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Motivation

 Sampled profiling periodically interrupts program execution to grabb a HW
event count or machine state. Most CPUs can do this purely in HW or can
emulate itin SW (by using a timer).

* Modern CPUs support more advanced forms of HW profiling:

Intelx86_64 AMD x86_64 HW Profiling Capabilities

PEBS IBS SPE Event-based Sampling

LBR LbrExtV2 BRBE CTR Short trace of branches

PT CoreSight Full trace of executed instructions

These allow gathering samples in HW, possibly multiple at a time, with lower
overhead and provide other benefits, such as reduced-skid, precise distribution
and Data Address.
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Intel PEBS Overview

Processor Event-Based Sampling (PEBS)

= Low-overhead sampling (an order of magnitude reduction)
» Reduced-skid or Precise-Distribution

retired load
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Intel LB

Last Branch Record (LBR)

= CPU collects data for taken branches

» Source Address ——————
t Address

> Targe’ +
> INFO

= |_ow overhead

= Recent CPUs offer Architectural LBRs

= Consistent across processor generations and in
virtualized environments

R QOverview
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Register Architectural MSR

Address Name and bit MSR/Bit Description
(Hex) fields
1500- IA32 LBR_x FROM_IP FROM_IP: The source IP of the recorded branch or event, in
151FH [63:0] canonical form.
1600- IA32_LBR_x_TO_IP TO_IP: The destination IP of the recorded branch or event, in
161FH [63:0] canonical form.
1200- IA32_LBR_x_INFO Last Branch Record entry X info register (R/W). An attempt
121FH to read or write IA32_LBR_x_INFO such that x >=

IA32 LBR_DEPTH.DEPTH will #GP.

15:0

CYC_CNT: The elapsed CPU cycles (saturating) since the last
LEBR was recorded.

55:16

Undefined, may be zero or non-zero. Writes of non-zero
values do not fault, but reads may return a different value.

59:56

BR_TYPE: The branch type recorded by this LBR. Encodings:
0000B: JCC

0001B: JMP Indirect

0010B: JMP Direct

0011B: CALL Indirect

0100B: CALL Direct

0101B: RET

011xB: Reserved

1xxxB: Other Branch

60

CYC_CNT_VALID: CYC_CNT value is valid.

61

TSX_ABORT: This LBR record is a TSX abort. On processors

that do not support Intel® TSX (CPUID.O7H.FRX.HI E[bit 4]=0
and CPUID.07H.EBX.RTM[bit 11]=0), this bit is undefined.

62

IN_TSX: This LEBR record records a branch that retired during
a TSX transaction. On processors that do not support Intel®
TSX (CRUID.O7H.EBX.HLE[bit 4]=0 and
CPUID.07H.EBX.RTM[bit 11]=0), this bit is undefined.

63

MISPRED: The recorded branch direction (Jcg) or target
(indirect branch) was mispredicted.
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HWPGO Overview

HW-based PGO is an extension of existing Sampling-based PGO

* HWPGO is a kind of Sampling-based PGO for efficient profiling on
optimized binaries in production environments.

* HWPGO enables new types of feedback capabilities provided by HW for
new compiler optimizations. HW counters can track a wide range of events,

including:

Instructions retired

= Branch mispredictions

Cache misses

Memory accesses and Data Address
Floating-point operations

Architectural LBR Inserts (in next-gen CPUs)
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New Feedback Capabilities

Hardware can provide accurate frequency and profiles of
other events:

frequency with precise- Additional event for all

Capture LBR distribution Mispredictions

= $perfrecord-b-e
BR_INST_RETIRED.NEAR_TAKEN:uppp,BR_MISP_RETIRED.ALL_BRANCHES:upp

11 BR_INST_RETIRED.NEAR_TAKEN:uppp: 4016b0 0x4016b0/0x40116d/P/-/-/8 ©0x401168/0x4016b0/P/-/-/1
1193/0x401160/P/-/-/6 0x4011b5/0x401170/P/-/-/1 0x4016b0/0x4011b5/P/-/-/1 0©0x4011b0/0x4016b0O/P/-/-/5
b5/0x401170/P/-/-/1 0x4016b0/0x4011b5/P/-/-/1 0x4011b0/0x4016b0O/P/-/-/6 0x4016b0/0x40116d/P/-/-/1 ©
/0x4016b0/P/-/-/11 0x401193/0x401160/M/-/-/3 0x4011b5/0x401170/P/-/-/1 0x4016b0/0x4011b5/P/-/-/1

