Definition 1.
Dynamic requirements specification Sis <R, R, Q, P, U, A>,
BHERMEHKES X, RR,Q P, U A DERZEHFD,
where:
R is the static requirements specification (Def.2);
RIF, BHERERETHD. (EE2)
R the set of service requirements (Def.3);
R&E. —EDH—ERER (E&3)
Q the set of quality parameters (Def.4);
Q. —EDMBENTA—5F (EE4)
P the preferences specification (Def.5);
Plx., BEEDMLEE (E&ES5)
U the set of update rules (Def.6); and
UL, —EDEHIL—IL (EE6)
A the argument repository (Def.7).
AlE, BMITHDOEMIER (EE7)

The aim with DRAM is to build the dynamic requirements specification.

DRAMM B, BIMERTHREZEY LITFEZETHSD,

Members of R are specifications of nonfunctional and functional requirements, taking the
form of,

RIZIE, ROELSGHEG>TENS, HEEEKREFEEERODLEHRETH D,

e.g., goals, softgoals, tasks, resources, agents, dependencies, scenarios, or other,

depending on the RE methodology being used.

Bl : I—=)L, VI rd—=I, 2RI, VY—R, Iz b, &KEER. PFVF. &
E. BRIZHERIZE-THLWLNADELD

Service requests submitted at runtime express these requirements in a format
understandable to service composers in the AOSS.

Y—ERERE. HEDZTNODERE, AOSSOHY—ERBEEICEETELIRAT, £
TRICRESNE,

Nonfunctional requirements from R are mapped onto elements of Q and P, whereas
functional requirements from R onto service request constraints grouped in R,

RS DIFMEEERIL. QLPOERTHIG DT b=,

ZhIZx L. ROVS DBEEERIT. RTHFE LY —EXERFIWTHIGH T oht,



[As equivalence between fragments of R and R, R, Q, P can seldom be claimed], a less
demanding binary relation is introduced:

R. R. Q. P OWREIORIEIE. Ho1=ICEBTHIENTELLDT,
DEDERT 2 2EBOBENIENMN D,

the justified correspondence é between two elements in S indicates [that there is a
justification for believing [that the two elements correspond in the given AOSS, at least until
a defeating argument is found [[[which breaks the justification]]].
ELESN=XETHI=,

SH2O2NEFXMIF ~ZEEKRT D, TET S, BRI B/
BIETAHAIELIZKDEHRETHD. | 2DDERMN. FENDAOSSTEHT 5/

DR ELERIBDLIETIEH. BRSNS, /

EHEZEWD (BEHTH) &z

In other words, the justified correspondence establishes a mapping between instances of

concepts and relationships in the language [in which] [members of R are written] and the
language [in which] [members of R, Q, P are written)].

ELMEZNE, EZEEIN-XEL RTEMEEELR Q PTEMEEDNH T,
BMEEBEROA VA VARBZERMISFITEHZ EEHISE D,

The preferences specification P contains information [needed to manage conflict] and
subsequent negotiation [over quality parameters [that cannot be satisfied simultaneously to
desired levels]].

BAEOEHREPIE. FTEDLANILZRFICHZTCENTELGRVRENTIA—2ZHCH
ELEWE, TORORSEZEET H-OICBLELRRBRIEEND,

Update rules serve to continually change the contents of R according to system changes at
runtime.

BEFIL—ILIE, BENICETEFICORTLOELICE L TCRONBEZEET 5DITHKID,
Finally, the argument repository A contains knowledge, arguments, and justifications used to
construct justified correspondences and at other places in S, as explained below.

&I MAEBIRNEAT THHAF., LUTIZEHRBATHL I,

SOMDIBRTE EHE SN E-XEFEEICAVLON-HMBEEREELIEEZED,

S is continually updated to reflect change in how the service requests are fulfilled.
SIFMMMITH—EREREBESE LA EDELERBT H-HICEHEIN D,

Updates are performed with update rules:

BHIE. BEHFIIL—LZAVTTON S,

an update rule will automatically (or with limited human involvement) change the R
according to the quality parameters, their values, and the constraints on inputs and outputs

characterizing the services composed at runtime to satisfy service requests.

EFIL—ILIE, BRMICEEEIADEET,



Y—EREREHET HOITETHICBR IN-Y—ERE/EBF T HARAICEITS
BBNTA—E TALDIL—)L, TOHBIZHVREEET 5,
An update rule can thus be understood as a mapping between fragments of R and those of

R Q,P.

BHFIIL—ILIE, ETHAREZEIIT (S2DKFIT) (R £QEP DEN L ERDETFAEDXTIE
Fir& LT, BETEHIENTES,

Consequently, an update rule is derived from a justified correspondence.

TNHIC, BFIIL—ILIE, EZEShEXENoEIMNSD,

It is according to the constraints on inputs/outputs and quality parameter values [observed at
runtime [that fragments of requirements will be added or removed to R]].

