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EASElab (Empirical and Automated Software Eng. Lab)

We automate software engineering for the next generation of intelligent, autonomous, and variant-
rich software systems. We explore new ways of software creation, analysis, and evolution. Our appli-
cation domains are automotive systems, systems software (e.g., Linux kernel), software ecosystems

(e.g. Android apps), and mobile robots.

Focus areas
Model-Driven Software Engineering (MDSE)
Software Analytics (SWA)
Al Engineering (SE4AI/AI4SE)
Software Product Line Engineering (SPLE)

http://www.easelab.org
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feature models in the Linux kernel

Misc. Filesystems

5

Journalling Flash File System

Debug Level :int

Compréss Data

o \\n

Support ZLIB

Default Compression

e

None

Priority

Size

feature
model

menuconfig MISC_FILESYSTEMS
bool "Miscellaneous filesystems"

if MISC_FILESYSTEMS

config JFFS2_FS
tristate "Journalling Flash File System” if MTD
select CRC32 if MTD

config JFFS2 _FS DEBUG
int "JFFS2 Debug level (8=quiet, 2-noisy)"
depends on JFFS2_FS
default ©®
range 0 2
-—- help ---
Debug verbosity of ...

config JFFS2_FS WRITEBUFFER
bool

depends on JFFS2_FS
default HAS IOMEM

config JFFS2_COMPRESS
bool "Advanced compression options for JFFS2"
depends on JFFS2_FS

config JFFS2_ZLIB

bool "Compress w/zlib..." if JFFS2_COMPRESS
depends on JFFS2_FS

select ZLIB_INFLATE

default y

choice
prompt "Default compression” if JFFS2_COMPRESS
default JFFS2_CMODE_PRIORITY
depends on JFFS2_FS
config JFFS2_CMODE_NONE
bool "no compression”
config JFFS2_CMODE_PRIORITY
bool "priority”
config JFFS2 CMODE_SIZE
bool "size (EXPERIMENTAL)"
endchoice
endif

Berger, She, Lotufo, Wasowski, Czarnecki. A study of variability models and languages in the systems software domain. IEEE Transactions on Software Engineering, 2013



Franz, Berger, Fayaz, Nadi, Groshev. ConfigFix: Interactive
Configuration Conflict Resolution for the Linux Kernel,” 43rd
International Conference on Software Engineering. 2021.

Linux kernel configurator (xconfig)

current CONFI_G,X=y e
B o & T T i | 1 config CONFIG_Y =n p—
| Option N M ¥ | — —_— —
& . .config  Config goal Kconfig model
, \
O NXP TDA18250 silicon tuner M
(Semantic Abstractorj
0O TDA B290/8295 + B275{a)} 18271 tuner combao
O Philips TDAB2TX silicon tuner . l
Enable this feature? X 66 Y 11z
Symbol: MEDIA_TUMER_SIMPLE [=n] —
Type : tristate Propositional formula
Prompt: Simple tuner support
Location: O ( CNF Translator ] [ CNF Translator )
-> Device Drivers
-> Multimedia support (MEDIA_SUPPORT [=m]) @) ! !
=> Customize TV tuners o [x K11 Y
Defined at drivers/mediaftuners/Keonfig:22 Y X || 2
Depends on: (MEDIA_ANALOG_TV_SUPPORT [=n] | | MEDIA_DIGITAL_TV_SUPPORT [=n] | | MEDIA_RADIO_SUPPORT [=n] | |
MEDIA_SDR_SUPPORT [=n]) && MEDIA_SUPPORT [=m] && 12 [=y] CNF formula CNF formula
Selects: MEDIA_TUNER_TDASS8BT [=n] AN Ve
Selected by [n): soft constraints  hard constraints
- DVB_B2C2_FLEXCOP [=n] && MEDIA_SUPPORT [=m)] && DVB_CORE [=n] && 12C [=y] && (DVB_B2C2_FLEXCOP_PCI [=n] | | AW A pd
DVE_B2C2_FLEXCOP_USE [=n]) && MEDIA_SUBDRV_AUTOSELECT [=y] |
- MEDIA_TUNER [=n] && MEDIA_SUPPORT [=m] && (MEDIA_AMALOG_TV_SUPPORT [=n] | | MEDIA_DIGITAL_TV_SUPPORT [=n]
| | MEDIA_RADIO_SUPPORT [=n] | | MEDIA_SDR_SUPPORT [=n) && 12C [=y] && MEDIA_SUBDRV_AUTOSELECT [=y] X picosat —satisfiable
= VIDEO_PVRUSB2Z_DVB [=n] &8 USB [=m] && MEDIA_SUPPORT [=m] 88& MEDIA_USB_SUFPORT [=y] && I
MEDIA_ANALOG_TV_SUPPORT [=n] && VIDEQ_PVRUSB2 [=n] && DVB_CORE [=n] && MEDIA_SUBDRV_AUTOSELECT [=y] unsatisfiable
- DVB_USB_CXUSB [=n] && USB [=m] &8 MEDIA_SUPPORT [=m] 8& MEDIA_USB_SUPPORT [=y] & 12C [=y] && }
MEDIA_DIGITAL_TV_SUPPORT [=n] && DVB_USB [=n] && MEDIA_SUBDRV_AUTOSELECT [=y] l RangeFix ]
- DVE_USB_M920X [=n] && USB [=m] && MEDIA_SUPPORT [=m] && MEDIA_USE_SUPPORT [=y] && I2C [=y] && (ConfigFix )
) !
Conri Sz
CONFIG_Y =n
set of fixes set of fixes

