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Introduction

e Users of HW Performance Monitoring

« HW Performance Monitoring Tools

o Sun's Profiling Tools
= Application and Kernel

o Sun's Monitoring Tools
= Application, System, and Kernel

o HW Counter Libraries and APIs
e HW Counter Requirements



Users and their Objectives

e Users—various types
o End users
o End user developers
o |SV developers
o Compiler writers
o Field engineers and system tuners
o System SW developers
o Chip designers

e Objectives for all:
o What can | change to make things faster?



End User Tools

 Monitoring Tools

o Both application and system
o General overview of behavior

o Curiosity, more than anything else:
= End Users have few knobs to turn
= Can change configurations:
o Memory
o Processors
o Disk controllers
o Domalin partitioning
o Application migration



End User Developer Tools

 Monitoring tools

o Show a quick overview, system performance
o Get data on what to profile

e Profiling Tools

o Memory Performance: Cache, TLB
= ys. Functions/source-lines/instructions
= vs. Data types
= ys. Cachelines, memory buses, controllers, pages, ...

o Floating-point Performance
o Report data against user's programming model

e Library APlIs

o To Instrument code regions



ISV Developer Tools

e Very much like end user developers
o But less likely to use library APIs
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Compiler Writer Tools

 Monitoring and profiling
o Compiler itself
o Compiler-generated code

e Generated Instrumentation
o Using APIs

e Feedback-directed optimization
o Memory profiling to inform better layout, striding
o Branch-mispredict profiles
o Other opportunities?



Field Engineer/System Tunerools
 Monitoring and profiling

o Both user applications and system

o Configuration management (like end users)
= Memory
= Processors
= Disk controllers
= Domain partitioning
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System SW Developer Tools
» System-monitoring tools
o Observability into OS
e Kernel profiling tools

e Runtime monitoring

o Data to support page placement and migration

o Understand scheduling
= Particularly on CMT systems

e [ssue: conflict with other uses of HW
o System-level tools lock out user-level tools



Chip-designer Tools

 Not too much interest in current chips

o Care about long-term development

o Sometimes exploit tools on existing systems

to inform next-generation designs
= Long design cycles make this problematic
o Leapfrog?
= Mostly use simulators, not old-generation chips
= Do use current HW monitoring to validate traces

 Unanswerable questions =>

o Better HW monitoring in next chip to get answers
= Or so we hope



Sun's Profiling Tools

* Application profilers
o Sun Studio—col | ect /Analyzer

e Kernel profilers
o Sun Studio—er _ker nel /Analyzer

 No multiplexing of HW counters

o Hard to get valid statistics with multiplexing

o Implies multiple runs
= |[f more counters of interest than counter registers



col | ect /analyzer

e collect -h <ctr>,<interval>, ...

o As many counters as the HW allows
o Automagic register assignment

e Memory counters

o Prefix with + to record actual instruction, VA, PA
= US-IILIV
o Counter skid => backtracking to get data, which may fail
= Newer chips will fix that

e Can record multiple experiments

o Aggregate them for presentation
o In lieu of multiplexing



Sun.

microsystems

Application Profiling-Analyzer

Memory Performance Profiling

Performance Analyzer [test. memory.1 .er, ...]

