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Hot SpotRelayout Motivation

A Hot Spotfrom a Lisp Inter preter (130.li of Spec95)
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Hot SpotRelayout Motivation

Hot SpotsCharacteristics

e Examineddistribution versionsof NT apps.andVC-compiledSPEC95
e Programhot spots:complex codestructurewith consistentdynamicpaths

— For dynamiccontrolinstructions:
x Not simpleloops
x 15% Callsandreturns
x 5% Unconditionaljumps
x 4% Indirectcallsandjumps(traceformationhazard OO programs)
x 65% Taken (35%fall through)

e Examplehot spotfrom Lisp interpreter

— 45% dynamicexecutionof traininginput
— 81 staticcontrolflow instructions; 368 staticinstructions

— 47 of 56 static (9.2M of 10.9M dynamic) branches> 90% in one
direction
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Hot SpotRelayout Conclusion

RelatedWork

e Compilerlayoutoptimizations:

— Basicblock reorderingPettis90]
— SoftwaretracecachgRamirez99]

e Hardware-basedlynamicreoptimization:

— Out-of-orderexecution[Hwu87]
— TracecachgRotenbeg96][Patel99]

e Software-basedlynamicreoptimization:

— Dynamo[Bala98]
— Daisy[Ebcioglu97]
— TransmetdKlaiber2000]
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Hot SpotRelayout Objectives

Runtime Optimization

e Enhanceahe hardwareto extendscopeof dynamicoptimizationbeyond a
limited instructionwindow
— Optimizefor specificinput
— Optimizewith softwaredistribution environment(DLLS)
e Key enablingfeaturesof our optimizingsystem
— Efficient profiling
— Selectve optimization
— Low-overheadsupervision
— Transparengcto applicationandOS
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Hot SpotRelayout Architecture

SystemAr chitecture: Program Hot Spot-BasedApproach
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e Hot SpotDetectordetectgheintenselyexecutedregionsof code[ISCA99]
e TraceGeneratiorJnit (TGU) remapghetracesinto codecache

— Memory-basedodecachefor persistence
— Tracesmay crosscalls, library, andDLL boundaries

e ExtendedHot SpotDetectorcontainsbookkeepingaboutrelayout
e Utilize branchtargetbuffer to redirectexecutioninto codecache

e New internalinstructionsto supportruntimeoptimizedcode
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Hot SpotRelayout Architecture

Hardware-BasedCode Relayout Challenges

Hot
Branch

Hot
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Missing 0,4
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e Hot SpotDetectorfISCA99] providesa snapshobf branchstatistics
e Somebranchesnissingfrom tabledueto conflicts

¢ Limited hardwareto containrelayoutbookkeepinginformation

e Solution: Relayoutinstructionsusing real execution sequencesoosely
obeying detectedhot spotbounds
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Hot SpotRelayout Architecture

Trace Generation Modes

From Profile
Mode

-
-

New Entry Poin Cold Brancr

Pending
Mode

B
Continue

e Profile Mode: Hot SpotDetectorsearche$or intenselyexecutedcode
e ScanMode: Scangetiring branchegor suitabletraceentry point
e Fill Mode: Constructgraceby writing retiredinstructionsinto codecache

e Pending Mode: Pausesonstructiorof atrace

ADVANCED COMPILER TECHNOLOGY

Matthen C. Merten Hiﬂ.\
IMPACT Researclroup



Hot SpotRelayout Architecture

BasicRemapping Example

Actual Block Execution Ord Entrance from C1

>.o >.>o>.o_u «

Scan _,\_oam» Fill Mode
RM-A1
100
Hot Spot Detector (BBB)
Exec T
ID Cntr Cntr T FT
A | 100| 30 RM-A2
B 70| 35
C | 65| 65
RM-C2
RM-D1
D
Original Code Basic Remapped Coc

e UseBBB weightsto selecthot paths
e SetT andFT directionfieldsto pointto T andFT remappedlocks
IMPACT ResearciGroup IMPCT
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Hot SpotRelayout Architecture

Function Inlining: Inline Calls and Returns

Actual Block Execution Ordef———
CallA |D |Ret|CallB |D |Ret|C

i

. Push original
CallA Call Inline return address

/ on program stack

D =
Cold Relayout Branchto |
Branch e original code . «
= E Ret Return Inline Check stack
” for expected
« | \ return addres:
Ret Normal [~ Ret e
Return !
Original Code Original Code ' Remapped Code

e Placecalleeblock aftercallerblock

e Pushoriginal returnaddres®n stack
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Hot SpotRelayout Architecture

Function Inlining: Multiple Inlined Copies

Actual Block Execution Order——»
CallA |D |Ret|CallB |D [Ret|C

* Call Inline | callA
BBB /
Call
ID T FT ID S
C
D | @ ¢\\,,
/ \
CallA D \\‘ :
\
Return Inline| Ret !

