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Motivation

e Memory accesses leadito m

may only partly be remedied by out- OW

execution

® Increased processor clock speed results in
Increased latency cost for a data cache miss

e On an SMT machine, a helper thread may be
Invoked to mask the miss latencies of a
single-threaded application
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Problem Definition

e —

e To isolate and profile delingu 0

access loads in single-threaded ben,bW

applications

e [0 Implement multiple helper threading
techniques on these benchmarks

e To analyze the delinquent load performance
effects, as well as the overall performance
effects, using the SSMT simulator
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SimpleScalar an@

m SimpleScalar out-of-order //
e A Linux-based simulator that simulates-Al a%

e Allows detailed out-of-order execution, cache; prediction
e Performs speculative execution

e Includes a complex memory management unit

e ~3500 lines of code

m SSMT

e An extension of SimpleScalar out-of-order to handle SMT
processing

e ~8024 lines of code
e The Ph.D. thesis of Dominik Madon, Ecole
Polytechnique Fédérale de Lausanne

e \With bug fixes/updates from _University of Maryland
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The Alpha Machine

m CITA (Canadian Institute for Theorelice
Astrophysics) |

e Cluster of 256 dual Xeon nodes; rankir

e Compaq "Wildfire" GS320 with 32 alpha

e Quad AlphaServer ES45 with 1 GHz EV68 (21264)
Processors v’

Benchmarks

m Spec2000 — art and mcf
m Spec95 — go
m The main focus on this project was on mcf
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Preliminary Benchmark

=

m The SSMT simulator was given the foell -
(to synchronize with results prese eW
e L1 Cache (non-shared, LRU) —
m Size of 16k

m Associativity of 4
m 64 Sets

e L2 Cache (shared, LRU)
m Size of 512k
m Associativity of 8
m 1024 Sets

m The SSMT simulator was modified to record data
memory accesses (L1 hits, L2 hits, L2 misses)
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5/26/2004

—

Preliminary Cache Profile Results - art

4 B
normalized pc

The most delinquent PC!
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Preliminary Benchmark A ;

art results:

Simulation time: 13 hours
Delinquent PC: 0x200100F4
L2 misses: 42090000

L2 hits: 5896

L1 hits: 190463



Preliminary Benchmark A ;

Preliminary Cache Profile Results - go

12 misses

go results:

normalized pc

The most delinquent PC!
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Simulation time: 90 minutes
Delinquent PC: 0x20055778
L2 misses: 13594

L2 hits: 96043

L1 hits: 1113605



Preliminary Benchmark Anal

12 misses

5/26/2004

—

Preliminary Cache Profile Results - mcf

normalized pc

The most delinquent PC!
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mcf results:

Simulation time: 40 minutes
Delinquent PC: 0x2000f558
L2 misses: 942556

L2 hits: 1117430

L1 hits: 347944

10



VTune

OxZF26

5/26/2004

5 VTune (TM) Performance Analyzer - [Source View - [f:\...t200041 81.mcfirun000000013pbeampp.c]]
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Preliminary Benchmar

e The art benchmark was elimff'mm

of the long simulation time /

e he go benchmark was eliminated because it
did not have a large delinguent load

e The mcf benchmark has a good delinquent
load (942556 L2 misses) and runs in
reasonable simulation time (40 minutes)

e The mcf benchmark will be analyzed in
further detall
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Detailed BenchmarksA¥:

e The delinquent load traced to;a

dCCeSS
181: for( ; arc < stop_arcs; arc += nr_group )
[pbeampp.c: 181] 0x2000£550: 414e03bb cmpult
[pbeampp.c: 181] 0x2000£554: e760002f o1=Ye
182: {
183: if( arc->ident > BASIC )
[pbeampp.c: 183] 0x2000£558: a42a0038 1dg
[pbeampp.c: 183] 0x2000£55c: 2££fe0000 ldqg u
[pbeampp.c: 183] 0x2000£560: ec200027 ble

