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- Determine main dividing lines between
the fields

- Determine categories of courses that
make up the study programs

- suggest required scope of courses from
each category in each program

- Detail examples for courses and core
topics in each category



and facilities

- Indifference to budgeting issues Q

- In the context of EE, deal only with the computer-
related tracks

- Ignore information systems (was addressed by
another committee)

- Emphasis on software engineering vs. computer
science




- Committee appointed at end o
- Report submitted to CHE July 2014
- Current status: report circulated by
CHE to colleges/universities for
comments

- The report has not been approved
yet by CHE




International Standards

- ACM and IEEE publish curricular recommendations
in CS, CE, and SE

- Updated about every 10 years

- Define the lowest common denominator which
must be included in every program

- About 28% of 3-year program, 21% of 4-year
program
- Very detailed

- Recommendations for individual lecture hours
- Not very useful for our work

- Goal is definition of geferal topics infull program




Registration of Engineers

- Use of the title “engineer” is reqgulated by law

- Certain actions (e.qg. signing on plans) can only be

done by registered engineers

- Currently this is irrelevant to EE, CE, and SE

- Regulatory requirements only for EE-power

- Most countries do not recognize SE as engineering

- Some initiatives for certification

- Possibility of regulation in the future

- With ever increasing use of software in critical
systems

- Perhaps in wake of major catastrophe




The Status Quo

State of the Practice
- All universities teach CS
+ Most universities also teach EE andfor CE
{except Haifa)
- Few universities teach SE (Technion, BGU, Open}
- Colleges are divided into academic colleges and
engineering colleges
+ Academic colleges teach CS
» Engineering cclleges teach EE and SE
+ Result: colleges do not teach €5 and SE
(exception: Machon Levk
+ Study programs in each topic rather similar
« Engineering programs are 4 years, C5 is 3
(Technion also has 4)

eramem naTn - meaEn e




State of the Practice

- All universities teach CS
- Most universities also teach EE and/or CE
(except Haifa)
- Few universities teach SE (Technion, BGU, Open)
- Colleges are divided into academic colleges and
engineering colleges

- Academic colleges teach CS

- Engineering colleges teach EE and SE

- Result: colleges do not teach CS and SE

(exgeption: Machon Lev)

- Study programs in edch topic rather similar
- Engineering programs are 4 years, CSis 3
(Technion also has 4)