IlBR MISP RETIRED.ALL BRANCHESHV]E 401193 0x4016b0/0x40116d/P/-/-/7 0x401168/0x4016b0/P/-/-/

01193/6x401160/M/-/-/3 0x4011b5/0x401170/P/-/-/1 ©0x4016b0/0x4011b5/P/-/-/1 ©0x4011b0/0x4016b0/P/-/-/5
1b5/0x401170/P/-/-/1 0x4016b0/0x4011b5/P/-/-/1 0x4011b0/0x4016b0O/P/-/-/5 0x4011b5/0x401170/P/-/-/1
8/0x4016b0/P/-/-/14 0x401193/0x401160/M/-/-/3 0x4011b5/0x401170/P/-/-/1 0x4016b0/0x4011b5/P/-/-/1
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New Feedback Capabilities

Branch Mispredict Feedback Example

Poorly predicted according to HW events:

S LAt O -  BR_INST_RETIRED.NEAR_TAKEN 1 for (int i=0; i <N; i++) {
2 int *p; 2 int *p;
: «  BR_MISP_RETIRED.ALL_BRANCHES
3 if(s1l[1i] > 8000) ({ 3
4 p = &s2[i]; Attach ‘unpredictable’ 4  int c = (sl1[i] > 8@e0);
5 LU I Metadata to BR instruction 5| p=c? (82[i]) : (&s3[i]);
6 nop(p, z); 6 intz=1*1i*3i*i*i?*i3iH*ij;
7 } else { 7 int arg2 = c ? z : 3;
8 p = &s3[i]; 8 nop(p, arg2);
9 nop(p, 3); 9
1o } 10 dst[i] = *p;
11 dst[i] = *p; HWPGO no;
12 }

SATG | SOFTWARE AND ADVANCED TECHNOLOGY GROUP




New Feedback Capabilities

jmp .LBBO_1 .
_p2align 4 0x90 Before HWPGO:

.LBBO_3:
movq %rsi, %rcx
movl $3, %edx After HWPGO:
callg nop
movq %rsi, %rl3

mov'l %rl2d, %eax
imull %rl2d, %eax
imull %rl2d, %eax
movl %eax, %edx
aggq gﬂ, %ri; imull  %rl2d, %edx
addq , %r . . - imull %eax, %edx
$20000, %rl2 Opt. mispredicted conditional cnpl  $8001 (arbx %15

LBBO-S branch to conditional move movq  %rsi, %rl3

o cmovgeq %rdi, %rl3
$8001, (%rbx,%rl2,d4) cmovll %ebp, %edx
.LBBO_3 leaq (%rl5,%rl3), %rcx

. callg nop
(%rdi,%rl2,4), %rl3 mov'l (%rl3,%rl5), %eax

%rl2d, %eax o o 0

, I I F) movl %eax, (%rld,%rl5)
?rl2d, ?eax \/\/ (E;<:) incq %rl2
%rl2d, %eax addq $4, %rl5

%eax, %edx °
oot o cmpq $20000, %ril2
%rl2d, %edx jne "LBBO. 1

%eax, %edx
%rld5, %rcx
nop
.LBBO_4

mov'l (%rl3), %eax
movl %eax, (%rld, %rl2,d)
incq %rl2
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New Feedback Capabilities

Branch Mispredict Feedback Example

Before HWPGO: After HWPGO:

$ perf stat -e

. . . ) . . $ perf stat -e
cycles:u,instructions,br_inst_retired.all_branches:u,br_misp_retired.all_branches

cycles:u,instructions,br_inst_retired.all_branches:u,br_misp_retired.all_branches
- ./unpredictable - ./unpredictable.hwpgo
Performance counter stats for './unpredictable': . . . Performance counter stats for './unpredictable.hwpgo':
+10% retired instructions ’ e
3,243,043,047 %—T/7 \1,715,939,113 cyclesNX HDC
3,619,535,187 instructions:u # 1.12—1Insn per cycle 4,000,954,710 instructions:u # ™2.33 insn per cycle
917,083,309 br_inst_retired.all_branches:u » 600,132,829 br_inst_retired.all_branches:u
85,966,707 br_misp_retired.all_branches:u

_35% (I’etired branCheS) 13,322 br_misp_retired.all_branches:u
p» 0.541091594 seconds time elapsed

1.8X improvementin overall performance

1.021617622 seconds time elapsed

Call community collaboration on HWPGO to:

- Addinfrastructure support for more feedback/profile types
besides frequency (i.e., “-fprofile-sample-use=code.freq.prof”)
« Add optimizations for new profile types

Visit: httpg
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https://github.com/tcreech-intel/hwpgo-mispredict-example

