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1. LEMrUONKE3NKL

Wu Ywunwpninpp ubpyuwjwugund £t SEUMNRUL  UNUNUS
(«Cwdwuwpwu-gnpdwunnwy hwjwlywu hwdwlwnpgnn gnpdwlwint-
RINLU) dpwagph 2npowuwlubpnid dowlyywd Opwgpwiht hwdwywnpgbph
dwpnwpwghnnipjwu  Ninpuwiht npwywynpnidubiph - wqgqwihu
opowuwyp (NNUS):

NNUC-h dJowldwu wuhpwdbownnieniup wwjdwuwynpyws k

htwnlyw| fuunhpubipny:

1. Npwywynpnidubph yGpwpbipjw) Ywnpdhph tbpwnnid npwyw-
ynpnidubiph wwhwugubipnid:

LU dowybl £ Npwywynidubiph wqgquwihu opowuwyp (NUC) L
wjdd gunuynd £ pnthwlwt Ypeniyeiniup NUG-h  wywhwugubiphu
hwdwwywwwufuwuwgubine thnynd: Npwlwynpnidubph ninpuwghu
onpowuwyh dowynidp, npp Yuhwpwgph <<-nd Opwgpwihtu hwdw-
Ywpgbiph 6wpunwpwaghwnnigjwu ninpund w2fuwnwontywh Ywphp-
ubipp, hhdpbp Yuwbindh hwdwlwpgh Ywnnigdwu hwdwp: NUST-h
wwhwugubipp, npwbiu ninGuhy niubuwny b npwup wpunwhwjunbiny
ninpnhtu  hwwniy wwhwugubph wbupny, NNUC-p oguwlwnp L
Ynndunnpnohs gnpdhp Ynwnuw nuniduwlywu hwuwnwnnieiniutubph W
gnpdwwntutiph dhole tipYfununipynitt unbindtint hwdwp: NNUC-p
Yoquph nwnuuwlwu hwunmwwnienibubpphu wybih wpryntuwybin
Ywqdwybpwb] Ypeniejntup b wpfuwwmwontwih  ywhwugubiphu
hwdwwwwwufuwt Ypenipntt inpwdwnnbi:

2. Qnpdwuwnnth b Ypenipjwu dhol dhwutwlwu Gqulywu nuw)-
wnh dlwynpnud

Wotuwwnbind  wwppbp  hwdwwnbpunbpnd®  gnpdwwniu L
Yppnieintup pwun hwéwfu uyund Gu funubip hpwp hwdwp wuhwu-

Ywuwih |Ggqyny: Ujunntin funupp qunid £ pwnbiph U npwug hdwuwnh
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puywwu wnwppbpnieniuutph dwuptu: NNUG-p wbwp £ ey vw
Gpynt Ynndbiphu hwnpwhwnb)] win ndjwnpnieiniup b funub) dhdjwug
hwulwuwih hwulwgnipenituttpny:

3. Npwywynpnudubph dwuwsnid” wgguwhu b dhowqquihtu dw-
Ywpnwyubpnd

Pninjwtu  hnswywaph Yuplnp ninnnieyniuutiphg Jdayp  ybpw-
ptipnwd £ npwywynpniudutiph thnfubwuwsdwu fuunphu: Quwynpynn
gnpw| Yppwlwt gwugh U wotuwwnmwontywih wywjdwutubpnd wju
fuunhpp sh Ynpgunud pp wpnhwlwuneniup: NNUG-h ubipnpnudp
Jdtd nbp niup bwl <&-nwd hwjwwnwpdwgpdwu gnpdpupwgh Ywg-
dwlbpwdwu dwdwuwy' ninnnpnbin wpunwphtu guwhwwndwu thnp-
dwaqbwnubiphu  gnpdpupwgh  pwpbjwydwup dhnywd thwunbipp
pwgwhwjndwup b nwuwyjwundwu gnpdpupwgn hwjwlywu hpw-
Ywunypjwt hwdwwnbpunht hwdwwwunwutuwubtigubnt ybpwpbipjw|
funphpnwunynipnituutiph npwdwnpdwup:

Lwbwfu gpwyhs £ pYnd oginwagnpdt| jwy dowyywsd b jwju nw-
pwoénd gunwd |wywgnyu thnpdp: Uwlwju, hpwwuwgdwt dwdw-
uwy up 2wpp jnipwhwwnynieiniuutip wbwnp £ hwoyh wnuybu, npnup
Ywhujwsé GU wqquiht woluwwnwontwih wwhwbeubtiphg, wywu-
nnyputinhg nt wnlw nbuntpuubiphg:

NNUC-p twfuwwnbujwd sk thnfuwphubiint Yppwywu dpwagpbph
hwyinuh swithnpnohsubipp W npnpunnud nunwfuwwu wwuubiph dawy-
dwu ninGuhoubipp: Wuniuwdbuwjuhy, wju wpdwgwupnd £ Opwg-
pwihtu hwdwlwpgbiph Swwnwpwghnwwu Ypeniypjwu dby wnyw
pwgbiphu, npnup nnipu Gu pbipdb] wgquiht gnpdwunniubph hbwn
hwpgwqpnygutiph U putwpynidutiph pupwgpnwd: Ujuwhuny, Opwg-
pwihu hwdwYwpgbiph dwpnwpwghwnniejwu NNUG-p hwunhuwuntd
E Uppenipjwu hhduwlwu swhwagpghn Ynndbph' gnpdwwnnih b wlw-
nGuvhwlwu nwownh hGnwgnunnyejwu wpnyniupp:



2. <6SURNSNRE3UL LNUSUUL B4 LU3LENE

LEnwagnunnipjwt uywwwu £ dowyt Opwgpwihu hwdwywpgbipp
dwpwwpwghwnie)ntu ninpunph npwlywynpnifutiph hwdwwwnthwy W
wdpnnowlwu uwpwgpnipintu, npp hwulwuwh Yhup huswbiu
Yppwlywu nwaownh, wjuwtu k| gnpdwwnniubph hwdwn: Cun npnid,
onswlwyp whiwp £ niubuw wjuwyhup Yunnigwdp, npp hbGunwgquynid
Yryntpwgup npw Ybpwuwjdwu gnpdpupwgp:

Lowé Uwwuwwyhtu hwutbint hwdwp Juuwwpyb) Gu hbGnlyw
pwjitipp’

1. Spwlwunipjwu ybpndnipjniu

. Lhwnwgnunwlwu 2powtwyh uwhdwuntd

3. Qwpgnd gnpdwwnnibbiph, nwuwfunutbph, nwwunnubpp b

opswuwywnwnubipph 2powuntd

. dnynw fudpbip gnpdwuinniutiph htiwn

5. Upryntupubiph punhwupwgnw b ybpndnie)niu

SGpwlwunipjwu  ybpndnigjwu  wpryntupnid  huwnwlybgyt) Gu
Yppenigjwu b wotuwwnmwontywih dhol wnjw hhduwlwu fuunhpubipp,
uwhdwuyb| £ opowtwyh Ywnnigwdpp b hGunwgnunnigjwu Jtipn-
nwpwuntejntup: Hpwiup wugk| Gu putwpydwu thnyny, npptu dwutwy-
gb| £ nippnp dwutwgbnubph jwju 2powtwly: <wdwdwjubigytp L
puuwpyyti| Gu hGunnwgnuiniejwu pninp Ytpnugjw) pwnwnphsubipn:

Ubpnnwlwu Jwup hunwybtigubingg hbunn  uwhdwuyt) &
w2fluwwmwupubiph  dwdwuwlwgnyg U &uwynpbp £ nwownwihu
hGwmwgnunnigniuutp ppwywuwgunn fundp: Fpwund pungpyybip
Gu' 1 ninpnp dwutwgbw, 1 depnnulwu dJwutuwgbun ($nynwu fudpbiph
L hwpgnwfutiph dbennwpwunypjwt  hdwgniejwdp), 2 Ypenipjwl
ninpwnh Jwutwgbinubin:

Lhwnwagnunipjwu hwenpn thnyp hwpgwowph hpwlywuwgnudu k



nuwunnubiph, 2pswuwywnwnubiph, nwuwfunuutiph b gnpdwwnniutiph
opowunid: Lwpgwownpbpp nnwpyybp £ hwdwwywwnwufuwu  nbu-
wnunbunubiphtu b Gupwnpyyt| Gu pwuwlywlwu Ybpndnypjwu:

Cun vwhdwujwd dwdwuwlwgnygh hwunhwynwubip Gu wbnh
niubigh] Opwgpwiht hwdwlwpgbph dwpwnwpwghwniejwlu ninpwnh
gnhpdwwnitubiph htw, npnug pupwgpnd hwywpwanybi £ wnbnblyw-
nynipgnit’ hwdwdwju twfuwwbu  uwhdwudwd  hEnwgnunwywu
opswtwyh: Cwywpwagpywsd nbnGlwwnynypiniup ybpindyb| £ b wp-
4b| U hwdwwwwnwufuwu hbwnunieniuubin:

Lwonpn  pwdhuubpnd  Ywunpwnwnuwup ybpunwd  pbpdwé
pwjph wpnyniupubiphu:

3. <ESURNSULHUL TruLuy

NNUC-h dowydwu hwdwp wnwowpyynn dnnbip pwnlugwd L
htnlyw| hhduwlwu pwnwnphsubiphg'

Uwpwuph bjwpwgpnip)ntu

e Uwpwuph Ywd dwnwjnipjwu Yuuwthny
o Yndwbtwnbughwubip
o Ldwnipniuubin
Uwutwghunwywu dnwdnnnipntu
Yhuntighph dwnuh (BOK)

Ninpunptu hwwnny wwpwuph Wywpwgpnieniup wuhpwdtion k,
npwbugh 2powtwyp wdpnnowwt wwwnybpwgnid wnw dwutwgbivnh
gnponiubiniRjwu uwywwnwyh Jwupt: Wu pny| £ wwihu ypwgwlwu
uhwpwagpniggniiitipp nhuwpltp gwwn hunwy,  poinph Ynndhg
hwulwuwih, hwbwfu twl 2nawihtijh wnwpywubph hwdwunbpuwnnid:
Uwnwgynwd £, np wwypwuph ulwpwgpnipjniup 2powtuwyp oquagnp-
onnhu eny| t wwihu wybih hunwly ywunlbpwgnid niubuw) ninpunnid



gnpoénLutinyentu dwywinn dJwutwgbinh wnwpluwjwlywu bwywnwyub-
ph dwupu, huy Yppniypjwt pupwgpnd hwuduwpwpnipniuubpp
duwybipwt) win Ynunbipunnid:

Ninpunh wwypwuph hwdwwnbipunwiht dninbignudp wpryntbwybun
uwl gnpdwwnniubiph htitn hwunhwnudubiph pupwgpnid: Wn wprynt-
uwybwnnieiniup Ywjwunwd £ hGinlywnud: GNC-hg wytih gwdp Ywug-
uwd opowtwlubp dwnwugynn hpduwywu hwwnynipniuubpu U’
hupunipnyuniginiup b hwdwwnbipuinh  pwpnnieginiup: <Gnlwpwp
gnpdwwnntubiph htin GpYytununiejwu dwdwuwly hwpy £ wwnpgbp win
hwwnynipyniuutiph npn2 wnwuduwhwwnyniejniuutip: Uwlwju gnpdw-
wntubiphtu ndqwp £ dinwdk| win hwulwgniejniuutiph uwhdwuubipnid:
$njuwnpbup, tpwup 2w wy wwwybpwgund Gu hpbug Ynndhg
wnunwnpynn wwpwupp: <bug wwpwuph dhongny £ huwpuwynp
lhunwd nnipu pbipt) hupunipnyuniypjwu W pwpnnupjwt gnigwuhy-
ubipp:

NNUC-p pun Enppjwt uwwnn onwly £ woluwwmwontlywih L
Yppwlwu hwdwlwpgh dhol: Ujn Ywdnipoh duwynpdwu Uwywnw-
Yny wuhpwdbionn £ wotuwwnmwupwihu dhowdwiph hwwnwuhubipp
ibinwihnfutip nbwh Yppwlwu dhowdwyp: Wn uyywnwyny Yhpwnynid
E wwpwuph YGuuwdhnyp: Wu eny| £ vwihu wywhndb) ng dhwju
w2fuwwmwupwihtu dhowywph wnbnwihnfunyeintu wj| bwl huwpwyn-
pnuRnLl  tnwihu gnpdwwninth funupp b dnuinbignidp pbipt Ypenyeniu:
Cun npnud nu wub pungplytiny wbfuuninghwywt nng  ghyp:
Lbpyuwjhu wwjdwuubipnid, Gpp wbwneniup guwin wybih ywuhy
ntp £ ybpgunid, Yppwlwu wywunytiph hdwuwnny, udwt dnnbip fuhun
wpryniuwybicn £ nwnunud: Uhwdwdwuwly  Yppwlwtu  hwuwnw-
wnentup hp wpwdh Jdwuht Ywpdhp hwpgubing Yywpnnwuw
wpwywnhy Ynndp gnyg wnw| wpnbu gnpdwwnnith hwdwwnbipunnd W
wndwqwupp wnwyb| bwywwnwwihtu Ywpnn £ hub;:

Unw Ynnuhg pwgwpdwly wofuwwnwontywih wnbpdphuutpng b
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tiquny funubijnt nbwpnid Yw yunwug, np Ypeniejntup wdpnnontypjwdp
sh puyuwih 2ntyuwih wwuinybipp: Ugtkihu, NNUS-p h uyqpwut dnwdwd
k tinti| hGug wyn hwnnpnuygwywu wpgbipp hwnpwhwpbnt hwdwp:
Lhnbwpwp wuhpwdbiowm £, npwbtiugh 2powtwyp ubipwnh Yppwlwu
nwowh hwdwp hwulwuwih pwnwnphs:

<bug wyu fuunhpp [ndbNL bywwwyny 2powtwynd ubpwnyb £
ninpunhu hwwnnty «ghwnbihph dwpdhu»: Ypeniejwu fuunhpp Ynwnuw
ninnnpnbil’ wpnbu nwuwywu nwpdwsd ghunbiihpp, pnwunwlynieniup
nbwh  woluwwnwoniywih  wwhwugubin: Wn hdwuwnn  hwpy £
nuwnpnLRNu nwnpdub] guwhwwndwu bW nwuwjwundwu dbennutph
ypw, npnup wnwybijwgnyuu wbwnp E dninbigubi| wfuwwnmwupwphu
wwjdwuubpht: Uw tpwuwynd £, np Ywhujwsd Yppwlwu dpwapp
wwhwuguiphg U wnwuduwhwwynipjnituubphg  wuhpwdton |
quwhwuwnwip b hwudbwpwpnypniuubpp wwuwynpbp wwpwuph
npw 2opowithnih hwdwwnbpunnud: Unwnbigub] Yppwlwu Spwaghpp
npwug wnwuduwhwwynieintuubiphu:

Uwutiwghypwlwt dypwdnnnigynitip wyju dnnbiind hwunbu £ quihu,
npwbu Jwutwghunwlwu fuunhpubp kNt gpuywywu: Wu ninpunp
dwutwgbwh ubppht' dwwdnp Jwppu £ YHpwund Bu wwppbp
ninpinubiph  dwutwgbinutpp  wwppbpdnwd  fuunppubp  nwdtint
dninbignifubipnud: LYwpwgpywd dnnbip ynipwgunid § uwlb ninpuiwihu
htwnwgnuinipniuutiph gnpdpupwgp: Wu pny| £ wwihu ninpuwjhu
htinwgnuinipniuutp hpwlwuwgubihu hunwly pwdwunid Yuwnwnb
qunwthwpwlwu  Ynuuwpniunubph  dbe:  Ophuwly'  hwpguwownbip
dawybhu hwpgbip nw| dhwju wwpwuph YEuuwihnybphg dbyh dwupu:
Wu wybih £ hGonwgunid dbpnnupwunyejwu W gnpdhpubiph dowyndp
U wwwhnynud £ hwdwuwnh wpryntuputipny: Wuwhuny, ubplywjwugywsd
dnnbp hwunbu £ quihu, npwbu ninpunp pninp bwlywu wnwuduwhwwn-
Ynieynutpp pungpynn, wdpnnowywu dnnb:

Unwownlynn 2powtiwyp hpbiuhg ubiphuwjwgunud £ 2 dwlwpnwyh
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opswuwlubph  hwdwnpnyentu NUG-h b NNUS-h:  Ninpuwjhu
opswuwyp (NNUC) pwnlwgwd £ Gpynt dwuhg: Unwohup nituwlynt-
pIntuubinh Uwpwgnpnieiniuu k, huy Gpypnpnpt wwpwuph Yeuuwgini-
lh  hwdwp wuhpwdbipn Yndwbinmbughwubiph  uywpwgpniejniup:
Uunpwnwnuwup npwug wnwudhu- wnwudhu:

Uwpwuph YGuuwthnih pwnwnphsubpp nuGu puwjhtu nhquyu L
duwynpynwd GU wdpnnowlwunipjwu U owbipwghnuwihqughwih
uygpntupny: Uw tpwuwynid t, npninpuinpu ytipwptipnn yndwbinnbughw-
utiph wdpnnonteinitup nwuwlywpgywsd £ pun wwypwuph unbinddwu
yGuuwthnyp: Wn thnybpp eny| Gu twihu wwywhnydb, np ninpunhu
punpn2 pninp wuhpwdbyn Yndwbwnbughwubipp ubplujwgywsd Yip-
ubu opowtwlh uwpwgpnigjwu dbe: Uw  wdpnnowlwuntejwu
uyqpniupt E, nph wwhwwunwip hhduwynpynud £ bwle wju hwugw-
dwupny, np wwpwuph uwnbinddwu YGuuwhnyp wpuwgnn L
wo2luwwmwntywih hpwywu gnpdpupwgubpp, hbnbwpwp wybp L
dnwnbiguntd opowtwlyp gnpduwywu Ywuphu:

Pwgh nw jntpwpwugnip wnwudhtu thnih hwdwp tywpwagpywd
GU wju pninp Yndwbitmbughwubipp, npnup wuhpwdtion Gu wyn thnih
hpwgnpddwu  hwdwp:  3nipwpwuygnp  Yndwbitnbughwih  hwdwp
ubpyuwjwgywsd £ npwu hwdwwywwmwufuwtu hdunnyeyniuubph 2wppp,
npp Eny| £ wwihu duwynpb) Yndwybinmbughwu: Wu Yuwnnigwdph
dhongny  wwhwwuynud £ owbpwghnuwihqughwih uygpniupp U
wybh yGpwgwwu Yunnygubpp ubpyuywgynd Gu hwuwuwh W
hwdtdwwnwpwp wybih swihbh dhwynpubiph wnbupny:

Ninpunh dwupht wdpnnowlwu wwwnybipwgnd niubuwint hwdwp
hwpy £ uwhdwub] wjn ninpunhtu hwnny wwpwupubipp: Uwpwupp,
nw wju hhduwlwu wpryntupu £, npp unwgynid £ gnpdpupwgubiph
wnryntupntd:
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4. rULYULNRE3UL YEPLNRONRE3NRL

Unwoht pwjiny hpwlwtwgyti £ nwawnh thwunwenpwihu htuph
nwunwfuwuhpnyeintu, npp bwywwnwly nbp wwpgbiint Spwgpwhu
hwdwlwngbph dwpunwpwghwnyentu ninpunp ubipluwjhu ypdwyp W
wwhwugubipp:

Opwagpwiht hwdwywpgbiph dwpunwpwghwunnigjwt ninpunh ww-
pwupubiph  Jdwutwghunwlywu wbpdhtwpwuwlwu pwnwpwup W
uwhdwunwfubipp ubpywywgyws tu IEEE" thwuwnwenenid: Ywu pwg-
dwpehy ny $npdw| dnuinbignidubip, npnup wuninqwyhnpbiu uywpw-
gpnud GU Opwgpwjhu hwdwwpgbph wpunwpwghunniejwu ww-
pwupubiph wnwuduwhwwniy hwwnwuphpubipp, huswbu uwl npwug
dowydwu b ogunwgnpddwu dubpn:

Opwgpwiht  hwdwlwnpgbiph  dwpunwpwghunnyjwu - hwdwywpg-
swhu ghwniejwu dbnppbipnuwiutiph ogunwgnpdnwdu £ wpunwpwghunw-
Ywu hwdwwbpunnut® Glubing dpwagpbph dowldwu b wwhwwudwu

" Unpynipp’ https://www.ieee.org/
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Ywnppphg: <wdwlwpgswihu ghunnyeiniup  hwunhuwund £ ninpuinp
dwutwghunwlwu dnwdnnnyeniut nt wnpdbputipp: Wu hwunhuwuntd
E ninpinp Jwutwghunwlwt dunwdnnnigjwu ghnwlwu hhdpp: Uwu-
Uwghunwywu  dunwdnnnigintup  ubpyuywgywsé £ hwdwywpgswihu
ghunnigjwtu  Yppwlwu  Spwgpbiph  nwunwiuwnnigqwu - wyulwynn
wpryntupubpnid: Yppwywtu dpwgnbipp ubipwnnwd Gu Gpyne inbuwyh
dunwdnnnipnit’ wignpppdwlwu dunwdnnnigniu W dwpunwpwghunw-
Ywu dnwnbignd: <wdwwpgswihu ghwnyeiniup ghinbihp W hdwni-
pInuttn £ wwihu dpwgpwynpdwt wpluwwnmwuph hwdwn:

Awpunwpwghunwlwu dnnbgnidu hpwlwuwgynwd £ wwpwuph
opswihnih  ElGdbunubph  uupwgpnypywu  duny: Lwy  hwjnup
wpwlwhy dninbgnuidubipu Gu* CDIO! U e-competence:

Shwbihph dwpdpup  wy 6und £ ubplujwgywd (SE20143,
Computing074, CS2013%):

Ninpuinh hpwyhbwyh nwuntuwuhpnieniup pwdwpwp hhdp £ wwihu
(wju hwdwwntipunnwd NNUS-h uywpwgpdwu hwdwp: <wdwwnbipunh
nwnfuwuhpnupjwt wpryniupp dnnbih flGdtunutbph W ublwinph
hpwyhéwyh nnipu pbipnwdu £ NNUGC-h  Ywpunp  thnfujpwgunn
FlGubuwnp  wqqwihu  Ywpppubph  nwniduwuppneggniut £, npp

' Crawley, E.F., Malmqvist, J., Ostlund, S., Brodeur, D.R., Edstrém, K. Re-
thinking Engineering Education The CDIO Approach, 2014.

2 Unpjnipp’ http://www.ecompetences.eu/

3 Software Engineering 2014, Curriculum Guidelines for Undergraduate
Degree Programs in Software Engineering, A Volume of the Computing Cur-
ricula Series, 23 February 2015, Joint Task Force on Computing Curricula
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wdpnnowgunwd £t NNUC-h ujwpwapnieiniup: Uqgqwihu Ywphpubiph
nwnwfuwuhpnipinitup W gnpdwunnwubiph Ywphpubiph  bphwunudp
Ywuwwnybi E ninpnhtu hwunnty pwnwwwwph ogunwgnpddwdp:

Cwybwd 3-nwd ubipyujwgywsd Gu gpulwuntpjwu ybipinidniejwu
wpryntupnd nnipuptipqwé ninpunpu yGpwpbipnn uwhdwunwiubpp W
uywpwagnpnipniuutinp:

5. dNunNkU UPU3PL LLLUrUNKULEN

NUC dowydwu hwdwp wuhpwdbignn nbinGlwunynieiniup  unw-
Uwint bwwwnwyny hpwywuwgyb Gu $nyniu fudpwihu putwnpyndutip
SS ninpinh gnpdwinnitubiph htiin: Gnpdwwnnth htinn hwnnpnwygnidu
wnwyb] bwywuwnwlwihtu b wpryntuwybn nwupdubine hwdwp ogunw-
gnpdyt £ dawywsé NUTC Ywnnigwdpp ninnnpnbint putwpynidubipp:

Snynwu fudpwihu puuwpynudubpp ninnjwd bhu pwgwhwyntnt’

1. N°pnup bGu dwulwghwnigjuup punpn wwpwupubpp W npnup
GU npwug jnipwhwunniy ywhwueubipp

2. NpAup Gu wju Yndwybwnbughwubpp W hdwngyniuubipp, npnup
Uwwuwnnw GU wwpwuph jntpwpwignip YGuuwihnyh pupwg-
pnud punpn? fuunhpubiph hpwlwuwgdwun:

3. buswhufi  Jduwdbwlbpwy £ punpny ninpnp dwutwgbnhu

dwulwghwnwwu fuunhpubip (ndbint pupwgpnty:

NUG dowlydwtu hwdwp wuhpwdbipn intinGywwnynipniup unwuwint
uywwwyny ppwlwuwgyty Gu $nynw fudpwihu pluwpynwiubp SS
ninpwnh gnpdwwnniubiph hbn: Snpdwwnnth htivn hwnnpnuygnidu wnwyby
uywwnwlwht b wpryniuwybinn nupdubine hwdwp  ogunwgnpdyty &
dowlywsd NUT Ywnnigwdpp ninnnpnbint putwnpyndubipp:

Snynwu fudpwihu puuwpynudubpp ninnjwd Ehu pwgwhwyntnt'

1. N°pnup Bu dwulwghwnigjwup punpn? wwpwupubpp W npnup
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GU npwug jnipwhwwnniy ywhwueubinp

2. NpAup Bu wju Yndwybwnbughwubpp W hdwnngyniuubpp, npnup
Uywuwnnw GU wwpwuph jnipwpwuginip Yauuwhnih pupwg-
pnud punpn? fuunhpubiph hpwlwuwgdwun:

3. huswhufi dunwsdbjwlbpy £ punpn2 ninpunp Jwulwgbnpu

dwulwghwnwwu fuunhpubip (nbnL pupwgpnLy:

4. buswhuli ghwbhp b wuhpwdbon ninpnp dwutwgbnpu

dwutwghwnwwu fjuunhpubip (nwbnL pupwgpnLy:

Cwybwsd 2-nid ubpyuwywgwd £ putwpynidubiph Jupdwu
nintgnygp: Wuwhuny hwwpwagpywd nyjwijubipp hinmwgnunwywu
funidpp ubpwnt| £ NOUS-h 2powtwyned:

Lhwnwagnunypjwt uywwwwutpny hpwywuwgyb] Gu 6 Inyniu
funwdp puuwnpynwdubip ninpunh gnpdwwnntubiph htiv: 30 ubpyuwjwgnighs
12 SS puytipnipjniuttiphg dwutwygh) Gu putwnpynidubippu: Cuybpnie-
jniuubipp wwppbipynid Gu - swihbpny  (wpfuwwnwyhgubph ehy) L
ninpunubipny (wwpwupubiph wnbuwl): Uwutwyhg Yugdwybpwniejniu-
ubipp Opwagpwjhu hwdwlwnpgbph dwpunwpwaghwnnigjwu ninpund
pwywlwuht wywhy btu, nubu wqquiht b dhowqgquiht wofuw-
wmwntywnwd ubpgpwyywoéntpjwu thnpd, huswybiv twl wwpwupubiph
pwqdwquwuntpintu: Cuybipnigyniuutiph gwuyp, npnup dwutwygb| tu
puttwnplydwup ubpyujwgywsd £ Cwybywd 3-nud:

Unwoht hwunhwnidutipt nu hwpgwqgnpnygutipp tinti| Gu <<-nud
Opwagpwihu hwdwlwpgbiph 6wpunwpwghwnnyjwu ninpunh gfuwynp
gnpdwnhp wuoptuubph htwn: hubnpdwghnu  Stfuuninghwubipp
Atinuwnpynipintuuph Uhnieiniup hpwyhpb) Ep dh 2wpp Yugdwybip-
wnieyntutbph’ Jwutwygbint $nynwu fudpwhu puuwpydwup:

Lwuuwlwu wprynwputipp gnyg wnygbtighu, np <UUS-h hbwunw-
gnunn funwipp qquih wyjwiutip £ nnipu pbpb, npnup yGpwpbpnud
GU wqgquwjht woluwwmwonywihu hwwnny wwpwupubiph W nnpuinp
punhwunip Ywpphubiphtu: <wunhwniwfubiph dwdwuwly puuwpyybg
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uwl, np wuhpwdbyn £ wbwnwlwu Ywnnygubph npwnpnipiniup
ullink] 2powuwywpunutph npwyh, pwywjwdpph L dwghuwnpnup
duwlwpnwyubpp hwdwp punhwupwlwu ywhwugubph Yypw:

bwnlbiny uwhdwudwsd wjwupt, htwnmwgnunnn funwdpp dh 2wpp
hwunhwnidubip niubgwy Yuqdwybpwnipniuubph gfuwynp inbjuup-
Ywlywu wwwwufuwuwwnniubph htin (CTO) NNUSC-h fuunhpubiph
ybpwpbpjw): Lutwpynwdubpp hhdudwd Ehu wyiu ndywubph ypw,
npnup nnipu Epu pbipgt ywgdwybipwnieiniuutiph wnuoptiuiph hbiwn
Uwlubwywu gpnygubiph wpnyniupuntd:

Ppwlwuwgywd dnyntu fudptipp dnnbpwgynid Ehu NUS dowlydwu
fudph nGYwywnh Ynndhg, nd niup ninpuinwd nuuwywundwu, wofuw-
nwupwjht thnpd b ghunbijhp npwyh wwwhnydwu gnpdpupwgutinp
ybpwptipjw] W Ywpnn £ wwhwwub] gnpdwunnth htwn unyu (tgniu W
ubpywjwgub) nbnGYwwnynientup 6hon hwdwwnbipunnid:

bnynw fudptiph dhoht wlinnniggniup 1,5 dwd Ep: NUES dnnbp
gpwdhlywywu wwwlbpp b uywpwgpnieniup ubipyuwjwgytight dwu-
uwyhgubipht oqubiint gnpdwwnniubiphtt wnwybp wpwa pulw)tp Ywnnig-
wdph wnwuduwhwwnynigyniuubpp: Lonwiubpp wpdnwd Ehu dnnbpw-
wnph oquwlwuh Ynndhg: dnynw funwdpp wpdwuwgnynid Ep hwwnny
uwnpny, npp huwpwynpnieintt £ tnwihu hpwlwuwgut) yhnbin W wnwhn
Guwjuwgpnidutip: Wu jwy thnpéh ophtiwy £ dwnwynid gnpdwuinniutiph htin
hwnnpnwygnup donwwbu wyunhy wwhbint b gnpdwunnith dinwhngnt-
pIntuutipp hwuYwuwint hwdwn: Nwwunnubiph hwdwp Jhntin unwetipp
huwpwywpnigintu Yurwt hwulwtw] wwywgw wotuwwnwupwihtu dhow-
Juwypp: Wu funuwlygnieyniutinp niuwunnutiph dnn juwwhnybu dwutiw-
ghunwywu 2wpdwnhe W huwpwynpniegintu Yunwu ghunwyghip niuwunnw-
YGunpnu nwunigdwtu dninignudubipp: Uynuetipp twle Yoqubu winwplywubph
puinpnijwt Yyapwpbipju npnonud Yujwgubine dwdwuwy:

NUC-h vhongny Ywnnigwd bLpYfununigyniup wnwyb] wprynt-
uwytin tp NNUC-Hh Jowlydwu hwdwp, pwuh np wjiu hwubwuwih tp
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ghpdwwintht, h wwppbpnyeniu gnpdwwnnth htn Yppwlwu dpwgnpp
IlGgyny hwnnpnwygybintu: SGnpdwuinniu dwune £ hp wwpwph, ww-
nwuph 2ngwithnuh, hp wluwwnwlhgutiph niwynugniiubiph,  hpkiug
wndbpubiph/dinwénnnigjwu htitn b swhwgpgnjwd £ wnwyb wprynt-
uwybiwnnpbiu ubipyuywgubint hp wofuwwnwupht wnusynn hdwnieintu-
ubpp: Wu uwb wpryniuiwybun £ unwgwd ghnbijhph dwpduh quw-
hwwdwtu b wuhpwdtiogn Unyeh punpnigjwu wnnwiny: Ujuwnbin dwu-
uwyhgubipp hwunbiu GU quihu huswbu npwbu opowuwywpw, wjuwbu
kL gnpdwwnni: NUG-p ey b tnwihu unbindt dhwutuwywu [Ggnt gnpdw-
winiubph W pnthh dhol' uwhdwubiny hwdwwwunwufuwu wwhwugubip:

bnynwu fudpwihtu putwpynwdubipp pungdnid Gu wfuwwnwniwjnid
wywnphy nbpwywwnwpubph Ynndhg dwntwupwd ndbin b eny|
Ynnutipp, wuhpwdbon npwyubpp bW wpwynpy woluwwmwuph wnw-
ohu pwybpu wubnt dwdwuwy nnipu pipdwd pwgbipp b wju pwgtipp,
npnup wybh Yujniu Gu L npwug pwpbjwynip wwhwuonid k
hwuwnty swupkip, pwuh np npwup qwihu Gu Ypenipintu unwuw|nt
wnwohu thnitiphg:

Wuwhuny, dpwagph twfuwdbnunipniup mwihu £ nwniduwywu
wwuubph 2wpniuwlywlwu qupgugdwu b pwpbjwydwu dGfuwuhqgd,
huswbiu bwl huwpwynpnieynitu Gpyph Ubpunw nnipu pliptp JWYw-
gnyu thnpép* hwnnpnwygybiny gnpdwwnniubiph, opowuwdwpunubph,
nwwunnubph W nwuwlunuubph  htwn'  oguwgnpdting NNUSG-h
dbpnnwpwuntpjwu Uty wnwownpyynn 2npowuwlyn:

Snpoéwwnniubph hwdwp wju  hGnwgnunnyentup  oguwlwp L,
pwuh wyu Ynndunpnzhs gnpdhp £ hwunhuwuntd oniyugh Yuphpubiph
hwdwp W ninnnpnnud £, pb huswbu hwnpwhwnb) huwpwynp funspu-
nnuubipp, Gpp woluwwmwuph Gu ybpgund wgquwihu pnthtph 2pow-
Uwywnwubiph Ywd upwug Ubpwnnid Gu dhowqguwihtu fudpbpnud:

Unnbh wpnyniuwybunnieiniup hwuwnmwnbg twb hwpgwgnpnygubph
wpryntupnud hwdwpwgpywd inbnGywwnynieintuu ni nyjwiutipp:
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Uwpwup

Uwutuwyhg gnpdwwnniubipp nybightt wnwowpyynn wwpwupubiph
wmwppbip nwuwlwpgnudubip (wwpwup/|ndnid/Swnwjnypintu, dpwg-
pbp/dwnwynipniuutin, gwug/wdw/poowiht hwdwlwnpgbn L wyu):
Uwpwuph YGpwpbpjw] Upwup wnwuduwgpbght wnwpluwjwlwu
ninpuinh - hdwgnipjwt  wuhpwdbownnipniup: Ywujwséd wwpwuph
wnwuduwhwuwnly wwhwuoubiphg (6Yniu, duwihnfudwu Gupwyw)
wo2luwwnwyhgubiph  hdwnnigyniuupht wnwownpynn wwhwugubpp
wmwppbp Gu:

Uwpwuph YEuuwihny

Qnpdwwnniubipp pungdti tu nwwunnubph opowund Uwfuwgdh
YGuuwihnup Jbpwptipjwg ghwntiihputiph Yupbnpniggniup: Wu gh-
wbilhpubinp Upwp whwnp £ thnfuwgytt Yppwlyw dpwgnh uygpnud
Guwynpbnt  hwwnnyy  dunwdtwybpw/wpdthwdwlywpg:  fudpwjhu
wnwownpwupubipp Yoqubu jnipwgut dpwagph Yuuwhnyp:

Uwnwénnnipynit

Lutwpynwfubiph wnwugpp hwunhuwund tp dwutwghunwywu
dinwdnnnipyniup: Snpdwwinniubipp uok) Gu wignphpdwlwu dunwén-
nniRyniup, hwdwywpguwiht dinwsénnnipniup (hwdwlwnpgp dwutw-
nbnt niuwynie)nit), Yndphtwwnnp dnwdnnnipintup npwbtiu 2pow-
uwywpwubph hwdwp wuhpwdbon: <wdwdwju  gnpdwunniubph
wpryntuph phunwynpndp ywpuwnhp  dowydwu pninp thnybipned,
punn wjnd, nwwunnubpp wbwnp £ hwuwuwu b wpdunpbu wju:
(FGunwynpnidp Yupnn £ bwb hwunhuwtw) nuwunnutiph guwhww-
dwt bwlwu pwnlwgnighs:

hupunipnyunieyniu

QGnpéwwnniubpp pwywiwyph b dwghunpwunnipwih  Yppwlwu
Spwagnpbph wmwppbpniejniup wbutund Gu upwunid, np Gpypnpnp
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wbwp £ wybh Yeunpnuwuw vwfuwagdtph ypw dLwynpbiint hupunt-
pnyunteinu niuwunnubiph 2powuntd:

Cunhwupwwt hdnnyejniuubp

Uwutwyhgutipp twl ugbight 2powuwydwpwnubph punhwupwywu
hdwniejniutbiph wwlwup' hwnywwbu pungdtiny hwnnpnwygytint,
hGwnwgnubnt, gpbnt, uGpyujwgubnt b qGynigbiint hdwnnipniuutipp:
Pninp gnpdwwnniubipp 2tioinbkightu unynpbi| @G huswbu unynpbip Ywpn-
nniRNtup npwtiu wwhwugynn:

(hdwjht wjuwwnwup

Snpdwwnniubipp hwdwdwjunigjwu Ywu wotuwwnwywjpnd eh-
dwjht wtuwwnwuph Ywpunpnygjwt yGpwpbpjwy, npp wbwunp £ ubp-
dwuyh nwwunnubph dnin fudpwiht wpluwwmwupubiph dhongny, ubipwn-
jw| dpwgpwiht hwdwlwpgbph unngnud (software debugging), gnpd-
puybnpwiht bwiuwagodnu/dpwgpwynpnid (peer development/programming),
opwagnh YGpwuwynid (code review) b wyju: Lpwup twl wnwownybghtu
ubpwnt) udwu wnwyownpwupubn Yppwywu dpwgnh b W guwhwwnnidu
hpwywuwgub) nuwunnh wnwypupwgh hhdwu Yypw:

Lwjuwgdsbp

Pninp gnpdwwnntubipp ugtight, np uwfuwagdtipp wtwp E ubpwnytiu
Ypprwywu dpwgpnid ujuwd wnwoht lmwpywuhg: Ujuntin hhduwywu
Uywwnwyp woluwwnmwupwiht hwdwwnbupnh ubipnpnwdu £ nwnwd-
uwlwu gnpdpupwgnud’ nbuwlwu ghwnbhpubpp Yhpwnwywu hdwnni-
pyntuutiph bpwdbint b wwppbp wnwpywubpp Jhdjwug Yuwbnt
Uywwwyny: Snpdwwnnth htitn ninnuyh hwnnpnwygnieiniup upybi
Ep npwbiu dninhdwghnt gnpdhp nwuwunnubiph hwdwp (wdwnwjhu
nunngubin, wpwluhlw):

Quwhwunnd

Fwgh wofuwwnwontwih wwhwugubpht hwdwwwwnwufuwu gh-
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wblhp wnpdwnpbint wuhpwdbpwnipniuhg, gnpdwwniubpp twbl
uotight, np quwhwuwndp wbiwp £ wnbinh niubbw woluwwnwupwhu
wwjdwuubphu  dninbgwé, unyupuly ppwlywuwgyh gnpdwunnth
ynnuhg: Lbwnbwpwn, wwhwuoynn ghwnbjphph L hdwnigniuttph
dwuhtu wnbnGYwunynipniup Yupnn £ ogunwagnpdyt] quwhwwndwu
gnpdhpubiph Jowydwu gnpdpupwgntd:

Shwbihph dwpdht

Mwhwugynn ghwnbijhph dwpdup ybpwpbipjw; gnpdwwnniutipp hw-
dwdéwjutight $niunwdbunmw] wnwplwubph (ndjwubph pwquutp,
wignphrUtph nbunteiniu, nhuyptn dwebdwunhlw, ndjwutph Yw-
nnigwop, hwjwuwlwuniejwu nbunyenit) b wnujwqu by dpwg-
pwynpdwt |tgyp |hwpdtip hdwgniejwu wuhpwdbionniejwu onipy:

Uhgnhughyjwuwpnipnit

QGnpéwwnniubipp twl wunpunwpdwu wnwppbp Jwutwghwnwlwu
Yppwlwu Spwanptiph  dhol Ywuwh wwlwuhu, npp,  hwdwéwu
putwpynidutiph dwutwyhgubiph, unyuwbtiu Ywpnn £ hwnpwhwpyb|
Uwfluwgdtiph dhongny: Swppbip twywwnwlubpht dwnwjnn uwfuw-
gétipp uyuwsd nwnwuwnniejwu uyqphg Yuwwuwnbl nwwunnubipp
hupunipnyuniejwl, Wwwnwufuwuwwynipjwu U Ynunbpunh pwpnnt-
pRwup wnwwwnwgybiint niuwynipniuutiph qupgwgdwun:

U2luwwmwupwjhtt unmwunwpwnubp

Uwutwyhgubpp putwpybight nuwunnubpp’  wofuwwnwupwhu
ghpdpupwgh wj| wuwbtywnubph hdwgnypjwu wuhpwdtipunnieniup,
huswhuhp Gu Ynnwynpdwu nébpp, unp wnbjuuninghwubph Yhpw-
nnwip, Ynpwynpwwnpy Ephlwu b wyu:

Lwpguwgpnygubph wju dbwswihp wpryniwybn Ep twbe nwuw-
funuutiph hwdwp: Wu hwdwwnbpunph ybpwpbpjw; ndjuiubp www-
hngtig, husp Ywpunp hwuqwdwup £ nwuwunnutiph quwhwwndwu
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dwdwuwy b oqunud £ nwuwfunuubppht wwhb] wwywqw wtuw-
wnwwnbinh hwdwwnbipuinh hwdwwwwnwufuwuntejniup:

huswbiu bwfuyphund tpytig, hbwnwagnuinn funidpp npngtig hhd-
Uwlwu dbpnnwpwuntejwu Uty wywhb| Opwgpwiht hwdwlwngbph
dwpunwpwghwnyejwu ninpunh npuwlwynpndubph 2powtwyh hhd-
wlwu  uwpwappsubipp  Jhowqquwihtu  wnbuwuyniuhg, dJhUunyu
dwdwuwl wqgqwjhu gnpdwwnniubippt ubipywjwgnbg win uwpwanhs-
ubiph Ubluwpwunypniutbpp: Ffwuwfunuubpp, ndptip wbiwp k nwuntd-
Uwlwu wwuubpnud ppwywuwgubt bwuwwnbudws NNUC-p, wbwnp
E oguwgnpdbt wyn dbuwpwuniggniutbpp’ woluwwnwnbinh Ynuwn-
ptunp ypwywhy quwhwwndwu dbg thnfuwybipwbint hwdwn:

Twuwfunup Ywpnn £ hnfuwybpwb| woluwwmwmtbnh hwuduwpw-
pnypgniutbph Jwupwdwutbpp  quwhwndwu  wwhwugubpnud'
wnwyb| gnpéuwlwu nwpdubint b nwwunnhtu gnpdwwnih hwdw-
inbipunhu dwunpwgubiint hwdwp:

Shunbijhph dwpdht, wqqwihu nwwn: Opwgpwiht wwwhnydwu
dwpunwpwghwnyejwu ninpunp npwywynpnwdubiph 2powuwyh dnnbip
dowydwt hwennpn pwyp dnnbind nwuntfuwlwt wjwup fiGdtunutph
ubipwnnudu E:

Lwpgwgnpnygubph dwdwuwy 2powuwywpnubipp stpunwnpb Gu
wju hpduwlwu wnwplwubpp, npnup gnpdwwnnitht uwwwhnygbu
wuhpwdbipn ghnbhpubp W hdnnyeniuutip: Pnithtpu ogunwgnpdntd
GU nwnuwlywu wjwuubp, npnup qwihu Gu Yhpwnwywu dwebdw-
whwih  Yppwlwu swihnpnpshg  dowlyywsd nbinbu  unybivmwywu
dwdwuwyubipnw b ypwuwpjwd <<-nd 90-ubiphu b hpduwlwuntd
wwhwwund Gu udwuntejniuubipp:

Uhwju npn2  thnithnfunggniuup Gu - Bntp Jp pwup  Yppwlwu
opwgntipnd: <UUS-h fundpp Ywpnn £ hwuwnwnb, np Opwgpuwiht
hwdwlwpgbiph dwpunwpwaghunnygjuwu nwnfuwlwu wjwup dhus wyuop
npn2  pwnwnphsubpny  hwdwpynwd £ wdblwqupqugwdu  nt
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wpryntuwybuinp: <wpgbiing Ybpnugjuip, htinwgnunn funwpp ugnud |
uwl, np Opwgpwiht wwywhnyiwu dwpunwpwghwnnieniu  ninpunp
wpwyunhy hwdwwnbpuwnp thnfuyb £, hbwnbwpwp wpdwnwwbu thnfuyb;
£ bwl gnpdwwnnth wpndhip: Udd dninbignwdubipp wy) Gu: Snpdwuinniubipp
punniund Bu nwuwlwu wnwplywubpp, ophuwy' gpwdbinh wnbuniegniu
(graph theory), nnyjwiutiph Ywnnigywdp (data structures), wignphpdutiph
nbunieintu (theory of algorithms), owtipwghnu hwdwlwnpgbip (operating
systems) W wjju: Uwlwju dplunytu dwdwuwy gnpdwunniubipp dinwhn-
gnieintu nubu nwuwywundwu wju dninbignwiutiph ybipwpbnjwy, npnu-
gny nwnigwuynid tu wnwplwubpp: <wdwlwnpgswihu hwdwywpgbpp
owwn GU thnfuyb, huy unp nwownp sh hwdwwwwnwufuwund gnjnijntu
niubignn nwunufuwlwu  wwuht: Snpdwwnniubiph ubpgpwyywodniejwt
wuhpwdbounnipintup pun wynd fuhuwn Yupunp k:

5. cu<uuhsutrp <ursnhu

NUC-h dawydwu opowtwlubipnid hpwywuwgyb) Gu hwpgnidubip
ninpwnh whwyhgubiph htwn ubipwnjw| gnpdwwnniutip, 2powtwywnwn-
ubip, nuuwunnubip b nwuwfunutbp wwnpgbint upwug guwhwwnwuwyp
uh 2wpp punhwupwywu b wnwplywjwywu hdnnieniuutpp W Ywpn-
nnipintububph wwhwuswpyh ybpwpbpjw): <wdwjuwpwu-wouwmnw-
ontljw wqgqwihtu gwugp hpwlwuwgptg nyjwiubph hwjwpwgpdwu
gnpdpupwgn dpwagnh dwutwyhg pnithbiph 2powuntd:

Lwpgwownp Yuaqddwsd £ Gpyne pwduphg: Unwohup ubpwnnud L
18 punhwupwywu hdwnentu W wpnnniegyniu: Spypnpn pwdhup
uGpwnnud £ wnwpuwjwywu  hdwnngegniuubp W Jupnnniejniuubip
fudpwynpywd puin wwpwuph jntpwpwuginip Yetuwgingph' dinwhnw-
gnud, bwfuwgdnwd, hpwlywuwgnid, gnpdwnuntejniu: <wpgynnubipp,
Gpp Yphpwnbh E, quwhwwb] Gu jnipwpwugnp  hdwngeniu 5

pwiwung uwunnuyny (T-pww phs, 2-phs, 3-npn2 swthny, 4-pwwn,
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S-wnwybjwagnyuu) pun hGunlyw| swihwuhaubph.

o Uuhpwdbipinnipntu

o atinp k pbipyti| pnthnud

o QJbtinp  ptipyb| woluwwnbnt pupwgpnid

e Bu Ywpnn Gd Yuwuwwpb] nw hGnlbyw| swiny:

Lwnpgnuwfu hpwywuwgyb £ 4 dwuuwyhg pnthbph SS dwutw-
ghuniejniuubiph nwuwunnubiph, 2powtwywpunutph ypndbunpwnw-
uwfunuwywu Ywqgdh 2powund: Lbpwnwé bGu bnbp hbGunlyw|
dwulwghwntjniuubipp jnipwpwgnip pnthhg:

1. <wjwunwuh  wqgquwjht  wnhnbuthluwywu  hwdwuwpw,
Jwuwdnph Jwutwénin
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Cwybyws 3. ruuuULNRE3SUL NRUNKULUUPLNRG3NRL

Software engineering and types of product used in software

IEEE Computer Society has the Software and Systems Engineering
Vocabulary by whose definition:

Software and software product. (1) computer programs,
procedures and possibly associated documentation and data pertaining
to the operation of a computer system (2) program or set of programs
used to run a computer, include both executable and non-executable
software, such as fonts, graphics, audio and video recordings,
templates, dictionaries, documents, and information structures such
as database records.

Software is more than just a program code. A program is an
executable code, which serves some computational purpose. Software
is considered to be collection of executable programming code,
associated libraries and documentations. Software, when made for a
specific requirement is called software product.

Software engineering is an engineering branch associated with
development of software product using well-defined scientific principles,
methods and procedures. The outcome of software engineering is an
efficient and reliable software product.

Engineering on the other hand, is all about developing products,
using well-defined, scientific principles and methods.

The term Software Engineering is made of two words, software
and engineering.

Software engineering requires an understanding, not only of the
unique characteristics of “software”, but also of how “engineering”
concepts must be adapted to address those characteristics.

IEEE defines software engineering as:
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1. The application of a systematic, disciplined, quantifiable
approach to the development, operation and maintenance of software;
that is, the application of engineering to software.

2. The study of approaches as in the above statement.

Fritz Bauer, a German computer scientist, defines software
engineering as:

The establishment and use of sound engineering principles in order
to obtain economically software that is reliable and work efficiently on
real machines.

Main logic of software developed by computer science specialists.
Finally, software control the computer and it is a program.

There are many indirect reflections about software engineering in
literature which give us felling of concepts what is software and how to
do its engineering.

Character of product in this sector is not so usual and that unusual
is a reason of approaches which used in production, distribution,
operation and maintenance specific not way.

From daily practice software engineering is the process of solving
customers’ needs by the systematic development and evolution
of large, high-quality software systems within cost, time and other
constraints (normally being in deficit of that resources).

Software engineering is a systematic design and development
of software products and the management of the software
process.

Software engineering has as one of its primary objectives the
production of programs that meet specifications, and are demonstrably
accurate, produced on time, and within budget.

Software product development is a symbiosis of two way of thinking:
computing (programming) and engineering of (programming)
process.
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Computing has scholar approach with values like quality of
program which depending on different effectiveness criteria: minimum
resources like time, speed; or correctness of results: min of bugs, etc.
Engineering approach is selecting one of approaches as practically
useful/appropriate for specific case and organize the way when
scholar criteria used practically and no need for looking the best for
each component if it is difficult prove effectiveness. How to organize
work to have demonstrably accurate, produced on time, and within
budget is responsible engineering. The nature of any software
product development is computer programming, but development
of compound software products as systems is different, because
development of relatively big program become engineering. Software
products are now among the most complex manmade systems, with
high rate of changeability.

CONTEXT OF SOFTWARE ENGINEERING THINKING

Despite of big successes in increasing computer effectiveness and
its technical features nowadays developers met serious problems
in terms of the development costs, timeliness, and quality of many
software products.

Techniques and processes of making the software that work
effectively when used by an individual or small team to develop
modest-sized programs do not scale well to the development of large,
complex systems. Development complexity can arise with just a few
hundred lines of code, and large systems can run to millions of lines
of code, requiring years of work by hundreds of software developers.
Complexity of organization rise dramatically.

The change in computer and software technology drives the
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demand for new and evolved software products. This situation has
created customer expectations and competitive forces that tension
our ability to produce quality software within acceptable development
schedules. Fast change in hardware bring fast competitive change in
soft for earlier sale reasons, but to have reliability is difficult.

New software is not always maintenance, but it is new development.
Testing is difficulty.

The availability of qualified software engineers has not kept pace
with the demand from industry, so that systems are designed and
built by people with insufficient educational background or experience.
Software system developed in today may well reuse major components
of other systems, execute on multiple machines and platforms, and
interact with other, globally distributed systems.

Software engineering is more than just programming; it includes
attention to details such as quality, schedule, and economic goals.
Hence, a professional software developer needs both knowledge of
such principles and experience with applying them.

Software is abstract and invisible. These characteristics present
challenges for managing software development because of the
problems they create for important engineering concepts such as
quantification and measurement. They also complicate efforts to
describe and organize software in ways that will facilitate knowledge
exchange during the processes of its design, implementation, and
maintenance.

Software has both static and dynamic properties. This duality
provides a further challenge for description and measurement. It also
makes it difficult to predict the effects arising from any changes made
to a software product.

Software is intrinsically complex in terms of its organization. Even
a small software unit may possess many different execution paths,
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and there may be a large and complex set of relationships among
its elements. This in turn presents challenges for verification and
validation, documentation, and maintenance.

No universal measures of quality exist for assessing a software
product. An engineering process should lead to products that are of
“good” quality, but the relative importance of different quality measures
will vary with the role of the product and differ for each stakeholder
(producer, customer, or user).

The manufacturing cycle for software products is not a significant
element in software development, and it mainly involves the needs of
distribution mechanisms. Software development is essentially a process
that involves a progression through many layers of design abstraction
and, hence, is unlike any conventional engineering processes, such
as those that occur within mechanical and civil engineering.

Software is intangible because hard to understand development
effort.

Software is easy to reproduce Cost is in its development, in other
engineering products, manufacturing is the costly stage.

The software industry is labor-intensive, hard to automate.

(Untrained) people can hack something together, quality problems
are hard to notice.

Software is easy to modify, people make changes without fully
understanding it.

Software does not ‘wear out’, it deteriorates by having its design
changed:

e erroneously, or

e in ways that were not anticipated, thus making it complex

Software does not wear out. The maintenance activities associated
with a software product are really part of an evolutionary design
process.
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Software engineering practices are largely concerned with managing
relevant processes and with design activities, and these can appear in
a range of appearances.

Most of the activities involved in software development and evolution
tend to use team-based processes that embody some form of design
element, spanning from an initial choice of a high-level architecture
through the choices of test and evaluation strategies. Each of these
adds yet another layer of complication: teams must be organized
with regard to aspects such as communication, coordination, and
management and design activities are nondeterministic (not clear)
processes that lead to solutions that are rarely right or wrong.

Finally, there are also many different measures of quality that
can be employed when assessing the different choices involved.
Differentiation of employers internally can be if we ask people who
busy with effective algorithms and reusable software design in their
mind. The same time managers and architects think from another
perspective.

Software is an intangible economic good, with no physical form,
its utility or value not even perceptible in another form. So only the
functionality of software is perceptible e.g. via a user interface, or as
the result of a controlled transaction via software, e.g. as an account
movement.

What exactly constitutes a software product is often rather
subjective. As with many highly technical products, many people do
not understand how software products work. Software is therefore
in the truest sense of the word “intangible.” Software thus contrasts
greatly with other investments or acquisitions of consumer goods.
In particular, the customer does not really acquire the product when
buying software, rather very specific, precisely defined rights of use in
a license contract.
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However, investments in software today represent a larger
proportion of spending for IT infrastructure than investments in
hardware, and software contracts with large companies often amount
to multiple millions of dollars.

Software belongs not to the three classic economic factors of
capital, land, and labor, but in the new fourth category of “knowledge.”

Software is the manifestation of human know-how in bits and bytes
and in this form also has the invaluable advantage (and simultaneous
disadvantage), that it can be easily copied and quickly circulated over
any distance.

The right software, ideally applied, can represent a more important
strategic competitive advantage in today’s economic life than all the
other factors. Software can be crucial for competitiveness in production
processes, functionality, the availability of service products, and thus
for a company’s success or failure on the market.

Engineering and not engineering approach
to software development

Whereas scientists observe and study existing behaviors and then
develop models to describe those, engineers use such models as a
starting point for designing and developing technologies that enable
new forms of behavior.

Engineers proceed by making a series of decisions, carefully
evaluating options, and choosing an approach at each decision
point that is appropriate for the current task in the current context.
Appropriateness can be judged by trade-off analysis, which balances
costs against benefits.

Engineers measure things, and when appropriate, work
quantitatively. They calibrate and validate their measurements, and
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they use approximations based on experience and empirical data.

Engineers emphasize the use of a disciplined process when
creating and implementing designs and can operate effectively as part
of a team in doing so.

Engineers can have multiple roles: research, development, design,
production, testing, construction, operations, and management in
addition to others such as sales, consulting, and teaching.

Engineers use tools to apply processes systematically. Therefore, the
choice and use of appropriate tools is a key aspect of engineering.

Engineers, via their professional societies, advance by the
development and validation of principles, standards, and best
practices.

Engineers reuse designs and design artifacts.

Although strong similarities exist between software engineering
and more traditional engineering, there are also some differences
(not necessarily to the detriment of software engineering):

Software engineering’s foundations are primarily in computer
science, not natural sciences.

Software engineering models make more use of discrete than
continuous mathematics.

The concentration is on abstract/logical entities instead of concrete/
physical artifacts.

There is no manufacturing phase in the traditional sense.

Software maintenance primarily refers to continued development,
or evolution, and not to conventional wear and tear.

Software engineering is not always viewed as a “professional”
activity. One concern for these curriculum guidelines is to help with the
evolution of software engineering toward a more “professional” status.
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SOFTWARE PRODUCT LIFE CYCLE

Software Evolution

The process of developing a software product using software
engineering principles and methods is referred to as software evolution.
This includes the initial development of software and its maintenance
and updates, till desired software product is developed, which satisfies
the expected requirements.

Evolution starts from the requirement gathering process. After
which developers create a prototype of the intended software and
show it to the users to get their feedback at the early stage of software
product development. The users suggest changes, on which several
consecutive updates and maintenance keep on changing too. This
process changes to the original software, till the desired software is
accomplished.

Even after the user has desired software in hand, the advancing
technology and the changing requirements force the software product
to change accordingly. Re-creating software from scratch and to
go one-on-one with requirement is not feasible. The only feasible
and economical solution is to update the existing software so that it
matches the latest requirements.

Software Evolution Laws

Lehman has given laws for software evolution. He divided the
software into three different categories:

» First is a software, which works strictly according to defined
specifications and solutions. The solution and the method to achieve
it, both are immediately understood before coding. This type software
is least subjected to changes hence this is the simplest of all. For
example, calculator program for mathematical computation.
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Second is a software with a collection of procedures. This is
defined by exactly what procedure can do. In this software, the
specification can de described but the practical type solution is
not obvious instantly. For example, gaming software.

Third type software works closely as the requirement of real-
world environment. This software has a high degree of evolution
as there are various changes in laws, taxes etc. in the real world
situations. For example, online trading software.

Lehman has given eight laws for third type software evolution -
Continuing change - software system must continue to adapt
to the real world changes, else it becomes progressively less
useful.

