Advanced Software Engineering

Example Project:

Vienna International Airport
AODB Core System

DI Dr. techn. Mario Bernhart




About myself

m Researcher at Vienna University of Technology
m In 2012 researcher at MIT Aero/Astro
m Eclipse project lead and committer (Mylyn Reviews)

m 6 years in software engineering for air traffic

= 2000-2005 Electronic Flight Strips (EFS) at Freguentis
AG

m 3 years in software engineering for airport operations
« 2010-2012 AODB for Vienna International Airport

Contact: mario.bernhart@inso.tuwien.ac.at

. n m INSO — Advanced Software Engineering 2



mailto:mario.bernhart@inso.tuwien.ac.at

Advanced Software Engineering (next 5 lectures)

m Example Project: Vienna
International Airport AODB Core

System
m Build for ten years and more
m Release your stuff 3 times a day « Layered Software Design / API
» Dependency Management Design _ _
= Build Management and -Automation - Modularization / Service Design
. Continuous Integration, Continuous - Decoupling / Event Driven Design
Delivery « Interfacing / Integration

= Five challenges you solve for every ~®= From prototype to product (make it

project work 24/7)

» Error Management » Clustering

= Transaction Management = Performance

« Logging « Monitoring

» Auditing » Automating Operational Tasks

» Declarative Authentication and
Authorization
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What Is advanced in Software Engineering?

m Dependable Software
m Large, Complex, Integrated Software

m Extended Software Lifecycle
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Dependable Software Basic Concepts [1]

m Definition from [1] (Fundamental Concepts of
Dependabillity)

m Dependabillity is an integrative concept that
encompasses the following attributes:

availability: readiness for correct service,
reliability: continuity of correct service;

safety: absence of catastrophic consequences on the
user(s) and the environment;

confidentiality: absence of unauthorized disclosure of
Information;

Integrity: absence of improper system state alterations;
malntamablllty ability to undergo repairs and

. n m INSO — Advanced Software Engineering




Dependable Software Basic Concepts [1]

m Dependabillity tree from [1]

— ATTRIBUTES —

DEPENDABILITY —— MEANS

. THREATS

— AVAILABILITY
— RELIABILITY

— SAFETY

— CONFIDENTIALITY
— INTEGRITY

— MAINTAINABILITY

— FAULT PREVENTION
— FAULT TOLERANCE
— FAULT REMOVAL

— FAULT FORECASTING

— FAULTS
— ERRORS

— FAILURES
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Dependable Software Basic Concepts [1]

m Fault prevention
= Quality control

« Software design i.e.
- structured programming
- Information hiding
- modularization

m Fault tolerance
= Error detection and subsequent system recovery
= Error handling: roll-back (checkpoint) vs. roll-forward
» Redundancy: fault masking, voting algorithms, ...
» Fault isolation
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Dependable Software Basic Concepts [1]

m Fault removal
« Verification (static, dynamic), diagnosis, correction
= Fault injection (e.g. to test the error handling)
« Corrective and preventive maintenance

m Fault forecasting

« Qualitative
- Identify, classify, rank

« Quantitative
- probability model (stochastic)
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Dependable Software Basic Concepts [1]

m ERROR: Discrepancy between a computed, observed
or measured value or condition, and the true, specified,
or theoretically correct value or condition.

« Example: null value when not valid

m FAULT: Abnormal condition that can cause an element
or an item to fail.

« Example: Uncaught NullPointerException (NPE)

m FAILURE: Termination of the ability of an element, to
perform a function as required.

