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Kperfmon: Overview

o Speafy a

— Almost any function a basic block in the kernel

 Apply a to the resource
— Number of entriesto afunction or basic block
— Wall clock time, CPU time (virtual time)

— All Sparc Hardware Counters. cadie misses,
branch mispredictions, instructions per cycle, ...

e Visudlzethe metric datain real time
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Kperfmon-MP: Goals

Modify uniprocessor Kperfmon to provide;

o Safe operation onSMP maadines
— Thread safety
— Migration safety
* New feaure: Per-CPU performance data

— More detailed performance data
— Reduce @che amherence traffic caused by the tool
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Kperfmon: Technology

e Usethe Kernlnst framework to:
— Insert measurement code in the kernel at run time

— Sample accumulated metric values from the user
space periodically

 No nedl for kernel recompil ation
— Works with stock SPARC Solaris 7 kernels
— Supports both 32bit and &4-bit kernels
 No nedl for rebooting
— Important for 24 x 7systems
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Kperfmon instrumentation

e Counter primitive

— Number of entriesto afunction or abasic block
o Wall clock timer primitive

— Red time spent in afunction
o CPU timer primitive

— Excludes time while the thread was switched-out

— Can count more than just timer ticks
o All HW-counter metricsuse this mechanism
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Non-MP Counter primitive

Code Patch Area

sethi hi(&cnt), rO
or r0, lo(&cnt), rO
tcp_lookup() ldx [r0], r1
entr retry:
addrl, 1,r2
casx [rO],rl,r2
cmprl, r2

bne retry
mov r2, r1

ba,atcp lookupt4

e Atomic, thread-safe update
e Lightwelght
* No register save/restore required
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Non-MP Wall clock timer primitive

Code Patch Area
start timer Data Area

—> stop timer

i
=

tcp lookup

|

 Inclusive (includestime in cdlees)
o Keegpsacamulating if switched-out
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Non-MP CPU timer primitive

tcp_lookup()

List of paused timers
:

e Exclude the time spent while switched ou
— Instrument context switch routines
e HW couner metricsare based onthis mechanism
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Non-MP CPU timer primitive

tcp_lookup()

List of paused timers

___|free| free

e Exclude the time spent while switched ou
— Instrument context switch routines
e HW couner metricsare based onthis mechanism
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Non-MP CPU timer primitive

tcp_lookup() start timer

List of paused timers

context switch

pause timer

___|free| free

restart timer

stop timer

e Exclude the time spent while switched ou
— Instrument context switch routines
e HW couner metricsare based onthis mechanism
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Non-MP CPU timer primitive

tcp_lookup() start timer

List of paused timers

context switch

pause timer

[ tmr | fre

restart timer

stop timer

e Exclude the time spent while switched ou
— Instrument context switch routines
e HW couner metricsare based onthis mechanism
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Non-MP CPU timer primitive
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Non-MP CPU timer primitive

tcp_lookup() start timer

List of paused timers

context switch

pause timer

___|free| free

restart timer
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Non-MP CPU timer primitive

tcp_lookup()

List of paused timers

e Exclude the time spent while switched ou
— Instrument context switch routines
e HW couner metricsare based onthis mechanism
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Non-MP CPU timer primitive
tcp_lookup()

context switch

List of paused timers

|

___|free| free

stop timer

e Exclude the time spent while switched ou
— Instrument context switch routines
e HW couner metricsare based onthis mechanism
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Kperfmon-MP: Goals

Modify uniprocessor Kperfmon to provide;

o Safe operation onSMP madiines
— Thread safety
— Migration safety
 New feaure: Per-CPU performance data

— More detailed performance data
— Reduce @che amherence traffic caused by the tool
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Thread Safety

Non-MP timer alocation routine
|d [head], R1
addR1, 4,R1
st R1, [head]

» Used onswitch-out to save the paused timers

e Context switchis frial on uniprocessors
— No thread safety problems there

« Context switches may be concurrent on SMPs!
— Multiple threads are being scheduled simultaneously
— The alocaion code is nolonger safe
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Thread Safety

MP timer all ocation routine
all oc:
|d [head], R1
addR1, 4,R2
cas [head], R1, R2
cmp R1, R2
bne alloc

» Context switches may be concurrent on SMPs
e Usethe atomic cas instruction to ensure safety
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Per-CPU performance data

