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Abstract. HIE
It is not feasible to engineer requirements for adaptable and open service-oriented systems

(AOSS) by specifying stakeholders’ expectations in detail during system development.
DATLRABICEVWT MBSO YRT—IRILEIOHAFER =T LK > TRERTRID
HEY—ERERMIVRATLERRT S LI, BRIFEICE>THLL (RRATRETIE ALY
Openness and adaptability allow new services to appear at runtime so that ways in,

and degrees to which the initial functional and nonfunctional requirements will be satisfied may

vary at runtime.

B & BISEIEETRHFICEADFH LWV —ER & EITRICEL T DHEEE R & IEMEEE RN
WA SBEEAEIZT 5,

To remain relevant after deployment, the initial requirements specification ought to be continually

updated to reflect such variation.
RARZRICSIEHMEEREZL-E LD DHOEREREIEDLSILBELEZRET H1-OIC
BERMICRFOREIZTRETH S,
Depending on the frequency of updates, this paper separates the requirements engineering (RE)
of AOSS onto the RE

(BASIE (?) ) BHOHEEITERFELTLEDT, COMERRXTIFAOSSOERIFERDE
RIZIZHENT B,
for: individual services (Service RE), service coordination mechanisms (Coordination RE), and
quality parameters and constraints guiding service composition (Client RE).
BrznY—EZR : Service RE
H—EXE#EAH=ZXL : Coordination RE
Y—EXAREELFIHERE/NT A—4 : Client RE
To assist existing RE methodologies in dealing with Client RE, the Dynamic Requirements
Adaptation Method (DRAM) is proposed.
Client REIZX NG 5 1-DIZ. HEDBERIFFEZRDBIT & T 5718, BIHEREGZE (DRAM)
FRESITLS,
DRAM updates a requirements specification at runtime to reflect change due to adaptability and

openness.
BN ESRE A (B S MDA RETEC 2L 2 RT 5= DICETHICERMIHFRES
BHI S,

1 Introduction EA
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To specify requirements, the engineer describes the stimuli that the future system may
encounter in its operating environment and defines the system'’s responses according to the

stakeholders’ expectations. KR ELBEE—HTEZDERL,
%*%ﬁﬁtﬁ&étwtsﬁﬁ%ﬁ%%@DZ%Aﬁ%%wﬁWEFTEE¢6T&55
NEBOSDETERBEL. PRATLOGEERAT—IHRILTOBHFIZH->TE

38 AT L # *

The more potential stimuli she anticipates and accounts for, the less likely a discrepancy

between the expected and observed behavior and quality of the system.

BEMNER (ChHSEIDFHLOLRIE) 22X T AR, BiIFSN-BELEROBEL R T
LOREDOHEDOFEEFLGENEFAL, BREAT S,

Ensuring that the requirements specification is complete (e.g., [17]) becomes increasingly
difficult as systems continue to gain in complexity and/or operate in changing conditions (e.g.,
[15, 10]).

DRATLONEHIEZEL, DRTLAERTHRRETE}ET HDT.
BERUBENTEETHASCEZRETHLIE, FTETHEICL S,

Adaptable and open service-oriented systems (AOSS) are one relevant response to such
complexity.

RUTRILOHSY—ERBALRT LG EO& S [THEHAE V2T LISHT 5 BYEEED—
D2THB,

They are open to permit a large pool of distinct and competing services orignating from various
service providers to participate.

HETEHDIC, SESEFRY—EXRTANAFITE>TEL S, Fo<KERY . BRELFzY
—EXRDERGT—ILEMHEIZT 51012, Th 5(AOSS)IFHAMMTH S,

AQOSS are adaptable—i.e., an AOSS coordinates service provision by dynamically selecting the
participating services according to multiple quality criteria, so that the users continually receive
optimal results (e.g., [7, 8]).

AR CTHEGAREGY —ERER AT LATEBEISFARETH 5.