« Example: Malfunction, nonfunction or crash of a service
(l.e. due to unhandled NPE)
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Dependable Software Safety culture;

exemplary analysis from [2] N. Leveson

m Ariane 501
= Wrong reuse (Ariane 4 software for Ariane 5) - exploded

m Mars Climate Orbiter (MCO)
= Metric vs. English units - navigation failure, lost

m Mars Polar Lander
= False sensor signal - landing aborted, destroyed

m Titan / Milstar satellite
« False constant = incorrect orbit
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Dependable Software Safety culture;

Flaws in safety culture [2]

s Management
=« Diffusion of Responsibility and Authority

« Limited Communication Channels and Poor Information
Flow

m Technical

= Inadequate System and Software Engineering
- Poor or Missing Specifications
- Unnecessary Complexity and Software Functionality
- Software Reuse or Changes without Appropriate Safety
Analysis
- Violation of Basic Safety Engineering Practices

= Inadequate Review Activities
= Ineffective System Safety Engineering
= Flaws in the Test and Simulation Environments

' (0] €
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Software Aging [3]

m Reasons for Software Aging from [3] D. N. Parnas

« Lack of movement: Failure to modify the product to meet changing
needs

» Ignorant surgery: Result of the changes that are made

m Problems during lifecycle
= |Inability to keep up (growth)
« Reduced performance (poor design)
» Decreasing reliability (error injection)

m Preventive measures
« Design and plan for change
=« Documentation and Reviews
» Restructuring including partial replacement (amputation)
= Plan for retirement and replacement

. n m INSO — Advanced Software Engineering 12




Error Injection

Undetected Defects - I—

Defects Defect _ }
xistngon | 'Mected | | Detecton oot A pete
Step EEII"“'!" During | Defect | Repairs EJ?EE‘]F:'ITE

Development Repair Defects After ﬂ*.ge

»Removed  Step Exit
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Vienna Airport facts (from 2010)

m 19,7 mio. Passengers = ~19.000 Employees at

m 246.000 Movements Vienna Airport
= 16,8 mio. Baggage
Pieces

m 116 Check-In Desks
m 96 Parking Positions

m ~230 Companies
m /0 Airlines
m 172 Destinations

m 4.266 Employees . -
(FWAG) m 20 Pier Positions

\W\\§ Vienna
VI International
Airport
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Mach?2info project key facts

Core system (AODB — Airport
Operational Database) for all flight
operations at VIE (20 Mio.
passengers / year)

m Replacement of the legacy system
MACH

» 40+ years-old BULL-GSOCS host (about
250 KLOC Cobol source)

= No documentation at all
« 126 Transactions per second

m Criticality

« 1h downtime - Delays

= 4h downtime - Severe operational
limitations

m Migration of the legacy system without
significant downtime

m Incremental strategy with a strict 1:1
re-engineering policy
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Baggage office
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Movement Control

— 0\3\*gk
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Operations center
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Ground handling

4
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Operations

TEL 00000002 L:0140

HF 0000002 050001 -TIN-
PH

MES5AGE FROM: ITIM 120105
FANZI GRUESST JULIUS

NHNH
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Project in numbers

31 team members

m 106 Features (e.g. core flight process, turnaround
management, messaging, gate and stand planning,
notifications, deicing...)

m About 1000 users and 16 individual user groups on
» Standard PCs
= IATA Cute Terminals (no mouse)
= Ruggedized touchscreen laptops

m 5 releases with incremental operations of mach2info
and incremental shutdown of legacy system

2 years duration; now successfully in full operations
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Mach2info features

Inbound / Outbound flight processing
Turnaround management

Gate and stand allocation

Deicing management

Notification system
« Application integrated (with drag and drop support)
« Emall
» Systemz2system

Flight planning services (message-based and manual)
IATA message processing (receiving and sending)
Accounting data export

Interfaces for e.g. public displays (FIDS), load planning,
billing, ground radar, resource planning tools ...
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AODB example archticture
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Technical strategy

m 1:1 migration (feature-wise, not technical)
m Minimize the changes in the legacy system (high risk!)

m Incremental transfer of user groups to the new system
= Try to evenly distribute user size through a number
releases
m Technical ,little big bangs”
= Migrate smallest possible size, but coherent parts

m Parallel operations of both, the legacy and the new
system

« Parallel input: Interfaces and messages
« Serial input: User input
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Step 1 of the incremental migration strategy. The main element is the Flight Data Component that listens on
the legacy interface for flight data updates and transforms that to a new model before forwarding it to the

primary systems.

