Jlekuisa 2

EmMnipnyHa IHXeHepiqa
NporpamMHoro
3abe3neyeHHs



[TpegmeT Ta MeTod eMNIPUYHOI IHXKEHEPII
MEE.

EMRipnyHI gocnigXXeHH4.

lcTopia po3BuUTKY emnipuyHol Il13.

CepepoBuila ans eMnipnyHnX
nocnigxeHb [13. CAESE - 3acobu




EmnipnyHa iHXeHepisa [13

 EMnipnyHa IHXKEeHepIS NnporpamHoro

3abesneyeHHA — CYKYMHICTb A1 And
OTPMMaHHA 3HaHb 3 METOK Kpalloro
PO3YMIHHS acrnekTiB PO3pPOOKMK

nporpamMHoro 3abeaneyeHHs. Pesynsratom
O € paa TBEPOAXEHb LWoA0 BM3HAYEHOro
nepeniky npobnem. LI  TBEpaXeHHS
ABNATbLCA BIAMOBIAAMMW HaA MNOCTaBIIEH]
3annUTaHHA Ta  NIATBEPIKEHHAM YW
CNPOCTYBaHHAM rinoTes.



[TpegmeT emnipuyHol 113

 [lpegmert EIlN3 — gocnigxeHHs npoLeciB
(>kuTtTeBoro umkny 3), npoueciB IHXEHEPII
nporpamMHoro 3abes3nevyeHHs1 Ta caMmx
MEeTOoAIB OOCHIIXKEHb.



MeTtoau emnipuyHol 13

 Metoau EIlN3:

— 3aranbHi HayKoBO-eMMIPUYHI TI TEOPETUYHI;

— KOHKpeTHO HayKOoBI:
* KOHTpONbOBaHI EKCNEPUMEHTU;
 [locnigXeHHa cutyauiu;
 [locnigkeHHa-ornaau.



[locnigXeHHA B HAaTypanbHOMY
cepenoBuLL|

» [locnig)keHHaA B HaTypanbHOMY
cepenoBuLLi NOB’A3aHI 3 peanbHUMK
3aja4aMu Yepes CrnocTepexeHHs 3a
pPO3pobHMKamu 13 B «npupogHOMY
cepenoBMuLLI», B SKOMY BiabyBaeTbCA
po3pobka [13.



[ocnigkeHHAa B NnabopaTopHUX

yMOBaXx

 [locnigkeHHs B NnabopaTopHUX BKITHOYAKOTh
B cebe MoaentoBaHHA NPOLECIB PO3PODOKM
Ta NpoBeAeHHS EKCMEPUMEHTIB.



y

[NocnigxeHHa N3

Hocmmxenns 113

“B manmomy” [ “B cepeanbomy’’ § Y BeIuKomy’’



R = D =

lcTOpPIA PO3BUTKY EMMIPUYHOI
M3

Belady, Lehman (1970s)
Yuen (1985-1988)

Tamai, Torimitsu (1992)
Cook, Roesch (1994)
Gefen, Schnerberger (1996)
Basili (1996)

Lehman (1997)



D

lcTOpPIA PO3BUTKY EMMIPUYHOI
IT'13 - Belady, Lehman

1970s
Data: 21 user-oriented releases of OS/360
Dependent Variables: Release sequence

numbers, system age, system size, number of
system modules, complexity

Statistical Test: Multivariate Regression,
Autocorrelation

Results: 5 “lows” of SW evolution dynamics



lcTOpPIA PO3BUTKY EMMIPUYHOI
IT13 - Yuen

1985-1988

Data: 5000 “components” over 19 month period, 3000 KLOC;
some modules form 0S/360; “notices” — user’s instructions

Priority class, originator’s reference, release affected, component
affected, machine affected, category of error discovered, response
time; Cumulative modules handled, handle rate, fraction of
modules handled, size, release interval, net growth; releases and
numbers of “notices” per week

Chi-square, Contingency coefficient measure, Time series,
T-statistic, Auto and cross correlations, Poisson distribution; Runs
test, Turning points test, Phase length test; Runs test, Turning
points test, Phase length test, Time series analysis/ Spectral
analysis technologies, Linear filtering



lcTOpPIA PO3BUTKY EMMIPUYHOI
I3 - Tamai, Torimitsu

1992
95 systems, 5 years, mainframe software, 70%
COBOL

Age of SW life span, software size before and
after replacement, application areas,
replacement factors

Sample statistics, Correlations



lcTOpPIA PO3BUTKY EMMIPUYHOI
I3 - Cook, Roesch

1994

10 versions of real time German telephone
switching software released over 18 months

