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IBM Cloud

Serverless: Function-as-a-Service

» Developers deploy small applications called
Mmicro-services

» Cloud providers automatically scale and manage
cloud infrastructure instead of developers

» Can scale from zero users to thousands instantly

» Guarantee high availability and fault tolerance
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The cost of FaaS vs VMs

The cost of VMs:
« (Number of VMs) x (Uptime) x (Price)

« Billed for entire VM uptime even when idle.

The cost of FaaS:
A . (Function Runtime) x (Memory: Setting) x (Price)

« Billedionly:forruntime used.

Performance Variation in FaaS

A - (Application Runtime) x (Memory Setting) x (Price)
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Research Questions

RQ-1: (Performance Variance) What factors are responsible for
performance variation on FaaS platforms?

RQ-2: (FaaS Runtime Prediction) When leveraging Linux CPU time
accounting principles and regression modeling, what is the accuracy
of FaaS function runtime predictions for deployments to different
memory. settings or CPUs?

RQ-3: (Assessing Workload Predictability) How effective are system
metrics at evaluating reliability. of performance predictions?
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Serverless Applicatics)pAénalytics Framework

Example Output JSON:

The attributes collect can be customized by changing which functio Attri ibutes Colle,
more detailed descriptions of each variable and the functions that ¢ The amo
in

Cted by Each Function

. tof datg ¢
. see the framework documentation for each language. Tunctions p, ollected is degem;
AAFina Function: methogs " "8 b a3 M s
o OUld ke to cojfegy - If some attr
every atyri Utes are
Us“‘\g S { - Core Attripygeg FHIBUE the inspeqyy ',’:;:Zdey, then some,
. ole importing the fram "version": 0.2, | ) will run )
AF in a function is as simple il be appended "lang": “python", [ | Fleta
Using SA ibutes collected by SAAF WI dinto "cpuType": "Intel(R) Xeon(R) Processor @ 2.50G  ‘rsion The version Descriptio,
of code. Attributes & s this data could be store “cpuModel”: 63, | [ ang p— O the SARF Frameyory n
! 5 .
asynchronous functions, N finished. 1551727835, [ 219U3G of the funcion
ieved after the function 1 d241c618-78d8-48e2-9736-997dc1a931d4 The server-sige Nuntime
retri £iUCnA", [ [ SartTime | gy Epoch th 7O When the funcion is initjay;
jon: “platform": "AWS Lambda" [ At the Inspector g ;. Blized unti inspecgor ¢ -
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Example F “newcontainer": 1, nsDeth""fsiner() “einm eated
"cpuUsrDelta": "904", | Fiel
: | ld
£rom Inspector import * “cpuNiceDelta": "o", / i
"cpuKrnDelta": "585", ! A unique identifi Description
q er ase
f m Function(reque“) : “cpuldleDelta® | reweontainer " 25I9ned 10 a conggine, i o)
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. ecto " n.on f ime wh, 'ed uuig
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{nspector = lnspector() "cpuSoftIrgDelta": ! '"SDectcpuO “dSSmcEJanuary1 1970 (Un, =
il R W " " / g i epoch,
ectAl vmcpustealDelta / ).
:'LnSPeCt‘Jr'mSp . "frameworkRuntime": 35.72, Field
+ message- i /
4 a "Hello Wo rid!’ |‘{:e : o, "Hello “message": "Hello Fred Smith!", | cPuTpe — Descrption
# Ad tor addattribute("mess 9€ "runtime": 38.94 | coubtoger el name of the cpy,
N or. | 2
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FaaS Runner and Hardware Distribution

Proﬁling 'I_'ask
Description Intel Xeon CPU VM %

F”F?,;Y,‘;fz';’ad AAWS |E5-2680v2 @ 2.8 GHz, 10 core
WS E5-2676v3 @ 2.4 GHz, 12 core
CPUs E5-2686v4 @ 2.3 GHz, 18 core

| IBM |E5-2683v3 @ 2.0 GHz, 14 core
| |BM |E5-2683v4 @ 2.1 GHz, 16 core
\ IBM |E5-2650v4 @ 2.2 GHz, 12 core
y APV IBM | E5-2690v4 @ 2.6 GHz, 14 core

Lmbin T’ romenors_Fonions. WeI VL3 _/BM | Gold 6140 @ 2.3 GHz, 18 core
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Calcs Service Workloads

axb=xc

Memory Stress | Threads | Tenancy

m Definition m Calculations

NMT1 Fixed # of Calcs, No Memory Stress, 1 Thread, concurrent calls NMT1 40 million

Fixed # of Calcs, Memory Stress, 1 Thread, concurrent calls 40 million
N

- i , No Memory stress, 2 Threads, Sequential calls 40 million
Fixed # of Calcs, No Memory Stress, 2 Threads, concurrent calls 40 million
Fixed # of Calcs, Memory Stress, 2 Threads, concurrent calls 40 million
$caling Calcs, No Memory Stress, 1 Thread, concurrent calls 30-60m step 3m
Scaling Calcs, Memory Stress, 1 Thread, concurrent calls 30-60m step 3m | array=1 million

