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Waterfall model

0 25 50 75 100

Specification Design Development Integ ration and testing

It erative development

0 25 50 75 100

Specification Iterative development System testing
Component-based software eng ineering
0 25 50 75 100

Specification Development Integ ration and testing
Development and evolution costs for long-lifetime syst ems
0 10 200 30 400

System development System evolution 23
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Waterfall Model -
Incremental Model -

(Agile Process) .l 4gyylall o

A way to manage a project by breaking it up into several —
phases

Once the work begins, teams cycle through a process of -
planning, executing, and evaluating

daddiisall CDLA gall e Ali] —
Adaptive Model -
Extreme Programing Model -
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(Agile Process) 4. i 44, ki)

Arrange teams and tools
needed to optimize production.

Collaborative From the beginning of the
Design process, the end users' involvement
Development and feedback is critical.

Analysis of concepts and
requirements definitions;
Determine current state and
your expectations.

Methodology

User staries drive everything.

; Frequent development delivery
Create and through sprints. Feedback on
Implement testing & appropriate changes

are imperative.

0 Review and Q

Ensure that you are reviewing Monitor
and monitoring key metrics for .e.’ ;I
success.
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A Bug & Fix Model

Waterfall Model

Rapid Prototyping Model

Incremental Model

Extreme Programming Model

Synchronize-and Stabilize Model

Spiral Model

Object-Oriented Life-Cycle Models

Dynamic Systems Development Method (DSDM)
Adaptive Model
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Requirements
phase

Verify

L ]

Specification
phase

Verify

— Development
- — = Maintenance

Architectural
design
Verify
L
For each build:
Perform detailed [ — — 71
design, imple- |
mentation, and - |
integration. Test. |
Deliver to client. :
L |
|
N Maintenance
= phase
Retirement
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(Defect testing) sUas¥) (asi
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(Testing & Debugging) ziilly JLasy)

sivle (debugging) ~anll 5 (Defect testing) sUaal) jasé o
(distinct processes) (il

basasall ¢aa¥) Galisl Lasiye (Defect testing) ¢ Uaall (asi o
aadlaly Uadll S aaaty Laiiye (debugging) sl

(Debugging process) qaill ddac *

Locate Design Repair Re-test
exror enor repalr enor plogram

50



(Testing & Debugging) ziilly JLasy)