BULMEZNIE, ACSSIE, A —UHEMICRENHRER TN S L 512, SHRGMEREIC
RO THETHIY—ERZHNITEBIRT S LI T, Y—EREIREEESE S,

A complete requirements specification for an AOSS would include the description of all relevant

properties of the system’s operating environment, and of all alternative system and environment
behaviors.

AOSSD=hNDFELEBERMLEFEIC(E. SR TLOBERREOMUEICEEEDH 5T N TOREM.
ZLTREBRVATLLREMEOIRTORBAEEND,
All services that may participate would thus be entirely known at development time.

HELBHETOY—ERRK, ETHRGA=ESIC, ERICHARRBETHMON TS,
(=9 TIZHAETHV—EXRERRICEHARET SH)

Following any established RE methodology (e.g., KAOS [4], Tropos [3]), such a specification

would be constructed by moving from abstract stakeholder expectations towards a detailed
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specification of the entire system’s behavior.

FRHASNEERIFFEREZT T, EDOL S GHBREAOSSOI=H DT ELEERMLERERE)IF,
BERAT—IRILIDERNGHMBIEEINE-REL VA TLDSADFEVDEHRE~NLELLT S
CEIZE-THEESINS,

As we explain in Section 2, [applying such an approach and arriving at the extensive
specification of an AOSS] is not feasible.
BANE2ETHRATEILSIC. TOLS L7 TO—FEEETHL L.
AOSSDEFMGEREICEET S5 LIE, ERFARETH S,

In response, this paper introduces concepts and techniques needed to

ZNITHEL T, COMRMBITIE., RIZHTIVEELSNIMRZERMTEEAT S,

(1) determine how extensive the initial specification ought to be and what parts thereof are to be
updated at runtime to reflect system adaptation, and (2) know how to perform such updates.
FI DRATLDBEGHEICEET 510, NHOHEHRELNHLINEKREZLIHL. EOHHH
EITHICEHINIRENZRODIVLELNH D,

F212. TOLIBEHETOAEZEHMN>TLIRLENH D,

The specification can then be used to continually survey and validate system behavior.
EHREIFREHICORATLDSDFENERIET A LICFATEHENATE D,

To enable (1), this paper separates the requirements engineering (RE) of AOSS depending on
the frequency at which the requirements are to be updated (§2): RE executed for individual
services or small sets of services (Service RE), RE of mechanisms for coordinating the
interaction between services (Coordination RE), and RE of parameters guiding the runtime
operation of the coordination mechanisms (Client RE).

1ZAREICT 5702, COMBRXTIE, ERVEHEIN SR EEAFICHEEICIKEFT HA0SS
DERIZZHETS (BE2F) .

M Service RE CEBERIZEBELZOY—ERPY—ERDINS LGN =FY 2ETT 5,
B Coordination RE : 4—E ABDHEBE/EREEET H-HDEEN OGRS ERIE
EMClient RE EEA N XLDETHERAEZEC NS A—INORPIERIE

To address (2), this paper focuses on Client RE and introduces a method, called Dynamic
Requirements Adaptation Method (DRAM) for performing Client RE for AOSS (§3).

22X T B1=0HI. AMEHRIX TIEClient REIZERFHT. £ L TAOSSH 1= D Client RE
ZETT 5012, BMEREGE (DRAM) EMEENLFETRY ANDS,

We close the paper with a discussion of related work (§4), and conclusions and indications for

future effort (§5).

BRITEERARDERZL. SEOMYBAD-OOHEREIEHERL. ARBXEMHO
TWab,

Motivation.  FFZE D EHH
The proposal outlined in the remainder resulted from the difficulties encountered in engineering
requirements for an experimental AOSS, call it TravelWeb, which allows users to search for and

book flights, trains, hotels, rental cars, or any combination thereof.
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COREL. EBRMAGACSSO-ONEREETIF TRBRIIHLIICL>TELEIEY DS
%%H-ﬁ\ L/T:o