SCNMT2 |Scaling Calcs, No Memory Stress, 2 Threads, concurrent calls 30-60m step 3m
SC! Scaling Calcs, Memory Stress, 2 Threads, concurrent calls 30-60m step 3m | array=1 million

SCSMT2 |Scaling Calcs, Scaling Memory Stress, 2 Threads, concurr. calls SCSMT2 30-60m step 3m

array=1 million
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1-1m, step 100k

Calc Service on GitHub: github.com/wlloyduw/CalcsService

Variation Caused By Multitenancy
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Faa$S Pricing and Performance Obfuscation
AWS vs IBM

AWS Lambda IBM Cloud Functions

» Price (USD): » Price (USD):
Runtime (s) x Memory (GBs) x $0.0000166667 Runtime (s) x Memory (GBs) x $0.000017

» Scales performance with memory setting. » Does not scale performance with memory setting.
» Tenancy has a small impact on performance. - Tenancy has a massive impact on performance.

» For our workloads, a mid range memory setting - For infrequently invoked functions, the minimum
512-1024 MBs provides the best price to memory setting is always the best choice.
performance ratio.

® = -0.939-x+39 R>=0.974 ® = -0.445-x-3.65 R*=0.988
[0]0]0)
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Making Predictions Across More Configurations

Memory: Platform: CPU Aliases:
256 MBs a1 - a2 al 256MBs — 512MBs 256MBs a1 — i1 1024MBs a1 — i1 al: Amazon Intel Xeon E5-2680v2
256 MBs a1 — a3 al 256MBs — 1024MBs 256MBs al — i2 1024MBs a1 — i2 a2: Amazon Intel Xeon E5-2676v3
256 MBs a2 — a3 al 256MBs — 2048MBs 256MBs a1 — i3 1024MBs a1 = i3 a3: Amazon Intel Xeon E5-2686v4
512 MBs a1 — a2 a2 256MBs — 512MBs 256MBs al — i4 1024MBs a1 — i4 i1: IBM Intel Xeon E5-2683v3
512 MBs a1 — a3 a2 256MBs — 1024MBs 512MBs a1 — i1 2048MBs a1 — i1 i2: IBM Intel Xeon E5-2683v4
512 MBs a2 — a3 a2 256MBs —+ 2048MBs 512MBs a1 — i2 2048MBs a1 — i2 i3: IBM Intel Xeon E5-2650v4
1024 MBs a1 — a2 a3 256MBs — 512MBs 512MBs a1 — i3 2048MBs a1 — i3 i4:|BM Intel Xeon E5-2690v4
1024 MBs a1 — a3 a3 256MBs — 1024MBs 512MBs a1 — i4 2048MBs a1 — i4
1024 MBs a2 —+ a3 a3 256MBs — 2048MBs
2048 MBs a1 — a2
2048 MBs a1 — a3

2048 MBs a2 —» a3
Repeat for SCNMT2, SCMT2, and SCSMT2 Workloads
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Workloads for Predictions

axb=xc

SCNMT2 |Scaling Calcs, No Memory Stress, 2 Threads, concurrent calls SCNMT2 | 30-60m step 3m “n
SCMT2 |Scaling Calcs, Memory Stress, 2 Threads, concurrent calls SCMT2 30-60m step 3m | array=1 million _
SCSMT2 |Scaling Calcs, Scaling Memory Stress, 2 Threads, concurr. calls SCSMT2 30-60m step 3m| 1-1m, step 100k “
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Conclusions - RQ-1

RQ-1: (Performance Variance) What factors are responsible for
5 I I performance variance on FaaS platforms?

(
CPU Heterogeneity 'i‘w’i' Multi-tenancy

~71.4x ~2.7x




Conclusions - RQ-2

RQ-2: (FaaS Runtime Prediction) When leveraging Linux CPU time
accounting principles and regression modeling, what is the accuracy
N of FaaS function runtime predictions for deployments

with different memory settings or CPUs?

Workload Number of | Workload
Prediction Tvpe cv MAPE Average Cost Error | Average Workload Cost

§70.27
§204.23
$173.64
| SCNMT2-Memory | 9 | 20% | 059% | 8045 §76.30
| SCMT2-Memory | 9 | 22% | 38%% |  $907 $236.88
| SCSMT2-Memory | 9 | 36% | 105% |  $1999 $190.80
§119.38
| _OverallAverage | 77(sum) | - | 349% |  $646 $150.45

Conclusions - RQ-3

RQ-3: (Assessing Workload Predictability) How effective are
system metrics at evaluating reliability of performance
predictions?

cpuSteal * freeMemory




Thank You for Watching

Questions or comments?
Please email:
rcording@uw.edu or wlloyd@uw.edu

Download SAAF and FaaS Runner
github.com/wlloyduw/saaf
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