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What is Scalability?

the capability of a system, network, or process to handle a
growing amount of work, or its potential to be enlarged In
order to accommodate that growth

Scalability is function.



Scalability Law

Little’s Law (1961)
Amdahl’s Law (1967)
Gustafson’s Law (1988)

Universal Scalability Law (1993) [
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Amdahl’s Law

If an amount of work N is completed in time T 1 on a uniprocessor, the same amount of

work can be completed in time
T1/T

e N = Processor

T p < T 1on ap-way multiprocessor. The speedup S p =
p is one measure of scalability.

Single Processor Execution Time (T1)

e a = Contention (c

B{TULER)

Speedup S(p)

ap+l-a 1+a(p-1)




Gustafson’s Law

Amdahl’s law assumes the size of the work is fixed. Gustafson’s modification is based
on the idea of scaling up the size of the work to match p.

S =a+(1—-a)n

n

Amdahl’s Law
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USL

The USL is equivalent to the bound on throughput for a linear
model of a multiprocessor.

C(N) N

" 1+a(N=-1)+BN(N-=1)

e N = Concurrency (or Processor)
e a = Contention ( waiting for shared resources )
e [ = Coherency ( waiting data synchronous )

A General Theory of Computational Scalability Based on Rational Functions



http://arxiv.org/abs/0808.1431
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Standard MRM
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Metric Repairman Multiprocessor Time share
p machines Processors users

Z up time execution period think time

S service time transmission time CPU time
R(p) residence time Interconnect latency run-queue time
X(p) failure rate bandwidth throughput
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Scalability Model =

AMRGTEEE

a=0,=0 a=>0,=0 a=>>0,B=0 a=>0,B=0

A: Ideal concurrency (o, k B: Contention-limited (o > 0,x = 0)
Single-threaded tasks Tasks requiring locking or sequencing
Parallel text search Message-passing protocols

Read-only queries Polling protocols (e.g., hypervisors)
C: Coherency-limited (o =0,k > 0) | D: Worst case (o,x > 0)

SMP cache pinging Tasks acting on shared-writable data
Incoherent application state between Online reservation systems

cluster nodes Updating database records
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Scalability Zones

Scalability Bounds
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Contention & Coherency

Contention (a) Coherency (B)
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Predict

e Predict maximum scalability

Nmax=\/(1 -a)/p

e Predict throughput Xmax at load Nmax




DB Capacity Plannlg
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Step to Apply US
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e | oad: QPS/TPS

e Concurrency: Thread_running(MySQL)
. BEHE

 mysqgladmin -i1 ext |awk 'BEGIN{printf "%5s %5s\n", "conn", "tput"}/
Threads_running/{run=%$4} /Queries/{q=%$4-gp;qp=%$4;printf "%5d %5d\n", g, run}'
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Example

sample <- read.csv(“8003.tput",sep="")

usl <- nls(tput ~ conn/(1+sigma * (conn-1)+
conn*(conn-1)),sample,start=c(sigma=0.1,kappa=0.01))

sigma <- coef(usl)['sigma']
kappa <- coef(usl)['kappa']

u=function(x){y=x/(1+sigma * (x-1)+ kappa*x*(x -1))}

plot(u,0,max(benchmark$conn)*2,xlab=“Concurrency",col="green", ylab="Throughput",
Ity="“dashed",add=TRUE)

points(benchmark$conn,benchmarkS$tput)

https://kevinbin.shinyapps.io/uslapp/
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Conclusions
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“all models are wrong, but some are useful.”

—George E. P Box



