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Code Structure

* Guiding Principles
* “DRY” code
* Maintain readability in the face of many options
* Avoid performance impact from instrumentation

* Make it easy to make graphs and write report
* Produce output that is easy to script and graph
e This is a critical skill for empirical method



¢vdeéTline Levell |

#1fdef ALIGN NTE VAR

#define CTRALIGN __ attribute((aligned(LEVEL1_|
#else

#endif

Shared logic/instrumentation
from OOP

Counter {

OPTIONS x m_options;

boc m_initialized;
uint64_t m_target
uinté4_t m_counter

* Use a super-class with virtual methods
e Each sub-class implements virtual methods differently

Counter() {

* Maximizes instrumentation reuse '

* Note the alignment __attribute

* What does it do? C°U"F§r“9PTiOPfi Wi
* Why is it important? m_options = o;

m_target = o->nTarget;
m_counter = @;
m_initialized =

~Counter() {}

1 lock() = 0;
1 unlock() = @;
I initialize() =
complete() = 9;
void increment() 0;
uint64_t value() 0

0;

.
’




Shared logic/in
from OOP

e Use a super-class with vir

* Each sub-class implements
* Maximizes instrumentatio

* Note the alignment __ att

* What does it do?
* Why is it important?

#ifdef ALI
#define
#else

AtomicCounter : c Counter {

std::atomic<uint64_t> m_value;

1 lock() {}

i unlock() {}
. complete() {
return m_value >= m_target;

i increment() {
ool done = false;
uint64_t oldval = m_value;
while( !done
uint64_t newval = m_value + 1;
done = (newval > m_target) || m_value.
if(!done)
oldval = m_value;

#0erTline Levell |

N __attribute((aligned(LEVELI_I

compare_exchange_strong(oldval, newval);

~Counter() {}

1 lock() = 0;
1 unlock() = @;
I initialize() = 0;
complete() = 0;
void increment() = 0;
uint64_t value() = 0;
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#1fdef ALIGN

#else

id count(OPTIONS * options,
worker_id,
Counter * counter) {

_info("#%d:%d count() start-loop (exp=%lu)\n", worker_id,
ol done = fa -
while(!done) {
counter->lock!();
done = counter->complete();
if(!done
counter->increment();
_workerstats [worker_id].reads++;
_workerstats[worker_id] .writes++;

-

counter->unlock();
¥
_info("#%d:%d count() end-loop\n", worker_id,

Virtuau voiu 1ncremency)
uint64_t value()

#define CTRALIGN __attribute((aligned(LEVEL1_I



Clean instrumentation

e [Performance] debug output is useful

* It also impacts performance
* And gets in the way of scriptable output

* | almost always use a verbose flag, and variadic _info()

_verbose;
#define FM BODY (x)
if(_verbose) {
va_ list

viprintf( (>
V nd(args);
fflush(

| _error(

#endif




* This lab requires you to run the same program 100s of times

* Collecting data to graph and keeping track of it manually is tedious

P ro d u C I n g SC rl pta b | e * Good empirical method: program your measurements/experiments
O u t p ut * Produce machine-readable output

* Write scripts manage runs and collect data
* Write scripts to run and graph steps

$ run-stepl.sh

MAX_COUNTER=10000000
ITERS=1

echo "synctype, wprob, threads, normlost, avgr, minr, maxr, avgw, minw, maxw, parexec, realexec" > stepl.csv
for sync in none; do
for aff in false; do
for barrier in false; do
for ld in true; do
for wprob in 1; do
for threads in 'seq 1 64°; do
for iter in "seq 1 $ITERS'; do
output="/usr/bin/time %e timing ./locks $MAX_COUNTER K $threads r v ) r y wWork $barrier
realtime="cat timing
echo "$output, $realtime" >> stepl.csv
done
done
done
done
done
done
done