N1DIN NOTIN — N11D NY'oOn

T v

1 mv

1 mvw

'N Mmv

(hn21) TRINTIR
™2.5,12-069

(hn21) XML
112.5,14-323

NINNYN
nIYNYIoT
™ 3.5,10-104

2 ¥"1mn
™5 ,10-102

1 X"ITn
™ 5,10-101

N'oA
NImn TR
™ 3,14-426

ninayn
nimi?
™ 3.5 ,14-316

N'MRN N2
™ 3.5,14-327

npan
™ 2.5,12-220

nN2anon
™4 ,10-211

n'onnn
n'opoT
™ 2.5 ,10-110

1 e
™ 5,10-103

ninwa
DTPNN D'aYNn
™1 3,14-428

ninwa
D'awnn
™ 2.5 ,12-331

N7'ONMI9Y NI
™ 3,14-315

NIDN NISY
™ 4,14-318

NN NN
™4 ,14-219

nnam ninn
oMy
™4 ,12-111

WTNY Nian
awnnn
™ 4.5 ,14-110

ninavn
ninrian
™ 4 ,14-424

ninyn
DTN N7uon
™ 3,14-321

ninYn
n7ven
™ 4 ,14-317

D'aYNn n1an
™ 3,14-213

NIDNI AN
awnn
™13 ,14-211

nrwn
™ 3,12-326

MmN
™ 3,14-218

D"IN1 12N

™ 3,14-212

npavn
nrrmso
™3 ,14-112

01N 70N
™ 3 ,12-324

D'UNIVIX
NI'INNII NIOW
™ 3.,14-214

2 np'oo
™ 4.5 ,10-225

1 njpro
™ 4.5 ,10-124

DTN PYIn
awnn
™ 2.5,13-323

TIAWI 2N
Bty
™ 3,12-222

I NN
™2

N2 NNaN
™2

™ 19

™ 22

™ 20.5

™ 18.5

™19.5




D'AYNN NOTIn — N"MAayn nL'ONANIINN

1 mv

"N Nv

UMUK VT' Niyn
nniax nidavn
1177'9731 'K NIAYN
innin ni>aun
miwpen nioavn

ni7DWUX 2 N'na nain
X" ™1 15 ninoY
n"o ™ 36 ninsY

TIY7ID
nidNN
™14 ,80314

NNanon
awnn7 .uvol
™16 ,52005

N0TINY 192N
o'wmi
™ 7 ,80177

NN
0'N7'0'97
™ 6,80152

nnwn
nvon
™4 ,67808

nia'n
ninia'ol
™15 ,67521

n'onnn
2 n'win'y
™16 ,80157

np'unnNnN
1 nwin'y
™16 ,80114

C/C++
™4 ,67316/7

nMin nidn
n'nxy
™4 ,67125

nj'onNN
n'oRorT
™4 ,80181

AwNnn n1an
™1 5,67200

o'MNAR
™5 ,67504

01im 1an
™4 ,67109

"WTNY NIAn
awnNnn
™ 7,67101

™1 18 Ny nna
nu77oY? yinn 12 Ty noinn)
("n1o nax" 8 nainn

Yina aina

118 nan

noTNY Xian
Tnun
™1 5,83335

NITIO D72
njr'o'on
™ 6,83325

nirvIANl un
noTnYy
™ 6 ,83313

NN
n'ox?
™7,77115

N{7'0's NTaYN
noTmnYy
™ 3,83315

ATV MITO
Nj'0'92
™1 1,83110

10 OF"NO

™1 180 n"0 36 N7DWUN
18 0 n'na

18 164 n"o

™ 29 ™ 31




200 - = Current Programs
EE CE Cs SC
&= ¢ =, ¢ y )
160 |+ - [ — — — ~
0
‘e A AE - B
120 - - F I
J ‘

L L ] ]
== ]
. - i B
<
& 633'«\“0&?'\\\@ éo & ‘3’0’*\)&0‘:’ g @»\}‘@m c’o‘“é <‘@ éa s ﬁ'@é"@%
A% Q\Q’\&\S&' @«v‘;) ‘2‘@(. NS Q\\b Q\\b \2\ Q&&\L_Qé \%\Q'
& &659 «@'

O other

O soc.+econ.
M project
O choice

W EE+elect.
EHW

M signals

@ SE

O program.
OCS

W physics

O math




development beyond program
- - Born from “the software crisi
- A lot of projects are challenged (late or
over budget) or fail (cancelled after large
investments)
+ But booming hi-tech industry + all walks of
like rely on software
- Critical for society and economy
« Infrastructure, medical systems, cars, ...

+ Collection of methodologies / experience /
insights acquired laboriously over time
+ No quantitative theoretical background: cannot

~ Work in (large) groups
= Contend with code written by others

- Integration [5€ COMPOnEnts caleulate testing needed for desired level of
- Effective ion reliability

- Extensive ultiple levels - Often looks like just common sense

- Requiremel action - But common sense isn't so common

+ Characterization and design of user interfaces
+ Software maintenance
= Managing complex projects

+ Perhaps stronger human-related aspects than
other engineering disciplines

Not Quite Engineering

+ Engineers trained to operate within constraints of
compulsory standards
+ 5E is more of a free for all
« Hoare (1981} “In any respectoble branch of
engineering, faiiure to observe such elementary
precautions [bounds checking] would hove long
been against the law."
- Widely perceived as not (yet) a real engineering
discipline
+ Some initiatives for certification (NCEES, 1EEE)

- Established daparl'.m-!n:

In Academia

SE
« Faculty have degrees in C5
« based on empirical research
- Proal of concept
demonstrations
- Surveys and case studies
- controlled experments
vision, with humans
ing + Growing out of £5 to
become independent
department



What Is SE?

- A set of methodologies for software
development beyond programming

- Born from “the software crisis” -
- A lot of projects are challenged (late or

over budget) or fail (cancelled after large
iInvestments)

- But booming hi-tech industry + all walks of
like rely on software
- Critical for society and economy

- Infrastructure, medical systems, cars, ...



