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Tong quan vé phén tich huéng ddi twong; M6 hinh use case; M6 hinh 16p; M6 hinh hanh dong;
Kiém thtr pha phén tich huéng dbi twong

Chuong 9: Thiét ké

Tong quan vé pha thiét ké; Thiét ké huéng hanh dong; Phan tich dong dir liéu; Thiét ké hudng
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[1] Object-Oriented and Classical Software “-ngineering, Stephen R. Schach, Seventh Edition,
Mc Graw Hill, 2008.

[2] Giao trinh nhap mén UML, Huynh*van Dtrc, oan Thién Ngan, NXB Lao dong Xa hoi,
2003.
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CHUONG 1: MO PAU

1.1 PAC TRUNG CUA PHAN MEM

Phin mém khong mon

Phan mém duoc phat trién ma khong dwoc san xuat theo nghia thong thuong

Mic du cong nghiép phin mém dang hudng dén phat trién dwa trén thanh phan nhung
phan 16n phan mém phat trién dwa theo yéu cau cua khach hang.

Cho dn nay nhitng dic trung ctua phan mém van con 1a van dé tranh cai. Chinh diéu nay
thé hién sy chua trudng thanh cua nganh hoc CONG NGHE PHAN MEM.

1.2 CAC KIEU PHAN MEM

Phin mém hé théng: Tap hon cac Chuong trinh dugc viét dé phuc vu cac chuong trinh
khac, twong tac v6i phan cting (vi du, bién dick; uinh soan thao, HPH...)

Phan mém thoi gian thwe: Phan mém dié: | Ai/phan tich kiém soét, dap tng thoi gian
Phan mém nghiép vu: Cac phan mémiir.h lwon, ké toan, quan 1y kho...

Phin mém khoa hoc va cong nglie. “Ac Gmg dur trong thién van, sinh hoc phan tu,
diéu khién tau con thoi, ...

Phan mém nhing: Nam trorig . > nhé chi do. 41éu khién cac san pham va hé thdng

Phian mém may tinh ca nhin: Xu “vin ban, d6 hoa may tinh. ..

Phian mém trén Wek

Phin mém tri tu€ . An _“ao: Dua trén nhiing k¥ thuat cia Tri tué¢ nhan tao nhu hé
chuyén gia.

Nhan xét: Hién nay web dugc xen. .a moi truong phd bién dé xay dung giao di€n véi nguoi st

dung cho nhiéu hé théng phan mém trén mang.

1.3 KHIA CANH LICH SU

Nim 1967 nhom NATO dua ra thuat ngit Cong nghé phan mém (Software Engineering).
Nam 1968 Hoi nghi Software Engineering & Garmisch, Pirc dua ra muc dich 1a giai quyét
“Cudc khing hoang phan mém”:

- Phan mém hoan thanh khong dung thoi han

- Chi phi vuot du toan ban dau

- Phan mém con nhiéu 16i
Tai sao khong thé str dung k¥ nghé xay cat nhu xay dung cau dé xay dung cac h¢ diéu
hanh?

- Thai d6 d6i véi viéc sap cau/hé diéu hanh

- Théng tin vé CNPM thuong khong day du, khong chic chin

- Do phtc tap
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- Baotri
Cong nghé phan mém khong thé xem gidng nhu cac ki nghé thong thudng khac.

1.4 KHiA CANH KINH TE

e (CNPM va khoa hoc may tinh (twong tu nhu hoa hoc va k§ nghé hoa)

- Khoa hoc c6 phén thuc nghi¢m va ly thuyét: Phan thuc nghi¢m cua Hoéa hoc 1a thi
nghiém con cua khoa hoc may tinh 1a lap trinh.

- Khoa hoc may tinh nghién ctru nhitng sach khac nhau dé tao ra phan mém. Nhung
k¥ su phan mém chi quan tdm k¥ thuét c6 ¥ nghia kinh té.

- Vi dyu: Phuong phap ma héa méi KTméi (lap trinh huéng thanh phan) nhanh hon
phuong phap dang st dung hién thoi KTcii (Iap trinh huéng ddi tuong) 1a 10%.
Chung ta nén sir dung phuong phép maéi hay khong?
Cau tra 16i thong thuong 1a: Tt nhién! Cau tra 16i Cong nghé phan mém: xét hi¢u
qua cua KTméi.

