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Introduction
● Users of HW Performance Monitoring
● HW Performance Monitoring Tools

○ Sun's Profiling Tools
■ Application and Kernel

○ Sun's Monitoring Tools
■ Application, System, and Kernel

○ HW Counter Libraries and APIs
● HW Counter Requirements
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Users and their Objectives
● Users—various types

○ End users
○ End user developers
○ ISV developers
○ Compiler writers
○ Field engineers and system tuners
○ System SW developers
○ Chip designers

● Objectives for all:
○ What can I change to make things faster?
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End User Tools
● Monitoring Tools

○ Both application and system
○ General overview of behavior
○ Curiosity, more than anything else:

■ End Users have few knobs to turn
■ Can change configurations:

□ Memory
□ Processors
□ Disk controllers
□ Domain partitioning
□ Application migration
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End User Developer Tools
● Monitoring tools

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

● Profiling Tools
○ Memory Performance: Cache, TLB

■ vs. Functions/source-lines/instructions
■ vs. Data types
■ vs. Cachelines, memory buses, controllers, pages,  ...

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

● Library APIs
○ To instrument code regions
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ISV Developer Tools
● Very much like end user developers

○ But less likely to use library APIs
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Compiler Writer Tools
● Monitoring and profiling

○ Compiler itself
○ Compiler-generated code

● Generated instrumentation
○ Using APIs

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



Marty Itzkowitz, Sun Microsystems 3/1/05 10:15:23 am 8

Field Engineer/System Tuner Tools
● Monitoring and profiling

○ Both user applications and system
○ Configuration management (like end users)

■ Memory
■ Processors
■ Disk controllers
■ Domain partitioning
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System SW Developer Tools
● System-monitoring tools

○ Observability into OS
● Kernel profiling tools
● Runtime monitoring

○ Data to support page placement and migration
○ Understand scheduling

■ Particularly on CMT systems

● Issue: conflict with other uses of HW
○ System-level tools lock out user-level tools



Marty Itzkowitz, Sun Microsystems 3/1/05 10:15:23 am 10

Chip-designer Tools
● Not too much interest in current chips

○ Care about long-term development
○ Sometimes exploit tools on existing systems  

to inform next-generation designs
■ Long design cycles make this problematic

□ Leapfrog?
■ Mostly use simulators, not old-generation chips
■ Do use current HW monitoring to validate traces

● Unanswerable questions =>
○ Better HW monitoring in next chip to get answers

■ Or so we hope
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 Sun's Profiling Tools
● Application profilers

○ Sun Studio—collect /Analyzer
● Kernel profilers

○ Sun Studio—er_kernel/Analyzer

● No multiplexing of HW counters
○ Hard to get valid statistics with multiplexing
○ Implies multiple runs

■ If more counters of interest than counter registers
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collect/analyzer
● collect -h <ctr>,<interval>, ...

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

● Memory counters
○ Prefix with + to record actual instruction, VA, PA

■ US-III,IV
□ Counter skid => backtracking to get data, which may fail

■ Newer chips will fix that

● Can record multiple experiments
○ Aggregate them for presentation
○ In lieu of multiplexing
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Application Profiling--Analyzer
       Memory Performance Profiling
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Application Profiling--Analyzer
              Disassembly Display



Marty Itzkowitz, Sun Microsystems 3/1/05 10:15:24 am 15

Application Profiling--Analyzer
             Data Objects Display
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Application Profiling--Analyzer
           Data Layout Display
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Application Profiling--Analyzer
           Memory Objects Display
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Application Profiling--Analyzer
    Floating-point Performance Display
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Application Profiling--Analyzer
                 Timeline Display
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Kernel Profiling--Analyzer
● Similar invocation to collect

○ Can use loadable driver (internal tool)

■For clock- or HWC-profiling
○ Use DTrace (Solaris 10)

■Clock-profiling now
■HWC-profiling coming

● Experiment read with Analyzer
○ Same as user profiling

● Can record simultaneous user/kernel
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 Sun's Monitoring Tools
● Application monitoring tools

○ cputrack
○ ripc2 (built on top of cputrack) (internal tool)

○ bw (internal tool)

● System monitoring tools
○ cpustat
○ busstat

● Allow/exploit multiplexing of HW counters
○ Valid statistics much more likely than for profiling
○ Use to see which counters to profile against
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Application Monitoring--cputrack
cputrack output—periodic, multiplexed
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Application Monitoring--ripc2

Measurements
of which  processor
events contributed to
stall
time.

Stall times

Floating point traps

Events per instruction

      Aggregated cputrack output
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System Monitoring--cpustat
    System-wide version of cputrack
● CPU counters
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System Monitoring--cpustat
    System-wide version of cputrack
● Memory counters
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Application Monitoring--bw
  Show memory bandwidth of application

● Based on cpustat
○ Read memory counters, massage output

$nubbins% bw <target>

-----------------------------------------------------------

 Read  memory bandwidth: 1023.58642578125 MB/sec (total bytes = 17172930560)

 Write memory bandwidth: 998.464149475098 MB/sec (total bytes = 16751448704)

 Total memory bandwidth: 2022.05057525635 MB/sec (total bytes = 33924379264)

 Elapsed time   : 16 secs

-----------------------------------------------------------
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System Monitoring--busstat
                   Bus performance
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HW Counter Library APIs
● Typical use by users

○ Read before and after block of code
○ Compute deltas

● API needs
○ Select counters, preset and read values

■ System call access
■ Direct user-mode reading?

□ Should be lower overhead than system call

● Profiling APIs
○ Specify counters, intervals for each
○ Usually for tool developers, not end users



Marty Itzkowitz, Sun Microsystems 3/1/05 10:15:26 am 29

HW-Counter Requirements, I
● Documented behavior

○ Actual behavior, not design intent or schematics
○ Verified behavior!

■ If they're not verified, they don't work

● Counters for all critical resources
○ Interesting events
○ Stall-cycle counts, not just event counts

■ Measures the cost of events

● Wide counter registers
○ Minimize need for OS to “widen” them to 64-bits

● As many registers as possible
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HW-Counter Requirements, II
● Counter contexts

○ Counters virtualizable to user context
■ i.e., Kernel save and restore on context switch
■ Overflow attributable to user context

○ System-wide -- for system monitoring
● CMT Issues

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

● Wide-instruction chips
○ Counters for how many instructions in each cycle
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HW-Counter Requirements, III
● Counter interface – kernel driver

○ Read and write entire width of counter
○ Specify arbitrary interval for profiling
○ Specify arbitrary method for sampling
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HW-Counter Requirements, IV
● Profiling-interrupt infrastructure

○ Easily attributable to specific counter
○ Delivered as precisely as feasible

■ i.e., interrupt is synchronous to the context triggering it
■ If interrupt is deferred, allow SW to wait deterministically

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

● Instruction-sampling infrastructure
○ c.f., Profile-me
○ Detailed information on sampled instruction
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HW-Counter Constraints, I
● Everything is a tradeoff ...

○ Complexity, alas, is somewhere
■ SW wants it in HW
■ HW wants in in SW

● Area constraints
○ Lead to pressure to reduce number of counters

■ But SW wants infinite number (approximately)
○ Lead to pressure to reduce width of counters

■ But SW prefers to never deal with rollover
□ But still need comparator to trigger profile interrupt

○ Are especially problematic for CMT
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HW-Counter Constraints, II
● Routing constraints

○ Lead to delays due to long wires
○ Imply difficulty with counter placement
○ May make precise, synchronous delivery difficult

● Complex pipelines
○ Make precise, synchronous delivery difficult

● Mapping events to registers
○ SW wants any event to map to any register
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