SPGO/HWPGO Compiler Support on Windows

«  Windows (and Linux) HWPGO feature supported since
Intel® oneAPI DPC++/C++ Compiler 2024.0 release

* LLVM-based Intel proprietary compiler released in Nov 2023

= https://www.intel.com/content/www/us/en/docs/dpcpp-cpp-compiler/developer-guide-
reference/current/hardware-profile-quided-optimization.htm|

= https://www.intel.com/content/www/us/en/developer/articles/technical/hwpgo.html

e Basic Windows (and Linux) SPGO/HWPGO features now
available in LLVM trunk — as of Mar 2024
» https://clang.llvm.org/docs/UsersManual.html#id50

» Features mostly contributed by Intel - ported from the Intel proprietary codebase above
= Requires use of Intel VTune SEP from oneAPI12024.0

« These are the first Windows compilers to support SPGO/HWPGO
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https://www.intel.com/content/www/us/en/docs/dpcpp-cpp-compiler/developer-guide-reference/current/hardware-profile-guided-optimization.html
https://www.intel.com/content/www/us/en/docs/dpcpp-cpp-compiler/developer-guide-reference/current/hardware-profile-guided-optimization.html
https://www.intel.com/content/www/us/en/developer/articles/technical/hwpgo.html
https://clang.llvm.org/docs/UsersManual.html#id50

Windows Support: Profiling Tool

Intel® VTune™ SEP supports Linux perf script output format since one API 2

= $ sep -perf-script event,ip,brstack —ec BR_INST_RETIRED.NEAR_TAKEN ...
PID § baseaddr J mmappedsize | page offset bin path

PERF_RECORD_MMAP2 20068/0: [0x7ff693d60000(0x2f000) @ 0x1000 00:00 © 0]: r—-xp c:\Users\wxiao3\opt\hwpgo-mispredict-example\unpredictable.exe
PERF_RECORD_MMAP 20068/0: [0x7ffdedel0000(0x216000) @ 0x1000]: x c:\Windows\System32\ntdll.dll u/vivivicycles syntax in the following order:
PERF_RECORD_MMAP 20068/0: [0x7ffdecd30000(0xc4000) @ 0x1000]: x c:\Windows\System32\kernel32.dll T e e SO S P
PERF_RECORD_MMAP 20068/0: [0x7ffdeb550000(0x3a6000) @ ©0x1000]: x c:\Windows\System32\KernelBase.dll TO : branch target instruction|
PERF_RECORD_MMAP 20068/0: [0x210c8cH40000(0x14000) @ 0x1000]: x c:\Windows\System32\umppcl7807.d1l M/P/-: M=branch target mispredicted or branch direct
DFDE_DECORD_MMAP 20068/0: [0x210c8c80000(0x14000) @ 0x1000]: x c:\Windows\System32\umppc17807.d1l i; P xTbranch inside a transactional reeton, --not
Event name ECORD_MMAP 20068/0: [0x210c8c80000(0x14000) @ 0x1000]: x c:\Windows\System32\umppcl7807.d1ll yeles | DorT SR TTROR Sberted reeron or ne
o renr_rECORD_MMAP 20068/0: [0x7ffdeal9nne0(0x18000) @ 0x1000]: x c:\Windows\System32\kernel.appcore.dll
9 DERF_RECORD_MMAP 20068/0: [0x7ffdebb60000(0xa7000) @ 0x1000]: x c:\Windows\System32\msvecrt.dll
10 BR_INST_RETIRED.NEAR_TAKEN:pdir: Tf£693d613e0 Ox7ff693d613e0/0x7Fff693d61086/M/-/-/0 OxTFf693d61081/0xTff693d613e0/-/X/A/0 OxTFf693d61086/0
x7f£693d61040/M/-/-/0 OxTff693d613e0/0xTff693d51086/M/-/-/0 OxTff693d61081/0xTFf693d613e0/P/X/A/0 0xTff693d613e0/0x7Ff693d6103d/P/-/-/0 OxTff693d61603
8/0x7ff693d613e0/P/X/-/0 0x7ff693d6106U/0xT7f{693d61030/P/-/-/0 OxT7ff693d61086/0xTff693d610U0/M/-/-/0 OxTFff693d613e0/0xTFff693d61086/M/-/-/0 OxTFf693d6
1081/0x7ff693d613e0/-/X/A/0 OxTff693d61 |F) Ff693d610U40/M/-/-/0 OxTff693d613e0/0x7ff693d61086/M/-/-/0 OxTff693d61081/0xTff693d613e0/P/X/A/0 BOxTff69
3d613e0/0x7ff693d6103d/P/-/-/0 OxTff693. i , IXTf£693d613e0/M/-/A/0 OxT7ff693d61064/0x7ff693d61030/P/-/-/0 Ox7ff693d61086/0x7ff693d610UO/M/~-/-/0 OXTF
£693d613e0/0xT+f693d61086/M/-/-/0 OxTFf693d61081/0xT7ff693d613e0/P/-/-/1 OxTFf693d613e0/0xTFf693d6103d/P/-/-/0 OxTFff693d61038/0x7ff693d613e0/M/-/A/O O
xTf£693d61064,/0xTff693d61030/P/-/-/0 OxTff693d61086/0xT+f693d61040/M/-/-/0 OxTff693d613e0/0xTff693d61086/M/-/-/0 OxTff693d61081/0xTFf693d613e0/-/X/A/
0 Ox7ff693d613e0/0x7ff693d6103d/-/-/A/0 OxTff693d61038/0x7ff693d613e0/P/X/A/0 OxTFf693d6106U/0xTFf693d61030/M/X/A/0 OxTFf693d613e0/0x7FFf693d6103d/P/-
| /—/0 OxT7ff693d61038/0x7ff693d613e0/-/X/A/0 OxTff693d61064/0xT7ff693d61030/P/-/-/0