(same as config goal) -

Berger, She, Lotufo, Wasowski, Czarnecki. A study of variability models and languages in the systems software domain. IEEE Transactions on Software Engineering, 2013
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‘ K}4R0b0ts gesture recognition

autonomous robots
=3

mobileBase naviLaser RGBD _7DoFarm forceTorqueSensor endEffector | fingertipSensors | | touchScreenMonitor | | onboardComputer | connectivity dockStation IMU
/O\ /jb\ /O\ ) / \_\
GPU—| wired wireless

| SICKTiM561 | | SICKTIM571 | | Astra | | AstraPro | | AstraS | | paralle/Gripper | | _5Fingers_hand |
[ ] [ ] [ ]
va rlablllty | PALgripper | | SchunkWSG32gripper | | inteli5 | | i7Haswell | | _4GB | | _16GB | | _256GB | | _512GB | | bluethooth | wifi

processor

N

RoboCup tasks perception
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behavior of autonomous systems

continuous dynamics
Newton‘s mechanics
ordinary differential equations
actor models
control properties (e.g., stability)

discrete dynamics
states and state transitions
abrupt changes
operation modes
fail-safe states

temporal properties

—

—

control theory

software engineering
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ROBOTICS ARCHITECTURE



SERA (Self- adaptive dEcentralized Robotic Architecture)

Central
station

LA

High level
specification manager

high level s#;eciﬁcatfon

[ Global mission manager ]
global mission §
[Global mission decomposer}

local mission[robot1]

[robot state, mission status

L[ Local mission manager }v 77777777777 | »[

environment]

Communication & R
collaboration manager )

=

local mission

A

|
[ Adaptation manager J*I[ Information manager }v

plan 4 4[plan status] |[gestures
[Calﬂ §t;aiu_sl - _._[ F}Ian executor "rObOf State
! ienvironment]
-_——— - - — e ——————————— + _—— e e ————— =
} . call | i
b |
[Motion planning & controO [ Gestures recognition }} [ SLAM J

Y T x . ‘

I Ta ¥ T ‘I

—( Detection executor }'

; 1
Robot interface J [ Sensors interface ]7

T

!

Hardware & drivers

)

Garcia, Pelliccione, Menghi, Berger, Wohlrab, “An Architecture for Decentralized, Collaborative, and Autonomous Robots,” in
International Conference on Software Architecture (ICSA), 2018

robot status
local mission

| | shared map

Mission
Management
Layer

Change
Management
Layer

Component
Control
Layer
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SERA: multi-robot mission control

Central
station

High level
specification manager
high level $eciﬁcation

[ Global mission manager ]
global mission

[Global mission decomposer}

£ mission specification 52

e S AR N A

& G B @

1/l |\ rz

Dp1 Dpz

Default / Defau“
ni2ia .
Stop if: finish

Even p3 l

EventOp 1 Event Op 2 ' '
raise_alarmg THIIIESLNE‘DR Event Op 1
op1 Dp 1 Dp 2
chargingdock charge battery grasp_object

PROMISE

Event Op 2

—

op1 Op2
chargingdock charge_batter

Op4d
release_object

Oop1 Op2
office1 office2

3 Palette b

(= Operators @
[> createDelegateOp
9 createFalibackOp

- CreateSequenceOp
| | createParalielop
A createEventHandl...