>

|
|
1
|
Relayout "
|
I
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I

e Call Inline [ CallB

]
Ret

Ret

Original Code

Remapped Code

¢ Ideally duplicatereturnblockto continuetrace
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Hot SpotRelayout

Architecture

Function Inlining: Calling Contexts

Actual Block Execution Order———
CallA |D |Ret|CallB |[D |[Ret|C

After remapping 1st D

* BBB
Call
ID T FT ID
C
D | @& 2
L Relayout
e
After remapping 2nd D
BBB
= call
ID T FT ID
C
D | @ 3
Ret
Original Code

Call Inling

CallA

eturn Inline

Call Inling

Retur

Ret

CallB

nling

Ret

Remapped Code

CalllD Stack

e Duringtraceconstructionassigneachdynamiccall a uniquecalllD

e MaintainacalllD stackto trackcalling context
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Hot SpotRelayout Architecture

Resultof Remappingthe Lisp Inter preter
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Hot SpotRelayout Architecture

Trace Optimizations

e Patching
— Redirectscodecacheexits to newly remappedlocks
e Unrolling, Tail Duplication,BranchTamgetExpansion

— Grows tracesby duplicatingblocks
— Useheuristicto limit duplication

e Backtracking
— Discardcurrenttracewhenexecutionstraysfrom detectechot spot
e BranchPromotion

— Statically predict branchwhen BBB weights indicate 100% in one
direction
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Hot SpotRelayout Results

Simulation Methodology

e Collectedcompletenstructiontracesexecutingon WindowsNT via Speed-
Tracerhardwarefrom AMD
— Tracesall instructionancluding OS, drivers,otherprocessed)LLs
— Filteredtracesdown to specificprocessandDLLs via codesegment

e Benchmarks:

— Spec95Iinbenchmark¥isualC++6.0 compiledoptimized for speed and
Inline where suitable
— Distribution versions of Word, Excel, Adobe PhotoDelue, and
Ghostviev
e Fetchmechanisnparameter$l6 uniformissue)

— | cache:64KB L1 split-block,4 way, 128bytelines,10-g/cle miss
— Tracecache:8KB, 4 way, 64 bytelines
— ModeledL2, 3 branches-pecycle predictor RAS, indirectpredictor
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Hot SpotRelayout Results

Reductionin Taken Control Flow
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Hot SpotRelayout

Results

Trace Generation ProcessRkesults
Benchmark % Remap % Scan/| % Fill | Code | Entry
Code |Pending Mode | Size(KB)| Points
go 10.51 1.02 |0.0051 14.8 60
m88ksim 68.91 4.98 |0.0027, 8.6 49
gcc 32.01 1.07 |0.0063 135.1 | 715
compress 87.05 0.84 |0.0001 6.4 30
i 74.32 0.61 |0.0032 13.6 59
jpeg 84.44 0.09 |0.0005 22.2 57
perl 72.34 0.04 [0.0002 124 69
vortex 34.08 0.12 |0.0006| 26.4 103
Word(A) 78.46 0.08 |0.0014 10.2 37
Word(B) 45.66 0.29 10.0040 73.9 330
Excel 30.69 3.12 |0.0271 87.6 352
PD(A) 86.38 0.58 |0.0030, 18.9 105
PD(B) 81.15 1.25 |[0.0107] 19.1 101
Gsview 60.15 0.35 [0.0027, 61.0 336
Average 60.44 1.03 |0.0048 36.4 172
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Hot SpotRelayout Results

Fetch IPC
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Benchmarks

e 21.5%FIPCimprovementon average
e 18.0%FIPCimprovementfor similarly sizedtracecache
e 24.6%FIPCimprovementcombinedremappingandtracecache
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Hot SpotRelayout Conclusion

Conclusionand Futur e Work

e Conclusions
— Hot SpotDetectoridentifiesintenselyexecutedoranchedor the current
phaseof execution

— TraceGeneratiorlJnit collectsandremapsganstructionsinto a memory-
basedcodecache

x Exploitsrealexecutionpathswithin hot spotbounds
x Enablegersistenbptimization
x No overheadexceptduring shortburstsof tracegeneration

— Improvesinstructionfetchperformancevith modesthardwareandmin-
Imal changedo processopipeline

e FutureWork

— Aggressve optimizationon long, persistentracesthatcrossboundaries
to staticoptimization

— Examineoptimizationopportunitieswith tepidcodes
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Hot SpotRelayout

Conclusion

AggregateTrace Characteristics

Trace Length - Static Inst. Executedper Entry
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Hot SpotRelayout Architecture

Trace Optimization: Patching

Before remapping C « « After remapping (
BBB BBB
ID T FT RMTAL RMAL ID T FT
Aldle 7 ToC ¢ Alole
B B
7 = RM-B1 RM-B1 <
2 S RM-A2 RM-A2
_ '
Original Code "= |4| -
|
Lo !
'RM-C1 | RM-C1

Remapped Code

e Patching: Reduceexits to original codeby patchingexit directionwhen
laterremapped
— In Fill Mode: branchis seenasecondime in the oppositedirection

— Temporarily use BBB tamget field to contain addressof remapped
Instruction
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