File Yiew Timeline Help
[sl=l=Elle|[e[= [mn]e]=] «fp]a]s][@][a]a]E] rnfte =ll=]/2]
5 User | 5 CPU | & §5tall | % DEand EF | & Ef Stall | Mame 5 Data for Selectad Object:
CPU Cycles Cycles Stall Cycles Cycles
T (5ec) (sec) (5ec.) {zec.) (zec) Harme: dgenv_gl_
41.539  31.850 0.088 13.6871 11.495 «Total= PC Address: |2: 0x00006538
11.728 7.233 0.016 3.976 3.411 derenw_ gl Size: 1276
8.947 5,433 0.01z2 4,045 3.525 dgemw_optl_ Source File: | /honme/nartyi/workarea/demos/cachetes
8.236 7.800 0.003 0.00z 0.001 load arrays_ Object File: | /home/martyi/workarea/demos/cachetes
3.853 3.789 0.001 0,990 0.757  dyemwv_gZ_ Load Object: <cachetests
1.481 1.456 0.002 0,345 0.741  dgemv_optZ )
gEIE_OptL_ Mangled Hame:
1.111 1.089 0.002 0. 0. __mt_WaitForWork_ - i
. Aliases:
1.091 1.0Z2 0.001 0.949 0.807 dgenv_pl_ -- NP doall frow line 12 [_sdlalZ.dgenv_pl ] -
1.061  l.0ZZ 0.001 0.951 0.801  dgemv pZ  -- MP doall from line 31 [ $d1B31.dgemv p2 ] Process Times (sec.) | Counts
0.a71 0,933 0.001 0,896 0.729  dgenv hiZ : & Exclusive T3
0.951  0.922 0.001 0.896 0,718  dgemv hil : User CPU: 11.728 { 28.2%) 11
0.380  0.37&6 0. a. a. _ mt End0fTask Barrier i Wall: 11,958 ({ 29.0%)
0.360 0.356 0. a. 0.001 barrier -- MP doall from line 20 [_sdlazZ0.barrier ] Total Lwe: 11.958 | 27.2%) 11
0.360 0.336 0. a. 0.001 barrier_ -- MF doall from line 45 [_§dlE45.barrier_] System CPU: 0.210 | 17.4%) i
0.010 a 0. 0.001 a. _priwvate_close Wit CPLU: 0.020 | 33.3%) 0
o u o H- H- Bplt ' User Lock: i) [ 0. %) 0
0. 1] 0. 0.001 a. MATI
- Text Page Fault: 0 [ 3] 0
0. a 0. a. a. _ mt_MasterFunction_ -
] Data Page Fault: 0 [ 3] 0
0. 1] 0. a. a. _ mt_SlaveFunction = =
a. ] a. . . _ mt run my job_ - ]
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Application Profiling-Analyzer
Disassembly Display

Sun.

microsystems

Performance Analyzer [test.] .er]

File View Timeline Help

[s[=/=E e[ [alE=] (8] (alb[2[5]E[ala] el FIEE]

Disassembly |

o User | o DEandEF | & Sync | & SyncWait | Source File: . /uttest.c

CPU Stall Cycles Wit Count Object File: ./mttest.o

(sec) (zec) (sec) Load Object: <mttests

o. o. . [ [1281] 14fed: 1d [302 + 208], %05

0 0 0. 1} [1z281] 145e8:  1ldd [%05 + 8], %f&8 (No type information)
0 0 a. i] [1278] 145ec: nop

0 0 . a [1278] 145f0: nop

0 o. . a [1281] 145f4*% <hranch target> fEmm———

1282, )

_ _ [1281]  145f4: 1d [500], 30 {structure:work$truct t -}, {float sum ctr)

1.281 ] a. il [1281] l45fe:  cmp g5, %ol

] ] a. il [1281] 14600: fstod 5£0, 5£4
3.893 0 a. 1} [1281] 14604: faddd zf4, %£8, %f6
] ] a. il [1281] 14£08: fdtos sf6, %£2
S.624 0 0. i} [1281] l460c: st 5£2, [%o00] {structure:workitruct_t -}.{float sum crtr}
0.700 0 0. 0 [1278] 14610: nop

0 0 0. i} [1278] 14614: nop

] ] a. il [1281] 14618: bl,pt tice, Ox145£4
1,081 ] a. il [1281] l4gle:  nop

0 0 a. 1} [1281] 14620: retl

] ] a. i [1281] 14524: nop

| »

[4]
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Application Profiling-Analyzer
Data Objects Display

Eile ‘\_ﬂew Iimeline Eelp

Performance Analyzer [mcf.1 .er]

EREEEEE

= [m[E]=| (B [«a[w]a[v][E]a]a] fnfTe

El=e]