External
Messages

lThis communication is ether direct or with a simple protocol transformation component

Passive Flight

Legacy AODB Data Component

» Primary System 1

[Business Logic] [Transformation]

4

v

‘ Legacy Database\ ‘ New Database \
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Step 2 of the incremental migration strategy. The main element is the Service Component that provides

service interfaces with all relevant validations, but not the business logic.

External
Messages
Validating Service
Component <
[Validations]
oes Somp
g P » Primary System 1
[Business Logic] [Transformation]
i
| v

‘ Legacy Database\ ‘ New Database \
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Step 3 of the incremental migration strategy. The two components of Step 2 are now merged together and

provide a fully functional AODB. The legacy system is updated asynchronously to keep in sync.

External External
Messages Messages
Legacy AODB New AODB
< < » Primary System 1
[Business Logic] [Business Logic]
A
s v

‘ Legacy Database\ ‘ New Database \
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Integration architecture (at release 3)
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Project planning for 5 mach2info releases
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natomy” of a core system (dependency graph)

B
=

a5 a am

a

=

() -
©
(o) -
@
(s |-
(e
(|-
5
©

Christian Brem Maria Christian Liska Thomas Dworschak Mario Bernhart Markus
Bernhart Secbauer
C 7201
— 17%2)
N 1582011
18,0201 o = ! (VIEASTOS)
.C 15.52m1 Integealionstest : o K
(OPS2Ia) - - - om I 2
Q 1511.2011 {iellicte fiher) =) 158.2011 !
o 22011 b} egrassicnerast 722011 I @ T Solakt Dagk. =]
E liggl} & - - e = = e : ) = & mach 5
. 2 3 Deaklivierung INF-Reacior u| u I 2 53 9
E B T T = = -
L . 8 E 5 7 =4 & 3 . F
= = Rl 2
- 3 2 s = z = T o E S = g 4 Bl [4
E = § iy =] o ; L~ 2 —_ g & I El & =21
< g 3 g g g ; 3 o 3 3 2 & ] AN <& 2
=1 L Bl T R R ; s o S o g 2 g o0 &
2 g 3 g Es & = S @ - g & S
B > a 3 E s o = a 2E &
o g o 3 & @ 3 e &
F 3 2 3 2 El = R
1 14 15.5.2011 a 2 3 1 @ = -
5 (Rerminder mai (OPS2iro) 3 3 ] g k4 [
o imgh 18 1 3 El o &
T imiza0i 16.11.. Services fertig T N = g
{Remindar m2i - 3 a 8
15.9.2011 5
15.12.2011 ' GUI umgastelt Z
. Q az ) (an (_2 (g @ an

w
N

©

'ﬁ®g=@<
= 3
3
2

() () ONNONNO
| TEE201T 1662011 s
= v ot EE——-
21.5.2011 1582011 z
MDS-BEA! T
PROD 1T 222011 g
“"’“’i"”‘z1 w7} @
) &
2 g : 7 g :
= o8 3 <3 @ 5 3
(9] & | 072014 E g 7 g 3 3
m Madel o 5
L 2 finalisiert o a E 3 I8
Q = 1 - > g
(] B 092011 = T
@ Modell und X
E Datan OK w
L] -
= 1.12.20114 o1 @
=] ol
O Bl mmu\ artaigt 5
Michael Christian Mario Christian Markus
Fiedler Liska Bermnhart Michael Fiedler Liska Seebauer ?