7 1AR. Embedded Workbench IDE =]
File Edit “ew Project Debug Disasserbly RDI Tools window Help
D@ E LB | Ay S o BNn L 8
=8 - -r-a=ak ]
cstartup.£79 | MIRA0.C | Ml Disassernolr L
IDBbug in FLASH usinng ffiféé*é**:{-*:{-*:ﬁ:{-***é****é*fé**:@:(—:(—:é:(—:(—:(—:(—é*:(-**é*i****é*é***********j Gato I j IMEmDI’}' j IE ICPU Flegisters j
Files ﬂj # BxBHBEBe198 DSFC BPL BxB8818C . [ .T] = BxFFFFBAE3
- * mein 3 Ri - @xPOEOSOA0
E‘lnlerruptBll... W . AxAAAER192 BCAL POP {RA> R2 = PEE8E214
Bl cstartup.s79 BxBueEn124 4788 B R8 R3 _ 9e1A080
- * Drogram description BxABAER126 AOEG LEL RA. RB. #i = ExH
A B «Rne 4 3 . . . int main Cwoid> £ R4 = BxHBEEA177
wall sample prograp using J-Link and Analoy Devices e e e e L L e N _ o
DDutput . . Mext label is a Thumb label RS = H80801 2B
AD“':_:?'S'?G Ty tom mgiaﬁ:msaigs BS8A PUSH {LR> e T Dppanoont
* Periodically toggles the LED on the eval board x| R? = APREA1 21
* IRQEN = EIRQA_BIT; #/ Enable XIRGA in = x
Gx@OPSEIoA 48@D LDR RB, [PC,Hi g 988080000
# Note that an mnlimited mmber of breakpoints can be set BxPABEE19C 2189 MOU Ri: #128 RY = AxAREABRARA
* in Flash mepory. MxARBRE19E B2A9 L8L Ri. Ri. # :}g = 2xgggggggg
: : ; BxAARER1AA 6BA1 STR Ri. [RA, | = Bx
* The d exkbl cl thkat the b [ - -
. (=] 154585 Y'W'IHIO'IUS proves ' {=] re&kpolﬂ 5 GPBCON - BXBB' nlz = XQBBSEBFD
below are gctualiy in Flask memory ! S{NGSEGDSEAZ SBHCHNND RSeS| R13 CSP> - 0x0EGLGiFC
* AxpnegRing 2180 MOU Ri. #A@ =
ot nain (void) { 8x0A08E1A6 6AA1 STR Ri. [RO, | e T L L]
. GP4DAT = BAxA4000888 ; s/ Gonfigure P4.2 a: = ey
IROEN - XIRQO_BIT; // Enable XIRQO in IXEnable ¢ AR | [JSPSR = OxFFFFFFEF
- STEot o M R Rk || B ;e
; Hy - - RB_Fi = Bx00PARARA
§ ;j ggﬁggmz Piﬁ ;Sdzuxf:tm 0xBABSE1AE 6081 STR _ Ri. [RB, | R _fig - BxAAPARAAA
gqure p B GP3DAT = Bxffﬂﬁﬁﬂﬂﬂi s Cnnfliure iurt 3 RiB_fiq - 0x00PO00EO
Ril_Ffiq = 8xBABBBABA
; AxUUBER1 B2 21FF MOU R1, #255 L
o B 0x0008E1 B4 0609 LEL Ri. RL, ® R12_fiq - OxBAAARAEA
/¢ Complement Port § o BxAAP8P1E6 6601 STR Ri. [RA. i Ri3_fiq - 0x00016280
e H S Delay to make blink visible GP4DAT "= BxA0f f ARAA ; /7  Complement P+ Ri4_fiq = BxAA0A0ARA
xﬁ fq = B
} 0xAPESA1EA 1987 LDR Ri. L[PC.Hi ggns{:q - igggggég
} BxBHege1BC 6802 LDR Ri. [Ri. 1, =
'| AwARARG RE 29RR Mnil B?  HOCC _I
InteruptBlink I Ifal 14| | b 4 I i k < | _bI
Code @ {C:WProgram Files\AR Spstems\Embedded Wokbench 4 Dvamisrc\examplesid nalogD evices\A0UC7000_senes\nteruptBlink I RO0.c} 76.2 -~
Code @ {C:\Program Files\AR Spstems\Embedded ‘W orkbench 4. 0\amsrchexamplesidnalogDevices\aDUC7000_sereshInterruptBlink \=<IR00.c}.80.3
" Code @ {C:\Program Files\AR Spstems\Embedded ‘W orkbench 4. 0\amsrchexamplesidnalogDevices\aDuC7000_sereshinterruptBlink\=IR00.c}7E.2
Code @ {C:\Program Files\IAR Systems\Embedded Workberch 4. 0%armbercheramplesidnalogD evices\A0UCT000_senestInteruptBlink <R 00.c}.76.2
Code @& {C:Pragram Files\AR Systems\Embedded W orkbench 4. 0\amsroheramplesitnalogD evices \ADUC7000_senestInteruptBlink \IRO0.c}.79.3 LI
- Ciebug Log | Build Breakpointsl x
Ready kLI 2
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(Testing & Debugging) z=aiill g jLasy)

CEX

b Aqua Data Studio 9.0.0 [mathsample. xjs]

Debug AquaScripts from
within the editor, toggle
multiple breakpoints and

#-120 conn-testing

=1 jonp
Er--[:? Aquascripks
r_

and Step Return

.E mathsample. xjs

¥ selectOrders. xjs

s wersion control. xjs
[+ Servers
[ User Files

#1757 warginn-ronkral-rrmieck

execute by clicking debug.