- i
(= Edges and events <2
4 eventAssigned
™\, assignOperator
"\, assignEvent
(= Core movement p... <
4 createVisit
4 createSequencedV...
< createOrderedVisit
<- createStrictOrdere...
4 createFairVisit

= Trigger patterns o
4 createDelayedRea...
4 createlnstantReact...
4 createWait
4 createSimpleAcion

(= Avoidance patterns <
4 createPastAvoidance
< createGlobalAvoid...
<~ createFutureAvoid...
4 createLowerRestric...

4 createExactRestric...
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SERA: planning and adaptation

! robot status
Central High level — : "Osﬁz"r é’;’srﬁ;%”
station specification manager local mission[robot1] [robot state, mission status N Mission

| fff’fofﬂﬂffg7 74{ Communication & 3 M t
n manager { collaboration manager ) anagemen
mission w 4 Layer
- e o = —— — - L4 =
Y ‘I ¥
[ Adaptation manager J I[ Information manager J* Change
|
plan | 4plan status] |[gestures Management
Plan executor ] robot state Layer
renvironment]
__________ e b s
} ¥
- [ Gestures recognition }}[ SLAM ] Component
_ : f | Control
- T w Layer
{ Detection executor }‘
rface ] [ Sensors interface j*
Hardware & drivers J |-




SERA: motion planning and control

J

Central High level
station specification manager
high level sioeciﬁcation

q [ Global mission manager ]
global mission

[Global mission decompose

)

Legend
. method
sharing ooy notify
— e - ————p»
component unit

(

local missionfrobot1]

¥
L[ Local mission mai

local missic

, |
Robot interface _

!
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SERA: gesture recognition

local missionfrobot1]

{

L \ environment]

[robot state, mission status

Local mission manager I

[call status]

-

local mission

¥ |

L[mfssion status, events]

‘[ Communication & A
collaboration manager _ J

[ Adaptation manager ]<—

»( Information manager J+

plan § A[plan status]
Plan executor

[gestures
robot state
environment]

hd

[I\/Iotion planning & contro] [ Gestures recognition ]

I3

[ Localization & mapping J

A

.\'A ¥ \
Detection executor J—J
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)

robot status
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ROBOTICS MISSION SPECIFICATION



user-friendly mission specification

“Robot r shall visit locations |1 and |12 in this order”
|1 and then |2

Possible to visit |12 before |1 and then to visit 127?

D1=<>((rin 11) && <>(r in 12)) vs. &2=Pp1 && ((!Irinl2)U(rin 1))

19



plaincode discrete dynamics: code and models

ros::init(argc, argv, "pick objects");

//tell the action client that we want to spin a thread by default temporal IOgICS

MoveBaseClient ac("move_base”, true);

// Wait 5 sec for move_base action server to come up ¢1 =<>((r in |1) && <>(r in |2))

while(!ac.waitForServer(ros::Duration(5.8))){ 5 " "
ROS_INFO("Waiting for the move_base action server to come up"); :!-mpor sSmac
} import smach ros

ialize the simple_navigation_goals node

move_base_msgs: :MoveBaseGoal goal; . .
<root main tree to execute="BehaviorTree"> =
— — = def main():

// set up the frame parameters rospy.init node('smach example state machine')

goal.target_pose.header.frame_id = "map”; <BehaviorTree ID="BehaviorTree">

goal.target_pose.header.stamp = ros::Time::now(); o
<Fallback name="ReachTable"> # Create a SMACH state machine

// Define a position and orientation for the robot to reach sm = smach.StateMachine (OUtCOIﬂ65=[ o

goal.target_pose.pose.position.x = pickUp[e];

<Sequence name="SelfFollowing">

goal.target_pose.pose.position.y = pickUp[1]; <Condition ID="TableKnown"/> # Open the container
goal.target_pose.pose.orientation.w = pickUp[2] ; <Action ID:"GoToTable"/> with sm:

. v : s < > # Add states to the container

/7 Send ?he g?al p?il‘:lﬂﬂ andﬂur‘jsntatmn for the robot to reach /SEquence smach.StateMachine .add( "FOO! , Foo () z
ROS_INFO("Sending Pick up goal"); i e s ey g
ac. send6oal (goal); <Sequence name="ShouldFollow"> transitions={'outcomel':'BAR',

<Action ID="AskForHelp"/> g 2"t Toutcomed '})

// wait an infinite time for the results <Action ID="FollowHuman"/> smach.StateMachine.add('BAR', Bar(),
ac.waitForResult(); </Sequence> transitions={'outcomeZ':'FOQ"'})