DataObjects s N

= B Stall o Ef Read Misses Mame
Cycles
= (seC) (%) (%)
309.307 100.00 1600644130 100.00 <Tobtals
169.701 54.87 952 528 575 59,51 Istructure:arc -}
133.257 43.08 625018840 39,24 {structure:node -}
79.401  25.687 476 814304 29,79 {astructure:arc -}.{cost_t=long cost}
67.323  21.77 341 310239 21.32 {structure:node -}.{long orientation}
67.212  21.73 411812354 25.73 Istructure:arc -}.{long ident}
29.645 9,58 127 203 81A 7.95 {structure:node -}.{pointer+structure:node child}
200187 6.52 87302619 5.45 [structure:node -}.{cost_t=long potentiall
13.611 4,40 13700411 0.86 {structure:arc -}.{pointer+node_t=structure:node taill
5.345 2.70 49 601 4538 3.10 {structure:arc -}.{flow_t=long flow}
6.267 2.03 20800 624 1.30 {structure:node -}.{pointer+structure:node pred}
6.260  2.02 19096745  1.19 <Unkmown>
5. 444 1.76 26 000 7580 l.62 {atructure:node -}.{pointer+atructure:arc bazic_arc}
3.456 1.12 17400 522 1.09 (No type information)
3.133 1.01 21100633 1.32 {structure:node -}.{long time}
1.367 0.44 a a. [{Backtracking trawversed a hranch target)
0.944 0.31 a a. (Memory-referencing instruction did not specify a walid Vi)
0.578 .19 600015 0.04 fstructure:arc -}.{pointer+node_t=structure:node head)
0,522 n.17 i} a. {structure:arc -}.{cost_t=long org_cost}

[4]

Eata Ohject:
Scope:
Type:
Member of:
Offset:

Size:
Elements:

List:

Data for Selected Object:
{structure:arc -}
{Global)

SCXUCTUre: arc
54
g

Offzet Size Nane
i] & Istructure:arc -}.{point
] & Istructure:arc -}.{point
16 & Istructure:arc -}.{point
24 8 {structure:

Process Times (sec.) / Counts
= Data-derived

E$ Stall Cycles: 168,701 (54.87%)
" count: 152731075441
E$ Read Misses: 952528575 (59,51%)
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Application Profiling-Analyzer
Data Layout Display

Performance Analyzer [test.] .er]

Fila \_ﬁew Iimeline ﬂelp

=== Bl 8][E]= [@]e[=] (8] [[n]2 ]3] @] «]a] e SIE]

[[53

2

o EF Read | & EF Stall | Name : Data for Selected Objact:
Misses Cycles # +offset .element : _
E==Ty Data Object: |<Totalx
144 039 383 24,211  <Totals> Scope: |(Global)

Iype: {3ynthetic)

143 300 000 23.974 {atructurarfoo -} Member of:
300000 0,04z i +0 . {pointer+strucrture:foo fnext} - Offset:
300000 0.lee | +4 . {pointer+structure:foo fright! _-SEE'D
i} 0 | +5 .{pointer+structure:foo fleft} -
Elements:
0 0.037 | 412 .{int fstat} =
_ | +l6 .{int fcode} Process Times (sec.)/ Counts
0.056 | 420 .{int fval} i Data-derived
0. | 424 .{int fileft} E% Read Misses: 144039383 (100.00%)
0. Y 428 .{int finext} E$ Stall Cycles: 24,211 (100.00%)
0. 4 432 .{int firight} " count: 21790043527
0. Y +36 .{array[28]:char furused}

0.078 <Scalars»
0.079 {int iter)

239 383 0.158 <Wnknown>
i] 0.071 {Backtracking trawversed a branch target)
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Application Profiling-Analyzer
Memory Objects Display

Performance Analyzer [mcf.1.er]

Eile \_ﬂew Iimeline Eelp
[s[=lz=)dBl[a|[=[=] [@]E=] [E [«ale/a]o]@]a]a] fndTe [z][]
; Data for Selected Object:
Display Mode: @ Text () Graphical Object Type: | US3-L2-Cache v : _ _
o | Eemnryﬂh]ects: |U53—L2 Cache Line 10024 [0x2728)