FhldTravelWeb EFE[EN D, A —H(CEEORTILOLUAHD—2REBLFIHNET S L. &
FIEENGICHT 2H O I EEZHFTELDTH D,

Services which perform search and booking originate from the various service providers that
either represent the various airlines and other companies, so that TravelWeb aggregates and

provides an interface to the user when moving through the offerings of the various providers.
BREREOFHNET HH—EXIL,

TravelWeb([EZW 2D TANA IS RESNDIELDZBELTTHLTLIHOI—FDE
ROBMEZNETE, SHITRETED LS,

BEEFHOELLIREBT LIV OMDMERULL, ZOMOEHE ST W DHDY—
EXTANA IHERTH S,

Each provider can decide what options to offer to the user: e.g., in addition to the basics, such as
booking a seat on an airplane, some airlines may ask for seating, entertainment, and food
preferences, while others may further personalize the offering through additional options.
FNFNDOTONAFFZEARFT T a v E1—FITRBRIT DO ERHBZIENTED,
BIZIEL, RITEOEFEDOFHDOESLGLDAEITLONDS,

EXMGIDITMAT, MESHEEFELLTHELOEDIFAEROTLSESE5,
thDMERHITEMDAF T a v EEL., RETDLOELY—BREAAAITIZTSEE55,

We have studied elsewhere [7, 8] the appropriate architecture and service composition
algorithms for TravelWeb.

E 4 ETravelWebD = DB LT —F T IV F v EH—EXRERTI T XLEMDEINT
FARNEL,

Here, we focus on the engineering of requirements for such systems.

CCIT. BREZFDESIGIVRTLDEODERIZIZETHEREEL .

2 Service, Coordination, and Client RE

To engineer the requirements for TravelWeb, a common RE methodology such as Tropos [3]
would start with early and late requirements analyses to better understand the organizational
setting, where dependencies between the service providers, TravelWeb, and end users would
be identified, along with the goals, resources, and tasks of these various parties.
TravelWebD=HDERIEEIET S5-I, TroposD & S HEBODERIFEDHERIL.

H—EXTO/NA & L TravelWeb s TV FA—HREDIKFBFZENHELL/NA— FF—DHEEPHE
BOEBHEELICRBINIEA5MBIREZ SV K CEBFTHOICHBRI M ORECET
ERNTEWROD=55,
XTropos : i* ZERIFEANMIBELTELY I MV THRRAESR
-7 3EOKEEFRESNT S

Architectural design would ensue to define the sub-systems and their interconnections in terms

of data, control, and other dependencies.
BEEE Y ITORTLE T2 OHEOCKFEROBRAN SHEERZHEICTHILET
WBRELTEISESD,
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Finally, detailed design would result in an extensive behavioral specification of all system

components.

HEIC, FHEREEETOURTLOBRERD., LERICRSAEZEBFMZL-0TE55,
While other methodologies, such as KAOS [4] involve a somewhat different approach, all move
from highlevel requirements into detailed behavioral specifications. all & other MDBi%
thoFER (KAOSEDN LS HHDIEZVEL -7 TOa—FZE2LTWD) 280, 2TOAHE
L. BKEDERN CETFRUEHRSETTERSIETLS,

The discussion below, however, concludes that such an approach is not satisfactory, because:
LHOLELNS, UTOBREIZDLS3G7 IO—FTIERMETERWMEREZE LTS,

% | Service REIZE3 4NE (GEDRNM SHEAIL T)

1) TravelWeb is open.

TravelWeblE AR SN TULVET,

Various hotels/airlines/rental companies may wish to offer or retract their services.
SEITFELGRTIL. MBS, LUVFIILKHEIESOY—EXRZRLEHLIN RYETLEE
55,

Characteristics of services that may participate in TravelWeb at runtime is thus unknown at
TravelWeb development time.