Code Patch Area Data Area

—

" CPUF, 10
ldx cnt[rQ], r1 —

addrl, 1,r2
casx r2, cnt[rO]

|

cnt-cpu3l

 |Instrumentation codeis ared by all CPUs

e Per-CPU copies of the primitive’' s data
— Two copies are never placal in the same cadeline
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Migration Between Primitives

tcp_lookup() start timer

_ (entry) context switch DataArea

imer-pud

o Wall timer started onCPUO, stopped on CPU1
e Countersand CPU timers are not affected
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Migration Between Primitives

tcp_lookup()
context switch Data Area

o Wall timer started onCPUO, stopped on CPU1
e Countersand CPU timers are not affected
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Migration Between Primitives

tcp_lookup()
| entry) context switch DataArea

o Wall timer started onCPUO, stopped on CPU1
e Countersand CPU timers are not affected
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Migration Between Primitives

tcp_lookup()

context switch Data Area

cpul

o Wall timer started onCPUO, stopped on CPU1
e Countersand CPU timers are not affected
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Migration Between Primitives

tcp_lookup()

context switch Data Area

stop timer

o Wall timer started onCPUO, stopped on CPU1
e Countersand CPU timers are not affected
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Migration Between Primitives

tcp_lookup()

context switch Data Area

imer-pud

m
> \

stop timer

o Wall timer started onCPUO, stopped on CPU1
e Countersand CPU timers are not affected
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Solution: virtuall zation

tcp_lookup() start timer

Data Area

timer-cpu0

timer-cpul

o Implement wall timerson top d CPU timers!
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Solution: virtuall zation

tcp_lookup()

: entr Data Area

o Implement wall timerson top d CPU timers!
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Solution: virtuall zation

tcp_lookup()

o Implement wall timerson top d CPU timers!

Kperfmon-MP March 12, 2001




Solution: virtuall zation

tcp_lookup()

context switch [FEN Rl | DaaArea

o Implement wall timerson top d CPU timers!
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Solution: virtuall zation

tcp_lookup()

context switch [FEN Rl | DaaArea

add time

switched-outmdtimer-cpul
restart timer

stop timer

o Implement wall timerson top d CPU timers!
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Solution: virtuall zation

tcp_lookup()

context switch [FEN Rl | DaaArea

add time

switched-outimdtimer-cpul
restart timer

stop timer

o Implement wall timerson top d CPU timers!
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hetrics Kernel Code
(Middle—click on a metric for details) |
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Tahle Visualization

File Actions View

Phase: Current Phase
BranchMispred VStallTime E-$ VMissRatio I-$ VStallFraction entries to

Cpus frac frac tisec

afsfafs_closefsum all cpus 9e-06 0.005 0.008 2

afsfats_getpage/sum all cpus 9e-06 0.2 0.06 1e+01
afsfafs_openfsum all cpus 9e-06 0.2 0.07 3

genunixfkmem_allocfsum all cpus 0.0001 0.3 0.1 4e+02
tepltep_rput_datajsum all cpus Te-06 0.1 0.2 2e+01
ufsfuts_getpage/sum all cpus 0.002 0.3 0.06 2e+03
ufsfufs_lookupfsum all cpus 0.001 0.1 0.05 2¢+03
ufsfufs_readfsum all cpus 0.01 03 0.04 2e+03
ufsfuls_readdir/sum all cpus 02 0.05 be+01

Disassemble (orig)

Disassemble (kernel) Disassemble (kerninstd)

. S Disassemble (curr mem)
1 include asciiin disassembly L = 5

W do code replacement Start a visi




Conclusion

e Techniquesfor correa MP profili ng:
— Atomic memory updates to ensure thread safety
— Virtualized timers to hande thread migration

* Per-CPU data coll ection is important
— Provides detailed performanceinformation
— Introduces fewer coherence cadne misses
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Future Work

 New metrics
— Locality of CPU assignments
— Per-thread performance data

 Formal verification of instrumentation code
for migration/preamption problems

e Portsto ather architedures and OS es
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The Big Picture

http://www.cs.wisc.edwparadyn
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The Big Picture

 Demo: Wednesday, Room 6372

* Avallable for download onrequest
— mallto: mirg@cs.wisc.edu
—Public release in April
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