// Check if the robot reached its goal behaVior trees

</Fallback>
if(ac.getState() == actionlib::SimpleClientGoalState::SUCCEEDED) /

{ </BehaviorTree> -
ROS_INFO("Hooray, Robot reached PICK-UP...... 2

ros: :Duration(5.8).sleep(); </root> | State maCh|neS STATE MACHINE

//Go to drop off point *3 SequenceStar
// Define a position and orientation for the robot to reach MainSeq

# Execute SMACH plan
outcome = sm.execute ()

goal.target_pose.pose.position.x = dropOff[a];

goal.target_pose.pose.position.y = dropOff[1];

goal.target_pose.pose.orientation.uw = dropOff[2]; %, C)
// Send the goal position and orientation for the robot to reach A: CollectWayp C RetryUntilSuccesful
ROS_INFO("Sending goal sending drop off goal"); CollectWaypoints RetryUntilSuccesful putcome3

IN] num_attempts [E{*}
ac.sendGoal(goal); [IN] Lol P! 4

// Wait an infinite time for the results

| suB
ac.waitForResult(); ;t\nvrter
Inverter

if(ac.getState() == actionlib::SimpleClientGoalState: :SUCCEEDED) >

{ROS_INFO("Hooray, Robot reached DROP OFF...... "l g

ros::Duration(5.@).sleep();} quence
aied ExplorationSeq

{ROS_INFO("Robot failed to reach Drop off location for some reason");}

i

A: PopWaypoint A:MueBase | A:Explore
opWaypoint MoveBase Explore
) joutcomed
Ghzouli, Berger, Broch Johnsen, Dragule, Wasowski, “Behavior Trees in Action: A Study of Robotics Applications,” *

13th ACM SIGPLAN International Conference on Software Language Engineering (SLE), 2020 20



mission specification patterns

Name: Strict Ordered Patrolling
Intent: A robot must patrol a set of locations following a strict sequence ordering. Such locations can be, e.g., areas in a building to be surveyed.
Template: The following formula encodes the mission in LTL for » locations and a robot r (% is the modulo arithmetic operator):

n n—1 n
A GFLAFU2 A Fn)) A (Sliga) Ul) A Gl 4nzn = X((Slirnzn) U L))
Example with two locations.

GF(IL ANF(12) A ((Hl2) U ly) AG(l2 — X((—l2) U L)) AG(l1 — X((—11) U l2))

where 1; and I are expressions that indicate that a robot = is in locations Iy and [», respectively.

Variations: A developer may want to allow traces in which sequences of consecutive 11 (l3) are allowed, that is strict ordering is applied on
sequences of non consecutive Iy (I2). In this case, traces in the form Iy — (— I3 — l1 — I3 — [2)“ are admitted, while traces in the form
l1 = (= l1 — I3 — 1 — l2)“ are not admitted. This variation can be encoded using the following specification:

G(F(li AF(12))) A((=l2) U ) AG((I2 A X (=l2)) — X((=l2) U 1)) AG((I A X (=) — X((=1) U l2))

This specification allows for sequences of consecutive 1 (I2) since the left side of the implication 1 A X' (—l1) (I2 A X' (—l2)) is only triggered when [4
(I2) 1s exited.

C. Menghi, C. Tsigkanos, P. Pelliccione, C. Ghezzi and T. Berger. "Specification Patterns for Robotic Missions,”
in IEEE Transactions on Software Engineering (TSE), 2019



mission specification patterns

Instant

r ] Global
-
avoidance (Conditional/Limited) &

) @i
[Rnl:u:nti:: Missions Specification ﬁuﬁ[ﬁmlﬂgﬁﬂ

I
(Core Movement Patterns)

H—a_'“{ﬂurveillancej
/

C. Menghi, C. Tsigkanos, P. Pelliccione, C. Ghezzi and T. Berger. "Specification Patterns for Robotic Missions,”
in IEEE Transactions on Software Engineering (TSE), 2019 22



model checking, planning, and modeling

SEy

4I\..-"I S

Zer 7L

GUI q)

2
SE2PT “pMSP

@ LTL

PT2CTL PT2LTL
- -ELL—-L@
| NuSMV | Planner | Spectra
r_—— PLAN | PILAN
i n N i il
ii |RealRobote)” | _Simhad >R
Legend LTL: Linear Temporal Logic
=z rEmrm = CTL: Computation Tree Logic
SE:  Structured English
components 1ol __ PT.  Mission specification Patterns

sim Root
Root

%y SequenceStar
MainSeq

A: CollectWaypoints C RetryUntilSuccesful
CollectWaypoints RetryUntilSuccesful

[IN] num_attempts

I

Z Inverter
Inverter

_

—> Sequence
ExplorationSeq
A PopWaypoint A: MoveBase A:Explore

PopWaypoint MoveBase Explore

PROMISE

(behavior tree language)
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autonomous driving

decelerate_path
(speed profile: decelerate
to complete stop)

east_path
(no speed profile)

TRIGGER “ EGO GOAL

O @

Rodrigo Queiroz, Thorsten Berger, Krzysztof Czarnecki, “Geoscenario: An Open DSL for Autonomous
Driving Scenario Representation,” in 30th IEEE Intelligent Vehicles Symposium (1V), 2019.