E{TH(CTravelWeblZB 5§ 5125 5 H—EXDEFE#MIL. L TiRRfz& 5 (ZTravelWeb® B FEEL
BETIEEM N TLEL,

TravelWeb * mR

¥TravelWeblZB 53 2 —EAD 5D FEE, TravelWebTEITTHETHhMLELY,
REBEINDIY—ERXR=T539IRvIREEZOND,

= HY—EXDHFHIIRAERBETIIME Z ENTELL,
Bz DHY—E R, TravelWeb & [ZHIDIGZFATHREINEI N D,
Individual services are likely to be developed outside the TravelWeb development team, before

or during the operation of TravelWeb.
& 27 DY —E X (ITravelWebDEFADHI%IZ. TravelWebDRAEF—LDNETREINI=LS

=5
. Service B \
TravelWeb Service A :

1 TravelWebst &8 1
XFANE Z B2, TravelWebldWebH —E XA F-LiEd D

It is thus impossible to proceed as described for the entire TravelWeb—instead, it is more
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realistic to apply an established RE methodology locally for each individual service, and
separately for the entire TravelWeb system, taking individual services as black boxes of
functionality (i.e., not knowing their internal architecture, detailed design, etc.).

E TRz & 512, TraveWebZ AN Y —EREFUHTREABLELREAT D LIEITARETH
%5, (= BW-a—FOEEEYICTravelWebMNEITT 5 Z & [EFATEE)

ZTOROY . WEEMLG ISV IRV IRELTHEADY—EXIEHERL.
ITNENEL2DY—ERD=HIZHMIZ. £ L TEL%4TravelWeb®D U X T LD =TI L
T, RESNE-BERIZFFEREFAIESILEDESM. 1o EBHENTH S,

% | Coordination REIZEI Y 2 NE (GEDRnA oHERI L T)

2) Resources are distributed and the system adapts.

BRIEINEIN, DATLIFKRRICEDHDETEILLT S,

All services may or may not be available at all times.

ETOH—EREEICHATESINE S DIERHI S,

Moreover, individual services are often not sufficient for satisfying user requests—that is, several
services from distinct providers may need to interact to provide the user with appropriate

feedback.

ST, HROY—ERFEI—HFOEREHERTHICIELIELE L TEHGEL,NE LA,
B4 6DV DD —EREHEEAT O A—HFICEULERES
ZBEEREETBIESS,

Adaptability in the case of TravelWeb amounts to changing service compositions according to
service availability, a set of quality parameters, and constraints on service inputs and outputs
(see, [8] for details).

TravelWebDIHFEDEHEIL. BN A—2D—E . Y—ERXDABAIZHT EFHHE Lo 7=,
H—EXDATAURETYH—EREREELTHLEERT D, FHMEIEISEXHN8 R L)
RE specific to the coordination of services carries distinct concerns from the RE of individual

services.
H—ERFAEDE=OHDEREIHZF . FLOY—ERADERIZEALEL--ELDEZRIET S,

X | Client REIZB§T 5NE (DR SHERIL T)
3) Quality parameters vary.
MBENTA—BEEILLT B,

SHEERHESZH-HODREHR > RENTA—4 = RHBITLIHY—EXORAE?
Quality (i.e., nonfunctional) parameters are used by the service composer as criteria for
comparing alternative services and service compositions.

MBEEWMAZNIE, EREE)/NTA—F MDY —ER LY —ERDERERETLRT 56D
BEELLTH—ERBERICE-TEDN D,

Quality parameters are not all known at TravelWeb development time, for different services can

be advertised with different sets of quality parameters.

B oY —EREERG  —BDOREBENTA—FELTRIIENTED O RE/INTA—
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B (I TravelWebDFHAREFEICE NTE<H SN TLVEL,
As the sets of quality parameters to account for in composing services change, (a) different sets
of stakeholders’ nonfunctional expectations will be concerned by various service compositions
and (b) there may be quality parameters that do not have corresponding expectations in the
initial specification.
Y—EXDELLEBHT A LEEHATH-OD—EDRE/NFTA—FTHLHIDT.