Rscript ./vplot-stepl.R stepl.csv




$ run-stepl.sh

7 MAX_COUNTER=10000000
ITERS=1

echo "synctype, wprob, threads, normlost, avgr, minr, maxr, avgw, minw, maxw, parexec, realexec" > stepl.csv
for sync in none; do
for aff in false; do
for barrier in false; do
for 1d in true; do
for wprob in 1; do
for threads in 'seq 1 64" ; do
for iter in seq 1 $ITERS ; do
output="/usr/bin/time -f %e -o timing ./locks iterations $MAX_COUNTER workers $threads sync-type $sync
realtime="cat timing’
echo "$output, $realtime" >> stepl.csv
done
done
done
done
done
done
done

Rscript ./vplot-stepl.R stepl.csv stepl




Scripting Graph Production

library(ggplot2)

args = commandArgs(trailingOnly=1

N
»

if(length(args)!=2) {

stop("need input CSV file, and output pdf!", call.=FALSE]
} |
inputfile=args[1] |
outputfile=args[2] | |
il

threads

»
o

realexec
> P

o
»

o

plot_stepl <- function(colname, outpdf) {

) + geom_bar(stat="identity")
ggsave(outpdf, path=".", device="pdf", width=16, height=10, units="cm")

ds = read.csv(inputfile, header=TRUE)

plot_stepl("realexec", outpdf=paste(outputfile, "-", "scaling", ".pdf", sep=""))
plot_stepl('normlost", outpdf=paste(outputfile, "-", "lost-updates", ".pdf", sep="")
plot_stepl("maxw'", outpdf=paste(outputfile, "-", "load-imbalance", ".pdf", sep=""))




if(_options=>bCSV) {

Producing
Scriptable
Output

if(_options->bAdjustToRGrouping

 Added command line options
to control:
* Human vs machine-readable printf("%s, rwes, t%d, %.3f, %.3f, %.3f, %.3f, %.3f, %.3f, %.3f, %.3f\n",
. . . _options->synctypestr().c_str(),
° Manage qurkS In RSC”pt std::to_string( (ir _options->dWriteProbx100.0d)).c_str(),
num_threads,
° etC norm_lost_updates,
norm_avg_reads,
norm_min_reads,
norm_max_reads,
norm_avg_writes,
norm_min_writes,
norm_max_writes,
ticks/1000000.90
);
else
printf("%s, %s, %d, %.3f, %.3f, %.3f, %.3f, %.3f, %.3f, %.3f, %.3f\n",
_options->synctypestr().c_str(),
std::to_string( (i _options->dWriteProb*100.0d)).c_str(),
- num threads,




Methodology

Languedoc.csres.utexas.edu

* 64 cores 2-way hyperthreaded
 Ubuntu 20.04

* 192GB RAM

* Lightly shared
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The program gets slower with more threads. Why?

Many lost updates. Obvious why...

0.

threads

rmlosf
o
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o
o

Load imbalance can be greater than 2x

|Ideas:
e Balance load
* Eliminate contention

‘ “““NM‘“"|||||‘|m|“““|‘||||“| ‘| “I“ |||| " foft possible to scale Tatall” Hyouremove all contention?
6 ° threads o 60



Step 1a: Privatize the
Counter

* |t can indeed be made to scale!
* Load can be balanced

* Diagnosis: lost updates and coherence are
perf-killers; in my case lost updates were
worse

* Problem: there is no actual shared state
* Solution: synchronize
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B e Step 2: Synchronize
o the Counter

ALl e

* Load imbalance differs by synctype

* Does it get any better if we balance
the load?
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» Use/abuse affinity
e 1 corevs all cores?
* What did you expect for load imbalance

Ste p 3 * What did you expect for scaling?

2.5~

synctype

. atomic-aff-nobalance

. mutex

. mutex-aff

. mutex—aff-nobalance
. spinlock

. spinlock-aff

. spinlock-aff-nobalance

Runtime (seconds)

threads




e Read-write ratios
* What did you expect for scaling?
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Discussion