1.5 KHIA CANH BAO TRi
e Vong ddi phan mém: Mot loat cac pha 'ma phan . 3m phai trai qua tir kham pha cac khai
niém dén loai bé hoan toan.
e MO0 hinh vong doi
- Pha yéu cau
- Phadacta
- Pha thiét ké
- Pha cai dat
- Phatich hop
- Phabao tri
- Loaibo
e Bio tri: Moi thay d6i ddi v6i san pham mot khich hang da dong y san pham thoa man tai
liéu dac ta.
e Phin mém tit duoc bao tri khac voi phﬁn mém tdi bi loai bo
e Céc dang bdo tri”
- Bao tri stra 16i [17,5%]: stra chita 16i nhung dic ta khong do6i
- Bao tri nang cao: sira chita theo thay d6i ctia dic ta. Bao tri hoan thién [60,5%]:
thém chtc ning dé cai tién san pham. Bao tri thich nghi [18%]: thay doi phan
mém dé dap tng thay ddi ciia méi truong nhu quy dinh chinh phu, CPU, cong
nghé mai. ..
Vi du 1: Ty 18 thué GTGT thay d6i tir 6% dén 7%
- C++
const float salesTax =6.0;
- JAVA
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public static float salesTax = 6.0;
Vi du 2 T chirc y té thay d6i = Hoat dong thay doi
Vi du 3 Céc hé thoi gian thuc/hé nhung
Thé gi6i thuc thay d6i = hé thay d6i
e Chi phi cho cac pha: Ngudn dir liéu ctia cac nam 1976-1981

S Mod‘uie Integration
\ testing 8%
Modulex - °
coding\
o
Design o N
6% N\
Specification ‘\
(analysis) b
5% \
Requirements
2%

Maintenance
67%

e Hewlett-Packard (1992)
- 60-80% ngudn nhan lyc dé:nhat . #n va nghion ctru danh cho béo tri
- 40-60% chi phi phan m”m danh che 3o tri
e Nhiéu t6 chirc danh 80% th’1 gia. 4 cong sir. chop ha bao tri [Yourdon, 1996]
Két luén: Béo tri 12 pha ton kéne 1éu tho1 _ »n va chi phi

1.6 KHIA CANH PHAN'T) ‘4 VA THIET KE
e 60 dén 70% 15i ctia phan 1. " 13 nhitng 18i do dic ta va thiét ké
e Dit lidu cta Kelly, Sherif ana Hops [1992] vé chuong trinh khong gian lién hanh tinh cta
Nasa
- 1,9 15i trén mot trang dic ta
- 0,9 15 trén mot trang thiét ké
- 0,3 16i trén mot trang chwong trinh ngudn
e Dit lidu cia Bhandari et al. [1994]: Ldi trong cudi pha thiét ké ctia phién ban méi ciia san
pham
- 13% 16i tir phién ban truréc
- 16% 16i trong pha dic td moi
- 71% 13i trong pha thiét ké méi
Két luan: Xay dung nhiing k¥ thuat sinh ra thiét ké va déc ta tot hon 1a mot van dé quan trong
trong cong nghé phan mém.
Chi phi cho viéc phat hién va sira chita 16i:

350 —

300

250 —

200 —
150 —

Projects between 1974 and 1980
100 — — — — IBM AS/400[Kan et al.. 1994]

-

o relafive cost to detect and correct a faut
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1.7 KHiA CANH LAP TRINH NHOM
Phan ctng ré, kha ning ting, kich thudc giam
Phan mém 16n, dat. Nhiéu phan mém qué 16n nén mot ngudi khong thé phat trién dugc
trong thoi gian ¢6 han.
Vi du: Lan va Minh viét code cho hai M6 dun p va q véi mé dun p goi q. Khi viét p Lan da viét
mot ham goi q véi 5 d6i s6. Minh ciing code q v6i 5 d6i.s6 nhung thi tu khac Lan.
- Compiler ctia C khong thé phat hién s=i sot 6
- Java chi co thé phat hién khi biér/kh. kiéu nhung néu cung kiéu thi khong thé
phat hién