Stand: 19.5.2011
OP52 Release
Dependency

\olls abgeltiste oder
obsolete Dependency

_ Exteme Komponente
_ Flughafen Komponente

Semantik einer Kante

q Jhat Dependency auf™
Legende zu Dependencies (at, v1 atc.) in
JAbhangigkeiten_mach2info xls”

INSO — Advanced Software Engineering 31




Integrating a core system
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Requirements Engineering

m Integration and intensive cooperation with 3 core business
units

m Coordination with 3 business units representatives

m |dentification of user groups
« About 1000 users and 16 user profiles

m Tailoring the user interface engineering process to meet the
demands of the respective business units

m Reading legacy code to extract requirements in human
readable language

« Separation of functional and technical aspects of the legacy
source
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Cobol code analysis

m 114 Transaction
Programs (TPRs) with
124k LOC

m (665k LOC total in
MACH)

m 819
Functions/procedures
(called by TPRS)
with116k LOC

m 109 DB-

Ith
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Usability Engineering

m Contextual enquiry of the working environment
= ,How is the operative environment for each user set up?”

m Individual design of user interface for each user group
= ,1:1 functional replacement, but optimized user interfaces”
= design for the technical user environment (PC, mobile etc.)

m Analysis of usage statistics of legacy system

= ,How frequently is a function used by a user and what is the
workflow?*

m Mockups of user interfaces before implementation
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Baggage management example
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Contextual inquiry of work environment
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Early design draft for baggage system
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Legacy system for baggage system

BELT 3
0S5 9002 HERAKLION

BELT 5 BELT &
05 9470 ANTALYA TK 1891 ISTANBUL
PC 991 ISTANBUL 3SAB
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Legacy system for notifcation system
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Mock-up for baggage (right) and notfications (left)

TV VWS TEm amIV ] W 1 1
[ Belt Verwaltung " Recherche Logout
Reminder < Flug auf Belt zuordnen
Landing, missing belt G;’ Flug: E Belf:E] Datum: Flug zuordnen
Alle Reminder bestitigen [l ~ Belt 1 — Belt 2 — Belt 3
(HG 8121 Linz  10:15 05 958 Linz =
| CELEA Cl6  115Pers. 1060kg 05 964 Graz ]
LSZD EU/Schengen V. 05 926 Salzburg @
7 - I 05 944 Klagenfurt @ -
05 189  Kairo  10:30 05 953 Linz ,éf Ein Belt kann max. 8 Flige
/| CELBE D56 220Fers 1060 kg = — beinhalten, diese sollten ohne
LWSI Men-Schengen Frapert 0S 964 w scrollen immer sichtbar sein.
05 926 Salzburg m
0s 944 Klagenfurt w
— Belt 4 — Belt 5 — Belt 6
Wenn ein Reminder auf einen Belt
per Drag and Drop gezogen wird,
sollte dieser gehighlightet werden
(Rahmen etwas dicker o.A.).
= — Belt 7
Type change )
Position change o 05 958 Linz @ 05 958 Linz @. _
05 964 Graz m 05 964 Graz o Belt 7 kann max. 6 Fliige beinhalten.
Registration change — —
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Info mach?2 e 10012 1w 12:12

SYSTEMS
oIl Belt Verwaltung G, Recherche +[§ Logout
e
¥ Landing, missing belt o Flug 0S| 513 Belt 3  Datum 100901 | Flug zuordnen |
| Alle Reminder bestitigen | Belt1 Belt 2 Belt 3
— : : 0S 985 Paris UA 2912 Linz
HG 8121 Linz 10:30 0s 271 Boston
+/| OELEAC46  115Pers. 1080kg UA 2912 New York City
320 EuUiSchengen V. HG 2714 Atlanta
EZY 5357 London 10:40
+"| GEZIC D24 146 Pers. 0kg
319 EWSchengen Fraport
Belt4 Belt 5 Belt 6
HG 2714 Allanta 0s 21 Atlanta UA 2912 New York City
UA 2912 Atlanta 0S5 985 Boston UA 2012 Linz
UA 5447 Boston HG 2714 Boston HG 2714 New York City
Type change o
Position change o Belt 7
Registration change 0s 2T Linz 05 2M Boston
Bestitigte Reminder

m \

© 2010 - Vienna International Airport

Offen fir neua Horizonta. \\\?VI




Tracking software development
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Most important. motivation
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