Step Into, Step Over

#5 random-db-content-ge

~

5

DBA Tools  ER Modeler Window Help

= |I||j| %3 Narth |

Click navigation bar breakpoint icons to
instantly move to breakpoints in long scripts.

Global Scope, and Watch

--@ & A SourceContral

--@ & C5YN-aqua-projects
--@ & A SYR-versioncontrol
: fe= CiiUsers\jonathan\MEW versionscontr
--Q ChWorkiUserHome! Trunk) Sl

£

Examine Stack, Local Scope,

Expressions in the Debug tab.

>

£F jonp [mathsample.xjs] = ]
o b B 0|2 G R0 B

B & et =

Il
L
¢
b
'ail
e
&
"

= -30;
.console.println("ABS walue of [ + wvalue + "] --> [ 4+ aqua.math,absi(
.console.println{"AC05 walue of " + "[1]" + " --> [" + aqua.wmath.acos(l) +
agqua.console.println(“ASTN walue of "+ "[L]7T + 7 -== [T + adqua.math.asin(l) + "—
5 aqua.console.println ("ATAN walue of [ + walue + "] —-->= [" + agqua.math.atan(vall
& aqua.console.println("ATAN: walue of [ + walue + "] --> [ 4+ agqua.math. atan(val
7 afqua.console.println("CUBE Root of [1000] --> [ + agqua.math.cbroc(lOooo) + "]7);
=] afqua.console.println ("CEIL of [10.5] --> [" + amua.math.ceil (10.5) + "]"):
] aqua.console.println ("CONSTRATNT -->= [ 4+ acqua.math.constrain(s0,100,45) + "1™
@ aua. console.println("Copyiiom == [ + amua.math. copySign(l00Ll,-1) + "]71;
11 aqua.console.println("C0S walue of " + "[O0]" + " -->= [ 4+ aqua.math.cos(0) + "]"
1z aqua.console.println("COSH walue of ™ 4+ "[0]7 + ™ --> [" 4+ agqua.math.coshi0) + "%
< | =
[ 11 ns ]

= 'Car!sole/f@I Debug r Evaluate

Stack Global Scope YWatch
Line 4 Mame Yalue Expressian Yalue
-4 Javalmporter function Javalmparter(d 4 [n... =
[JavaPackage javax] Ti
ab fath]
- @ _ parent__ [object global]
- @ _ prato__ [object Object]
Local Scope . & ahs function abs{) { [native code.,. —
Marne Walue E: © _ parent__ [object global]
E:Q __proko__ function (3 4 [native code, a...
i O arguments rull
@ arity 1
- @ length 1
@_name abs B

Jonathan Personal | jonp [Cjonp] [ &quascripts [ mathsample.xjs

801310 341 MB

Il
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(Testing Stages) JLidy) Ja) e

Unit
testing
Module
testing
Sub-system
testing
System
testing
Acceptance
testing
Component Integration testing User
testing testing
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Unit testing -

(Testing of individual components) 52 il &l Sall jasd —

Module testing -

Testing of collections of ) Leary ddasi jall GU SAll (10 Ao gane pand —
(dependent components

Sub-system testing -

(collections of modules integrated into sub-systems
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| f

(Testing Stages) JLidy) Ja) e

System testing -
230 Al U8 ALl QU i —

Acceptance testing -
il ,i,,@u)g\ OIS Lasd (andl Cpeadiial Ji (e o3la) ol —

—A %
QU

alpha testing Gl ey —
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oandll Aleat Ll Jalidl Caas
(trace-ability of tests) cldhkidl jasi aim 4lKa) o

»ladl 5 (overall schedule ) Pl dall spdll el o
(resource allocation) 4.kl

relationship with other) aY) &y il dalye ae A8 Caa
(project plans

recording method for test) _«adll i Jad cliha) Caas
(results
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(Traceability Scenario) uesill 4les dlgaa g Jadais