Increasing complexity - software system evolves, its complexity
tends to increase unless work is done to maintain or reduce it.
Conservation of familiarity - The familiarity with the software
or the knowledge about how it was developed, why was it
developed in that particular manner etc. must be retained at any
cost, to implement the changes in the system.

Continuing growth- In order for a software system intended
to resolve some business problem, its size of implementing the
changes grows according to the lifestyle changes of the business.
Reducing quality - software system declines in quality unless
rigorously maintained and adapted to a changing operational
environment.

Feedback systems- software systems constitute multi-loop,
multi-level feedback systems and must be treated as such to be
successfully modified or improved.

Self-regulation - system evolution processes are self-regulating
with the distribution of product and process measures close to
normal.
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+ Organizational stability - The average effective global activity
rate in an evolving system is invariant over the lifetime of the
product.

Software Paradigms

Software paradigms refer to the methods and steps, which are
taken while designing the software. There are many methods proposed
and are in work today, but we need to see where in the software
engineering these paradigms stand. These can be combined into
various categories, though each of them is contained in one another:

Programming paradigm is a subset of Software design paradigm
which is further a subset of Software development paradigm.

Software Development Paradigm

This Paradigm is known as software engineering paradigms where
all the engineering concepts pertaining to the development of software
are applied. It includes various researches and requirement gathering
which helps the software product to build.

Waterfall Model

Waterfall model is the simplest model of software development
paradigm. It says the all the phases of SDLC will function one after
another in linear manner. That is, when the first phase is finished then
only the second phase will start and so on.

Iterative Model

This model leads the software development process in iterations. It
projects the process of development in cyclic manner repeating every
step after every cycle of SDLC process.

The software is first developed on very small scale and all the

80



steps are followed which are taken into consideration. Then, on every
next iteration, more features and modules are designed, coded, tested
and added to the software. Every cycle produces a software, which is
complete in itself and has more features and capabilities than that of
the previous one.

After each iteration, the management team can do work on risk
management and prepare for the next iteration. Because a cycle
includes small portion of whole software process, it is easier to manage
the development process but it consumes more resources.

Spiral Model

Spiral model is a combination of both, iterative model and one of
the SDLC model. It can be seen as if you choose one SDLC model
and combine it with cyclic process.

This model considers risk, which often goes un-noticed by most
other models. The model starts with determining objectives and
constraints of the software at the start of one iteration. Next phase
is of prototyping the software. This includes risk analysis. Then one
standard SDLC model is used to build the software. In the fourth phase
of the plan of next iteration is prepared.

V — Model

The major drawback of waterfall model is we move to the next stage
only when the previous one is finished and there was no chance to go
back if something is found wrong in later stages. V-Model provides
means of testing of software at each stage in reverse manner.

At every stage, test plans and test cases are created to verify and
validate the product according to the requirement of that stage. For
example, in requirement gathering stage the test team prepares all the
test cases in correspondence to the requirements. Later, when the product
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is developed and is ready for testing, test cases of this stage verify the
software against its validity towards requirements at this stage.

This makes both verification and validation go in parallel. This
model is also known as verification and validation model.

Big Bang Model

This model is the simplest model in its form. It requires little planning,
lots of programming and lots of funds. This model is conceptualized
around the big bang of universe. As scientists say that after big bang
lots of galaxies, planets and stars evolved just as an event. Likewise,
if we put together lots of programming and funds, you may achieve
the best software product.

For this model, very small amount of planning is required. It does
not follow any process, or at times the customer is not sure about
the requirements and future needs. So the input requirements are
arbitrary.

This model is not suitable for large software projects but good one
for learning and experimenting.

Need of Software Engineering

The need of software engineering arises because of higher rate of
change in user requirements and environment on which the software
is working.

+ Large software - It is easier to build a wall than to a house
or building, likewise, as the size of software become large
engineering has to step to give it a scientific process.

» Scalability- If the software process were not based on scientific
and engineering concepts, it would be easier to re-create new
software than to scale an existing one.
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* Cost- As hardware industry has shown its skills and huge
manufacturing has lower down the price of computer and
electronic hardware. But the cost of software remains high if
proper process is not adapted.

* Dynamic Nature- The always growing and adapting nature
of software hugely depends upon the environment in which
user works. If the nature of software is always changing, new
enhancements need to be done in the existing one. This is
where software engineering plays a good role.

Need of software project management

Software is said to be an intangible product. Software development
is a kind of all new stream in world business and there’s very little
experience in building software products. Most software products
are tailor made to fit client's requirements. The most important is
that the underlying technology changes and advances so frequently
and rapidly that experience of one product may not be applied to the
other one. All such business and environmental constraints bring risk
in software development hence it is essential to manage software
projects efficiently.

Quality
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The image above shows triple constraints for software projects. It
is an essential part of software organization to deliver quality product,
keeping the cost within client’s budget constrain and deliver the project
as per scheduled. There are several factors, both internal and external,
which may impact this triple constrain triangle. Any of three factor can
severely impact the other two.

Therefore, software project management is essential to incorporate
user requirements along with budget and time constraints.

Software Development Life Cycle, SDLC for short, is a well-defined,
structured sequence of stages in software engineering to develop
the intended software product.

SDLC Activities

SDLC provides a series of steps to be followed to design and develop
a software product efficiently. SDLC framework includes the following
steps:

Communication

This is the first step where the user initiates the request for a
desired software product. He contacts the service provider and tries
to negotiate the terms. He submits his request to the service providing
organization in writing.

Requirement Gathering

This step onwards the software development team works to carry on
the project. The team holds discussions with various stakeholders from
problem domain and tries to bring out as much information as possible on
their requirements. The requirements are contemplated and segregated
into user requirements, system requirements and functional requirements.
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Feasibility Study

After requirement gathering, the team comes up with a rough
plan of software process. At this step the team analyzes if a software
can be made to fulfill all requirements of the user and if there is any
possibility of software being no more useful. It is found out, if the
project is financially, practically and technologically feasible for the
organization to take up. There are many algorithms available, which
help the developers to conclude the feasibility of a software project.

System Analysis

At this step the developers decide a roadmap of their plan and try
to bring up the best software model suitable for the project. System
analysis includes Understanding of software product limitations,
learning system related problems or changes to be done in existing
systems beforehand, identifying and addressing the impact of project on
organization and personnel etc. The project team analyzes the scope
of the project and plans the schedule and resources accordingly.

Software Design

Next step is to bring down whole knowledge of requirements and
analysis on the desk and design the software product. The inputs from
users and information gathered in requirement gathering phase are
the inputs of this step. The output of this step comes in the form of two
designs; logical design and physical design. Engineers produce meta-
data and data dictionaries, logical diagrams, data-flow diagrams and
in some cases pseudo codes.

Coding

This step is also known as programming phase. The implementation
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of software design starts in terms of writing program code in the
suitable programming language and developing error-free executable
programs efficiently.

Testing

An estimate says that 50% of whole software development process
should be tested. Errors may ruin the software from critical level to its
own removal. Software testing is done while coding by the developers
and thorough testing is conducted by testing experts at various levels
of code such as module testing, program testing, product testing, in-
house testing and testing the product at user’s end. Early discovery of
errors and their remedy is the key to reliable software.

Integration

Software may need to be integrated with the libraries, databases
and other programs. This stage of SDLC is involved in the integration
of software with outer world entities.

Implementation

This means installing the software on user machines. At times,
software needs post-installation configurations at user end. Software
is tested for portability and adaptability and integration related issues
are solved during implementation.

Operation and Maintenance

This phase confirms the software operation in terms of more
efficiency and less errors. If required, the users are trained on, or
aided with the documentation on how to operate the software and how
to keep the software operational. The software is maintained timely
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by updating the code according to the changes taking place in user
end environment or technology. This phase may face challenges from
hidden bugs and real-world unidentified problems.

Disposition

As time elapses, the software may decline on the performance
front. It may go completely obsolete or may need intense upgradation.
Hence a pressing need to eliminate a major portion of the system
arises. This phase includes archiving data and required software
components, closing down the system, planning disposition activity
and terminating system at appropriate end-of-system time.

CDIO Life cycle in enterprise

1.1

CONCEIVING AND ENGINEERING SYSTEMS
Setting System Goals and Requirements
Identify market needs and opportunities

Elicit and interpret customer needs

Identify opportunities that derive from new technology or latent
needs

Explain factors that set the context of the requirements
Identify enterprise goals, strategies, capabilities and alliances
Locate and classify competitors and benchmarking information

Interpret ethical, social, environmental, legal and regulatory
influences

Explain the probability of change in the factors that influence the
system, its goals and resources available

Interpret system goals and requirements
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1.2

1.3

1.4

88

Identify the language/format of goals and requirements Interpret
initial target goals (based on needs, opportunities and other
influences)

Explain system performance metrics
Interpret requirement completeness and consistency
Defining Function, Concept and Architecture

Identify necessary system functions (and
behavioral specifications)

Select system concepts

Identify the appropriate level of technology

Analyze trade-offs among and recombination of concepts
Identify high level architectural form and structure

Discuss the decomposition of form into elements, assignment of
function to elements, and definition of interfaces

Modeling of System and Ensuring Goals Can Be Met
Locate appropriate models of technical performance
Discuss the concept of implementation and operations

Discuss life cycle value and costs (design, implementation, opera-
tions, opportunity, etc.)

Discuss trade-offs among various goals, function, concept and
structure and iteration until convergence

Development Project Management

Describe project control for cost, performance, and schedule
Explain appropriate transition points and reviews

Explain configuration management and documentation

Interpret performance compared to baseline



2.2

2.3

Define earned value process

Discuss the estimation and allocation of resources
Identify risks and alternatives

Describe possible development process improvements
DESIGNING

The Design Process

Choose requirements for each element or component derived
from system level goals and requirements

Analyze alternatives in design

Select the initial design

Use prototypes and test articles in design development
Execute appropriate optimization in the presence of constraints
Demonstrate iteration until convergence

Synthesize the final design

Demonstrate accommodation of changing requirements

The Design Process

Phasing and Approaches

Explain the activities in the phases of system design (e.g.
conceptual, preliminary, and detailed design)

Discuss process models appropriate for particular development
projects (waterfall, spiral, concurrent, etc.)

Discuss the process for single, platform and derivative products
Utilization of Knowledge in Design
Utilize technical and scientific knowledge

Practice creative and critical thinking, and problem solving
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24

2.5

2.6
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Discuss prior work in the field, standardization and reuse of designs
(including reverse engineer and redesign)

Discuss design knowledge capture

Disciplinary Design

Choose appropriate techniques, tools, and processes
Explain design tool calibration and validation

Practice quantitative analysis of alternatives

Practice modeling, simulation and test

Discuss analytical refinement of the design
Multidisciplinary Design

Identify interactions between disciplines

Identify dissimilar conventions and assumptions

Explain differences in the maturity of disciplinary models
Explain multidisciplinary design environments

Explain multidisciplinary design

Multi-Objective Design (DFX)

Demonstrate design for: Performance, life cycle cost and value
Aesthetics and human factors

Implementation, verification, test and environmental sustainability
Operations Maintainability, reliability, and safety
Robustness, evolution, product improvement and retirement
IMPLEMENTING

Designing the Implementation Process

State the goals and metrics for implementation performance, cost
and quality



3.2

3.3

3.4

3.5

3.6

Recognize the implementation system design:
Hardware Manufacturing Process

Describe the manufacturing of parts

Describe the assembly of parts into larger constructs

Define tolerances, variability, key characteristics and statistical
process control

Software Implementing Process

Explain the breakdown of high-level components into module
designs (including algorithms and data structures)

Discuss algorithms (data structures, control flow, data flow)
Describe the programming language

Execute the low-level design (coding)

Describe the system build

Hardware Software Integration

Describe the integration of software in electronic hardware (size
of processor, communications, etc.)

Describe the integration of software integration with sensor,
actuators and mechanical hardware

Describe hardware/software function and safety
Test, Verification, Validation, and Certification

Discuss test and analysis procedures (hardware vs. software,
acceptance vs. qualification)

Discuss the verification of performance to system requirements
Discuss the validation of performance to customer needs
Explain the certification to standards

Implementation Management
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4.2

4.3

4.4
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Describe the organization and structure for implementation
Discuss sourcing, partnering, and supply chains

Recognize control of implementation cost, performance and
schedule

Describe quality and safety assurance

Describe possible implementation process improvements
OPERATING
Designing and Optimizing Operations

Interpret the goals and metrics for operational performance, cost,
and value

Explain operations process architecture and development
Explain operations (and mission) analysis and modeling
Training and Operations

Describe training for professional operations:
Simulation Instruction and programs

Procedures

Recognize education for consumer operation

Describe operations processes

Recognize operations process interactions

Supporting the System Lifecycle

Explain maintenance and logistics

Describe lifecycle performance and reliability

Describe lifecycle value and costs

Explain feedback to facilitate system improvement

System Improvement and Evolution



4.5

4.6

Define pre-planned product improvement
Recognize improvements based on needs observed in operation
Recognize evolutionary system upgrades

Recognize contingency improvements/solutions resulting from
operational necessity

Disposal and Life-End Issues

Define the end of life issues

List disposal options

Define residual value at life-end

List environmental considerations for disposal
Operations Management

Describe the organization and structure for operations
Recognize partnerships and alliances

Recognize control of operations cost, performance and scheduling
Describe quality and safety assurance

Define life cycle management

Recognize possible operations process improvements
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Professional thinking in Software Engineering

At a broad level, the expected characteristics of computer
science graduates include the following [CS2013]:

Technical understanding of computer science

Graduates should have a mastery of computer science as described
by the core of the Body of Knowledge.

Familiarity with common themes and principles

Graduates need understanding of a number of recurring themes,
such as abstraction, complexity, and evolutionary change, and a set
of general principles, such as sharing a common resource, security,
and concurrency. Graduates should recognize that these themes and
principles have broad application to the field of computer science and
should not consider them as relevant only to the domains in which
they were introduced.

Appreciation of the interplay between theory and practice

A fundamental aspect of computer science is understanding the
interplay between theory and practice and the essential links between
them. Graduates of a computer science program need to understand
how theory and practice influence each other.

System-level perspective

Graduates of a computer science program need to think at multiple
levels of detail and abstraction. This understanding should transcend
the implementation details of the various components to encompass an
appreciation for the structure of computer systems and the processes
involved in their construction and analysis. They need to recognize
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the context in which a computer system may function, including its
interactions with people and the physical world.

Problem solving skills

Graduates need to understand how to apply the knowledge they have
gained to solve real problems, not just write code and move bits. They
should to be able to design and improve a system based on a quantitative
and qualitative assessment of its functionality, usability and performance.
They should realize that there are multiple solutions to a given problem
and that selecting among them is not a purely technical activity, as these
solutions will have a real impact on people’s lives. Graduates also should
be able to communicate their solution to others, including why and how a
solution solves the problem and what assumptions were made.