mciglg;a“ ti E¥ Read Misses | Mame Process Times (sec.}/ Counts

T (sec) %) %) % Data-derived

309.307 100.00 1600644190 100.00 <Totals ~|l|l E$sStal cycles: 0.178 | 0.06%)
3.271 1.06 2396 244 0.15% «<nlmown> " count: 159999973
0.178  0.08 100003 0.0l U$3-L2 Cache Line 10024 ([0x2728) E$ Read Misses: 100003 { 0.01%)
0.167  0.05 100003 0.0l U$3-L2 Cache Line 18378 ([Ox3ffa) :
0.167  0.05 100003 0.0l U$3-L2 Cache Line 2092 (0x82c)
0.133 0.04 400012 0.02 T33-LZ Cache Line 8185 [0x1££9)
0.133 0.04 100003 0.01 T33-LZ Cache Line 7384 (0xlcd3)
0,122 0.04 300009 0.02 T33-LZ Cache Line 6252 [0x186c)
0.111 0.04 100003 0.01 T33-LZ Cache Line 2532 [0xDed)
0.111 0.04 0 0. U33-L2 Cache Line 3147 [Oxcdh)
0.111 0.04 400012 0.02 T33-LZ Cache Line 2108 [0x2304)
0.111 0.04 0 0 U33-L2 Cache Line 5972 [0x1754)
0.111 0.04 S000L15 0.03 U33-LZ Cache Line 5249 [0x2039)
0.111 0.04 400012 0.02 UT33-LZ Cache Line 3502 [Oxdae)
0,111 0.04 400012 0,02 U33-L2 Cache Line 5186 [0xl1ffa)
0,111 0.04 100003 0,01 U33-L2 Cache Line 3690 [(Oxefa)
0,100 0.03 0 0 U33-L2 Cache Line 3496 [0Oxdad) |
0,100 0,03 400012 0,02 T33-L2 Cache Line §416 (Oxa0e0) il
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Application Profiling-Analyzer

Floating-point Performance Display

Performance Analyzer [test.flops.] .er]

File View Timeline Help

1= B Y E R 1 E R C Y VN N 1 EHA

o User | 2 FP Adds | & FP Muls | Name 5 Data for Selected Ohject:

Ec(gé'lcl) Name: dgemv_gl_

40,839 354317524 ZET 000371 «Totals PC Address: |z:0x00003535

11.5395 36 000 108 35000105 dygemw_ogl_ SiEE: L1278
9.687 36000108 38000108 dgewy optl_ Source File: | /home /martyi/vorkarea/denos/cachetes
8.076 u U load arrays_ Ohbject File: |/hone/martyi/vorkarea/denos/cachetes
3.823 36000108 360001058 dgewmv gz Load Object: <cachetests
1.461 36 000123 36000144 dygemv opti_ Mangled Name:
1.1z21 a 0 _ mt WaitForWork _ )
1.051 36000195 35000224 dgewv_pl_  -- MP doall frow line 12 [_§dlAlZ.dgemv_pl_] Aliases:
1.051 36000216 36000224 dgewv p2  -- MP doall from line 31 [ $dlB3l.dgemv p2_] Process Times (sec.) / Counts
0,971 36000204 36000228 dyemv hil & Exclusive 53 Inclusive
0.931 36000245 36000229 dgewv hiz_ User CPU: 11.598 | 28.4%) 11,595 | z8
0.370 i] 0 _ mt_End0fTask_Barrier_ Wall: 11.598 | 29.2%) 11,5398 | 29
0.360 32000128 0 barrier -- NP doall from line 20 [_§dlAZ0.barrier_ ] Tgtal L 11.588 | 27.4%) 11.5%8 ( 27
0.360 64 000 320 0 barrier -- MNP doall from line 45 [_§dlB45S.barrier ] System CPU: n. Y n. Lo
o. o 0 MAIN_ Wait CPU: 0 {0 %) 0. { O
a. a 0 _ £90_allocatez User Lock: o [0, % 0. e
o . 0 e Barrier_Init Text Page Fault: 0 [ 0. %) 0. {0
0. ] ] nt_MasterFunction -
o o o _mt_mewusermread - Data Page Fault: 0 [ 0% 0. {0
0. ] 0 _ mt_3laveFunction_ |
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Application Profiling-Analyzer
Timeline Display

3 Data for Currgnt Timeling Selaction
- test.l.er

HII Counter Data f(ecrm)
refresh potential

Performance Analyzer [test.] .er]

Sun.

microsystems

2125

=] [mee]=] [&] [afir]a]w][E]a]s] FnTe:
212.0

Experiment HName:
Event Tyge:
Leaf Function:
Timestami (sec.y

210.933784

LP: |1
1

Tl_lread.

