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MotivationMotivation

Memory accesses lead to pipeline stalls that Memory accesses lead to pipeline stalls that 
may only partly be remedied by outmay only partly be remedied by out--ofof--order order 
executionexecution
Increased processor clock speed results in Increased processor clock speed results in 
increased latency cost for a data cache missincreased latency cost for a data cache miss
On an SMT machine, a helper thread may be On an SMT machine, a helper thread may be 
invoked to mask the miss latencies of a invoked to mask the miss latencies of a 
singlesingle--threaded applicationthreaded application
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Problem DefinitionProblem Definition

To isolate and profile delinquent memory To isolate and profile delinquent memory 
access loads in singleaccess loads in single--threaded benchmark threaded benchmark 
applicationsapplications
To implement multiple helper threading To implement multiple helper threading 
techniques on these benchmarkstechniques on these benchmarks
To analyze the delinquent load performance To analyze the delinquent load performance 
effects, as well as the overall performance effects, as well as the overall performance 
effects, using the SSMT simulatoreffects, using the SSMT simulator
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SimpleScalarSimpleScalar and SSMTand SSMT

SimpleScalarSimpleScalar outout--ofof--orderorder
A LinuxA Linux--based simulator that simulates Alpha binariesbased simulator that simulates Alpha binaries
Allows detailed outAllows detailed out--ofof--order execution, cache, predictionorder execution, cache, prediction
Performs speculative executionPerforms speculative execution
Includes a complex memory management unitIncludes a complex memory management unit
~3500 lines of code~3500 lines of code

SSMT SSMT 
An extension of An extension of SimpleScalarSimpleScalar outout--ofof--order to handle SMT order to handle SMT 
processingprocessing
~8024 lines of code~8024 lines of code
The Ph.D. thesis of The Ph.D. thesis of DominikDominik MadonMadon, , ÉcoleÉcole
PolytechniquePolytechnique FédéraleFédérale de Lausannede Lausanne
With bug fixes/updates from University of MarylandWith bug fixes/updates from University of Maryland
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The The Alpha MachineAlpha Machine
CITA (Canadian Institute for Theoretical CITA (Canadian Institute for Theoretical 
Astrophysics) Astrophysics) 

Cluster of 256 dual Xeon nodes; ranking #70 in top500Cluster of 256 dual Xeon nodes; ranking #70 in top500
Compaq "Wildfire" GS320  with 32 alpha processorsCompaq "Wildfire" GS320  with 32 alpha processors
Quad Quad AlphaServerAlphaServer ES45 with 1 GHz EV68 (21264) ES45 with 1 GHz EV68 (21264) 
processors processors 

BenchmarksBenchmarks
Spec2000 Spec2000 –– art and mcfart and mcf
Spec95 Spec95 –– gogo
The main focus on this project was on mcfThe main focus on this project was on mcf
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Preliminary Benchmark AnalysisPreliminary Benchmark Analysis

The SSMT simulator was given the following setup The SSMT simulator was given the following setup 
(to synchronize with results presented in [1])(to synchronize with results presented in [1])

L1 Cache (nonL1 Cache (non--shared, LRU)shared, LRU)
Size of 16kSize of 16k
AssociativityAssociativity of 4of 4
64 Sets64 Sets

L2 Cache (shared, LRU)L2 Cache (shared, LRU)
Size of 512kSize of 512k
AssociativityAssociativity of 8of 8
1024 Sets1024 Sets

The SSMT simulator was modified to record data The SSMT simulator was modified to record data 
memory accesses (L1 hits, L2 hits, L2 misses)memory accesses (L1 hits, L2 hits, L2 misses)
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Preliminary Benchmark Analysis Preliminary Benchmark Analysis -- artart

art results:art results:
Simulation time: 13 hoursSimulation time: 13 hours
Delinquent PC: 0x200100F4Delinquent PC: 0x200100F4
L2 misses: 42090000L2 misses: 42090000
L2 hits: 5896L2 hits: 5896
L1 hits: 190463L1 hits: 190463