Project experience

To ensure that graduates can successfully apply the knowledge they
have gained, all graduates of computer science programs should have
been involved in at least one substantial project. In most cases, this
experience will be a software development project, but other experiences
are also appropriate in particular circumstances. Such projects should
challenge students by being integrative, requiring evaluation of potential
solutions, and requiring work on a larger scale than typical course projects.
Students should have opportunities to develop their interpersonal
communication skills as part of their project experience.

Commitment to life-long learning

Graduates should realize that the computing field advances at a
rapid pace, and graduates must possess a solid foundation that allows
and encourages them to maintain relevant skills as the field evolves.
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Specific languages and technology platforms change over time.
Therefore, graduates need to realize that they must continue to learn
and adapt their skills throughout their careers. To develop this ability,
students should be exposed to multiple programming languages, tools,
paradigms, and technologies as well as the fundamental underlying
principles throughout their education. In addition, graduates are now
expected to manage their own career development and advancement.
Graduates seeking career advancement often engage in professional
development activities, such as certifications, management training, or
obtaining domain-specific knowledge.

Commitment to professional responsibility

Graduates should recognize the social, legal, ethical, and cultural
issues inherent in the discipline of computing. They must further
recognize that social, legal, and ethical standards vary internationally.
They should be knowledgeable about the interplay of ethical issues,
technical problems, and aesthetic values that play an important part in
the development of computing systems. Practitioners must understand
their individual and collective responsibility and the possible
consequences of failure. They must understand their own limitations
as well as the limitations of their tools.

Communication and organizational skills

Graduates should have the ability to make effective presentations
to a range of audiences about technical problems and their solutions.
This may involve face-to-face, written, or electronic communication.
They should be prepared to work effectively as members of teams.
Graduates should be able to manage their own learning and
development, including managing time, priorities, and progress.
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Awareness of the broad applicability of computing

Platforms range from embedded micro-sensors to high-performance
clusters and distributed clouds. Computer applications impact nearly
every aspect of modern life. Graduates should understand the full
range of opportunities available in computing.

Appreciation of domain-specific knowledge

Graduates should understand that computing interacts with many
different domains. Solutions to many problems require both computing
skills and domain knowledge. Therefore, graduates need to be able
to communicate with, and learn from, experts from different domains
throughout their careers.

Guidance on Learning Outcomes [CS2013]

Learning outcomes are not of equal size and do not have a uniform
mapping to curriculum hours; topics with the same number of hours
may have quite different numbers of associated learning outcomes.
Each learning outcome has an associated level of mastery. In
defining different levels, we drew from other curriculum approaches,
especially Bloom’s Taxonomy, which has been well explored within
computer science. We did not directly apply Bloom’s levels in part
because several of them are driven by pedagogic context, which
would introduce too much plurality in a document of this kind; in part
because we intend the mastery levels to be indicative and not to
impose theoretical constraint on users of this document.

We use three levels of mastery, defined as:

e Familiarity: The student understands what a concept is or what it
means. This level of mastery concerns a basic awareness of a concept
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as opposed to expecting real facility with its application. It provides an
answer to the question “What do you know about this?”

e Usage: The student is able to use or apply a concept in a
concrete way. Using a concept may include, for example,
appropriately using a specific concept in a program, using a
particular proof technique, or performing a particular analysis.
It provides an answer to the question “What do you know how
to do?”

o Assessment. The student is able to consider a concept from
multiple viewpoints and/or justify the selection of a particular
approach to solve a problem. This level of mastery implies
more than using a concept; it involves the ability to select an
appropriate approach from understood alternatives. It provides
an answer to the question “Why would you do that?”

As a concrete, although admittedly simplistic, example of these
levels of mastery, we consider the notion of iteration in software
development, for example for-loops, while-loops, and iterators. At the
level of “Familiarity,” a student would be expected to have a definition
of the concept of iteration in software development and know why it
is a useful technique. In order to show mastery at the “Usage” level,
a student should be able to write a program properly using a form
of iteration. Understanding iteration at the “Assessment” level would
require a student to understand multiple methods for iteration and be
able to appropriately select among them for different applications. The
descriptions we have included for learning outcomes may not exactly
match those used by institutions, in either specifics or emphasis.
Institutions may have different learning outcomes that capture the
same level of mastery and intent for a given topic. Nevertheless, we
believe that by giving descriptive learning outcomes, we both make
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our intention clear and facilitate interpretation of what outcomes mean
in the context of a particular curriculum.

Software engineering competency

Software engineering program educational objectives [ANNA]:

1.

10.

I1.

Apply software engineering theory, principles, tools and
processes, as well as the theory and principles of computer
science and mathematics, to the development and maintenance
of complex, scalable software systems.

Design and experiment with software prototypes

Select and use software metrics

Communicate effectively through oral and written reports, and
software documentation

Elicit, analyze and specify software requirements through a
productive working relationship with project stakeholders
Demonstrate professionalism including continued learning and
professional activities.

Contribute to society by behaving ethically and responsibly.
Successfully assume a variety of roles in teams of diverse
membership.

Apply a systematic, disciplined, quantifiable approach to the
cost-effective development, operation and maintenance of
software systems to the satisfaction of their beneficiaries.

Build solutions using different technologies, architectures and
life-cycle approaches in the context of different organizational
structures.

Insist the development, adoption and sustained use of standards
of excellence for software engineering practices.

Software engineering program outcomes:
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e Upon completion of the course, students would have obtained:

e An ability to apply knowledge of mathematics, science, and
engineering.

e An ability to design and conduct experiments, as well as to
analyze and interpret data.

e An ability to design a system, component, or process to meet
desired needs within realistic constraints such as economic,
environmental, social, political, ethical, safety, and sustainability.

e Function effectively as an individual, and as a member or leader
in diverse teams and in multi-disciplinary settings.

e An ability to identify, formulate, and solve engineering problems.

e An understanding of professional and ethical responsibility.

e An ability to communicate effectively.

¢ Demonstrate a knowledge and understanding of management
and business practices, such as risk and change management,
and understand their limitations.

e Arecognition of the need for, and an ability to engage in life-long
learning.

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

e An understanding of real-time, safety-critical, embedded
computer systems.

Computer science and engineering program educational objectives
[ANNA]:
Graduates of this M. E. Computer Science and Engineering will be
able to
1. Apply the necessary mathematical tools and fundamental &
advanced knowledge of computer science & engineering
2. Develop computer, software, network systems understanding
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the importance of social, business, technical, environmental, and
human context in which the systems would work

3. Articulate fundamental concepts, design underpinnings of
computer/software/network systems, and research findings to
train professionals or to educate engineering students

4. Contribute effectively as a team member/leader, using common
tools and environment, in computer science and engineering
projects, research, or education

5. Pursue life-long learning and research in selected fields of
computer science & engineering and contribute to the growth of
those fields and society at large

Program outcomes:

e Apply knowledge of mathematics, science, engineering
fundamentals and an engineering specialization to the
conceptualization of engineering models.

e Identify, formulate, research literature and solve complex
engineering problems reaching substantiated conclusions using
first principles of mathematics and engineering sciences.

¢ Design solutions for complex engineering problems and design
systems, components or processes that meet specified needs
with appropriate consideration for public health and safety,
cultural, societal, and environmental considerations.

¢ Conduct investigations of complex problems including design of
experiments, analysis and interpretation of data, and synthesis of
information to provide valid conclusions.

e Create, select and apply appropriate techniques, resources, and
modern engineering tools, including prediction and modeling,
to complex engineering activities, with an understanding of the
limitations.
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Function effectively as an individual, and as a member or leader
in diverse teams and in multi-disciplinary settings.

Communicate effectively on complex engineering activities with
the engineering community and with society at large, such as
being able to comprehend and write effective reports and design
documentation, make effective presentations, and give and
receive clear instructions.

Demonstrate understanding of the societal, health, safety, legal
and cultural issues and the consequent responsibilities relevant
to engineering practice.

Understand and commit to professional ethics and responsibilities
and norms of engineering practice.

Understand the impact of engineering solutions in a societal
context and demonstrate knowledge of and need for sustainable
development.

Demonstrate a knowledge and understanding of management
and business practices, such as risk and change management,
and understand their limitations.

Recognize the need for, and have the ability to engage in
independent and life-long learning.



QUALITIES OF BEHAVIOR EVERY SOFTWARE ENGINEER
SHOULD HAVE

Technical Skills

1.

Basic Computer Science Skills: Research skills, reading
comprehension, the ability to know how to use library functions,
and understanding computing problems, design patterns, and
frameworks. develop skills in logical thinking, creative problem-
solving and communication. Team approach, requiring clear
communication among members to solve a problem and explain
solution to others.

Passion for Code: Programmer must have a passion for code,
developing it from a purely scientific skill into a craft or an art.
Building code with the popularity of Open Source, don’t think
alone in code creation — the ability to work with software
engineers and developers from around the world.

Fearless Refactoring: Refactoring is the ability to improve
code without changing what it does. The old code can become
unstable and incompatible over time. Refactoring enables the
developer to own the code.

Develops Quality: Some engineers thought testing was lower
them. Experienced engineers know and understand the value
of tests, because their goal is to create a working system.
Exposing bugs and eliminating them is the best way to develop
quality code. Engineer knows not to waste time writing trivial or
redundant tests, instead focusing on testing the essential parts
of each component.

Willing to Leverage Existing Code: Life is too short to
continuously invent new codes and libraries. Reuse of internal
infrastructure, use of third-party libraries, and leveraging web-
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scale known services.

Focus on Usable and Maintainable Code: Software always
works better then it is well designed and user-centric. Good
engineers work hard to make the system simple and usable.
They think about customers all the time and do not try to invent
convoluted stuff that can only be understood and appreciated
by geeks. A disciplined engineer thinks about the maintainability
and evolution of the code from its first line, as well. Expressive
names for methods and variables can make the code self-
explanatory.

Can Code in Multiple Languages: A willingness to learn new
languages, new libraries and new ways of building systems
goes a long way to creating a great software engineer.

Personal Traits

8.

10.
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Vision: Visionaries create code and libraries that are open to
refactoring in time, and easy to use in all code languages. Being
able to see the impacts of present-day decisions is paramount to
building great software.

Attention to Detail: If you get angry about misspelled database
columns, “uncommented” code, projects that aren’t checked into
source control, software that’s not unit tested, unimplemented
features, and so on, then you probably try to avoid those issues
yourself. Bad installation packages, sloppy deployments, or a
misspelled column name can bring down entire systems. Be
obsessive about details.

Business Acumen: Understand and value why your software
development is so important to your clients’ livelihoods. “This
software never crashes. It never needs to be re-booted. This



11.

12.

13.

14.

software is bug-free. It is perfect, as perfect as human beings
have achieved. Consider these stats: the last three versions of
the program — each 420,000 lines long-had just one error each.
The last 11 versions of this software had a total of 17 errors.
Commercial programs of equivalent complexity would have
5,000 errors.” The ability to understand why all the coding is
done, as it the fruit for any customer or client.

Curiosity: The best software engineers are curious about why
something is done one way or another, yet with the added ability
of being objective about the solutions. Many engineers we know
got in trouble as kids for taking things apart to see how they
worked. Putting together software is just a creative, and many
software engineers also have artistic hobbies. This creativity
and curiosity is required to think outside the box when designing
programs. The thrill you get from making something work is what
keeps you going.

Experience: If you've been tinkering with software programs
since you were a kid, your abilities as an adult will be quadrupled.
Beyond hands-on experience, you might also be addicted to
math and science, and the ability to stay organized. At the same
time, great software engineers also realize that they don’t know
it all...the ability to continue to learn is essential in a field where
change is a constant.

Discipline: Although you may have passion for your job, this love
for your work and for the next project doesn’t mean that you can
be sloppy. Attention to detail is important, but so is an ability to
stay organized. So much bad code belongs to developers who
don’t do what they know should be done.

Patience: Bugs are natural. Design glitches are normal. Sloppy
coding by other engineers occurs often. Patience is a key quality
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15.

for software engineers who want to work in this field.

Teamwork: Few projects are small enough or require so
few skills that one person can do them well. Learning how to
work as a team in college is one way to get over that “hermit”
image...and working as a team online or in the office can only
produce stellar projects. Successful engineers also become
good communicators. They know how to write clear and concise
reports and instructions, and know how to convey ideas to clients
and customers

SUMMARY OF VARIOUS RECOMMENDATIONS ABOUT
DESIRED COMPETENCIES OF SOFTWARE DEVELOPERS

SE thinking

1.

3.
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Ability to accommodate himself to others, empathy, “be the
customer” mentality — genuine interest in understanding what
other people are trying to accomplish and based on this
understanding think about creating technical solutions to help
them reach their goals. Genuine interest in understanding
‘why to create software” and the broader context of software
systems.

Cognitive task analysis. Appreciation of unstated requirement
and ability to identify these. Listening skills, approachable, and
respect for people.

Ability to work in homogeneous, multi-disciplinary, multi-
locational and multicultural teams. Ability to work under
supervision and constraints, Understanding of the impact of
personal character and behaviors on others.



4. Ability to apply knowledge, ability to integrate the application of

knowledge, skills, and sense of responsibilities to new settings
and complex problems.

5. Ability to see the self as bound to all humans with ties of

recognition and concern. Seek help from other, Ability to help and
assist others, mentoring, commitment to others’ success in their
business. Sensitivity towards global, societal, environmental,
moral, ethical and professional issues, and sustainability.
Respect for the intellectual property of others. Work ethics.
Abstraction and transition between levels of abstraction,
representation skills spatial and temporal modeling skills,
structuring skills, and theorizing.

7. Algorithmic and structured thinking. Logic, pattern matching, logical

8.
9.

10.
1.

12.
13.
14.
15.

what-if analysis, problem decomposition and synthesis, etc.
Analytical skills.

Communication skills.

Constructive criticism.

Curiosity, interest in ‘how things work’ and ‘how to create
things that work,” interest in the power of technology, humility,
observation skills, ability to see things as they are, broader
understanding and interests, respect for the classic authors of
the great books, openness to constructive criticism, value and
readiness for lifelong learning. Active listening skills. Ability
to develop a very good understanding of domain specific
vocabulary, its semantics, and established thinking patterns.
Decision making skills.

Design skills.

Domain competence.

Entrepreneurship, intrinsic motivation to create something, desi-
re to improve things, initiative taking, enjoy challenges, sense of
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16.
17.

18.

19.

mission, perseverance, concentration, result orientation, com-
mitment, self motivation, dedication, and hard work. Adaptabili-
ty, flexibility, open-mindedness, and ability to multi-task. Sense
of urgency and stress management.

Experimentation skills.

Good grasping power and attention to detail: breadth, depth,
clarity, accuracy, preciseness, specificity, relevance, significance,
completeness, consistency.

Imagination: storyboarding, extrapolation, visualization, cogni-
tive flexibly: ability to transfer and models of solutions of one
situation/field to another, multi-perspective thinking, lateral thin-
king, inductive thinking, out-of-box thinking, unstructured thin-
king, creativity and idea initiation, and innovation.