SATG | SOFTWARE AND ADVANCED TECHNOLOGY GROUP intel software




Windows Support: How Symbolization is Handled

Use DWARF Instead of PDB

PDB encode de-mangled (display) names

DWARF encode mangled (linkage) names

29 namespace MyMNameSpaced {
30 template <typename Tl, tCypenames T2> . . .
- void init(Tl o, ' DWARF: ??$init@HG@MyNameSpace2@@YAXHPEAG@Z
32 T2 +*p)
33 { xxx TNLINEE LINES

wold ** Module: "C:\Usersh\wxiao3\AppData

print{unsigned short *p, int i) {

Inlineeld FileId StaringlLine

. 1 5 -
23 b 1 B Bx1218 : Length = 18, Leaft = 8x1661 |NaEYI[eEy
45 ~ 1 . 53 SCcope = Gx1666

64 Hint main (int argc, char *argv[]) {
65 g = argc;

: HMyNameSpace2: iinit (argc, M)
HMyNameSpacel: iMyClass<unsigned short, int> Chj;

MyHameSpaceZ: :print (M, result % argc);
retorn O;

81, MyNameSpace2::print

Parent: 08000060, End: 888808158, Nex lelelelslstels
Debug start: 68060006, Debug end: PBBBEEEE
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Windows Support: Changes made to llvm-profgen

Understand COFF/PE with DWARF by enhancing:

ProfileGenerator

PerfReader

ProfiledBinary
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https://github.com/tcreech-intel/hwpgo-mispredict-example

Microsoft Teams

HW-based PGO Demo

2024-04-08 03:42 UTC

Recorded by Organized by

Xiao, Wei3 Xiao, Wei3


https://github.com/tcreech-intel/hwpgo-mispredict-example

Challenges & Solutions

Usability

» Many flags (-fdebug-info-for-profiling, -funique-internal-linkage-
names, -gdwarf, /debug:dwarf, ...) needed to produce good
debug info. Need to consolidate/simplify.

»OneAPIl compilers have “-fprofile-sample-generate”

= Multiple profile types (frequency, branch mispredicts, etc.) will
become difficult to produce, manage, and pass to the compiler.

»Considering profile “bundles” and higher-level tools to drive creation of
PMU profiles.
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Challenges & Solutions (2)

Debug Info Accuracy

» HWPGO uses debug information (such as DWARF) to associate profile
data from the optimized binary to source code and compiler IR.
» Pro: neither prevent any optimizations nor add run-time overhead to the profiling binary.
» Con: suffer from inaccurate correlation with aggressive optimizations.

unpredictable:12711006836:0

H ]

n

0

3.1: 200031858
3.2: 200031858
5
6
7e

= Solutions:
» Enhance Debug Info. e e
; 116870734

» Turn off aggressive optimizations. L eaT07a4
> PSEUDO-INSTRUMENTATION. S e T A

16 13: 200031858
11 15: ©
el 65517: 116870734

L . 13 nop:192386712:206418942
Initial selecttion DAG: %bb.14 'foo:entry'’ 14 1: 192386712

SelectionDAG has 5 nodes:
t0: ch,glue = EntryToken

t2: 164,ch = CopyFromReg t0, Register:164 %1, JULIER<IANe:4:3
t4: ch = br_jt t2:1, JumpTable: 164<0>, t2, LI EIAENe:4:3
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https://github.com/llvm/llvm-project/pull/71021

Challenges & Solutions (3)

Profile Maintenance

= After each optimization, profile (probability) needs to be
adjusted to reflect control flow graph changes if any.