184: {

B, s5,+t12
tl2, 0x2000f614

t0, 56(sl)
zero, O (sp)
t0, 0x2000£600

e Let's examine this delinquent load in more detail

m Use perfect branch prediction

m This eliminates many speculative loads that are difficult to

analyze
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Detailed BenchmarkeA
Detailed Cache Profile Results - Phase 1 ; ﬂ

o

b T

5 496 5 498 55 £ 502 5 604
Delinquent load access number
Detailed Cache Profile Results - Phase 2

Data address accessed

0

L1 1]

g Legend

o

o Green L1 hit
3" Yellow L2 hit
& Red L2 miss

1.0986 1.0933 1.099 1.0994 1.0996

Delinquent load access number

5/26/2004 ECE 1718 Final Presentation 14



Helper Process Motlv

e In the beginning, we figure 0 e%

perform SMT by launching multiple proM

at the beginning of simulation

e As a first step, let’s launch multiple
processes, and allow one context to help the
main context

e Allow inter-process communication via
suspend/resume system calls and custom
message send/receive instructions
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Helper Process Flow Diagrami™ =
f;

main thread

helper threac

Main thread finishes del load
- reiterates

Main thread passes break condition to helper
Both threads terminate
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Helper Process Implem

e Simulator Modifications%
Minor modifications in main: teinitia Cp—
| r_‘_',.—-’__,.""':

simulator —

m A major modification to the MMU

e Cache tagging is based upon virtual address,
not physical

e Although both processes map an access to the
same virtual address, cache lines are tagged
with context ID. Hence, a major hack was
necessary.

e Major hack: If we are accessing the delinquent
load from the helper thread, tag this load in
cache as if it was loaded by the main context
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Helper Process Implemer

e Instruction Implementation:

m Suspend/resume system ca SEIM
required modification : /

e Contexts were activated incorrectly.
e The resume command neglected to add 4 to the PC

m Implemented new message-passing system calls
for sending and receiving live-in variables between
threads

e GetPrivateDataSystemCall
e SetPrivateDataSystemCall
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Helper Process Impleme

e Other Modifications: %
m For the second phase of mcf, el ead
was swapping values out of cache beforeihpgy%

were used by the main thread

m Solution 1: Reduce the number of iterations being
helped such that thrashing no longer occurs

m Solution 2: Implement dynamic synchronization
between the two threads

m At this point, solution 1 was implemented
m Later, we implement solution 2
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Data address accessed

Data address accessed

5/26/2004

K

1.099

—

Helper Thread Cache Profile Results

X

1.0995 1.1 1.1005
Delinquent load access number
Main Thread Cache Profile Results

10555 1.1 1.1005

Delinguent load access humber
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Legend

Green L2 hit (H)
Blue L2 miss (H)
Yellow L2 hit (M)
Red L2 miss (M)
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Data address accessed

Data address accessed

5/26/2004

Helper Thread Cache Profile Results

2.1975 2198 2.1985
Delinquent load access number
Main Thread Cache Profile Results

21975 21958 2.1935

Delinquent load access number
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Legend

Green L2 hit (H)

Blue L2 miss (H)

Yellow L2 hit (M)

Red L2 miss (M)
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Data Access Pattern

e Phase1: Advances by 1KB e Phase?: Advances¥) RB™

--

m Every 16 setsin L2 8'sets in L2
m To previously accessed 0 previeus|yiae
sets every 64 iterations Sheven/ eterate
m 8*64 best possible m 8*8.best possibl
——— e—l—
Set | I ) S Set | I |-
|
SEt 110  m——— SSRGS —————
|
I - -
: I . A : I L S
Set i+1008 —n_— Set i+100C n———
|
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Helper Thread Mot
® [he previous soelution was

m A cleaner solution would be—teé

helper thread in main B

m Address space would be shared between
the two contexts:
e No need to hack the simulator's MMU

e No need for inter-process message passing of
live-in variables

e Helper can monitor main thread’s progress
=» dynamic synchronization
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Helper Thread Flow Diagran
™

main thread helper thread

- 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 finishes del load

—> allow helper thread to continue

—> helper thread may either start new del load
or self-suspend

Main thread passes break condition to helper
Both threads terminate
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Helper Thread Impl W
e Thread creation ?%

mDidn’'t work! Not activati
context properly.