SE According to Parnas

“multi-person development of multi-version
programs”

- Work in (large) groups‘ o

- Contend with code written by others

- Integration of diverse components

- Effective documentation

- Extensive testing at multiple levels

- Requirements extraction

- Characterization and design of user interfaces

- Software maintenance

- Managing complex projects




"Best Practices”

- Collection of methodologies / experience /
insights acquired Qooriously over time

- No quantitative theoretical background: cannot
calculate testing needed for desired level of
reliability

- Often looks like just common sense

- But common sense isn't so common

- Perhaps stronger human-related aspects than
other engineering disciplines
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Not Quite Engineering

- Engineers trained to operatewithin constraints of
compulsory standards
- SE is more of a free for all
- Hoare (1981): “In any respectable branch of
engineering, failure to observe such elementary
precautions [bounds checking] would have long
been against the law.”
- Widely perceived as not (yet) a real engineering
discipline
- Some initiatives for certificatien (NCEES, IEEE)




e EEEEEE—
In Academia

CS .SE -
- Faculty have degrees in - Faculty have degrees in CS
CS - based on empirical research
- Based on mathematical - Proof of concept
theory demonstrations
- Complexity and - Surveys and case studies
algorithms - Controlled experiments
- Applications in vision, with humans
graphics, learning, ... - Growing out of CS to
- Established department become independent

department



. w qroups of peopd ‘Ba = =
+ Snir: alternative for “additional scientific subject”
« Science based on empirical research
+ ACM/IEEE: one of four bases
+ computation, engineering, math+statistics, and
psychology+social sciences.
- Opposition by hardeore engineers
« Lack of guantitative mathematical theory

ABET Criteria for Student Outcomes
+ &n ability to apply knowledge of mathematles, science, and engineering
+ &n ability 1o design and conduct experiments, &s well as i analyze and
interpret data
+ &n abality ko design a system, component, or process to meet desired
needs within realistic constraines such as
. health and safery, manufacturability, and
sustainability
+ &n ability to
+ An ability to identify, formulate, and solve engineering problems
+ A understanding of
+ & abslity to.
+ the broad education necessary to understand the
| In a glabal, |, and
+ A recogrition of the need for, and an ability to engage in life-long
Igarning
« & knowledge of contermporary (ssues
+ An abilicy 1o use the technigues, skills, and modem engineering tools
necessary for engineering practice.

+ Ethical considerations
» Self improvement and learning
- Awareness of implications of technical decisions
- Legal issues
- Resistance from C5 and engineering faculty
+ Time better invested in hardcore technical
subjects

Industry Expectations

- Similar treatment for graduates of CS and SE
= Complaints about lack of skills
+ Work habits (unit testing, configuring
environment)
- Cutting edge technologies
- Soft skills (communication, teamwork)
= Complaints about shortage of candidates
+ Cyber, mobile, big data, cloud, automation
- Controversy about study program
« Too much theory, math
+ But academic degree appreciated (used as filter)
- Employ students before they finish their studies
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Human/Societal Aspects

- Many computer systems are human-oriented
- Developing them may benefit from social sciences
background
- Psychology: how people think and behave
- Cognition: what people can comprehqd and do
- Sociology: how groups of people react and behave
- Snir: alternative for “additional scientific subject”
- Science based on empirical research
- ACM/IEEE: one of four bases
- computation, engineering, math+statistics, and
psychology+social sciences
- Opposition by hardcore engineers
- Lack of quantitative mathematical theory




Professionalism & Ethics

- Soft skills
- Communication within team and with clients
- Management, leadership, teamwork, conflicts
- Commitment to profession, so€iety, and client
- Ethical considerations
- Self improvement and learning
- Awareness of implications of technical decisions
- Leqgal issues
- Resistance from CS and engineering faculty
- Time better invested in hardcore technical
subjects |



needs within realistic constraints such as
, health and safety, manufacturability, and

sustainability

- An ability to

- An ability to identify, formulate, and solve engineering problems

- An understanding of

- An ability to

- the broad education necessary to understand the
solutions in a global, economic, environmental, and

- A recognition of the need for, and an ability to engage in life-long
learning

- A knowledge of contemporary issues

- An ability to use the techniques, skills, and modern engineering tools
necessary for engineering practice.