* Example below shows one of the bug-fixes made recently:

define 132 @invert_cond(ptr %p) {
entry:
%cond = 1cmp ne ptr %p, null
br 11 %cond, label %bbl, label %bb2, !prof !0

define 132 @invert_cond(ptr %p) {
entry:
%scond.not = icmp eq ptr %p, null

. br 11 %cond.not, label %bb2, label %bbl, !prof !0
InstCombine ' ' > P

)

bb1l:
ret 132 0

bbl:
ret 132 0

.
3

bb2:

bb2:
ret 132 1
}

ret 132 1
}

0 = '{!"branch weights", 132 20, 132 1}

0 = !{!"branch_weights", 132 1, 132 20}
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https://github.com/llvm/llvm-project/pull/86470

Challenges & Solutions (4)

Value Profiling

» [f both PEBS and LBR records are captured, we can sample both
function call counts and function limited arguments

$ perf record --user-regs -b -e xxx

BR_INST RETIRED.NEAR_TAKEN:uppp: 401168 ABI:2 AX:0x1 BX:0x1d0a03c CX:0x1d023c0
B}i:0x1ceeb30 Bii:0x3 Bii: 0x1d0a0t3c BP:0Ox1f1f SP:0x7ffde51a1868 IP:0x401168 FLAGS:0x8
CS:0x33 SS:0x2b GE:0x1d15c50 GE:0x1 [F¥I:0xfff R11:0x1d23000 R12:0x1d15c50 R13:0x1cf67
ac  R14:0x1d0aB38 R15:0x1cdb2a® 0x401168/0x4016b0/P/-/-/18 0x401193/0x401160/M/-/-/3 0x4016b0/0x
40116d/P/-/-/8 0x401168/0x4016b0/P/-/-/18 0x401193/0x401160/M/-/-/3 0x4016b0/0x40116d/P/-/-/8 0x40
1168/0x4016b0/P/-/-/15 0x401193/0x401160/M/-/-/3 ©0x4011b5/0x401170/P/-/-/1 0x4016b0/0x4011b5/P/-/-/
1 0x4011b0/0x4016b0/P/-/-/10 0x4016b0/0x40116d/P/-/-/7 ©x401168/0x4016b0/P/-/-/14 0x401193/0x40116
0/M/-/-/3 0x4011b5/0x401170/P/-/-/1 ©0x4016b0/0x4011b5/P/-/-/1 0x4011b0/0x4016b0O/P/-/-/29 ©x4011b5/
0x401170/P/-/-/1 0x4016b0/0x4011b5/P/-/-/1 0x4011b0/0x4016bO/P/-/-/29 0x4011b5/0x401170/P/-/-/1 0x
4016b0/0x4011b5/P/-/-/1 0x4011b0/0x4016b0/P/-/-/28 0x4011b5/0x401170/P/-/-/1 0x4016b0/0x4011b5/P/-/
-/1 0x4011b0/0x4016b0/P/-/-/37 0x4016b0/0x40116d/P/-/-/7 0x401168/0x4016b0/P/-/-/18 0x401193/0x401
160/M/-/-/6  0x4016b0/0x40116d/P/-/-/7 0x401168/0x4016b0/P/-/-/4 ©0x401193/0x401160/M/-/-/3
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List of PRs checked into LLVM Trunk so far

» Referto:

= [llvm-profgen] Support COFF binary:
= [LLD] [COFF] Port -Ito-sample-profile to COFF version of LLD:
= Update documentation and release notes for llvm-profgen COFF support:

* Profile Maintenance:
» LoopRotate:

= Debuglnfo Fix:
» JumpTable:
» CodeGen:

= Support —gsplit-dwarf for COFF (RFC: ):
> MC: , , ,
» Clang & MC: , 82dff24bdel12984314568e7d581379fd0ead 8eb
> [LLD][COFFI: (to support /dwodir for LTO)
» Clang:

= Emitsymbol-table for COFF:
» [LLD][COFFI:

= Fix HW-based PGO/Sampling-based PGO gap with Instrumentation-based PGO:
» InlineCost:
> InstCombine:
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https://clang.llvm.org/docs/UsersManual.html#using-sampling-profilers
https://github.com/llvm/llvm-project/pull/83972
https://github.com/llvm/llvm-project/pull/85701
https://github.com/llvm/llvm-project/pull/84864
https://github.com/llvm/llvm-project/pull/86496
https://github.com/llvm/llvm-project/pull/71018
https://github.com/llvm/llvm-project/pull/72075
https://github.com/llvm/llvm-project/pull/72082
https://github.com/llvm/llvm-project/pull/72118
https://github.com/llvm/llvm-project/pull/71021
https://github.com/llvm/llvm-project/pull/72192
https://discourse.llvm.org/t/rfc-support-split-dwarf-for-windows-coff/71276
https://reviews.llvm.org/D151793
https://reviews.llvm.org/D152119
https://reviews.llvm.org/D152229
https://reviews.llvm.org/D152340
https://reviews.llvm.org/D152785
https://reviews.llvm.org/D154070
https://reviews.llvm.org/D154176
https://reviews.llvm.org/D154295
https://reviews.llvm.org/D149235
https://github.com/llvm/llvm-project/pull/66457
https://github.com/llvm/llvm-project/pull/68474
https://github.com/llvm/llvm-project/pull/68502

Summary

» HW-based PGO is an extension of existing Sampling-based
PGO for:
»Lower overhead
»Higheraccuracy
»New feedback capabilities for higher performance gains

» Call community collaboration on HW-based PGO to:

> Add infrastructure to support more feedback/profile types besides
frequency

> Add optimizations for new feedback/profile types
»Enhance Debug Info Accuracy

»Enhance Profile Maintenance

» Support Value Profiling
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ASSUMES NO LIABILITY WHATSOEVER AND INTEL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY,
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INTELLECTUAL PROPERTY RIGHT.

= Software and workloads used in performance tests may have been optimized for performance only on Intel
microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems,
components, software, operations and functions. Any change to any of those factors may cause the results to vary. You
should consult other information and performance tests to assist you in fully evaluating your contemplated purchases,
including the performance of that product when combined with other products.

= Copyright © 2024, Intel Corporation. All rights reserved. Intel, Pentium, Xeon, Xeon Phi, Core, VTune, Cilk, and the Intel
logo are trademarks of Intel Corporation inthe U.S. and other countries.

Intel’s compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel
microprocessors. These optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not guarantee the
availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-dependent
optimizations in this product are intended for use with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture are
reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the
specific instruction sets covered by this notice.

Notice revision #20110804
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535

Collection Overhead Reduced by Extended P

Collecting Reference Clocks at Extremely High Sampling Rates
(10K Sample After Value)
Note that 10K is orders of magnitude higher sampling rate than required

20.00% Extended PEBS HW reduces overhead 9x 160000
18.00% at collection with ~7 micro-second granularity 140000
c 16.00%
0 120000
t 14.00%
x 0
3 12.00% 100000 E
v o8
0 10.00% 80000 3
v o
E 8.00% 60000 E
5 6.00%
o 40000
o 4.00%
20000
2.00%
0.00% & _ .

1 PEBS per PMI 10 PEBS per PMI 20 PEBS per PMI 30 PEBS per PMI No Collection
PEBS/PMI Ratio

mm Overhead Collection —Interrupts/s ~
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New Feedback Capabilities
Branch Mispredict Feedback CoreMark®-PRO Example:

coremark-pro/benchmarks/consumer_v2/cjpeg/jcdctmagr.c

Poorly predicted according to HW events:
* BR_INST_RETIRED.NEAR_TAKEN

* BR_MISP_RETIRED.ALL_BRANCHES

223 #define DIVIDE BY(a,b) if (a »=b) a /=Db; else a =20 t12 = -temp + qual >> 1
224 #endif if (t12 >= qval)
225 if (temp < @) { ’ t15 = t12 / (temp < 0 ? qval : 1)
226 temp = -temp; else
227 temp += qval>>1; /* for rounding */ t15=0
228 DIVIDE_BY(temp, qval); t16 = -t15
229 temp = -temp;
230 1 else { t21 = temp + gval >> 1
231 temp += qval»>>1; /* for rounding */ HWPGO if (121 >= qval)
232 DIVIDE BY(temp, qval); t24 =121/ (temp >= 07 qval : 1)
533 ) else

t24 =0

temp = temp < 07t16:124
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New

—eedback Capabilities

Branch Mispredict Feedback CoreMark®-PRO Example:

Before HWPGO:

Performance counter stats for °./cjpeg-rose’-preset.exe.Vanilla -vB@ -il1588°:

4,255.40 msec task-clock

18

1

178
22,851,463,005
<not counted>
48,356,977,972
<not counted>
4,727,869,197
<not counted>
436,828,793
<not counted>
132,308,528,448
44,620,028,215
36,836,285,578
36,839,837,672
14,531,129,481
519,327,163
36,836,233,341
22,311,685,681
2,077,047,233

-33%

After HWPGO:

Performance counter stats for './cjpeg-rose7-preset.exe.lNew -vB -il1500°:

context-switches
cpu-migrations
page-faults
cpu_corefcycles/
cpu_atom/cycles/

cpu_core/instructions/
cpu_atom/instructions/
cpu_core/branches/
cpu_atom/branches/
cpu_core/branch-misses/
cpu_atom/branch-misses/
cpu_core/slots/
cpu_core/topdown-retiring/
cpu_core/topdown-bad-spec/
cpu_core/topdown-fe-bound/
cpu_core/topdown-be-bound/
cpu_core/topdown-heavy-ops/

cpu_core/topdown-br-mispredict/

cpu_core/topdown-fetch-1lat/
cpu_core/topdown-mem-bound/

4.265031168 seconds time elapsed

4.252556000 seconds user
0.084000000 seconds sys
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# A 998 CPlle utilized
# 4,230 /sec 10
# B.235 /sec 1
# 41.829 /sec 177
# 5.182 G/sec +'| 70/ 16,174,859,445
(0.00%) (0] <not counted>
A » 56,997,553,872
(0.00%) <not counted>
# 1.111 G/sec 4,751,693,034
(0.06%) <not counted>
# 102.653 M/sec 186,485,989
(0.068%) <not counted>
# 31.892 G/sec 97,048,835,412
# 33.6% Retiring 53,277,581,186
# 27.7% Bad Speculation 23,213,761,622
# 27.7% Frontend Bound 9,898,710,296
# 10.9% Backend Bound 10,658,832,892
# @.4% Heavy Operations # 33.2% Light Operations 381,031,756
# 27.7% Branch Mispredict # 0.08% Machine Clears 23,213,662,047
# 16.8% Fetch Latency # 18.9% Fetch Bandwidth 4,950,877,0068
# 1.6% Memory Bound # 9.4% Core Bound 381,678,995

» 3,118.57 msec task-clock

context-switches
cpu-migrations

page-faults
cpu_core/cycles/
cpu_atom/cycles/
cpu_core/instructions/
cpu_atom/instructions/
cpu_core/branches/
cpu_atom/branches/
cpu_core/branch-misses/
cpu_atom/branch-misses/
cpu_core/slots/
cpu_core/topdown-retiring/
cpu_core/topdown-bad-spec/
cpu_core/topdown-fe-bound/
cpu_core/topdown-be-bound/
cpu_core/topdown-heavy-ops/

cpu_core/topdown-br-mispredict/

cpu_core/topdown-fetch-lat/
cpu_core/topdown-mem-bound/

3.128461260 seconds time elapsed

Call community collaboration on HWPGO to:
- Addinfrastructure support for more feedback/profile types
besides frequency (i.e., “-fprofile-sample-use=code.freq.prof”)

« Add optimizations for new profile types

£ F* H K

#*

FH oM W K H HE

0.997 CPUs utilized
3.207 [sec
0.321 /sec
56.757 /sec
5.

187 G/sec
18.277 G/sec
1.524 G/sec
59.773 M/sec

31.128 G/sec
54.9% Retiring
23.9% Bad Speculation
10.2% Frontend Bound
11.8% Backend Bound
©.4% Heavy Operations
23.9% Branch Mispredict
5.1% Fetch Latency
8.4% Memory Bound

ECRE

(0.00%)
(0.00%)
(0.00%)

(0.00e%)

54.5% Light Operations
08.08% Machine Clears
5.1% Fetch Bandwidth

18.6% Core Bound




Windows Support: [lvm-profgen

Canonicalize WINDOWS Virtual Address for COFF/PE

canonicalizeVirtualAddress Address) {

Address - BaseAddress + getPreferredBaseAddress();