1.8 PHUONG PHAP HUONG POI T UNG
Trude nam 1975, phan 16n cac to ckac han mém ce ahiing k¥ thuat riéng, ca nhan cé cach lam
viéc riéng. Gitra nhitng nam 1975-1985: F. “ong phap ciu triic dat nhiéu thanh cong ban dau. K§
thudt cau trac pht hop véi chwong  'nh 5.006 Zn 50.000 dong ma.
Han ché ciia phwong phéap = ‘u tr.c:
- Khéng phi hop v ohan mém 16n (> 50.000 dong 1énh)
- 80% chi phi va strc 1 “danh cho béo tri nhung cach tiép can ciia phuong phap cau
trac khong giai quyét dugc van dé nay.
Dac trung cia phuwong phap ciu tric:
- Hudng hanh dong (mdy trang thai hitu han, so dd dong dir ligu); hay
- Huodng dit liéu (so dd quan hé thuc thé, phuong phap Jackson);
- Khong ca hai
Phwong phap hwéng ddi twong: Ca hai dit liéu va hanh dong déu quan trong nhu nhau
Poi twgng: Thanh phan phan mém két hop ca hai dit liéu va cac hanh dong thyuc hién trén dir
liu do.
Vidu: Quan ly truong muc ngan hang
- Dit lidu: tién guri vao, rit ra
- Hanh dong: guri vao, rit ra, xac dinh tién gui vao rat ra
Phuwong phép 1ap trinh huwéng d6i twgng khac phwong phap céu tric
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Chirong 1: M¢ dau

- An dau thong tin
- Thiét ké dua trén trach nhi¢m
- Anh hudng ddi v6i bao tri va phat trién
e Phuwong phap hwéng doi twong: Mot ddi tuong giri message dén mot ddi tuong khac dé
yéu cdu hanh dong/phuong phap.
e Tir phan tich dén thiét ké

Structured Paradigm Object-OrientedParadigm

1. Requirements phase 1. Requirements phase

2. Specification (analysis) phase 2'. Obi<croiiented analysis phase

3. Design phase 3'. @ ‘actoriented design phase

4. Implementation phase /. Obj. riented programming phase
5. Integration phase 5. Integrai. " ohase

6. Maintenance phase 4. Maintenan. Jhase

7. Retirement + Retirement

- Phuong phap ciu tri.z: Tao 4¢” giita phén tich (what) va thiét ké “how”

- Phuong phép kaony '6i twong. Chuyén pha “ém diu” nén giam duoc sai s6t) Cac
d6i tuong du. vao ray tir dau ciia vong doi. Dbi tugng dugc dé xuat trong pha
thiét ké, dugc xa, ‘ung trong pha thiét ké, dugc ma héa trong pha lap trinh.

- Phan tich hé théng: . “¢ dinh diéu can phai lam WHAT

- Thiét ké xac dinh cach lam HOW: thiét ké kién trc x4c dinh cdc mé dun va thiét
ké chi tiét timg mo dun.

e Lgiich cia HDT:
- Phén tich hudng ddi tuong: Xac dinh cai gi phai thuc hién va xac dinh cac d6i

tuong
- Thiét ké hudng ddi tugng: Xac dinh cach thuc hién hanh dong va xay dung cac
dbi tuong.

e So sanh phwong phap ciu tric va phwong phap huéng ddi twong
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Chirong 1: M¢ dau

Structured Paradigm Object-Oriented Paradigm
2. Specification (analysis) phase 2'. Obiject-oriented analysis phase
* Determine what the product is to do * Determine what the product is to do

* Extract the objects

3. Design phase 3'. Obiject-oriented design phase
* Architectural design (extract the » Detailed design
modules)

* Detailed design

4. Implementation phase 4'. Object-oriented programming phase
* Implement in appropriate programming * Implement in appropriate
language object-oriented programminglanguage

Két luan:

Cong nghé phan mém: nganh hoc nhim nghién ctru cach san xuat ra phin mém thoa méin
nhu cdu khach hang, khong c6 131, giao dung thdi han va trong chi phi han dinh.

Cong nghé phan mém xem xét cac pha cta vong doi phan mém va phéan phdi cac khia
canh khac nhau cua tri thirc con ngudi tir kinh té, k¥ thuat dén khoa hoc xa hoi, tam 1y. ..
Phuong phap hudng ddi twong dugc xem 1a cach tiép can phd bién trong phat triénphan
mém hiéd nay.
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Churong 2: Cdc pha phat trién phan mém

CHUONG 2: CAC PHA PHAT TRIEN PHAN MEM

2.1 TIEN TRINH THANH PHAN
e Tién trinh phan mém 1a “phuong cach” san xuét ra phan mém. Tién trinh phin mém
nghién ctru cac cach két hop:
M® hinh vong doi
- Céc cong cu CASE
- Céc c4 nhan xay dyng phan mém