Number of functions, number of function
changed, number of major changes

Correlations, exploratory factor analysis with
varimax rotation



lcTOpPIA PO3BUTKY EMMIPUYHOI
I3 - Gefen, Schnerberger

1996

29 month of Software Problem Reports (SPRs), 250
KLOC

Modification type (total number of SPRs, number of
corrective SPRs, number of adaptive SPRs), number of
new applications, number of modifications caused by
previous modifications

Linear regression, Wilcoxon Matched-Pair
Signed-RanksTest, Kolmogorov-Smirnov Goodness of
Fit Test



lcTOpPIA PO3BUTKY EMMIPUYHOI
IT'13 - Basili

1996
25 SW releases of 10 different systems at NASA

Effort and size for different types of
maintenance activities/tasks

Mann-Whitney U non-parametric tests, OLS
regression



lcTOpPIA PO3BUTKY EMMIPUYHOI
I3 - Lehman

1997
21 SW releases of a financial package

Size of system in modules and number of
modules changed

Least squares and inverse square regression
model, mean absolute error



4 30ip naHux

BiAeoMarHiTodoH

CneujanbHi OrynApH
L ANA ouen

fu CTEM3 BiACNiAKOBYEAHHA
e

Mon, Kterm-mon, Emacs-mon

e
BiKHa IHCTPYMEHTIB MOHITODWHTY " ‘

Konboposi kyni gna 3D
BMMIpPHOBANbHOI
CUCTEMU PYXY
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BumMmiptoBaHHA

* Analist4;

* iPlasma

* CodeCritic

* CCCC

* HPMas

* Microsoft Visual Studio 2008



AHani3 gaHux

Ginger 2

Erix

Emerald

GQM IHCTPYMEHT
noninweHHA akocTi 13 IHCTpyMeHTOM Tian
Troster

Palma

Testing

Cknag moB— Koala
BuoobyTok gaHux
VizzAnalizer



[TopiBHAHHSA CASE Ta CAESE

Cepepa Case

Cepepa CAESE

Uino CreopoeaTi Cxpawin Docartv "kpaworo po3ymiHHR"
NPOrpamHux NPoOAYKTIE npo po3pobky nporpamHoro
Cwemawe 3z0e3ne4eHHRA
KopucTyeasi Po3poOHuku nporpam ExCnepumeHTaTOpH
Bxia BUMOrM 33MOBHMUKS Mpobnema 32TEEpPAMEHHRA
([rinoTesu, npobnemu, NUTIHHRA)
Buxig AptedakT nporpam "3H2HHR" npo po3pobry

NpoOrpamHoro 3abesneseHHR

Moagenb npouecy

PO3BMTOK NporpamHoro
3z20e3ne4eHHA MOAENN0
npouscie

EMmnipusne gocnigseHHa mogeni
npouecie

Mogenb npogykTy

Hanpuknag, ob'exTHO-
OPIEHTOB3H2 MOAEND

Hanpuknaa, mogens 3bopy
AIHUX




CASE IHCTPYMEHTH
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Pozpobrnx

MIPOrPaMHOT 0
3abesneyeHHa

.\‘IO}J €JIb MIpoLIeCy
po3pobru

CASE
3acobu pozpobxu

Mogems npoaykTy




CAESE IHCTpPYMEHTU

[1porpamHe iHXeHepisa aBTopi3oBaHOI EMMIPIYHOIL
cuctemu (CAESE)
 [ligTpMmKa B 6ba30BOMY HaBYaHH]

— 3any4YeHHda 0o eMnipu4vHoI AisinbHOCTI
— Pobota 3 baratbMa Tnamm gaHux

* OcobnueocTi
— EmnipnyHa mogenb HaB4YanbHOro npotecy

— 36ip gaHux mogeni
— EmMnipunyHi gocnigXeHHs IHCTPYMEHTIB



CAESE IHCTpPYMEHTU

(rinoTesu, npobnemu,
NUTaHHA) ..._(“\/ 4 \\ g -

/J TIpobnema /\ )\ i ( AE SE Ty
\" PRI / l IHCTpYMEHTH eMIn- . e e
-y /--/ / e \ | Knowledge

‘\\ EmnipuuHa moaens Mogenb 360py Concel'ning
HaByanbHOro npouecy AaHWX y Software
\m 2 | “Development

ExcnepuMeHTaTOop



[Tpouec po3pobkn moaeni B CASE

CASE




EMnipnyHi mogeni npoLiecy
HaB4YaHHA B CAESE

CAESE




[ onoBHa KoHuenuisa B ESE

* EkCcnepumMmeHTaTopu BUPOONAIOTh
"3HAHHA", WO CTOCYTbLCA AEAKMUX aCneKTIiB
PO3POOKM NporpamMmHoOro 3abesneyvyeHHs y
BiANoBiAb Ha Npobnemu 3BITHOCTI, y OpPMI
3anmTtaHb abo rinoTes, sKi Oynu NigHATI
ydacHUKaMun nporpamMmHol IHxXeHepil