The most delinquent PC!The most delinquent PC!
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Preliminary Benchmark Analysis Preliminary Benchmark Analysis -- gogo

go results:go results:
Simulation time: 90 minutesSimulation time: 90 minutes
Delinquent PC: 0x20055778Delinquent PC: 0x20055778
L2 misses: 13594L2 misses: 13594
L2 hits: 96043L2 hits: 96043
L1 hits: 1113605L1 hits: 1113605

The most delinquent PC!The most delinquent PC!
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Preliminary Benchmark Analysis Preliminary Benchmark Analysis -- mcfmcf

mcf results:mcf results:
Simulation time: 40 minutesSimulation time: 40 minutes
Delinquent PC: 0x2000f558Delinquent PC: 0x2000f558
L2 misses: 942556L2 misses: 942556
L2 hits: 1117430L2 hits: 1117430
L1 hits: 347944L1 hits: 347944

The most delinquent PC!The most delinquent PC!
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VTuneVTune
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Preliminary Benchmark AnalysisPreliminary Benchmark Analysis

The art benchmark was eliminated because The art benchmark was eliminated because 
of the long simulation timeof the long simulation time
The go benchmark was eliminated because it The go benchmark was eliminated because it 
did not have a large delinquent loaddid not have a large delinquent load
The mcf benchmark has a good delinquent The mcf benchmark has a good delinquent 
load (942556 L2 misses) and runs in load (942556 L2 misses) and runs in 
reasonable simulation time (40 minutes)reasonable simulation time (40 minutes)
The mcf benchmark will be analyzed in The mcf benchmark will be analyzed in 
further detailfurther detail
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Detailed Benchmark AnalysisDetailed Benchmark Analysis
The delinquent load traced to an iterative pointer The delinquent load traced to an iterative pointer 
accessaccess

Let’s examine this delinquent load in more detailLet’s examine this delinquent load in more detail
Use perfect branch predictionUse perfect branch prediction
This eliminates many speculative loads that are difficult to This eliminates many speculative loads that are difficult to 
analyzeanalyze

181:     for( ; arc < stop_arcs; arc += nr_group )
[pbeampp.c: 181] 0x2000f550: 414e03bb cmpult s1, s5, t12
[pbeampp.c: 181] 0x2000f554: e760002f beq t12, 0x2000f614

182:     {
183:         if( arc->ident > BASIC )
[pbeampp.c: 183] 0x2000f558: a42a0038 ldq t0, 56(s1)
[pbeampp.c: 183] 0x2000f55c: 2ffe0000 ldq_u zero, 0(sp)
[pbeampp.c: 183] 0x2000f560: ec200027 ble t0, 0x2000f600

184:         {
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Detailed Benchmark AnalysisDetailed Benchmark Analysis

Legend

L2 missL2 missRedRed
L2 hitL2 hitYellowYellow
L1 hitL1 hitGreenGreen
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Helper Process MotivationHelper Process Motivation

In the beginning, we figured out how to In the beginning, we figured out how to 
perform SMT by launching multiple processes perform SMT by launching multiple processes 
at the beginning of simulationat the beginning of simulation
As a first step, let’s launch multiple As a first step, let’s launch multiple 
processes, and allow one context to help the processes, and allow one context to help the 
main contextmain context
Allow interAllow inter--process communication via process communication via 
suspend/resume system calls and custom suspend/resume system calls and custom 
message send/receive instructionsmessage send/receive instructions
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Helper Process Flow Diagram  Helper Process Flow Diagram  
main thread helper thread

Simulation starts (two concurrent processes)