BRD- Sectiodd  FSD- Section 3 Test scenario ID B Testcase DD Stvtufl  Defectaf)
1- Loan Process  1.1- New users  |T5 Loan 001- Validate the "Apply Loan™ feature as a new user TC_newuser_ 01 Passed
TC_newuser 02 Passad

Defect_01,
TC_newwser_02 Falled  Defect 02

T5 Loan 003- validate the "Apply Loan™ feature as & already existing uier TC_newuser 04 Passed
TC_newuser_ 05 (ioched  Defect_01

TC_newuser_06  Faihed Defect_03
TC_newuser 07  Paiasd

For a new user in the "Apply loan”, check the guest customer

option and apply loan TC_newuser_08 Passad
T5_Loan_004 - For a new wser in the "Apply loan®, check the Regater option and
apply loan TC_newuser 09 Passed
L5 B TS,_an_-EﬂE— I.ulatnﬂuhm portal as an already a customer with a loan and
:hqciﬂnhﬁmmmwd TC_Exmt_User_01Passed
the Loan whose status ks "Sent for review” TC_Exist_User_0F Passed
E.M?Mﬂnlmnmnmhmwmﬂm TC_Exist_User 0 Pepad
T5_ Loan_ 008-Check the Loan whose status is "Reviewed and deleted” TC_Exist_User_0¢ Passad
S | S [ TS_Loan_D03-Check for a visitor if the information on the site is accessible in
less thon 3 clicks or not TC_EasyUse_01  Passed
T5_Loan_010-Check for a registered user if the information on the site is
accessible in less than 3 clicks or not TC_EasylUse 02 Passed
| TS_Loan_011-Check for a banker if the information on the site is accessible in
less than 3 clicks or not TC_Easylise_03 Passed
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(testing process) jasdll lac o
(major phases of the testing process) uesdll 4leal 4pul¥) dal jall coat —

(Requirements traceability) cbllsidl 3a8an ol cildlia) e

duau..g;.q).\d\e.a.@qu\a_\;:uﬂjﬂmemj\ﬁw\é:\m:\m&agb@\ﬁ‘ﬁ\o&@uﬂ —
A jdie JS5 4t (B8l e callaia S

(Tested items) lepasd aay Al Llaidll e
il o)) Lguand oy () om0 3ad) cillaad) 5 colaiiall ppans 2y of anll 138 8 oy —
(4 pall aliall Al
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(Testing schedule) (asdll Joaa o

ladl 5 (overall schedule ) awe D) da 3l 5 il aasd 2l 1 A a5 of sy —
(resource allocation) 4 stadll

project development ) JSS ol aUaill by Gl ghad aa aday ) g aoladlly —
(schedule

Hardware and software) 4ol sl clllidl e
(requirements

aSlginin J) gl 5 (andll dlalie U dae ) o o) s anll 13 8 &0 of any —
(hardware utilisation) sUaill 3 )) g (1 dleal) 622
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(Test recording procedures) jasill zi Jaud Glila)

il oda and 3aglas (Sar Cusy alaie U5 Gasdll gl Jaady Gl aY) oda Kgd —
Al s all Jaall (e Basall elly g TisY

(Constraints) <lagall e

s pandll Alee Lol duad o Sy ) saadl Al aasd ol 1 8 b ol sy —
Aolanll 028 (e aa3 3l ol
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(Software Inspections) wlaa dl (& il
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sl e (Software Inspection) claapll e )il ey o
Sl Cilbaa ) Aty (andl (alidV) e degena Lo asty Al dpulud]
(Source representation) leli
dalaie Gl ghad il dokaic Ay ya —

(Anomalies and defects) dusa » e 5 dume y eladl 3 sa s CLESI ) Cargs —

sUaaM Yola 38 (Software Inspection) cilsayll e (=il
~'!~:..~S n

sia (Runnable) desll SLs Letia galial) (5% oY el cllia ud
Glaasall e gl calyi alasiul (K
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.......