(@) BhA-o—EDRT—VRLIDIFBEERFIEEFSEGY—EXDEHERICEL -

TBRIINDEES5,
(b) ZENLERVDERAZREZEL—BIIERTHIDENGVLILBRENTA—F &
BHEAH3,

Observation (a) entails that initial desired levels of expectations may not be achieved at all times,
making the initial specification idealistic.
(@DREF. BICTRVDERDEL LANILARYOEREIRNGLEHREDEREKRE TERS L
TLOEREEESIERIT,
Deidealizing requirements has been dealt through a probabilistic approach by Letier and van
Lamsweerde [11] where requirements are combined with probability of satisfaction estimates.
(BB T L =de+idealizing ?)
REMGEKR I Letier & van Lamsweerdel & 5 HEERWT7 TO—FDESMTkbht-,
ZTOERFIFH ROV FHEDHEEZHASHELDTHS,
In an adaptable system, the probability values are expected to change favorably over time (see,
e.g., our experiments on service composition algorithms for AOSS [7, 8]), so that updating the
initial requirements specification to reflect the changes seems appropriate if the specification is
to remain relevant after system deployment.
RRGVATLTIER, 3 LAKRERX VAT LRAZRLEERZROE LG, ENEHET LO4
TILERRT BT-ODRADEREFREFTEFRTED LS.
HETH (BAFE?) PEMEELICIERICELLT S LZHFINTLS,
(BH. il : AOSSIZH T 2ELADY—ERERTILT) XLIZH T HHEER)
Observation (b) relates to the difficulty in translating stakeholders’ goals into a specification: as
March observed in a noted paper [12], both individual and organizational goals (which translate
into requirements) tend to suffer from problems of relevance, priority, clarity, coherence, and
stability over time, all of which relate to the variability, inconsistency, and imprecision, among
other, of stakeholder preferences.
b)DREE. RT—URILIDEREAKRECEZADEVSHEICEELTWS,
March® & 3 GERBLGH/XICER 5N S, ELAOCHEBORADIT—IL(EKREL D).
FrElE &40, ZEMEOBEECHRAS (BEKRE?) P—BHOREMRSL, TE%ICEERT S
TRTDED (RT—IHRILEDOFHICEDNL DOHEIFELLRERES) [CHFESALERN
Hovo
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Service RE <

Instead of assuming that the initial set of expectations is complete, the specification can be
updated at runtime to reflect new system behaviors and to enable the stakeholders to modify
requirements as they learn about the system’s abilities and about their own expectations.
RYDPFATEETHSEMET AKDYIC.HLOWSATLDADFEFNWERRT S LT X
TRICHBREZEH TS ENTES,

Fle. RAT—URILED, BOBHOHBHE VAT LOREAICOVTERIZDONT, EBREBE
TEAEIITTHILET, RITHICHKREZEHITHENTES,

Having established that updates are needed, we turn to the question of what to update.
BHTOMENHLILEZHIL., EAEEHILSILOOMENZLEEZ S,

A requirements specification for an AOSS involves requirements that are of different variability
over time.

AOCSSD = DERMLHREFIF. HEEL L LT, RELGHAEMHDHLIERIZEEEZEZ S,

Our experience with AOSS [7, 8] indicates that a particular combination of service-oriented
architecture and service coordination algorithm enables adaptability, whereby the architecture
and the algorithm act as a cadre in which various requirements can be specified.
AOSSIZHEITHHADERIF. y—EREBRAT7—F TV FrDHFOEE LY —ERERTILT
JXLDERHMEZAREICT 52 EETET 5,

ZDEOIC. 7—XTIVF v ETLIT) ALK, SESFELREREBRETHIENTELHEEL
LTRASES.