5 PERF_RECORD_MMAP2 1764/0: [0x08007FF9F2271000( 0x2940080) @ 8x1808 ]: x C:\Windows\System32\KernelBase.dll
Disasm  General DOSHdr  FileHdr  Opticnal Hdr  Section Hdrs Imports 6 PERF_RECORD_HHAP2 1764/0: [0x00007FF9F2661000(0xFafoe) @ 0x1000 ]: x C:\Windows\System32\ucrtbase.dll
7 PERF_RECORD_HHAP2 176478: [Bx00807FF9F2531000(06x11600) @ 821088 1: x C:\Windows\System32\kernel.appcore.dll
Offset Name Value Value 8 PERF_RECORD HmaP2 1764/0: [0x00007FF9eF461000({0x1aB08) @ Bx10080 ]: x C:\Windows\System32\ucruntime148.d11
Magic 208 TG4 9 PERF_RECORD_HHAP2 “4Z6470: [0x00007Ff9ef451000(0xc000) @ 0x1000 ]: x C:\Windows\System32\ucruntime140 1.d11
92 Linker Ver. (Major) E 16 PERF_RECORD_HHMAPZ 176L70: [0x08007FFocci61000(0x8dARR) @ Bx1080 ]: x C:\Windows\System32imsvcpi4n.dll
93 Linker Ver, (Miner) 0 11 PERF_RECORD_MHMAPZ 1764/8: '| Bx00007 FF6cafd@nan( 6x5a8008) @ Bx1000 ]: x D:\wxiao3\optispgorsortisort.exe
o Size of Code 3AD0D
43 Size of Initialized Data 3000 .
->
GC Size of Uninitialized Data 0 Blnary getTethegmentOffset()
AD Entry Point 4068
Ad Base of Code 1000 Disasm General DOSHdr  FileHdr  Optional Hdr  Section Hdrs Imports Exception BaseReloc.
ra
A8 Image Base 140000000 + “
BO Section Alignment 1000 Mame Raw Addr. Raw si Virtual Addr. Virtual 5ize  Characteristics  Ptrto Reloc.  Mum. of Reloc.  Mum. of Linenum.
B4 File Alignment 200 -
B2 05 Ver. (Major) 5 Windows Vista / Server 2008 text 400 3A00 1000 i 60000020 0 0 0
= 05 Ver. (Minor) - rdata 3E0D 2200 5000 204 40000040 0 0 0
BC Image Ver. (Major 0 data 6000 400 2000 4EBS0 0000040 0 0 0
.pdata 6400 600 57000 444 40000040 0 0 0
D0cfg GADD 200 58000 28 A00000A0 0 0 0
~oltbl 6C00 200 59000 18 0 0 0 0
sreloc GEOD 200 54000 AD 42000040 0 0 0
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HWPGO Documentation/Links

ntel® oneAPI DPC++/C++ Compiler:

= https://www.intel.com/content/www/us/en/docs/dpcpp-cpp-
compiler/developer-quide-reference/current/hardware-profile-quided-
optimization.html

= https://www.intel.com/content/www/us/en/developer/articles/technical/hwpgo.h
tml

» https://github.com/tcreech-intel/hwpgo-mispredict-example
LLVM:

* https://clang.llvm.org/docs/UsersManual.html#using-sampling-profilers

 Unmerged branch mispredict feedback features:
= https://qgithub.com/tcreech-intel/llvm-project/tree/ip_profiles
» https://github.com/tcreech-intel/llvm-project/tree/unpredictable loader
» https://github.com/tcreech-intel/llvm-project/tree/aggressive_speculation
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https://www.intel.com/content/www/us/en/docs/dpcpp-cpp-compiler/developer-guide-reference/current/hardware-profile-guided-optimization.html
https://www.intel.com/content/www/us/en/docs/dpcpp-cpp-compiler/developer-guide-reference/current/hardware-profile-guided-optimization.html
https://www.intel.com/content/www/us/en/docs/dpcpp-cpp-compiler/developer-guide-reference/current/hardware-profile-guided-optimization.html
https://www.intel.com/content/www/us/en/developer/articles/technical/hwpgo.html
https://www.intel.com/content/www/us/en/developer/articles/technical/hwpgo.html
https://github.com/tcreech-intel/hwpgo-mispredict-example
https://clang.llvm.org/docs/UsersManual.html#using-sampling-profilers
https://github.com/tcreech-intel/llvm-project/tree/ip_profiles
https://github.com/tcreech-intel/llvm-project/tree/unpredictable_loader
https://github.com/tcreech-intel/llvm-project/tree/aggressive_speculation

SPEC CPU201/ Performance on IcelLLake Windows Server

llvm-trunk 20240408

Default (Normalized Performance)

HW-based PGO

Instrumentation-based PGO

500.perlbench_r 100% 110.19% 113.63%
502.gcc_r 100% 103.13% 105.28%
511.povray _r 100% 106.37% 110.41%

HW-based PGO

e 1%t build: /clang:-fdebug-info-for-profiling /clang:-funique-internal-linkage-names -gdwarf -gline-tables-only -fuse-ld=Ild
« 2" build: /clang:-fprofile-sample-use=default.profdata -gline-tables-only -fuse-ld=Ild
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