Slaad) 0o g adl ) JAaa

requirements, design, ) Wil Jia ol e 4k & o) oS @
(configuration data, test data, etc.

s . o e K1
Uil e el saua dud L) il e

—. N - o

st it Finge w0 Aaue

B :V i, .._?,--b:N“”ﬁg??‘::::::‘ ( : 6



Sl (e (g adl Zlas

saaly oyad Agdae 4 eUadl) (e el GLES) 2y o Say o

one defect) slaal sac aany o (K Lo Uad sl ddee & o
(may mask another
sUadl 3 ga g CaLEIK) L iy 3 ye IS 2my Al 5 pail) lee o) ja) cany N —

omS JSA Al e L Baldiuy) Sy

sale aal g Al eUad¥) de ju () s () sanldll —
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:\*.AJ\‘“,.A o Q]“l MJ . .l Q\a SS Q\“.’S .Xb (éjﬂ\

V & V process Jl il aasiny (asilly gl

(specification ) cilicalsd) ae Gilsll Czi€i o gatll ke pokins
(the customer’s real requirements) dasall QL) aa s

non-functional ) 4akhdl e (alladll  asd iy e
b ©anay) dgew 1S (characteristics

e . 65



Juxll (Precise specification) G ciwas ali o s
P e B3 OSL [ Y5 BN SN P R N
.(Organization standards)

Syntactically correct) anll ALE dsay 5Haud aaldy ol sy
Llaill AT Jia gl ol ,(code

a3 (535 Cigm el e et Adee o e Ga 38V Gy
PN

LGl s lacY 50 LDl Alus malil) (e (oyaill dlee 3355 VT Caa
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( Planning ’

(Inspection Process) il 4les

( Overview ’

Individual l
prepar ation -
Inspection
meeting

l

Follow-up \
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el e @5l dlead bbsdl (Planning) 91 idsall b o
(Software Inspection)

Bagh aagiy Aadll alyinl &3 (Overview) aolll dds )

Ji (e il Glle ¢)ia) (Individual preparation) sy 4 2
Alanl) 03gn (S il Lalaiy|
Janll a5y milill )il (INSpection meeting) ¢ Laal sie 3

ibi b eUadV) maaail Jeall 30le) Sy (Rework) adlil) dds i
, Jazll
(Follow-Up) daall déw ) <5 L,
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V-Model
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V-Model &) gk

Requirements
specification

System System Detailed
specification desgn design

Acceptance
test plan

System Sub-system Module and
integration integration unit code
test plan test plan and tess

Acceptance System Sub-system
test integration test integration test
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V-Model 3} _a gk

Software development model

Test

Software V&V

-___H-l--l———————_—_—_-_lh--__——-h—-___
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(Testing Strategies) uaaill Cla) sl
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ways of ) Jasdll dlee 2dwl dngia Gy & (asdll Glagliul o

(approaching the testing process

Landl

Sl i) e Al o

Top-down testing

Bottom-up testing
Object-oriented system testing
Thread testing

Stress testing

Back-to-back testing
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12

Iyeye
Ll

COOE
COOOE

Test sequence
1

Test sequence
2

Incremental Testing

3

Test sequence
3
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adieall Glagliy) asl Incremental Testing  dil a
(Testing Strategies) Clasyll (asdl

(,4,;5 eu_u; ,;)J ds:u;; @A}s\ CM \(,m_qu a;g,u o3 e)s;
u,atswg\wmjs,m

Gl el aladinly dawdl Glaayll Gasdl dulie daplll 22
.(Incremental model)
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Top-Down Testing

Testing
Level 1 sequence—> Level 1 >
Level 2 Level 2 Level 2 Level 2
Level 2
stubs
Level 3

stubs

76



andl Laadiuall cilbagil i) asl Top-Down testing dayla sl
(Testing Strategies) wliaa il

high) Wall clisiadl (o ool miidl gasdy daplll oda fag
(low levels) Ll wlsisdl I (levels

