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Quantitative properties

“Properties that can be objectively expressed
using numbers (quantities) with a precisely
defined unit of measure.”

— Wikipedia



Quantitative properties

esponse Time Throughput Avallability



Features of Quantitative
Properties

Aggregate transformation |
\ Timing relation between events

“The\average response time/of a service must
not exceed 30 milliseconds, if invoked by a
/ premium customer”

Numerical bound



Features of Quantitative
Properties

Multiplicity of events

“At most S\VM allocations are allowed within
2 minute time window.”

/

Time bounded sequence of events




More Generally...

Quantitative Properties

...express numerical bound on a

X DS certain value
T ...consider sequence of events
| |
I I
€1 — € —7 ... = €y bounded by absolute time T
€1 — € — ... =2 pP bounded by an event

€1 — € €63 — ... or unbounded
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More Generally...

Quantitative Properties
...compute numerical values from

{er,er,...,e,} a set of specific events

timing relations between tuples
€1,67,...,€ .
(e1,€2,..., &) of specific events

{max(), avg(),count(),...} ...apply aggregate transformations



Scope

Specification

Verification




Specification



Service-Based
Applications [1]

Cloud-Based Research

t x
Systems Practice

Pervasive
Systems

[1] Bianculli et al: Specification patterns from research to industry: a case study in service based applications. ICSE-SEIP 2012
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2. Definition and Documentation
ﬂlﬂlllllllllﬂl‘u!!illilllll“ﬂl-

se-man-tics \si-' man-tiks\

noun plural but singular or plural in
construction

- the study of the meanings of words
and phrases in language

1l - the meanings of words and phrases
In a particular context




3. Specification Patterns
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4. Decidability and Complexity




5. Usabillity




Verification



1. Offline Trace
¥ Checking




2. Runtime
Verification




Synthesis



Synthesis

Kiooo Ko

Specification templates

Inferred specifications:
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Progress



Specification

Elasticity

Resource Management

‘ .

D\ A
g 2 \\\1“3‘,

Quality of Service
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Specification



Verification

SpecificatiOn Language fOr Service
CompoSition InTeractions

Metric temporal logic with Aggregates [2]

[2] Bianculli et al.: The tale of SOLOIST: a specification language for service compositions interactions. FACS 2012



Verification

Execution trace SOLOIST




Verification

QF-EUFIDL

@ SMT

solver




Verification



Verification
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Verification



Future Schedule

Jun Jul Aug Sep Oct Nov Dec
2014 2014 2014 2014 2014 2014 2014

T1 Field study - Cloud-based Systems (CBS)

T2 Survey on synthesis

T3 Consider potential new properties

T4 Synthesis of properties of CBS

T5 Adaptation of Offline methods to RV

T6 Field study - Pervasive Systems (PS)
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Additional Slides



Property Specification
Patterns

Dwyer et al | Konrad et al m Bianculli et al

1 Absence 1 Minimum duration 4 T e 1 Avg response time
2 Universality 2 Maximum duration existence 2 Counting # events
: 3 Bounded _
3 Existence recurrence 2 Time bounded 3 Avg # events
_ response
4 Bounded existence 4 Bounded response 4 Max # events
5 Bounded _ :
5 Precedence variance 3 Precedence with 5 Absolute time
delay ]
6 Response 6 Elapsed time
7 Response chains 4 Time restricted 7 Data-awareness

8 Precedence chains precedence

9 Constrained chain
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Cloud-Based Elastic
System

system load
input workload o~ mOn/'tOI'IhQ data
&) @) &) /\/\/\ l maintain QoS
>0 g C Elasti minimize costs
' - ontrolled astic
& & @ Invocations Public L System Controller - @
O Interface ontrol action  ‘Service Provider
End-Users Q‘ Qw ——O < 4
N\ Cloud [ @
N N Interface |
@) add/remove VM costs

Cloud laaS Provider
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Property Groups

Elasticity Resource Management Quality of Service

Eagerness Precision Bounded QoS
degradation

Sensitivity Oscillation

Plasticity Resource thrashing Sounded actuation

delay
Cool-down period

Bounded concurrent
adaptations

Bounded resource
usage
36



Examples

Seqguence of events

“For a\period of / days, the application will successfully
process a minimum of 500,000 customer orders per day”

/ Numerical bound

Aggregate transformation
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Examples

Multiplicity of events

“The missile avionics system shalkupdate the position
of the ailerons exactly 20 times a second.”

/

Numerical bound
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Examples

“The university website shall not have more than 5
hours of scheduled downtime per month and not more
than an average of 1 hour of unscheduled downtime
per month.”
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Related Work



Finkbelner et al.

- collect statistics over run-time executions

- extend LTL to collect values

- language does not support timing information
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Basin et al.

- MFOTL with aggregates

- more aggregates than SOLOIST

- values of the relation parameters vs occurrences
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Bauer et al.

- PTLTLFO - past time linear temporal logic with first-

order (guarded) quantifiers and counting modality

- lacks timing information and bounded windows
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Barre et al.

- MapReduce based approach

- plain LTL (without timing information and aggregates)

- Inefficient handling of tuples (no sorting)

- no multi-operand conjunction and disjunction
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