- Céc cong nghé
Tién trinh phan mém = Khia canh k¥ thuat + Khia canh quan Iy
e Céc t6 chirc khac nhau c6 nhiing tién trinbph. ~mém khac nhau.
- Khau viét tai liéu (quan trong/k"i0ng quanong)
- Chi phi danh cho kiém thir (/2 i phi/khong juan trong)
- Tap trung khaua nghién-Ctru, phat #én phan mém. Khau bao tri danh cho nguoi
khac.
e Visao nhu vay?
- Thiéu ky nang'vé ky ghé phan .aém
- Nhiéu ngudi ¢, *n 1Y phan mém thiéu kién thirc vé bao tri va phat trién phan mém
(do d6 tré han!)
- Quan diém vé quan 1 (giao ding han hay kiém tra k¥ trudc khi giao)
- Phu thudc vao ca nhan
C6 pha kiém thir khong?
e KHONG c6 pha kiém thir. Vi sao? Kiém thur 1a hoat dong thyuc hién trong moi pha cia san
Xuit phan mém.
e Check = test
e Testing: Thuong duoc hiéu sau khi coding
e Kiém tra (Varification): Thyc hién vao cudi mdi pha
e Kiém chung (Validation): Thuc hién trudc khi giao san pham cho khach hang
C6 pha viét tai liéu khong?
e KHONG c6 pha viét tai liéu
e Moi pha phai dugc viét tai liéu trude khi khai ddu mot pha méi.
e Mot sd 1y do:
- Tai li¢u bi hoan lai thi s€ khong bao gid hoan thanh
- Cé nhan chiju trach nhiém trong pha trudc c6 thé da chuyén sang bo phan khac.
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Churong 2: Cdc pha phat trién phan mém

- San pham thuong xuyén thay doi trong khi phat trién vi thé ta can tai liéu dé ghi
lai diéu nay. Vi du, thiét ké thuong phai stra ddi trong khi cai dat. Viéc stra d6i
nhu vy chi ¢ thé thuc hién dugc khi c6 tai liéu cua nhom thiét ké.

Kiém thir va viét tai liéu dwoc tién hanh trong moi pha cia tién trinh phin mém.

2.2 SQA LA GI?

e Nhom dam bao chat lvong phan mém (SQA: Software quality assurance):
- C06 trach nhiém dam bao san pham duoc xay dung ding (theo dic ta) va theo don
dat hang.
- Nhom SQA phai dong dung vai tro ngay tir dau cua tién trinh va hoat dong trong
moi pha cua tién trinh phan mém.
- SQA kiém tra v6i khach hang xem phién ban cudi cling thoa man hoan toan chura.

2.3 PHA YEU CAU

e Tién trinh phét trién phan mém bat dau khi k*ach hang tiép xtic vdi cong ty phan mém va
cho rang: Phan mém c6 kha ning thich how ve *hach hang va gia thanh hop 1y.

e Kham pha khéi niém:

- Trong lan gip dau tién, khach  ‘ng phat h¢ . san phim ma ho hinh dung. Theo
quan diém cta nguoi rhat trién, » ° ta ndy khong rd rang, khong hop 1y, mau
thuan hay khong thé <ay -ng phan m .n nhu thé duoc.

- Nguoi phat trién x4c dinh ni. <4u va rang budc ciia khach hang

Kiém thir pha yéu cau:

e Lam ban mau nhanh: . m34 phan mém két hop nhiéu chirc ning ciia san pham cudi cing
nhung bo qua nhiing khi.. anh ma khach hang khong thy dugc nhu cap nhat file hay xir
1y 16i.

e Ban mau nhanh phai dugc kiém tra boi khach hang va nguoi sir dung.

e Ban mau nhanh c6 thé thay d6i cho dén khi khach hang va ngudi sir dung cho rang né cé
nhing chirc ning ma ho mong mudn.

Viét tai liéu pha yéu cau:

e Tai liéu pha yéu cau:

- C6 ban mau: Ban mau nhanh. Ban ghi théa thuin véi khach hang va ngudi st
dung vé co s& xay dung va stra d6i ban mau.

- Khéng c6 ban miu (nhém quyét dinh khong xay dung ban mau): Mo ta nhu cau
khach hang. Tai lidu nay phai dugc khach hang, ngudi str dung va nhom phét trién
kiém tra trudc khi nhéom SQA xem xét.