e Simulator Modifications
mNeeded hacks to share cache, TLB,

MMU between contexts

m Another approach:

e Using a dummy process to activate the second
context
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Thread creation

vold startThread()

asm (".=set

asm ([ "mowv

noreaorder™) ;
0x1000, $ap™)
£sp, £=p, £18"™)
£16,-56(%=p) ")
17,-48(%3p) ™)
7,-40(%sp) ™)
9,-32(§=p) ")
asm("subg sp, 96, 53p™)
asm("j=r 6, (827} "
asm("1ldg 20,40 (%=p) ™)
asm("addg 20,0x1000,50™)
asm("perr £31,531,513")
[".=et reorder™) ;

asm("perr
asm("1ldg
asm("1ldg
asm("1ldg
asm("1ldg

[ )

¥ A A AR A A
[ %]

asm

void createThread( inté&4 threadld,

Lap, 0x1000

S0, 550w CKNOWledge start

S
un new thread

function to execute
o

ECRE R TSR T TR T

register

keeps return address in rZ2eé and

jumps to r27 which

is func
termination port

=y

# endless wait

—p terminating

__inte&4 context, intéd =stack,

__inte4 func, _ inté4 params)

#define port 0x1000
[ (un=igned long long *)stack) [-7]
[ (unsigned long long *)stack) [-6]
[ (unsigned long long *)stack) [-5]
asm (".=setC noreorder™) ;
asm ("stg £2%, -32(%20)", stack):
asm (".set reorder™) ;
S55MT_LPCE (context,
S5MT_ PM5G(port, stack):

(unsigned long long)threadId;
(un=igned long long)params;
{unsigned long long) func:

main thread

({__int&4) startThread)

5/26/2004

» waiting for thread start
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Data address accessed

Data address accessed

5/26/2004

(

1.0995 1.1 1.1005 1.101 1.1015
&

Delinquent load access number x 10
Main Thread Cache Profile Results

)

[
P
1

A

10555 1.1 1.1005 1.101 1.1015

1]
Delinguent load access humber x 10
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Legend

Green

L2 hit (H)

Blue

L2 miss (H)

Yellow

L2 hit (M)

Red

L2 miss (M)
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Data address accessed

o
@
7]
7]
o
[ 4 Wu)
o
©
7]
7]
@
L_
o
o
©
o
i)
©
O
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Helper Thread Cache Profile Results

21985 22 22005

Delinquent load access number
Main Thread Cache Profile Results

Delinquent load access number
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Static

Synchronization

Legend

Green L2 hit (H)

Blue L2 miss (H)

Yellow L2 hit (M)

Red L2 miss (M)
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Data address accessed

Delinquent load access number
Main Thread Cache Profile Results

o
]
7]
)
1 H]
O
O
o
)
)
L]
L=
T
o
1]
]
i
2]
0

‘I il d

2198 2.1935 2199

Delinguent load access humber
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Dynamic
Synchronization

Legend

Green L2 hit (H)

Blue L2 miss (H)

Yellow L2 hit (M)

Red L2 miss (M)
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CL L1 hits
CL L2 hits
CL L2 misses

m Original single-threaded program

m Rev 1 (non-threaded, static synchronization with
suspend/resume)

m Rev 2 (threaded, single suspend/resume, dynamic
synchronization based upon global variables)

m Another fthreaded, dynamic synchronization with
suspend/resume
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Conclusions _

e Delinquent load performance was; vastly:im edé

(maximum of XXX % Improvement)

_---""/
e However, helper thread overhead and cache pollut'rdﬁ'/
negated any benefits on the delinquent load
(maximum of XXX % Improvement)

e Static synchronization performance was limited by
thrashing

e Dynamic synchronization performance was limited
because there is no sleep system call in the simulator

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

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