View Timeline Hel
[SEEEEE
| 2106 . J Zuls | - a8 \ —il:
N D

CPU: 1
100003

Interval:

;200

0x0000000100Z279875

Clock Freq (MHz)

Ox0000000060AT79575

Data virtual Addr:

wture:node -}.{long orientation}

Data Physical A ddr

I _start + 0x0000017C

[«]

3/1/05 10:15:25 am
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Data Descriptor
Call Stack for Selected Event

refresh_potential + 0x000000D0, line 84 in "mcfutil.c™
primal_net_simplex + 0x000001FC, ling 127 in "psimplex.c"

main + 0x00000194, line 45 in "mcf.c”




Kernel Profiling-Analyzer
e Similar invocation to col | ect

o Can use loada

bl.e drlver (internal tool)

mFor clock- or HWC-profiling
o Use DTrace (Solaris 10)

=Clock-profiling now

=HWC-profiling coming

e Experiment reac
o Same as user
e Can record simu

with Analyzer
vrofiling

taneous user/kernel




Sun's Monitoring Tools

e Application monitoring tools
o cputrack
o ripe2 (built on top of cputrack) (internaltool
O W (internal tool)

e System monitoring tools
o cpustat
o busstat

e Allow/exploit multiplexing of HW counters

o Valid statistics much more likely than for profiling
o Use to see which counters to profile against



Sun.

microsystems

Application Monitoring-gatrack
quiradk output — periodic, multiplexed

U.1u4d  111u0u 1 Cick 117/dd=244: lobZa # picU=Cycle_cnt,picl=DTLB_miss,Sys

0.206 11100 1 tick 59287053 29285156 # picel=Instr_ont,picl=Re DC _miss,svys

0.304 11100 1 tick 544973 5320111 4 picO=Dispatch0 IC miss,picl=Re EC miss,sys

0.403 11100 1 tick 259749 8 # picO=Dispatch0 br_ target picl=REe PC miss,svys
0.503 11100 1 tick 97217 452879 4 picO=Dispatch0 2Znd br,picl DlspatchD_mlspred SYsS
0.603 11100 1 tick 396249 2962149 # picO=Dispatch_rs mispred,picl=Re RAW miss,svys
0.703 11100 1 tick T9086301 5287 4 picO=Rstall storel,picl=Rstall FP use,sys

0.872 11100 1 tick 3100459 18 # picO=Estall IU use,picl=Re FPU bvpass,svs

0.932 11100 1 tick 678858680 176 # picO=Cvcle ont, plcl DTLE_mlss SYVS

1.052 11100 1 tick 148401091 2241460 # picO=Instr_cont,picl=Re DC miss, svs

1.112 11100 1 tick hz2640 131944 # picO=Dispatchl0 IC miss,picl=Re EC miss,svs

1.222 11100 1 tick 359 8 # picO=Dispatch0 br_ target picl=Ee PC miss,svys
1.352 11100 1 tick 180 2989 # picOD=Dispatch0 2Znd br,picli=Dispatchd mlspred SYVS
1.412 11100 1 tick 633 898685 # picl=Dispatch_rs mlspred picl=Re RAW miss,svys
1.532 11100 1 tick 297242 35764030 # picO=Rstall storel,picl=Rstall FP use,svs

1.612 11100 1 tiak 1359398 8 # picl=REstall IU use,picl=Re FPU bypass,sys

1.712 11100 1 tick 116030624 20 # picO=Cycle ont), plcl DTLE_mlss SVS

1.832 11100 1 tiak 150258502 7114364 # picl=Instr ont,picl=Re DC miss, svs

1.5922 11100 1 tiak 44256 3965119 # picO=Dispatchl IC miss,picl=Re EC miss,sys

Z2.032 11100 1 tiak 15478 4 4% picO=Dizpatchl br_ target picl=Re PC miss,svys
Z2.132 11100 1 tiak 310Z 32512 # picO=Dispatch0 2nd br,picl=Dispatchid mlspred SVE
Z2.212 11100 1 tiak 1843 3160 # pic0=Dispatch rs mlspred picl=Re RAW miss,svys
Z2.342 11100 1 tick 15692 1659570 # picO=R=stall storel,picl=Rstall FF use,svs

2,492 11100 1 tick 125846858 4 # picO=REstall IU use,picl=Re FPU bypass,sys

Z2.522 11100 1 tick 32731512 43 4 picO=Cycle ont), plcl =DTLE miss, svs

Z.61l2 11100 1 tick 134166672 268650687 # picl=Instr ont,picl=Re DC miss,=svys

2,732 11100 1 tick 75839 4082663 # picO=Dispatchl _IC miss,picl=Re EC miss,sys

Z.822 11100 1 tick 14306 6 # picO=Dispatchl br_ target picl=Re PC miss,sys
Z2.912 11100 1 tick =hbd 29214 # picO=Dispatch0 2nd br,picl=Dispatchi mlspred sSVES
3.0682 11100 1 tick 1591 16143 # picO Dlspatch_rs_mlspred picl=Re RAW micss, svs
3.122 11100 1 tick 10685 T3836Z # picO=Rstall storel,picl=Rstall FP use,sys