Since adaptability does not require change in the architecture and algorithm, requirements

on these two remain reasonably stable.
EREEFT—FTIVFrvP7ILIT)XLOERELELELLZVDT, Thb 2 DOEKIE
BELG(RELE-EFETES,

This observation, along with the localization of service-specific RE to each individual service or
small service groups leads to a separation of AOSS RE effort as follows:

CORMBRI. Y—ERAREKRERIZOMEEZRET S &L LT, TAENELXOY—EX,
LHLLFNESHEY—ERDEFYIEIRDEL 5 HAOSSOERIFDHREEZ L= L1,

Service RE involves the engineering of requirements for an individual service, or a set of
strongly related services (e.g., those obtained by modularization of a complex service).
Y—ERBERIZEFFEL2OHY—ER, FEEEARLEZ—EDOY—EX (Hl . E#LGH—ER
DED21—EIZE>THELNDDID) [CHTEHIERIZEHS,

Depending on whether the service itself is adaptable, a classical RE methodology such as
Tropos or KAOS can be applied.

Y—ERBENPRRTHEIMNE IMNITH L BHHY, TropostPKAOSHED & 3 ITHB LR (RENL)E
RIFAERIGATHENTE D,

As the coordination mechanism selects individual services for fulfiling user requests,

requirements on an individual service do not change with changes in service requests (inputs
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Coordination
RE

Client RE

/ and/or outputs and constraints on these and quality parameters change with variation in

requests).

READZALFIA—YOEREFB-T-OOELXOY—ERXEEIRTHDT.
BL2DOY—ERADERFY—EREROE(BEROESDELELITELT D, ANBLUH
N, EHITENLDFEMERBNT A=) ELLIZEELEL,

Coordination RE takes services as self-contained functionality and focuses on the
requirements for the coordination of services.

Coordination REIFH—ERZWMEL LD EFTH LI BEMELERZ., Y—EXDORAED-HDE
RIZEREH TS,

In an AOSS, this typically involves the definition of the architecture to enable openness, service
interaction, service selection, and service composition for providing more elaborate, composite
services to fulfil user requests.

AOSSTIE, —BMICIEINE, 1 —FDEREHB-TLHITHL O EAZTREDERNGHD
Y—ERZRBT H-OIC, ARECH—EXREER. Y—EXER, Y—EX B ERHEIC
TREODT—FTIFYDEREZFS.

As noted above, these requirements vary less frequently than those elicited as a result of Client
RE.

ETHBREESIT. ENODEKRIE, T o(EClient REOFERD L S ICHEFRIN-DIZERS
. TNIFEFEETEGEVAELRT S,

Client RE assumes a coordination mechanism is defined and is guided by constraints to obey,
and quality parameters to optimize (e.g., QoS, execution time, service reputation).

Client REANEET HIABA DX LK, ZBILT 2-ODRE/NT A —F (] : QOSPOEITEM.
H—EXRDRE) E/-DBITNRELRZLHVHEHNICE >TEM, EEEIND,

This is the case after a service-oriented architecture is defined in combination with an algorithm

for service composition (see, e.g., [7, 8]).
NEFY—ERBRA7—FTIVF YN H—ERAGREDHOT7ILT) ALEBHAEOLETER
ENF-ROFEFTHS

The aim at Client RE is to facilitate the specification of service requests at runtime.
Client REQ BiR(F. ETRICH—ERERDEREZBRAICTHIETH D,
This involves, among other expressing constraints on desired outputs, quality criteria/parameters

for evaluating the output and the way in which it is produced.

CHIZF, WK ODHAEREDHPT, HALELNADIEZRDL-HIZ, BMET HHAYR
BREORENIA—2ZEL,

This can be performed by traditional RE methodologies.

INlE, ROERIFZFAZRBICK>TEITTHIENTES,

In addition, Client RE ought to enable the definition of mechanisms for updating the service
requests specification according to change in AOSS’s behavior at runtime.

A Z TClient REIE.

EITEFICAOSSD 5B FVDELRICH ST Y—ERBEREFELEH T 2HODAH=XLD
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EERZTAREICT EINETH D,
The set of constraints and quality parameters is likely to vary as new services appear and other

become unavailable.