Helper thread self-suspends

Main thread almost at del load
pass live-in vars and awaken helper thread

Helper thread does only del load

Main thread performs del load

Helper thread finishes del load

Main thread passes break condition to helper
Both threads terminate

Main thread finishes del load
reiterates
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Helper Process ImplementationHelper Process Implementation
Simulator Modifications:Simulator Modifications:

Minor modifications in main to initiate the Minor modifications in main to initiate the 
simulatorsimulator
A major modification to the MMUA major modification to the MMU

Cache tagging is based upon virtual address, Cache tagging is based upon virtual address, 
not physicalnot physical
Although both processes map an access to the Although both processes map an access to the 
same virtual address, cache lines are tagged same virtual address, cache lines are tagged 
with context ID.  Hence, a major hack was with context ID.  Hence, a major hack was 
necessary.necessary.
Major hack: If we are accessing the delinquent Major hack: If we are accessing the delinquent 
load from the helper thread, tag this load in load from the helper thread, tag this load in 
cache as if it was loaded by the main contextcache as if it was loaded by the main context
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Helper Process ImplementationHelper Process Implementation
Instruction Implementation:Instruction Implementation:

Suspend/resume system calls were available, but Suspend/resume system calls were available, but 
required modificationrequired modification

Contexts were activated incorrectlyContexts were activated incorrectly
The resume command neglected to add 4 to the PCThe resume command neglected to add 4 to the PC

Implemented new messageImplemented new message--passing system calls passing system calls 
for sending and receiving livefor sending and receiving live--in variables between in variables between 
threadsthreads

GetPrivateDataSystemCallGetPrivateDataSystemCall
SetPrivateDataSystemCallSetPrivateDataSystemCall
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Helper Process ImplementationHelper Process Implementation
Other Modifications:Other Modifications:

For the second phase of mcf, the helper thread For the second phase of mcf, the helper thread 
was swapping values out of cache before they was swapping values out of cache before they 
were used by the main threadwere used by the main thread
Solution 1: Reduce the number of iterations being Solution 1: Reduce the number of iterations being 
helped such that thrashing no longer occurshelped such that thrashing no longer occurs
Solution 2: Implement dynamic synchronization Solution 2: Implement dynamic synchronization 
between the two threadsbetween the two threads
At this point, solution 1 was implementedAt this point, solution 1 was implemented
Later, we implement solution 2Later, we implement solution 2
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Helper Process Results (Phase 1)Helper Process Results (Phase 1)

Legend
L2 hit (H)L2 hit (H)GreenGreen

L2 miss (M)L2 miss (M)RedRed
L2 hit (M)L2 hit (M)YellowYellow
L2 miss (H)L2 miss (H)BlueBlue
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Helper Process Results (Phase 2)Helper Process Results (Phase 2)

Legend
L2 hit (H)L2 hit (H)GreenGreen

L2 miss (M)L2 miss (M)RedRed
L2 hit (M)L2 hit (M)YellowYellow
L2 miss (H)L2 miss (H)BlueBlue
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Data Access PatternData Access Pattern
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Phase1: Advances by 1KBPhase1: Advances by 1KB
Every 16 sets in L2Every 16 sets in L2
To previously accessed To previously accessed 
sets every 64 iterationssets every 64 iterations
8*64 best possible8*64 best possible

0
8

16

1
9

17

7
15
23

Set i

Set i+16

Set i+1008
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Phase2: Advances by 8KBPhase2: Advances by 8KB
Every 128 sets in L2Every 128 sets in L2
To previously accesses To previously accesses 
set every 8 iterationsset every 8 iterations
8*8 best possible8*8 best possible
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Helper Thread MotivationHelper Thread Motivation
The previous solution was unrealisticThe previous solution was unrealistic

A cleaner solution would be to create a A cleaner solution would be to create a 
helper thread in mainhelper thread in main
Address space would be shared between Address space would be shared between 
the two contexts:the two contexts:

No need to hack the simulator’s MMUNo need to hack the simulator’s MMU
No need for interNo need for inter--process message passing of process message passing of 
livelive--in variablesin variables
Helper can monitor main thread’s progressHelper can monitor main thread’s progress

dynamic synchronization dynamic synchronization 
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Helper Thread Flow DiagramHelper Thread Flow Diagram
main thread helper thread

Simulation starts (one process)

Main thread create helper thread
helper thread immediately suspends

Main thread almost at del load
awaken helper thread

Helper thread does only del load

Main thread performs del load

Helper thread finishes del load
spin until main finishes del load

Main thread passes break condition to helper
Both threads terminate

Main thread finishes del load
allow helper thread to continue
helper thread may either start new del load
or self-suspend
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Helper Thread ImplementationHelper Thread Implementation

Thread creationThread creation
Didn’t work! Not activating the Didn’t work! Not activating the 
context properly.context properly.

Simulator ModificationsSimulator Modifications
Needed hacks to share cache, TLB, Needed hacks to share cache, TLB, 
MMU between contexts MMU between contexts 
Another approach: Another approach: 

Using a dummy process to activate the second Using a dummy process to activate the second 
contextcontext



5/26/2004 ECE 1718 Final Presentation 26

Thread creationThread creation

main thread

kicking thread
waiting for thread start

acknowledge start

jumping to the 
entry point

new thread

terminating
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Helper Thread Results (Phase 1)Helper Thread Results (Phase 1)

Legend
L2 hit (H)L2 hit (H)GreenGreen

L2 miss (M)L2 miss (M)RedRed
L2 hit (M)L2 hit (M)YellowYellow
L2 miss (H)L2 miss (H)BlueBlue
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Helper Thread Results (Phase 2)Helper Thread Results (Phase 2)

Legend
L2 hit (H)L2 hit (H)GreenGreen

L2 miss (M)L2 miss (M)RedRed
L2 hit (M)L2 hit (M)YellowYellow
L2 miss (H)L2 miss (H)BlueBlue

Static 
Synchronization
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Helper Thread Results (Phase 2)Helper Thread Results (Phase 2)

Legend
L2 hit (H)L2 hit (H)GreenGreen

L2 miss (M)L2 miss (M)RedRed
L2 hit (M)L2 hit (M)YellowYellow
L2 miss (H)L2 miss (H)BlueBlue

Dynamic 
Synchronization
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Summary of ResultsSummary of Results

Total Cycle countTotal Cycle count
CL L1 hits CL L1 hits 
CL L2 hitsCL L2 hits
CL L2 missesCL L2 misses
For:For:

Original singleOriginal single--threaded programthreaded program
Rev 1 (nonRev 1 (non--threaded, static synchronization with threaded, static synchronization with 
suspend/resume)suspend/resume)
Rev 2 (threaded, single suspend/resume, dynamic Rev 2 (threaded, single suspend/resume, dynamic 
synchronization based upon global variables)synchronization based upon global variables)
Another (threaded, dynamic synchronization with Another (threaded, dynamic synchronization with 
suspend/resumesuspend/resume
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ConclusionsConclusions

Delinquent load performance was vastly improved Delinquent load performance was vastly improved 
(maximum of XXX % improvement)(maximum of XXX % improvement)
However, helper thread overhead and cache pollution However, helper thread overhead and cache pollution 
negated any benefits on the delinquent load negated any benefits on the delinquent load 
(maximum of XXX % improvement)(maximum of XXX % improvement)
Static synchronization performance was limited by Static synchronization performance was limited by 
thrashingthrashing
Dynamic synchronization performance was limited Dynamic synchronization performance was limited 
because there is no sleep system call in the simulatorbecause there is no sleep system call in the simulator

Either the main thread or the helper thread was frequently Either the main thread or the helper thread was frequently 
checking a conditionchecking a condition

Progress, in general, was limited by the lack of Progress, in general, was limited by the lack of 
suitable documentation (most was in French)suitable documentation (most was in French)
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