2.4 PHA PAC TA
e Khi khach hang cho rang nhém phat trién hiéu duoc yéu cau, nhom dic ta viét tai liéu dic
ta dé mo ta chic nang cia san pham (nhitng gi san pham can c6 + rang budc).
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Churong 2: Cdc pha phat trién phan mém

e Dic ta bao gdm nhitng input clia san phdm va output dugc yéu cau
e Vi du: Khach hang can tinh bang lwong thi input bao gdm muc tra cho mdi nhan vién,
thong tin tir hd so c4 nhan dé tinh thué. .. va output 1a sé lwong thué, chi bao hiém,...
e Yéu cu cua dic ta
- Khong nhip nhing: khong st dung thuit ngit nhu tién loi, ddy du chirc ning,
nhanh, 98%...
- Pay da: Thé hién moi yéu cau cua khach hang
- Phi mau thuan: khong chira mau thuan
- Theo dbi duoc (Traceability): c6 thé 1an theo phan doan trong dic ta trd lai phan
doan dua ra boi khach hang trong pha yéu cau. Néu dic ta duoc trinh bay dung
phuong phép, c6 danh chi s6,... thi nhém SQA s& it gip kho khin. Néu c6 ban
mau thi phan doan lién quan cta dic ta phai theo ddi duoc dén ban mau.
e Mot khi dic ta dugc hoan thanh va da thong qua thi hinh thanh ké hoach quan 1y qua trinh
san xuat phan mém (SPMP : The software prodi»t management plan).
e Yéu cau ké hoach:
- SPMP can néu lén thoi gian thue nién, "i phi cho tung pha, gan trach nhiém cé
nhan cho tirng pha, thoi han he n thanh chc 26i pha.
- MO0 hinh vong doi nao s€ 't du. ciu trac .o chuc, ky thuat va CASE st dung,
lich tinh, chi phi...
Kiém thir pha dic ta:
e Ngudn gbc chinh ciia 137 g cac p. » mém dd phan phdi dén nay 14 nhing 13i trong tai
liéu dic ta va nhitng 3 nay | ai dugc puat hién khi t6 chirc khach hang st dung no.
e Duyét xét lai (Review). 3<Cach tot nhat dé kiém tra dic ta. Muc dich 1a xac dinh dic ta co
dung khong. Nhom SQA ¢ % tri cudc hop véi dai dién nhom dac ta va khach hang.

2.5 PHA THIET KE

e Dicta- What
e Thiét ké - How
e Giir lai quyét dinh thiét ké
- Thoi diém két thiic
- Cho nhém bao tri
- Thiét ké nén mé (open-ended)
e Thiét ké kién triic : Phan rd san phadm thanh mo6 dun
e Thiét ké chi tiét: Thiét ké cac mé dun: cdu tric dit liéu, thuat toan
Kiém thir pha thiét ké
e Tai liéu viét sao cho dé theo ddi
e Duyét tai liu
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Churong 2: Cdc pha phat trién phan mém

2.6 PHA CAI DAT
o Cai dat thiét ké chi tiét thanh chuong trinh
Kiém thir pha cai dit:
e Rasoat
o CAc test case
- Test khong hinh thtrc (desk checking)
- Test hinh thirc (Formal testing) do nhém SQA

2.7 TICH HQP

e Két hop cac mo dun va kiém thir toan bo san pham
Tai liéu pha tich hgp

e Mai ngudn co chu thich

e Cac test cases

2.8 CAI TIEN TIEN TRINH PHAN MEM
e Bit dau tir B6 Qudc Phong My
e Software Engineering Institue (SF.,
e Vin dé:
- Quan Iy tién trinh pi An me kém
e Cai tién tién trnfh phar-ic
- Capability r= urity r .odel (CMM)
- 1SO 9000-Seriec
- ISO/IEC 15504
CMM: Capability Maturity Modecl
e Khong phai mo hinh vong doi
e Tap cac chién lugc cai tién tién tinh phan mém
- SW-CMM for software
- P-CMM for human resource (“people”)
- SE-CMM for systems engineering
- IPD-CMM for integrated product development
- SA-for software acquisition
e Céc chién luge duoc thong nhat thanh CMMI (Capability maturity model integration)
SW-CMM
» A strategy for improving the software process
— Put forward in 1986 by the SEI
— Fundamental idea:
— Improving the software process leads to
» Improved software quality
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Churong 2: Cdc pha phat trién phan mém