Jad ga ,Top-Down id,m B8y e u_\j\ Saskaill DL g o e A

Al a8 Ll a2y Glas) aki
(architectural errors)

sandll lee Ji dian dad dala Gl K ol Jaiaall (e
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Bottom-Up Testing

Test
dnvers

Testing
sequence

Level N Level N

Test \\ \\ \\
dnvers Level N-1 ' Level N-1 ' Level N-1 ' Y

78
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(low levels) Wiall cilysiall (o ool zitadl (asi; dayykll 238 ag
(high levels) Wl clysivall )

critical )  4uleall  dpadll dpdl GlSh jasdl (gspa
(infrastructure components

dabe in alaill aeal 8 dpulal) olad¥) aeay Calis) apbinsy
panidl) dlee (e 33k

object-oriented systems 1 4.l
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Thread Testing

I1 Ol

(P3) (P4)

(P1)

12
(P1)

Ol
(PS)

(P1)



I3 (P1)

(S

Process Interactions

11 (P2)

P5 Ol
(P5)
O1 (P4)

02 (P4)



Multiple-Thread Testing

11 (P2)
I1 (P1)

N

13 (P1)

12 (P1) Ol (P5)

02 (P4)



Jeall alae¥) aall Hslaty IS0 ) alail) Juani oy o
Sale el Al sUaa¥) leda) connd i)y U5 aliall Jyend —

5 dae Cagl e aUail) J58 4lSa) a2y JS8 malipal) Jpead o

Falc
Aplie) e Jae Cagobh A da Ul g lua g el Jae e oy Vi Gany —
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O 1) L asdl Back-to-Back testing desslpul aladsu) &y e

S Al laaY) e (e Liallaa s Ltel 8 (St el ina sl (e il ) i —
oaal &l laal o

JalS ans I Aolaall 030 diail (Say @

JNI e prototype i Jals ziie aals Z s e
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Back-to-Back Testing

Test data

Program
version A

Program
version B

Results
comparator

Difference report



dagll L cilmasnll duuia
Object-Oriented Software Engineering
(OOSE)
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Use Case Driven) alai¥l cVls e aded daph e 35le
(Approach

5pall e adad (Pragmatic method) 4l )y &),k
daal e\m"’ Y axall

AP LA M'ULU‘;BJL’;
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Syntax (how it looks) -

Semantics (what it means) -

Pragmatics (heuristics, rules of thumb for use) -
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Building Models

= ANALYSIS =" CONSTRUCTION == TESTING =

" oy 1
LY £ 3
L 4 5
& ! i L
4 ; \

.' () ) by i
’ y ¥ i\ '
Requirements Model: Dresign Model: ~ Test Model:
captures functional impose implementation documentation
requirements from % constraints on analysis and test results
user perspective i | model 1
Analysis Model: Implementation Model:
maimainahle with system code written
logical structure; from the design model
implementation-
independent
* S

6‘0
2
\'bQ’
%
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Building Models




Building Models
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Building Models




REQUIREMENTS

ANALYSIS

DESIGN

Building Models
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N Calay) e

alaill ey o Camy 13l 2pass —

£ -
el oY) ay Oyl (el

dagnall dunayll el ol —

(bl 5 ol aladidl) prama IS Lmapdll e[aY) by —

."E'|'.I|'IH.F-II'.|'i|i'r."J']1'|'

$ O

Cushimer

| - I_l

% 1

{:I(:j{:} — interfaces)

wse case model

domain object model

Requirements Model

Gilayial) e

Requirement Model —
Analysis Model —
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Aldinall alaaiu¥) eV alay)
Saall a2l ) NS G il
Use case descriptions als

aladiy) s o (Associations) <lalsyy) yaas
zWY aladiu¥l AVl dage 5 plaaiil) Vs Asllas m\f sale]

ax3iaall o oyl Bilia (and 5 Cia
AUaill (e Tyl 3lie Cinas
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JA

(System Requirements Specification) cllkidl Cavag cala —

sl Cing A 5 & el B Basasall Akl 3555 —
L : = Ses G-
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TA .
Al Vs ase —

(i Canasi) alaain¥) cYlal 38y Cauass —
(Prototype ¢ ai Canagi) Lyl dilid (38 Capagi —
(Protocols) alaill faa Jayyll 28lid (383 Capagi —

(&) lpailad casle) laslisl calll eVl 46l —
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(Notations) <Uaada
System box, ellipses, names, actor) nlaail c¥la hbia —
:(icons, etc.