—EDHWERBENTA—FE. FHLOWI—EXLNBEL thADNFATELLLBELIDTEILLT S
=55,

Quality parameter values will vary as well, as the system adapts to the availability of the various

services and change in stakeholders’ expectations.
MENT A= DERFRKRIC. CATLNERAGY—ERXDARAEERT—IHRILFORFOE
LEBEESEHDT, LT 555,

3 Using DRAM at Client RE Client RETDRAMZHAL\3

We arrived above at the conclusion that there are two tasks to perform at Client RE:

ERIE, ClientREZRLZEIFAH=8HICZ. 2 DDEENH B & WS FERIER)ICT-EVRELT =,
(a) specification of requirements that result in service requests, and (b) the definition of
mechanisms for keeping [these requirements current with behaviors of the AOSS] and [degrees
of quality it can achieve over the various quality parameters defined in the requirements].
(@Y —EREROHERE L TRELI EDEKRE

(b)AOSSD 5B FEWHEBLI-Y—ERBEREZRDCLLE ENERTERSNHLGREN
SA—BERB LBLIREDEEERDOILICE D ANZALDOESE

We focus now on Client RE, assume the use of an established RE methodology for
accomplishing (a), and introduce the Dynamic Requirements Adaptation Method (DRAM) to
perform (b).

ERIE, SClentREIZERZH T, QZHLETFEI-OICROON-BERIFFERDERE
BEL. D)ZEMET SH1=HIC. DRAMZHENT 5,

DRAM is thus not a standalone RE methodology—it does not indicate,

DRAMIF E TR K S [CEMDBERIZHERTELEL, TNIXE LRI,

e.g., how to elicit stakeholder expectations and convert these into precise requirements.

BIZIE, RT—VRLFIZFHENLELOOMEL, ChS(FHENDHID)ZERELERICE
My LA THS,

Instead, DRAM integrates concepts and techniques for defining mappings between fragments of
the requirements specification produced by an existing RE methodology and elements defining a
service request (SReq).

Z0HRHY ., DRAMIF, BETDIERIFAZRES—ERERZERTIEREAVT., &£&E
SN-EREFREOHABOMISM T ZERT A -DICHBTERMERN L -=1-ODFER.
Mapping requirements onto SReqs aims to ensure that the stakeholders’ expectations are
translated into constraints and quality parameters understood by the AOSS.

HP—ERBREDERFIGAT (FIE RT—IRILT DEARFAAOSSIC L > TEB I N LHFIR L &
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BNSA—S2DHPTHIRENSCLEEZHEICRIET DL ZEMNET H(RIET &S ICAIT
%)o

Mapping in the other direction—from SRegs onto requirements—allows the initial (also: static)
requirements specification to be updated to reflect runtime changes in the system due to
adaptability and openness.

thDAR THORGT IT—BREDY—ERBERI b— (T BEMHE ERARENRE T X T A
DERITFEOEICRRT H-OIZR(F=. BHR)DOBRREBREZEH IS LEHT

The specification obtained by applying DRAM on the initial, static requirements specification is
referred to as the dynamic requirements specification.

RYID. FEBHALEREHRZCEL T, DRAMISERT 3 LICk>THLNAKREE.
BHAGEREFRE LTINS,

XOER X

4 Related Work BS:EWZE

Engineering requirements and subsequently addressing completeness concerns for AOSS has
only recently started to receive attention in RE research.

ACSSIZ& > T, ERIFEZTORICELEICIMYBORELEN, REICHE>TR-E, BRI
FORRITEE ZEDIRDT=,

Berry and colleagues [1] argue in a note that, while much effort is being placed in enabling
adaptive behavior, few have dealt with how to ensure correctness of software before, during, and
after adaptation, that is, at the RE level.

Berry& ZDRMEDEH R LEBROF T, ZLORENIESITEIZAIEEIZT HE LTS,

DHEOBRRIF. BERTZORET, BNAROESTOVI IV ITDELESZEDK S ITREE
THOMHNT B,

They recognize that RE for such systems is not limited to the initial steps of the system
development process, but is likely to continue in some form over the entire lifecycle of the

system.
TOEZTDESIBIVRATLDIZODERIZE AT LOEE IOt ROMNHAEE TRE SN
BWEEHERT 50, SRTLDTA THA I ILERDL LN DIV T D& 57,

Zhang and Cheng [19] suggest a model-driven process for adaptive software; they represent
programs as state machines and define adaptive behaviors usually encountered in adaptable
systems as transitions between distinct state machines, each giving a different behavior to the
system.