« Delivery on time, within budget
Improved management leads to
» Improved techniques

* Five levels of “maturity” are defined

Organization advances stepwise from level to level

Level 1: Initial Level
« Ad hoc approach

Entire process is unpredictable
Management consists of responses to crises

» Most organizations world-wide are at level 1
Level 2: Repeatable Level
+ Basic software management

Management decisions should be made on the basis of previous experience with
similar products

Measurements (“metrics’) are made

These can be used for making costana tration predictions in the next project
Problems are identified, immer'iate .correc. = action is taken

Level 3: Defined Level
» The software process is fully decumented

Managerial and techrica. spects are ¢ :arly defined
Continual efforts are made \ “mprove quality, productivity
Reviews are rerforn d to impr. ve software quality

CASE tools ar ~op'.cable now (and not at levels 1 or 2)

Level 4: Managed Level
* Quality and productivity goa . are set for each project

Quality, productivity are continually monitored
Statistical quality controls are in place

Level 5: Optimizing level
« Continuous process improvement

Két luan:

Statistical quality and process controls
Feedback of knowledge from each project to the next

5. Optimizing level Process control

4. Managed level Process measurement

3. Defined level Process definition

2. Repeatable level Basic project management

1. Initial level Ad hoc process
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Churong 2: Cdc pha phat trién phan mém

Tién trinh chinh
« (C0 cac tién trinh chinh (key Process Area) cho mdi mirc
*  Miuic 2:
—  Quan ly yéu cau
— Lap ké hoach du an
— Theo doi du an
—  Quan Iy cAu hinh
— Bao dam chét luong
* Sosanh
— M 2: Phat hién va sira 16i
—  Muc 3: Ngin chin 16i

Kinh nghiém
« Can:
— 3 dén 5 nam dé tir mac 2 1én muc L
— 1.5 dn 3 nam tir mac 2 1én mi 3
» Original idea: Defense contracts woula » awarded ¢ .1y to capable firms
» Profitability
— Hughes Aircraft (Fu¥ertc . CA) spent .o00K (1987-90)
» Savings: $2M per ye. - moving from level 2 to level 3
— Raytheon moyed fro  level 11, 1988 to level 3 in 1993
* Produc cty/uoubled
* Return ot« 7.70 per dollar invested in process improvement
Other SPI Initiatives
» Other software process improvement (SPI) initiatives:
— 1SO 9000-series
— 1SO/IEC 15504
ISO 9000
+ Set of five standards for industrial activities
— IS0 9001 for quality systems
— 1SO 9000-3, guidelines to apply ISO 9001 to software
— There is an overlap with CMM, but they are not identical
— Not process improvement
— Stress on documenting the process
— Emphasis on measurement and metrics
— 1SO 9000 is required to do business with the E.U.
— Also by many U.S. businesses, for example, GE
— More and more U.S. businesses are 1SO 9000 certified
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Churong 2: Cdc pha phat trién phan mém

ISO/IEC 15504
« Original name: Software Process Improvement Capability dEtermination (SPICE)
— International process improvement initiative
— Started by British Ministry of Defence (MOD)
— Includes process improvement, software procurement
— Extends and improves CMM, 1SO 9000
— Framework, not a method
+  CMM, ISO 9000 conform to this framework

— Now referred to as ISO/IEC 15504
— Or just 15504 for short

Process Improvement Data

Number of

Category Ronge Median Data Points
Years engaged in software process improvement (SPI) 1-9 3.5 24
Yearly cost of SPI per software engineer $4 -$2004  $1375 5
Productivity gain per year 9% 7% 35% 4
Early defect detection gain per year 6%—2. 22% 3
Yearly reduction in time to market 15%-232% 19% 2
Yearly reduction in post-release defect rer” -ts N%~-94% 39% 5
Business value (saving/cost of SPI) ..0-8.8:1 5.0:1 5

» SEl report on 13 ore  nizatio s in the o.1ginal study
* They used a variety o1, 22ess improvement technigues, not just SW—CMM

clative Faults per MEASL
Number of Decrease in Detected during Relative
CMM Level Projects Duration Development Productivity
Level 1 3 1.0 - —
Level 2 9 3.2 890 1.0
Level 3 5] 2.7 411 0.8
Level 4 8 5.0 205 2.3
Level 5 9 7.8 126 2.8
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