Industry Expecta'g_igns

- Similar treatment for graduates of CS and SE
- Complaints about lack of skill
- Work habits (unit testing, 3nfiguring
environment)
- Cutting edge technologies
. Soft skills (communication, teamwork)
- Complaints about shortage of candidates
- Cyber, mobile, big data, cloud, automation
- Controversy about study program
- Too much theory, math ‘
- But academic degree appreciated (used as filter)
- Employ students before they finish their studies
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Basic Distinctign

Science Engineering
- Create and accumulate - Build reliable economic
knowledge systems

- Use experimentation to
build theory

- Study the physical world
(physics, chemistry,
biology)

- Study abstract structures
(math)

- Study computerized
systems (CS)

- May

- Do this efficiently
- Reconcile budget,

requirements,
regulations, and®™
technology

- Diverges from

underlying science
societal
10ility

respo




. Definition of Fields: CS F
- A scientific field .
systems

- Principles and understanding of comp
- Theory
- Models of computation, upper and lower bounds
- Practice
- Architecture, operating systems, performance
evaluation
- Programming considered required basic skill

» Churn of topics

- Compilers / programming languages no longer
major topics

- Applicative areas like vision and learning become
major




De!inition of Fields: EE

- An undisputed engineering field

- Focus on hardware
- Irrespective of how it will be used

- Level of devices, physical effects, and manufacture
- Transistors, logic, VLSI

- Level of construction and system architecture
- ISA, ALU, pipelining, super-scalar and out-of-

order, caching
- EE includes many other non-computer tracks (RF,
control, signals, communication, ...)



Definitio'ields: CE

- An engineering field
- Focus on the combination of hardware and
software
- Tendency toward higher levels than EE
- Computer systems, not devices
- Co-design of hardware platform and software
system or application
- Interact and complement each other
- E.g. embedded systems, sensor networks
g Can be viewed as combining CS and EE

.




Definition of Fields: SE

- Debatable engineering field
- Focus on software development
P. Description, definition, and construction of software
systems and applications, largely divorced from the
physical platform on which they will run
- Difference from programming is in scale
- You can build a doghouse from some wood
planks yourself, but need an engineer for a
skyscraper
- Based on mastery of CS
- Additional engineering aspects include requirements

modeling, isign, verification, QA, ...



Study Programs

- Largely correspond to the fields

' CS
SE, CS

EE, electronics, signal proc’ing, CS

EE, electronics, signal proc’ing

- Problem of rapid dynamic changes
- Smartphones and cloud did not exist 10 years
ago
- Problem of differentiating SE from CS
- CS graduates employedfas software engineers
- SE is noi’ally an engineering discipline




SE is a topic within CS SE is a superset of CS

opinion)

There is an intersection SE and CS are
between SE and CS the same thing




SE is a superset of CS (majority
opinion)
- SE requires practically all of CS
- There is significant additional
material
- Planning, estimation,
configuration, management, ...
- This is non-trivial, justifying
another year

SE is a superset of CS

SE and CS are the same (minority
opinion)
- CS graduates work as SE
- Implication: 3-year program is
sufficient for SE
- Make this explicit: CS should
include some SE
- “SE" is just for marketing

SE and CS are

the same thing
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. Categories of Courses

- Math - discrete (CS, SE, CE) and continuous (EE, CE)
including calculus and probability / statistics

- Physics - EE and CE, possible scientific subject for CS, SE

- CS-SE as in CS, CE as in double major, EE minimal

- Programming - basic OOP required in all, advanced
(00D, UI, event-based, parallel) in SE and partially in CS,
CE >

- SE - intro and security required in CS, CE, much more in
SE

- Signals - CE and EE, information and DSP

- Hardware - minimal coverage required in all

- EE and electronics - mainly in EE, some in CE

- Professionalism and society - skills and theoretical basis
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EE CE CS1 CS2 SE
phys. prog. EE+ soc.+
elect. econ.
EE 30 15 4 4 0 8 8 30 37 10 4 10
CE 30 15 30 10 6 8 8 8 21 10 4 10
Ccs1 30 0 40 10 6 0 4 0 20 0 0 10
CS2 26 0 30 8 4 0 4 0 0 0 0 48
SE 30 0 40 16 20 0 4 0 26 10 4 10




Variations ‘

- Option for flexibility
»° Changes of up to 25% in each area
- But do not scrap small areas completely
- Differentiation and competition possible / desirable
- Different institutions can select different
emphases
- E.g. CS with theoretical vs. practical slant
- Not everything can be expressed by allocating
hours
- Emphasis on professionalism and work habits in
all courses
- Emphasis on practical exercises and feedback
on them



- Physics only in EE, CE
- SE, CE include full CS (essentially 4 year double major)

- Minority opinion: SE = CS
- Some advanced programming + SE / securit
- Allocation of hours isn't everything
- Consider adding non-technical topics
- Social sciences in SE, CS
- Soft skills in all engineering disciplines
- Rethink CS in academic colleges and SE in
engineering

)‘, CS