= ,<users>, <extends> :(actors/case links) ;uleldl —

(<extends>, <users>) wlals)Y)
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Requirement Model - Example

Multi-purpose recycling machine

Recycle Machm e

Crales

Machine must:
- receive & check items for customers,

- print out receipt for items received,
- print total received 1tems for operator,

- change system information,
- signal alarm when problems arise.
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(Problem Domain Objects) uxal_e Y paa

Canagil) oLl ey aaan

QM\)M@\A\A)M\WL@A\M\M%%M
(PR
Jla
Object noun ->
Logical attributes ->
Static associations
Inheritance ->»

Dynamic assoclations ->

Operations




(Problem Domain Objects) uxal_e ¥ paa

OBJECT ATIRIBUTES

name characteristic / Information : type
Deposit [tem name: string, total: Integer, value: ECU
Can width: cm, helght: em

Bottle width: cm, height: em, bottom: cm
Crate width: cm, height: cm, lenght: cm
Receipt total cans: int, total bottles: int, ..

Customer panel  receipt button: button

Clpsratﬂr' pancl bottie data: cm, ...




(Problem Domain Objects) uxal_e Y paa

—;—.— ~
T R e R - MODEL
* o problem
-

obyect 5! / LD
"' Class cases

diagram

first draift




Software engineers should avoid re-developing software already
developed

Types of reuse

Reuse of expertise
Reuse of standard designs and algorithms
Reuse of libraries of classes or procedures

Reuse of powerful commands built into languages and operating
systems

Reuse of frameworks
Reuse of complete applications



A framework is reusable software that implements a generic -
solution to a generalized problem

It provides common facilities applicable to different application -
programs.

Principle -

Applications that do different, but related, things tend to have quite -
similar designs

Examples -
A framework for payroll management —
A framework for frequent buyer clubs —
A framework for university registration —
A framework for e-commerce web sites —



A distributed system is a system in which
computations are performed by separate programs -

normally running on separate pieces of hardware, that co-operate to -
perform the task of the system

Server

A program that provides a service for other programs that connect to —
it using a communication channel

Client

A program that accesses a server (or several servers) to obtain —
services

A server may be accessed by many clients simultaneously —



Client-Server Architecture

el
-

Server: Client1: Client2:
| | |
. . | |

— listen for connections | |
- | |
€ | |
N connect ] ,

|
- send message :

|
- connect .

send re
ply _
B disconnect
send message

dusc:}nnecfi

stop listening

pr_)
=




The work can be distributed among different machines

The clients can access the server's functionality from a distance

The client and server can be designed separately

Competing clients can be written to communicate with the same -
server, and vice-versa

They can both be simpler

All the data can be kept centrally at the server

Conversely, data can be distributed among many different
geographically-distributed clients or servers

The server can be accessed simultaneously by many clients
10

8



Have a single program on one computer that does everything

Have no communication
Each computer performs the work separately -

Have some mechanism other than client-server communication for
exchanging information

E.g. one program writes to a database; the other reads from the -
database



The messages the client sends to the server form a language
The server has to be programmed to understand that language -

The messages the server sends to the client also form a language
The client has to be programmed to understand that language -

When a client and server are communicating, they are in effect
having a conversation using these two languages

The two languages and the rules of the conversation, taken
together, are called the protocol
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Design the primary work to be performed by both client and .1
server

Design how the work will be distributed .2

Design the details of the set of messages that will be sent .3

Design the mechanism for .4
Initializing

Handling connections

Sending and receiving messages
Terminating
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