3.212 11100 1 tick 102127 8 # picO=R=stall IU use,picl=Re FPU bvpass,sys

3.342 11100 1 tick 152910322 B8 # picl=Cyole ont,picl=DTLE miss, svs

3.452 11100 1 tick 166866481 31695212 # picl=Instr ont,picl=Re DC miss, sys

3.512 11100 1 tick 48366 2928255 # picO=Dispatch0 IC miss,picl=Re EC miss,svs

3.662 11100 1 tick 20517 b # picO=Dispatchl_br target,picl=Re PC miss,=ys
3.722 11100 1 tick 15385 15289 4 picO=Dispatchl_Znd _br,picl=Dispatchi_mispred, svys=s
3.812 11100 1 tick 1751 21546 # picO=Dispatch_rs_mispred,picl=Re RAW miss,sys
3.912 11100 1 tick 17800 12435820 # picO=Rstall_storep,picl=Rstall FP_use,sys

4.022 11100 1 tick 1229589 8 # picO=Rstall_IU use,pilcl=Re_ FPU_bypass,sSys

A 1322 111 0N 1 tdrml 12220410 E2 8 rmiml=rtrrlae st +wde] =MTT.R md oo oiro



Application Monitoring-r1
Aggregated quiradkoutput

Application stall information
Application information

Sun.

microsystems

————————————————————————— B ST e
Ultra-III ticks sec %
O0_IC miss 2033194905 2. 782 0. 3%
00 _br_targ_cale 709057035 0.673 0 1z
00 _Znd br 9375570 0. 009 0. 0%
00_mispred 422139615 0.400 0. 0%
O rs mispred 24932760 0.024 0.0%
Fs_storel 83204402805 79.015 9 1x
Fs_FP_use ET7868519605 E4. 895 6. 3%
Fs_IU use 0970661385 0. 458 1.1x%
Re FPU hypass 2220 0. 000 0. 0%
Fe FAWV miss 2686604685 2. 540 0. 3%
Fe DC miss 464061620820 440.218 50.6%
Fe EC miss 142546870395 135,223  15.5% (in DC miss)
Fe PC miss 4470 0.000 0. 0%
DTLE miss 74348460 5. 095 0. 7%
total £28300315085 E06.018 A8.5=%
°
time 017205835095 870.080 100. 0%
instr E05747594035 Stall tlmes
IPC 0.551 {dnstr/time)
Grouping 1.751 (instr/(time-total))
T . T — Floating point traps J
Ultra-III events  evnt/instr % g p p
Ic ref 189100726920 0.206 100.0%
IG miss E8170380 0. 000 0.0% of IC ref
OC_rd 188104677270 0.205 100.0% Z Z
OC_rd miss 8327843370 0. 009 4. 4% of DG_rd
510460 D0S 10005 - —Events per instruction
OC_wr miss 41307834105 0. 045 65. 2% of DC_wr
EC_ref 236891795940 0.258 100.0%
EC misses 9228401335 0.009 3.5% of EC_ref
EC_rd miss 557590905 0.001 6.7% of DC_rd miss
EC_ic miss 16296120 0.000 23.9% of IC miss
ITLE 20400 0. 000 0.0% of instructions
FP inst A= 97000594365 M=-100438407380 39 2% of instructions

Granhnf nednrmance cnunters nyer time
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System Monitoring-qost &

System-wide version of cput r ack
e CPU counters

$# Cpustat

time opu

L0059
.01a
.0os
010
.oo9
.010
L0059
.01a
.0os
010
.oo9
.01a
L0045
.01a
L0045
.a1a
L0059
.01a

010

Lol o I e I el e Y el el e el O e

Sun.

