armkeil.blob.core.windows.net/developer/Files/pdf/white-paper/neoverse-v1-core-performance-analysis.pdf

MVP Tools

(Arm topdown tool)

Topdown Methodology & Topdown Tool

-~ JSON data describes a set of metrics and event
groups that form a top-down hierarchy (next

-- Software that uses the machine-readable

' - description to guide the user through the top-down
slide) EEEEE workflow and identify performance issues
2 branch_misprediction_ratio
[ — $ topdown-tool ./a.out
; Zﬂﬁ‘v",'é’.f,;ﬁo Stage 1 (Topdown metrics)
| B Sm=s=sssmsmsmsmsmsssssess
setbmos Follows a [Cycle Accounting] .
N ; — common style, ;ggﬂtend Stalled Cycles......... 0.024o cycles
- e but structure is end Stalled Cycles.......... 42.59% cycles
[ Orioeon ] |} EHESE implementation )
| e -specific, and Stage 2 (uarch metrics)
[@ romerd bod |- 1~ 2 e e i does not rely SEmEEmmsmsssssmssssmems
s on architectural [Branch Effectiveness]
7_7*:;;_hzacrer:;5rf“f:::iveness definitions ) (fo}lovgs Fr‘ont.end Stalled Cycles)
T | [ eeetereadmiss o Branch Misprediction Ratio...... 0.001 per branch
@wm ] [ — Branch MPKI.........ciivivnnnnnn 0.372 misses per 1,000 instructions
1| @ oris_Effeciveness Data TLB Effectiveness]
: j E:HQE}? (follows Backend Stalled Cycles)
| |2 laazte_mis_rto DTLB MPKI..vvtiiiiinnennenennn 0.000 misses per 1,000 instructions
1| s e DTLB Walk Ratio............ ..., 0.000 per TLB access
V1, N2 supports only B m L1 Data TLB Miss Ratio.......... 0.000 per TLB access
one level of top | [ cacte e L1 Data TLB MPKI................ 0.002 misses per 1,000 instructions
down, future cores R L2 Unified TLB Miss Ratio....... 0.000 per TLB access
to support further Ahad:;’::’":“;e"—”‘* L2 Unified TLB MPKI............. 0.006 misses per 1,000 instructions
levels down  naget . persetage
= simd_percentage
brach parcanage.
S -- Arm Telemetry Solution GitLab Repository



https://gitlab.arm.com/telemetry-solution/telemetry-solution

Arm Telemetry Framework: Building Blocks — [[EeeaiiEssms

“INST_RETIRED": L1D_Cache

“title™: “L1 E”,
"description™: "L1 data cache re
"description”: "Counts instructions that h
“common” :

P

"accesses”: [

“topdown_methodology" :

"title": "Topdown

- " “description”: "Ti

4 i . L1D_CACHE_REFILL_RD", " . —

architectural”™: ; T EEOL. b metric_grouping”:
"impdef™: N 7 - "stage 1": [
“Topdown_|

"frontend_bound" : "Miss Rat
s_Rat
"title Frontend Bound",
“formula™: “"(18@ * ((STALL
"description™: "This metr
‘percent of s

“"BR_MIS_PRED",
"CPU_CYCLES",
OT_FRONTEND"

METRIC
— METHODOLOGY
“Operation Mix": { .

"decision_tree":
"title™: "Sp lative Operation M "root_nodes”: [

"description”: “"This metric group
"metrics™: [

executed for the program.”, CREE] [FTIF

- "backend bound",
load g (= "bad_speculation”
1.

"metrics™: [

"name”: "frontend_bound”,
"group”: "Topdown_L1",

METRIC "““ng?ﬁ??"gf

a

GROUP i




Summary

e Arm Telemetry Solution currently supports Neoverse cores

o Neoverse N1, V1 and N2 Telemetry JSON released

o Neoverse V1 performance analysis methodology whitepaper released

m V1 Methodology applies to N1, V1 and N2

o Topdown tool released for developers to conduct performance analysis on Linux/Windows machines

m Linux perf tool and windowsperf supported
® Future releases planned
o Neoverse V2 telemetry specification (with JSON)

o SPE Methodology Whitepaper

m SPE Analysis Tool released

R Linaro


https://gitlab.arm.com/telemetry-solution/telemetry-solution/-/tree/main/data/pmu/cpu/neoverse
https://gitlab.arm.com/telemetry-solution/telemetry-solution/-/tree/main/tools/topdown_tool
https://gitlab.arm.com/telemetry-solution/telemetry-solution/-/tree/main/tools/spe_parser

Handy Resources

* GitLab-Telemetry Solution

. https://gitlab.arm.com/telemetry-solution/telemetry-solution

. Telemetry Specification: https://gitlab.arm.com/telemetry-solution/telemetry-solution/-/tree/main/data

i Telemetry Tools:
° Contact us: telemetry-solution@arm.com
* Arm Neoverse V1 Performance Analysis Methodology Whitepaper

. https://www.arm.com/-/media/Files/pdf/white-paper/neoverse-vl-core-performance-analysis

i V1 Methodology applies to Neoverse N2.

i N2 Telemetry Specification to be released, JSON available
* Arm Neoverse N1 Performance Analysis Methodology Whitepaper

* https://armkeil.blob.core.windows.net/developer/Files/pdf/white-paper/neoverse-nl-core-performance-v2.pdf\
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https://gitlab.arm.com/telemetry-solution/telemetry-solution
https://gitlab.arm.com/telemetry-solution/telemetry-solution/-/tree/main/data
mailto:telemetry-solution@arm.com
https://www.arm.com/-/media/Files/pdf/white-paper/neoverse-v1-core-performance-analysis
https://armkeil.blob.core.windows.net/developer/Files/pdf/white-paper/neoverse-n1-core-performance-v2.pdf/

Telemetry Solution Collaboration

® Arm has developed a standardized telemetry framework currently supporting CPU PMU
events, metrics and topdown methodology. The framework is publicly available at Gitlab
telemetry-solution.

e We seek support from the ecosystem to enhance the tooling capabilities and welcome
feedback. Contact us at telemetry-solution@arm.com

e For Aarch64 standardization, we invite Arm architectural partners to adopt our
telemetry framework to specify their product PMUs and top down methodology. Linux perf
tool and WindowsPerf enablement for Arm products are leveraging the telemetry framework
(JSON schema —slide 11).

R Linaro


https://gitlab.arm.com/telemetry-solution/telemetry-solution
https://gitlab.arm.com/telemetry-solution/telemetry-solution
mailto:telemetry-solution@arm.com
https://gitlab.com/Linaro/WindowsPerf/windowsperf
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Thank you

Jumana Mundichipparakkal <jumana.mp@arm.com>

Presentations will be available post event at

Telemetry Solution
<telemetry-solution@arm.com>


https://resources.linaro.org/en
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