UWaterloo, CA
Autonomoose Self-Driving Research Platform
Lincoln MKZ Hybrid

CHALMERS, SE
REVERE Lab, Volvo XC90
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road network models
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behavior and maneuver models

LEGO LEADING VEHICLE
t ()
range Ko
EGO LEADING VEHICLE
decelerate to
___________________________________________________________ complete stop_
range R
................................................ LExD],&.G‘i.—]:[[ [("Ll: S
i2)

decelerate 1o »
complete stop stopped
o
range Ra
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System State

M & @ system State

OFF (0)

STANDBY (1)

NOT_READY (2)
PARKED (3)

DRI\bM)

ENAVIGATION (5)

FINDPARKING (6)

PLATOONING (7)

EPULLOVER (8)
REVERSE_PARK (9)

PARALLEL_PARK (10)

DECELERATETO STOP
TRACK SPEED

D_Ego_Vehicle_0: 2491

(17.55) (13.8km/h)

(1.5s) (0.0km/h)

R n @

5:47PM {%

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options.




| Camera_LF & Camera_F Camera_RF

GeoScenario Server

==== Behavior Tree. Vehicle 5 ====

Frenet Frame. Vehicle 5 [?] sel_nvai [o]
o [>T seq_ne_i [o]
() trigger [o]
[?] sel_ntdi [o]
- [->] seq_tfi [x]
() reached_gap [x]
() cutin [-]
[?] sel_noni [o]
[->] seq_ng_i [x]
______________ S T T | RS () goal [x]
110 2 wiet 5 () stop_reached_goal [-]

5 [->] seq_ti_i [x]
o . | () c_busy lane [x]
\ () m_follow_leading_v [-]

*() *keep_velocity [*0*]

[ 25 IS S ——— ST I W S—— N— () stop [-]
@
4
-6 4
© 0 © ™ ®
s
vid| X yl z x_vel yvel xacc  yacc yaw steer El d svel  dvel s acc dai
99.0 274.8 19.76 0.0 -3.85 -9.93 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.

5.0 277.99 -0.13 -160.45 53.78 12.24




research assistants and thesis topics

research assistants, deadline: Dec. 20!

https://web103.reachmee.com/ext/I005/1035/job?site=
7&lang=UK&validator=9b89bead79bb7258ad55c8d75228

e5b7&job id=23034

thesis topics
http://www.cse.chalmers.se/~bergert/teaching

WE WANT YOU!

29


https://web103.reachmee.com/ext/I005/1035/job?site=7&lang=UK&validator=9b89bead79bb7258ad55c8d75228e5b7&job_id=23034
http://www.cse.chalmers.se/%7Ebergert/teaching

agenda

feature models in the Linux kernel (Pat
autonomous/robotics systems (The

software quality assurance

dah

product-line processe Warda
the virtual platform F/;,, o
| ""'l-



	some research topics in software engineering
	EASElab (Empirical and Automated Software Eng. Lab)
	Slide Number 3
	agenda
	feature modeling
	avoid illegal variants
	feature models in the Linux kernel
	Linux kernel configurator (xconfig)
	agenda
	autonomous robots
	behavior of autonomous systems
	robotics architecture
	SERA (Self- adaptive dEcentralized Robotic Architecture)
	SERA: multi-robot mission control
	SERA: planning and adaptation
	SERA: motion planning and control
	SERA: gesture recognition
	robotics mission specification
	user-friendly mission specification
	discrete dynamics: code and models
	mission specification patterns
	mission specification patterns
	model checking, planning, and modeling
	autonomous driving
	road network models
	behavior and maneuver models
	Slide Number 27
	Slide Number 28
	research assistants and thesis topics
	agenda
	backup slides
	Slide Number 32
	Slide Number 33
	AI 4 SE
	SE 4 AI: managing ML assets
	experiment management and explainable AI
	automotive: bill of materials
	automotive: bill of features
	automotive software engineering