microsystems

- picl=Instr cnt,picl=FEe DC miss,sys —-o picl=Dispatch0 IC miss,picl=Ee EC

aevent
ticlk
tick
tick
tick
tick
tick
ticlk
tick
tick
tick
tick
ticlk
tick
tick
tick
tick
ticlk
tick
tick
tick

pic0 picl
2059035807 33974649 # picO=Instr cnt,picl=Re DC miss, sys
1551600712 22778438 # picO=Instr cnt,picl=Re DT miss,sys

4571689390 37188376 # picO=Dispatchl_IC miss,picl=Re_ EC mi=ss,
328284013 41892660 # picl=Dispatch0 IC miss,picl=Re EC miss,

1451190423 157834999 # picl=Instr cnt,picl=FEe DC miss,sys
14621693601 341406193 # picO=Instr cnt,picl=Re DC miss,svs
570278705 226545705 # picO=Dispatch0 IC miss,picl=Re EC miss
586545220 1260403413 # picO=Dispatchl IC miss,picl=Re EC miss
1279091800 1224859122 # picO=Instr_cnt,picl=Re D miss, sys
1850824519 36368595893 # picl=Instr_cnt,picl=Re DC _miss, sys
493026173 128362677 # picl=Dispatchl IC miss,picl=Re EC miss,
5862945847 81941837 # picl=Dispatchl IC miss,picl=Re EC miss,
1946205173 229090921 # picl=Instr_cnt,picl= “Re - DC miss,sys
1351275940 1754592857 # picl=Instr_cnt,picl=Re D miss,sys

555076554 74295003 # picO DlspatchD_IC_mlss picl Re_EC_mlss,
570543507 101949954 # picO=Dispatchl IC miss,picl=Re EC miss,

18581264848 286191421 # picO=Instr cnt,picl=Re DC miss, sys
1318075599 1338670592 # picO=Instr cnt,picl=Re DT miss,sys

S7TTEE523 1119240598 # picO=Dispatchl_IC miss,picl=Re_ EC mi=ss,
bdbB82743 155645759 # picl=Dispatchl0 IC miss,picl=Re EC miss,

SYS
8YS

s EVS
, EVE

gys
5YS

5YS
sYys

SYS
8YS



System Monitoring-qost &

System-wide version of cput r ack
e Memory counters

#

Sun.

microsystems

agpustat -2 MC reads 0,MC writes 0O,sys —-¢ MC reads 1,MC writes 1,svys —-¢ MC reads
time cpu event

5.010
5.010
ao.010
ao.010
5.010
15.010
20.010
20.010
25.010
25.010
30.010
30.010
35.010
35.010
40.010
40,011
d5.010
d45.010
50.010
50.010
55.010
55.010
g0.010
e0.01%Z
65.010
B653.010
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tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick
tick

picl
379284
2

2

83775

2
416247
179454
2
2157225
2
385380
2

2
304115
B5E97S
2
16689960
2

2
738173
2
14459329
2
891850
2
104z887

picl
435924
2

2
2800104
2
480723
2909166
2
1011898
2
3055634
2

2
426714
3392755
2
TdB562
2

2
3366560
2
728740
2
3072477
2
273276

c 3 gk 3k dF g 3k 3 g g 3k 3 dF d3E 3k 3 3F d3E 3k 3 dF d3E 3k 3 3 d3E 3F

plc0=MC reads 0,picl=MC write=s 0, =svs
picl=MC reads 0,picl=MC writes 0,svs
picl=MC reads 1,picl=MC writes 1,svs
plcol0=MC reads 1,picl=MC writes 1,svs
plc0=MC reads Z,picl=MC writes Z,=svs
picl=MC reads Z,pilcl=MC writes I,svs
picl=MC reads 3,picl=MC writes 3,svs
plcol=MC reads 3,picl=MC writes 3,svs
plc0=MC reads 0,picl=MC write=s 0, =svs
picl=MC reads 0,picl=MC writes 0,svs
picl=MC reads 1,picl=MC writes 1,svs
plcol0=MC reads 1,picl=MC writes 1,svs
plc0=MC reads Z,picl=MC writes Z,=svs
picl=MC reads Z,pilcl=MC writes I,svs
picl=MC reads 3,picl=MC writes 3,svs
plcol=MC reads 3,picl=MC writes 3,svs
plc0=MC reads 0,picl=MC write=s 0, =svs
picl=MC reads 0,picl=MC writes 0,svs
picl=MC reads 1,picl=MC writes 1,svs
plcol0=MC reads 1,picl=MC writes 1,svs
plc0=MC reads Z,picl=MC writes Z,=svs
picl=MC reads Z,pilcl=MC writes I,svs
picl=MC reads 3,picl=MC writes 3,svs
plcol=MC reads 3,picl=MC writes 3,svs
plc0=MC reads 0,picl=MC write=s 0, =svs
picl=MC reads 0,picl=MC writes 0,svs