Knowledge of contemporary issues and business practices.

20.Knowledge of physical and natural world. Intercultural

21.
22.
23.

24.

25.
26.

27.
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knowledge.

Mentoring, coaching, and training skills.

Organizational skills.

Persuasion, negotiation, consensus building, and conflict
resolution skills.

Problem orientation, problem definition and formulation, gene-
rations of alternatives. Ability to convert ill-defined problematic
situations into software solvable problem. Ability of infusing dif-
ferent thinking patterns developed through their experience in
other domains. Inclination for reuse and synthesis by integra-
tion. Emphasis on elegant and simple solutions.

Problem solving skills: solution implementation and verification.
Project planning and management, project scoping, estimation,
process planning and management,

Quality, cost, and security consciousness, pursuit of excellence,



28.

29.

30.

intellectual accountability and responsibility, intellectual integrity,
intellectual courage, strength of conviction: assertive without
being aggressive. Commitment to systematic documentation of
the work. Recognize and act upon the need to consult other
experts, especially in matters outside their area of competence
and experience. Commitment to the fulfilment of needs of
all users and persons who get affected by the technological
solutions. Eagerness and inclination to wunderstand the
unintended consequences of creating software inappropriate
or at odds to its real purposes. Commitment to health, safety,
dignity, and welfare of the users and also the people who will
be affected by their systems. Sensitivity towards constraints like
economic disadvantage and physical disabilities that may limit
software accessibility.

Reasoning: quantitative and verbal, and critical thinking: ability to
question, validate, and correct the purpose, problem, assumptions,
perspectives, methods, evidence, inference, reliability, relevance,
criteria, and consequences. Numerical ability.

Reflection and transition between ladders of reflection. Meta-
cognition.

Research skills: methods of mathematical research, engineering
research, design research, and social science research.

31.Self-acceptance, self-regulation, self-awareness, self-improve-

ment: strength to resist instant gratification in order to achieve
better results tomorrow. Being honest and forthright about one’s
own limitations of competence. Tendency to avoid false, specu-
lative, vacuous, deceptive, misleading, or doubtful claims. Faith
in reason and review, inclination for verification and validation,
respect for facts and data. Awareness and regulation of auto-
matic thoughts.
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32. Systems-level perspective, ‘big picture’ view, holistic and multi-
perspective thinking, knowledge integration, consideration for
multilateral viewpoint, and user-centeredness. Process and
rule-oriented mindset. Tolerance to ambiguity and risk. Ability
to understand and also build upon other’s work. Ability to work
such that others can easily understand and build upon.

33. Technical competence to solve the software solvable problems
using tools and techniques, Use of open source software.
Knowledge of industry’s best practices and standards,
appreciation of what is technically feasible. Identify the risk level
of each piece of work.

34. Wealth creation skills.

35. Work load management.

36. Reversibility to safe state in any stage of project development:
Responsibility for client who leave his safe stage/state and use
new automation.

Safe mean, he has tools for full manipulation with system/data in a
familiar way.

37. Invisible has visible images: models or prototypes.

Clients are very natural life oriented: in their mind invisible soft again
has visible behavior. New software is new invisibility for client. Client
should trust to safety of change/of new status. He does it by images
linking or helping to link with reality. SE should give examples of reality,
for example by presentations shows that developer understand that
reality the same way like clients themselves.

Customer leave his safe state with trust to you. Give the evidences
to him.

Customer trust to tangible things, but here it is even invisible.
Psychological problems step-in.
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COMPUTATIONAL THINKING

Typically, degree programs in computing include study of the nature
of computation, with effective ways to exploit computation, and with the
practical limitations of computation in application terms. The concept of
computational thinking captures these concerns. Computational thinking
is a basic analytical ability that has relevance (which every computing
graduate should recognize) in many aspects of everyday life.

Its main characteristics include:

algorithmic thinking including recursive, distributed and parallel
possibilities and attention to the benefits and the limitations
of these; the role of these in devising approaches to areas of
system design, problem solving, artificial intelligence, simulation
and modelling

recognition of the relationships between the concepts of
specification, program and data (in all its forms), as well as the
power of the notion of transformation and proof, and the place of
these in computing

understanding the power behind abstraction, the potential
of multiple levels of abstraction and the role this plays in
computing

understanding the opportunities for and the potential of
automation, but also the proper balance between automation
and how humans effectively interact with computers

recognizing the role of redundancy, diversity and separation of
concerns in achieving reliable, safe and critical systems - often
in the presence of uncertainty and approaches to achieving this
recognizing simplicity and elegance as useful concepts and
principles on the one hand, but also bad and dangerous practices
on the other.
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Balance of theory and practice

problem definition, specification, design, implementation and
maintenance

the necessary knowledge, including an understanding of the
range of possible options for these tasks

the data structures and algorithms

the related practical and transferable skills, including relevant
approaches to group activity

access to the appropriate resources, including tools

the necessary underpinning to guide practice to ensure the
sustainability of their knowledge and to provide an appropriate
framework that will accommodate rapid technological change.
The necessary underpinning may come also from diverse
disciplines including mathematics, empirical or experimental
insight, engineering, psychology, aesthetics, organizational
theory, management or graphical design.

Key Competencies
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the concept of computational thinking, the recognition of its main
elements and the relevance of these to everyday life

the computing system (and this includes systems such as
information systems), and the process of developing or analyzing
it is important; understanding of the system and its operation will
go deeper than a mere external appreciation of what the system
does or the way(s) in which it is used

there is a balance of practice and theory, appropriate to the aims
of the particular degree program, such that practical activity can
be supported by an understanding of underlying principles.



Subject-related cognitive abilities

e Computational thinking including its relevance to everyday life.

e Knowledge and understanding: demonstrate knowledge and
understanding of essential facts, concepts, principles and
theories relating to computing and computer applications as
appropriate to the program of study.

e Modelling: use such knowledge and understanding in the
modelling and design of computer-based systems for the
purposes of comprehension, communication, prediction and the
understanding of trade-offs.

e Requirements, practical constraints and computer-based systems
(and this includes computer systems, information systems,
embedded systems and distributed systems) in their context:
recognize and analyze criteria and specifications appropriate to
specific problems, and plan strategies for their solution.

e Critical evaluation and testing: analyze the extent to which a
computer-based system meets the criteria defined for its current
use and future development.

e Methods and tools: deploy appropriate theory, practices and
tools for the specification, design, implementation and evaluation
of computer-based systems.

¢ Reflection and communication: present succinctly to a range
of audiences (orally, electronically or in writing) rational and
reasoned arguments that address a given information handling
problem or opportunity. This should include assessment of the
impact of new technologies.

e Professional considerations: recognize the professional,
economic, social, environmental, moral and ethical issues
involved in the sustainable exploitation of computer technology
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and be guided by the adoption of appropriate professional,
ethical and legal practices.

Subject-related practical abilities

The ability to specify, design and construct computer-based
systems.

The ability to evaluate systems in terms of general quality attributes
and possible trade-offs presented within the given problem.

The ability to recognize any risks or safety aspects that may be
involved in the operation of computing equipment within a given
context.

The ability to deploy effectively the tools used for the construction
and documentation of computer applications, with particular
emphasis on understanding the whole process involved in the
effective deployment of computers to solve practical problems.
The ability to operate computing equipment effectively, taking
into account its logical and physical properties.

Additional transferable skills
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Effective information-retrieval skills (including the use of
browsers, search engines and catalogues).

Numeracy and literacy in both understanding and presenting
cases involving a quantitative and qualitative dimension.
Effective use of general information technology (IT) facilities.
The ability to work as a member of a development team,
recognizing the different roles within a team and different ways
of organizing teams.

Managing one’s own learning and development including time
management and organizational skills.



Appreciating the need for continuing professional development
in recognition of the need for lifelong learning

Professional thinking in Computer Science

What is Computational Thinking?

Computer scientists tend to approach problems in a particular way.
Because programming is fundamental to computer science education,
computer scientists tend to think like programmers. That is, they look
for algorithmic solutions to problems, in terms of data manipulation and
process control. In a widely cited paper in 2006, Jeanette Wing termed
this computational thinking', and argued that this practice may be the
most important contribution computer science makes to the world, and
that it should be taught to all students in all disciplines.

This task force offers the following definition:

“Computational thinking (CT) is a problem-solving process that

includes (but is not limited to) the following characteristics:

Formulating problems in a way that enables us to use a
computer and other tools to help solve them.

Logically organizing and analyzing data.

Representing data through abstractions such as models and
simulations.

Automating solutions through algorithmic thinking (a series of
ordered steps).

Identifying, analyzing, and implementing possible solutions with
the goal of achieving the most efficient and effective combination
of steps and resources.

Generalizing and transferring this problem solving process to a
wide variety of problems.”

']. Wing, “Computational Thinking,” Communications of the ACM, vol. 49,
no. 3, pp. 33-35, 2006.
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These dispositions or attitudes include:

+ Confidence in dealing with complexity

» Persistence in working with difficult problems

» Tolerance for ambiguity

* The ability to deal with open ended problems

* The ability to communicate and work with others to achieve a
common goal or solution

Computational Thinking (CT) is a process that generalizes a
solution to open ended problems. Open-ended problems encourage
full, meaningful answers based on multiple variables, which require
using decomposition, data representation, generalization, modeling,
and algorithms found in Computational Thinking.

BODY OF KNOWLEDGE
Body of knowledge [QAA, Computing07]

The following list of topics is seen as defining the scope of the broad
area of computing. It is not intended to define curricula or syllabi; it is
merely provided as a set of knowledge areas indicative of the technical
areas within computing.

Architecture

The computer processing unit/memory/input-output (I0) model,
representation of data and programs in memory, arithmetic/logic unit,
fetch-execute cycle, registers, stacks, data-paths, special 10-support
hardware, support for protection and virtual memory, instruction sets,
implementation constraints and trade-offs, historical, current and future
trends. Peripheral devices, interfacing. Cache memory and memory
hierarchies.
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Measuring performance. High performance and parallel architectures;
pipeline processors, array processors and single instruction multiple
data (SIMD) architectures, shared-memory multiple instruction multiple
data (MIMD) machines (symmetrical multi-processor and non-uniform
memory access), message-passing MIMD machines.

Artificial intelligence

This is a discipline with two strands. The scientific strand attempts to
understand the requirements for and mechanisms enabling intelligence
of various kinds in humans, other animals and information processing
machines and robots. The engineering strand attempts to apply such
knowledge in designing useful new kinds of machines and helping us to
deal more effectively with natural intelligence, eg in education and therapy.
Knowledge elicitation and representation. Constraint-based programming.

Uncertainty. Cognitive modelling. Logics. Reasoning. Deduction
and theorem proving.

Search. Machine learning. Agent technology. Planning. Vision
systems, robotics. Speech and language technology.

Comparative programming languages

The variety of languages and the motivation for this variety, including
languages such as scripting languages. Design criteria for languages.
Desirable properties of languages and their implementations. Different
programming paradigms: imperative, object-oriented, functional, logic,
visual. Concurrency, parallelism and distributed computing. Strengths,
weaknesses of different language features including types and
data modelling, control structures, structuring concepts, abstraction
mechanisms, parameterization, exception handling, separate
compilation, generics. Declarations, naming conventions, storage
allocation strategies; parameter passing mechanisms.
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Compilers and syntax directed tools

Aims in compiler construction. Variation in possible users. Features
of languages. Phases of development. Lexical analysis. Parsing:
LL grammars, LR parsing, parse trees and abstract syntax trees.
Symbol tables. Type checking. Semantic analysis. Run-time storage
organization. Code generation. Code optimization. lllustration of other
syntax directed tools.

Computational science

Combinatory, integer and linear programming, optimization,
operational research, e-science, computer algebra.

Computer-based systems

Definition of computer-based systems. Different kinds of systems:
to include embedded systems, real time systems, distributed systems,
client-server systems. Safety critical and other high-integrity systems:
risk analysis and assessment. Systems approach. Modelling.

Needs, goals and objectives; requirements definitions; functional
analysis and derivation of non-functional requirements; specification
development; evaluation of trade-offs and alternatives leading to
formulation of system architecture; allocation of responsibilities leading
to sub-system design and interface definitions. Co-design issues.
Problem of integration, configuration management, quality assurance,
operations and maintenance.

Performance measures. Forensics.

Computer communications

Digital communication: standards, media, signaling, reliability,
error handling and performance. Device management, input/output
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considerations. Communications management. Communications
software.

Computer hardware engineering

Specification, design (using electronic computer-aided design and
hardware description languages), simulation, verification, construction
and testing of the hardware of computer systems using appropriate
technologies for logic, memory, storage and communication (with users
and other machines). Understanding future technology trends and the
requirements placed by software systems on computer hardware.

Computer networks

Networks: topologies, protocols and standards. Different communi-
cation media and data, and related requirements. Reference models,
switching, access, security, compression, encryption, mobile operation,
quality of service, performance, management, interconnection and ar-
chitectural models, routing, congestion, firewalls, and proxy servers.
Network operating system design. Future trends: emerging technolo-
gies and applications.

Computer vision and image processing

The design of computer algorithms and hardware to model the
structure and properties of visual data. Modelling techniques and
algorithms: human vision system based, engineering perspective
based. The extraction and application of information from these
models. Image processing: pattern recognition, the manipulation of
the image signal to include image analysis: the extraction of semantic
data, animation, manipulating images.
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Concurrency and parallelism

Nature of concurrency, problems. Examples, including 10. Concur-
rent processes,

Inter-process communication. Low level synchronization primitives.
Language primitives for shared memory. Concurrency at operating
system, language level. Atomic actions.

Scheduling and real-time systems. Performance issues. Resource
allocation and deadlock.

Concurrency control and recovery. Classification of parallel
machines. Algorithms and algorithm design in the context of parallelism.
Complexity and performance metrics associated with algorithms in the
context of concurrent systems.

Databases

The concept of a database and database management. Database
development.

lllustrations. Entity-relationship model. Database design: logical
design and the relational model, physical design. Normalization;
different normal forms. Client-server model.

Structured query language (SQL) and database servers. Database
access and client applications. Extensible mark-up language (XML).
Object oriented systems, multimedia database systems, distributed
database systems. Spatial databases and geographic positioning
systems. Database administration. Data mining, data warehousing.

Databases and websites. Tools.

Data structures and algorithms

Data types, structures and abstract data types. Efficiency measures
(average and worst case), rates of growth, asymptotic behavior.
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Algorithmic paradigms (including enumeration, divide-and-conquer,
greedy, dynamic programming, tree search, probabilistic). Algorithm
design and analysis with correctness proofs. Data processing
algorithms (sorting, searching, hash tables etc.). Data mining. Numerical
algorithms and analysis; statistical algorithms and simulation. Graph
theory and graph theoretic algorithms (shortest paths, spanning trees,
etc.). Symbolic computation. Other application areas, eg sequencing,
scheduling and assignment. Parallel and distributed algorithms,
implementation issues and efficiency measures.