Zhang& Chengld ZH A (B TEZ)Y 7 bz 7DHODETILRER TO X FIREL-,
WolE, KEEBELTTOTSLEZREL,

FNEFNERLE A DFEVEVATAIZEZATWAEL > IREMEBROERE LT . EHLY
ATLNKEBRERT DB TEDSADFENVEEET S,
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Being situated more closely to the design phase of development than to RE, Zhang and Cheng’s
process has been related [2] to the KAOS RE methodology by using A-LTL instead of temporal
logic employed usually in KAOS.

BERIZLYIFAROERABREOANERLGMEICHD ELTLNHH,

Zhang& Cheng®D 7Ot R (k. KAOSETEEAVLLONI-BHHRBEORDYIZ. ALTLEFES S
El2& Y. KAOSERAERICEAENA DS EVZ D,

In the extended KAOS, a requirement on adaptation behavior amounts to a goal refined into two
sequentially ordered goals, whereby the first in the sequence specifies the conditions holding in
the state of the system before adaptation while the second goal gives those to hold in the state
after adaptation.

KAOSEMER TIL, BISTHICETHEKRIE. HESNIEF SHohf-&HK L2203 —)L
EERT B, TNICE- T, =7 VADRATIE, BRED LR TLORETKREZRDZ L
ZHRT D, TNEREBFIC, 220D T—ILIFZENSICHEIGEDOKEZR DI LERT,
This paper differs in terms of concerns being addressed and the response thereto.

WX, MYMEAHLEREITNAZ. MEBRICALTELG S,
The suggested separation onto Service, Coordination, and Client RE for AOSS usefully delimits

the concerns and focus when dealing with AOSS.

AOSSIZxt L TService RE, Coordination RE, Client RE_EIZIRET B0 8M. AOSSEHK S B
BIDESIC, FAITHAREERDREREED S,
The notion of dynamic requirements specification, along with the associated concepts and

techniques is novel with regards to the cited research.
BHERILCBRDEZ (T, BEEMSLEERMEEBIC, ABRORARICEAL TEIFIRTH S,

5 Conclusions and Future Work  #&ifi& S % DERE

This paper presents one approach to addressing the difficulties in the RE of AOSS.
AARAXTIE, AOSSOERIFDOMBICHLT 51DV EDDT7 TO—F %IRRT b,
We argued that the RE of AOSS involves the specification of requirements that may vary at

runtime.

ERIE. AOSSOERIZEMN, EITHICEILT HAREMDHLIERLEHREICREEZEZH LD
CEEFERLT,
We consequently identified the most variable class of AOSS requirements and proposed DRAM,

a method for specifying these within dynamic requirements specifications.

TNHICHERIE, AOSSERTRILEILLOLT VISR E, BMEREHREDDRTEN L ZHAME
[SHRRB7=HDHEE LTIRESNI-DRAME Z3# A L 1=,

The method has the benefit that it can be combined to any RE methodology.

ZDAHE (DRAM?) (&, WK OWDERIZFEREZHEAEHLESZET, KRID,

Its principal limitation at this time is the lack of automated means for defining or facilitating the
definition of update rules.

BEETIE, Ch (DRAM?) OELHIBRE LT, BFIL—ILOEREERT S L. T3
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ETNEBRBITTHLITHLT, BBEFRORMAZE TN D,

Automation of the DRAM process by reusing results in defeasible logic programming is the focus
of current work.

EITAIHETH LY (defeasible=de+feasible?) RETOI S LE -5 THFHIZK >T. DRAM
TOROBHEIIRFOMEDNES LA S,
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