Application Monitoring-bw
Show memory bandwidth of application

e Based on cpust at
o Read memory counters, massage output

nubbi ns% bw <t ar get >

Read nenory bandw dt h: 1023. 58642578125 MB/sec (total bytes 17172930560)
Wite nenory bandw dt h: 998. 464149475098 MB/ sec (total bytes 16751448704)
Total nenory bandw dt h: 2022. 05057525635 MB/ sec (total bytes = 33924379264)
El apsed tine . 16 secs



e
System Monitoring-lhsst a

Bus performance

# busstat -w poisl

time dew

pois
poisl
poisl
poisl
poisl
poisl
poisl
poisl
poisl
poisl
poisl
poisl
poisl
pois
poisl
poisl
17 poisl
18 pois
15 poisl
20 poisl
21 poisl
22 poisl
243 poisl
24 poisl
25 poisl
2n poisi

e 0D 00 -] LA R D) )

(sl g WO R e Il

eventl

dvma stream rd
dvma stream rd
dvma_stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma_stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma_stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma_stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd

picO
200
98
197
93
a0
g9
31z

100
8204
2688
22237
a5
111
116
104
515
1330
1252
1172
189
100
a0
108
100
989

eventl

dvma stream rd
dvma stream rd
dvma_stream_rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma_stream_rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma_stream_rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma_stream_rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd
dvma stream rd

Sun.

microsystems

picl
200
88
197
83
a0
g9
31z

100
B9=0d
2688
22237
E2s|
111
116
104
515
1330
125%
1172
189
100
a0
108
100
589



HW Counter Library APIs

e Typical use by users

o Read before and after block of code
o Compute deltas

APl needs

o Select counters, preset and read values
= System call access
= Direct user-mode reading?
o Should be lower overhead than system call

e Profiling APlIs

o Specify counters, intervals for each
o Usually for tool developers, not end users



e Documented behavior

o Actual behavior, not design intent or schematics

o Verified behavior!
= |f they're not verified, they don't work

e Counters for all critical resources

o |nteresting events

o Stall-cycle counts, not just event counts
= Measures the cost of events

e Wide counter registers
o Minimize need for OS to “widen” them to 64-bits

e As many registers as possible



e Counter contexts

o Counters virtualizable to user context
= /.e., Kernel save and restore on context switch
= Qverflow attributable to user context

o System-wide - for system monitoring

e CMT Issues

o Independent counter sets for each HW thread
o Counters for resource conflict among threads
o Measure number of active threads (binning?)

e Wide-instruction chips
o Counters for how many instructions in each cycle



HW-Counter Requwements

e Counter interface - kernel driver

o Read and write entire width of counter
o Specify arbitrary interval for profiling
o Specify arbitrary method for sampling
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HW-Counter Requwements

e Profiling-interrupt infrastructure

o Easily attributable to specific counter

o Delivered as precisely as feasible
= /.e., Interrupt is synchronous to the context triggering it
= |f interrupt is deferred, allow SW to wait deterministically

o Delivered with VA/PA (memory-related counters)
= User needs to know which data objects are getting misses

e [nstruction-sampling infrastructure
o c.f., Profile-me
o Detailed information on sampled instruction



HW-Counter Constraints, |
e Everything is a tradeoff ...

o Complexity, alas, 1s somewhere
= SW wants it in HW
= HW wants in in SW

e Area constraints

o Lead to pressure to reduce number of counters
= But SW wants infinite number (approximately)

o Lead to pressure to reduce width of counters
= But SW prefers to never deal with rollover
o But still need comparator to trigger profile interrupt

o Are especially problematic for CMT



HW-Counter Constraints, Ii

e Routing constraints

o Lead to delays due to long wires

o Imply difficulty with counter placement

o May make precise, synchronous delivery difficult
e Complex pipelines

o Make precise, synchronous delivery difficult
e Mapping events to registers

o SW wants any event to map to any register
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