Developing technologies

For example, quantum computing, bio-informatics, medical compu-
ting, ubiquitous computing, computer forensics, e-science, autonomic
computing, grid computing, high performance computing.

Distributed computer systems

Characteristics of distributed systems, client-server model, interposes
communication, remote procedure calls, distributed operating systems,
naming and protection, file service design, shared data and transactions,
concurrency and control, time coordination and time-stamping,
replication, fault handling and recovery, distributed system security.

Computer supported collaborative work.

Document processing

Word processing systems, design and development. Related tools:
editors, spelling checkers, grammar checkers. Mixed systems including
tables, diagrams, and pictures.

Presentation systems. Web-based documents: the benefits and
drawbacks. Design and development of web-based documents.
E-Publishing, digital typography. Document engineering. Mark-up
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languages. Multimedia presentation. Contents and index generation.
Copyright and other legal issues.

E-Business

Nature of e-business: the particular cases of e-commerce,
e-learning. Impact on practices and on organizations. Business process
re-engineering. Levels of automation. Distributed transactions, security
and privacy. Particular problems. Major components in such a system.
Hard and soft e-commerce. Business-to-business and business-to-
customer technologies. Digital signatures and authentication issues.
Legal and ethical issues.

Need for deep knowledge in certain application areas.

Empirical approaches

Experiments: their role and purpose. Experimental design,
hypothesis formulation and hypothesis testing. Empirical methods.

Games computing

Computer games programming, games design, interaction, relevant
aspects of advanced computer graphics, relevant mathematics for
computer games, and artificial intelligence for computer games, online
gaming and networking, console architectures, professional issues for
games. More generally, computers in entertainment.

Graphics and sound

Human perception of images, display and image-capture technology,
storage formats and algorithms for the manipulation of two-dimensional
(2D) and three-dimensional

(3D) representation, transformations on images, geometric
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modelling, animation, rendering with realistic lighting and texture
effects. Human perception of sound, frequency versus time domain
representations, sound compression, synthesis, sound analysis. 2D
and 3D modelling, animation, virtual reality, multimedia. Scientific and
information visualization. Computational geometry. Object modelling.
Animation.

Human-computer interaction (HCI)

User interface engineering: user-centered design and evaluation
methodologies, architectures, 10 modes (including multi-modal) and
devices, development environments, interface managers, construction
skills; HCI guidelines, principles and standards; interaction styles,
metaphors and conceptual models. User models: human psychology
and actions, ergonomics, human information processing. Human-
computer applications: including virtual and connected environments
(including mobile), games, visualization, multimedia, affective
computing, systems for users with special needs.

Usability engineering and evaluation.

Information retrieval

Information and its management. Transmission issues. Text, graphi-
cs, speech, sound, documents and other kinds of content. Methods of
retrieval for different content.

Methods based on logic, and probability theory, situation theory,
computational logistics. Web-based considerations. Interactive
considerations including feedback issues.

Case-based reasoning, hypertext, visualization.

Information systems

Theoretical underpinnings. Data, information and knowledge
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management. Information in organizational decision making. Integration
of information systems with organizational strategy and development.
Information systems design. Systems approaches.

Compression technologies. Development, implementation and
maintenance of information systems. Information and communications
technologies (ICT). Decision support. Management of information
systems and services. Content management systems. Organizational
and social effects of ICT-based information systems. Economic
benefits of ICT-based information systems. Personal information
systems. Digital libraries.

Intelligent information systems technologies

Theory, design and development of database systems, database
applications, data warehouses, data mining principles, decision
support system development including intelligence density (quality,
models, constraints, and organizational factors), decision trees, genetic
algorithms, neural networks, fuzzy logic, case based reasoning,
information presentation.

Management issues

Software project management, management and economic aspects
of outsourcing and off-shoring. Aspects of managing IT systems, eg
documents, resources, networks, websites. The management of risk.

Middleware

Examples of objects, and object libraries. Characteristics of well-
designed and high-quality objects. Design guidelines. Methods of
ensuring quality. Building new classes in accord with the guidelines.
Design patterns. Design languages. Tool support. Mechanisms for
interconnection of classes and modules. Integration as a concept
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and as a vehicle for system enhancement. Mechanisms for achieving

integration. Interconnection languages: scripting languages. Building

systems in this environment, including distributed systems.
Verification and validation of such systems. Applications.

Multimedia

Multimedia seen as the capabilities of modern computer technology
to employ multiple-media communication forms (including data, text,
graphics, still and video images and sound) integrated into single
applications. Distinguished from other forms of multiple-media by the
fact that the computer reduces all information into a digital form that can
be reproduced, manipulated, stored and transmitted electronically.

Consideration of the representation, storage and transmission
issues for different digital forms, and the subsequent transformations
of these forms. Operations. Design and development issues. User
interface and presentational matters. Tools support.

Natural language computing

Advanced computing techniques to enhance the capabilities of systems
providing text and speech. Communication. Language generation,
language models, parsing and understanding, machine translation.
Advanced models of interpersonal and human-computer dialogue;
advanced methods for language processing by providing robust, accurate
and efficient treatment of language in a range of applications and of user-
situations. Speech recognition and synthesis. Text analysis.

Operating systems

Role, functions of operating systems. Characteristics, capabilities
of single user systems, multi-user systems. lllustrations. Process
concept. Architecture of an operating system: influences of networks,
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multimedia, security. File processing systems. Resource management.
Basic services - memory management, interrupt handling, process
scheduling. Concurrency mechanisms. Scheduling. System processes
- spooler, network interface; utilities. Security and protection issues
including access control, virus protection. Shell programming.
Relationship to window systems.

Professionalism

Ethics: consideration of the individual, organizational and societal
context in which computing systems are planned, developed and
used; deployment of technical knowledge and skills with a concern for
the public good. Ethical responsibilities.

Techniques of ethical analysis. Social aspects of computing. Computer
crime. Law: awareness of relevant law and processes of law eg data
protection, computer misuse, copyright, intellectual property rights, basic
company and contract law. Systems: development and operational costs;
safety/mission criticality; consequences and liability issues of failure;
risk analysis; security; recovery. Professional bodies: structure, function,
restriction of title, license to practice, codes of ethics/conduct/practice.

Programming fundamentals

The nature of programming. Use of some well-designed and
appropriate programming language. The idea of syntax and semantics,
and related errors. Programming paradigms. Problem analysis,
program design, coding including interface considerations.

Simple programs and simple algorithms. Abstraction mechanisms,
parameter passing.

Simple quality considerations, including strategies for testing and
debugging. Use of libraries. Different kinds of documentation serving
different purposes.
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Security and privacy

Security and privacy: the problems. lllustrations of how problems
arise. Physical and logical security. Machine access. Protection
mechanisms. Encryption and encryption building blocks. Virtual private
networks. Legal issues. Firewalls and internet security.

Monitoring of traffic and computer use. Digital signatures.
e-commerce, e-banking and related applications.

Simulation and modelling

Uses of modelling and simulation. Benefits and drawbacks. Model
classification, systems theory. Continuous and discrete simulation.
Applications. Simulation languages. Model building. Model validation.
Different approaches and different types of simulation.

Software engineering

Development paradigms; requirements elicitation/specification;
analysis and design (including architectural design and design
patterns); system models; programming paradigms; prototyping
and evolution; testing; verification and validation; assessment and
evaluation; software reuse; software measurement and metrics;
operation and maintenance; quality assurance and management;
configuration management; formal description techniques; software
dependability; tools (including CASE) and environments; software
process models; implementation; documentation. Agile methods,
open-source software development.

Systems analysis and design

Systems theory. Systems within an organization. Different kinds
of systems serving different purposes, e.g. autonomic, distributed,
ubiquitous. Systems in support of an enterprise which is potentially
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complex and may have to adapt. Typical computer systems lifecycles.
Systems requirements and specification. Feasibility concerns. System
design: strengths and weaknesses of relevant methodologies and
techniques. Fault tolerance. People and interface issues. Compliance
with legal and ethical standards.

Development, implementation and maintenance. Quality considerations.

Theoretical computing

Models of computation, computability, automata theory, formal
language theory, analysis of algorithms, computational complexity,
mathematical aspects of programming language definition, logic and
semantics of programming languages, foundations of programming,
theorem proving, software specification, data types and data structures,
coding theory, theory of databases and knowledge based systems,
models of concurrency, statistical models of system performance,
formal methods of system development. The subject also includes the
development of the mathematical techniques used in the list above.

Web-based computing

The specification, design, implementation and operation of web-
based technologies and services: currently wired and wireless internet
protocol (IP) protocol-based technologies, mark-up languages, HCI,
branding and brand loyalty. Web scripting languages/systems.

Mobile computing. Enterprise systems: intranets and extranets:
access control, security, authentication, encryption, intellectual
property rights (IPR), costing, pricing, charging and funding. Tools.
Server selection, installation, configuration and administration. Logs
and traffic analysis. Searching and search engines. IPR and copyright.
Impact of networked economy at regional, national and international
levels.
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ORGANIZATION OF EDUCATION IN SECTOR ON
BACHOLAR LEVEL

Different views
Industry views'

Software
Engineering

Computer
Science

s|iys BuiwielBoly

Software engineers view

Software
Engineering

Computer
Science

s|Is Bulwwelbold

1 Source:
http://www.acm.org/education/education/curric_vols/CC2005-MarchO6Final.pdf
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Reality of the situation

Software
Engineering

Computer
Science
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In practice of university education four different degrees on are
where on bachelor level:

e Electrical engineering and Computer engineering
e  Computer science
e Software engineering
o Information Technology and Information Systems.
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VALUES IN SOFTWARE ENGINEERING

Valuing and motivations

e Reliability of systems behavior

o Covering all possible cases

e Autonomy of model behavior

e Restriction of used resources

e Productivity

e Higher interaction speed than in original object of modeling

o Prefer discrete state modeling

e Model is self-regulated in most of cases

o Portability from one basic set of actions to another

¢ Reusability of algorithms, states, data

e Covering universal cases

e No exceptions, planned and predictable of behavior

e Realistic reproduction of modeled reality

o Ideally reproduce human behavior, compete with human
capacity, ldeal target is to have Self-reproduction

e Overcome human productivity

¢ Predict the findings of others, have secure systems

e Predict the possible behavior

e Interconnectivity

e Universality of connection

e Universality of functions

¢ High rate of asynchronous parallelism of participant, may be in
geographically spread environment

e High density of information storage

e Openness of developed systems

e Concurrency control, concurrent management modeling
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Concurrency as tool to increase productivity

Prototyping and developing

Inheritance logic or principles

Extension of human functions

Translation and interpretation logic

Continuing extension of human perception and action endpoints:
eyes, ears, foots, arms, logic of thoughts, processing and
decisions, talk

Virtual spaces; Virtually of structure in calculation and
addresses

Abstract and concrete

Mapping of abstraction levels or hierarchy

State change automation

Finite or Infinite; Calculation possible in infinite cycles

Discrete and continuous

Multidisciplinary thinking: logic of model developed in different
sciences or useful for them

Modeling of communication and extend its capacity
Engineering logic: Natural science logic, not artificial discrete
models logic when all possible

Mathematical and human logic

Repeatability, Valuing of reliability of processes

Encapsulation idea, black-box of functions and data

Atomicity of processing

Open systems, extensions

Open source code, reusability

Synchrony, asynchrony, Parallelism

Primitives and superposition of behavior

Copying of continues logic in discrete

Modeling of reality



Real time, loose less

Real time modeling by data storage

Storing data long term/infinite

Retrieving in real time

Universality

Permanent Modeling of real time change- updates of data
and relations

e Entity-relationship models

e Universality of Inputs, outputs, actions

e Mass service

e Very big number of components, unimaginable for human
¢ Infinite and finite

e Nesting

e Stepwise refinement

o Loose-less of data, signals

o O O O

QUALITIES OF GRADUATES OF AN UNDERGRADUATE
SE PROGRAM

Graduates of an undergraduate SE program should be able to
demonstrate the following qualities. [SE2014]

[Professional Knowledge] Show mastery of software engineering
knowledge and skills and of the professional standards necessary to
begin practice as a software engineer.

Students, through regular reinforcement and practice, need
to gain confidence in their abilities as they progress through a
software engineering program of study. In most instances, students
acquire knowledge and skills through a staged approach in which
they achieve different levels as each academic term progresses. In
addition, graduates must have an understanding and appreciation of

133



professional issues and standards related to ethics and professional
conduct, economics, and societal needs.

[Technical Knowledge] Demonstrate an understanding of and
apply appropriate theories, models, and techniques that provide a basis
for problem identification and analysis, software design, development,
implementation, verification, and documentation.

Software engineering employs concepts that are unique to the
nature of software and its development and also draws others from
a range of reference disciplines. Students should both be aware of
these concepts and of their limitations, whether inherent or arising
from their adaptation to software engineering. Students should be able
to evaluate and reflect on the processes that they follow as well as
upon the solutions that they produce.

[Teamwork] Work both individually and as part of a team to develop
and deliver quality software artifacts.

Students need to perform tasks that involve working as an individual,
but also experience many other tasks that entail working with a group.
For group work, students should be informed about the nature of
groups and of group activities and roles as explicitly as possible. This
must include an emphasis on the importance of such matters as a
disciplined approach, adhering to deadlines, communication, and
individual and team performance evaluations.

[End-User Awareness] Demonstrate an understanding and
appreciation of the importance of negotiation, effective work habits,
leadership, and good communication with stakeholders in a typical
software development environment.

A program of study should include at least one major activity that
involves producing a solution for a client. Software engineers must take
the view that they have to produce software that is of genuine utility.
Where possible, a program should incorporate a period of industrial
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experience as well as invited lectures from practicing software
engineers and involvement in activities such as external software
competitions. All this provides a richer experience and helps to create
an environment that supports the development of high-quality software
engineering graduates.

[Design Solutions in Context] Design appropriate solutions in one
or more application domains using software engineering approaches
that integrate ethical, social, legal, and economic concerns.

Throughout their study, students should be exposed to a variety of
appropriate approaches to engineering design in the general sense and
to examples of their use in developing software for different application
domains. They must be able to understand the strengths and limitations of
the available options and the implications of selecting specific approaches
for a given situation. Their proposed design solutions must be developed
within the context of ethical, social, legal, security, and economic concerns.

[Perform Trade-Offs] Reconcile conflicting project objectives,
finding acceptable compromises within the limitations of cost, time,
knowledge, existing systems, and organizations.

Students should engage in exercises that expose them to conflicting
and changing requirements. There should be a strong real-world element
present in such cases to ensure that the experience is realistic. Curriculum
units should address these issues, with the aim of ensuring high-quality
functional and nonfunctional requirements and a feasible software design.

[Continuing Professional Development] Learn new models,
techniques, and technologies as they emerge and appreciate the
necessity of such continuing professional development.

By the end of their program of study, students should show evidence
of being self- motivated lifelong learners. Throughout a program of
study, students should be encouraged to seek new knowledge and to
appraise it for usefulness and relevance.
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