Fh (BEHIL—II) [, EATRICEI SN SEROMAIFIRZRY BFRMNEY., BinEhi-
V3555, AMAERBNTA—FDIL—ILOFFIIZHRES,

Update rules work both ways, i.e., change in R is mapped onto [service requests, and the

properties of services participating in compositions are mapped onto fragments of R].
BHIIL—IEEAZED=LT,

TaEHE, ROELE, ROMATHIETTONE, GRICELIY—ERRFEEY—ER
BERTHEDITENS,

Building fully automatic update rules is difficult for it depends on the precision of the syntax
and semantics of languages used at both ends,
REICEHEFIIL—ILEEY LTS LK MBIHTEDNIERSE LB EEDIEE
SIREGTDT, #LLY,

i.e., the specification language of the RE methodology [which produces R and the
specification language employed to specify input/output constraints on services and quality
parameters ].

Thihb, RENTA—REY—ERIZETHAHNOHKZRERT S-DICHLN T
TR EEE L. REFDIERIZHERDMERILEE

Due to a lack of agreement on precise conceptualizations of key RE concepts ( e.g., [17]),
DRAM makes no assumptions about the languages employed for writing R, R, and Q.
FELGERIZOMED. AECHBSEICETIHEDORMZERIZ,

DRAMIZ, R &R EQZEEL=OITELNI=EFEICDOVTHBRE LAELY,

Hence the assumption [that languages at both ends ] are ill-defined, and the subsequent
choice of establishing a “justified” correspondence (i.e., a defeasible relation) between

specification fragments.

ENEIZ, MImDFEDHRE L. ThITHE K EHFEOHAREO “EHfbEhiz” X&E (T
THhb, RITTAREGER) ZRET S LORRIE. BEICEEIN TG,

An unfortunate consequence is [that update rules in many cases cannot be established

automatically—a repository of update rules is built during testing and at runtime.
EDEWERE, ZLDBE. EFIL—ILEBBMICHELONEENTELGRWLETHS,
YaEHE, BEHFIIL—ILOEMISE, RITHROTA ZLTOWDREICELN SN G,



S integrates the necessary means for constructing update rules:

SIE. B#HIL—IERT 5-OITWELGFEEHRET S,

to build justified correspondences between elements of R and R, Q, P, arguments are built
and placed in the argument repository A.

R &R &£Q EP DERMBMODEBLSIN-XEZES-OIC, MIATHITELSL, ADMIL
EHOREGFHICAN OGNS,

Update rules are automatically extracted from justified correspondences.

BHIIL—ILIE, BEMICESfEEShi-XEMoHEHEIND,

As competing services will offer different sets of and values of [quality parameters at service
delivery, and as not all will be always available, trade-offs performed by the AOSS need to
be appropriately mapped to R.

BRET AV —ERFE, Y—ERREICETE2RENTA—FDEDENPEY FDENE
Rt 50T,

2T (DY—ER) NREBUICHEATITH=HICHELAOSSIZ& > TIRES N HEE %
WDETELELSITHEDIFTIERALY,

Moreover, stakeholders may need to negotiate the quality parameters and their values.
EHIT. ATV RILTE. TNODELERBENT A2 ERGTEH-OITREELT HH
L Lz,

P performs the latter two roles.

PlX. #ED 2 D2DIL—ILEETT D,

DRAM proceeds as follows in building the dynamic requirements specification (concepts
and techniques referred to below are explained in the remainder).

DRAMIZ., BIMERERZEDCEZEISMCTIELELELTED D,
(B2 ERMELUTORY D&Y TEHREASN D)

Building the dynamic requirements specification with DRAM
DRAMTEIMERLEHREZES
1. Starting from the static requirements specification R (Def.2), select a fragment
r € R of that specification [that has not been converted into a fragment in R (Def.3),
Q (Def.4), and/or P (Def.5) ].
FERMEHRER (EE2) MholrdHH L&
R.QBLUP OERENCEBMEINGIVMEHREDROER r FEIRT 5,
2. Determine the service requirement and/or quality parameter information [that can be

extracted from r as follows]:
Y—ERBERBLIUVY—ERRED. RO S5G r HOHMET HI ENTEHERER
Y %o

(a) If ris a functional requirement (i.e., it specifies a behavior to perform), focus is on



building a justified correspondence (see, Def.6 and Technique 1) between r and elements

of service requirements.

LU r MREERTHNE (ENERTTHHODSHFNELRT D) . ERIETH—
EXBEREERE rATERESIEXE (BER6LRM 1S8R 252 &LITH D,

Consider, e.g., the following requirement:
BIZIE, ROEREZEZDCELET D,
Each user of TravelWeb expects a list of available flights for a destination to be shown
within 5 seconds after submitting the departure and destination city and travel dates.
TravelWeb®D& 1—H(&, HFEHhE BRMOETERITAZIRBRLIz%. 5HLUAICRES
NEEIITTHEHITRITHDOTHDY X F=8IFT 5,
available(depC, depD, arrC, arrD, flight) A correctFormat(depC, depD, arrC, arrD)
= <{>_ shown(searchResults, flight)

available(Hi F¥#hC., HFE#D, BrIHC., BMIHD. RITHE) XFHLEZLWED?
A correctFormat(tE F#hC, HF#D, BrI#C, BRHD) Xl Li-ER?

Cssshown (BFREE. RiTH)
Starting from the above functional requirement:
BREER EM SIS &
I . Identify the various pieces of data [that are to be used
(in the example:depC, depD, arrC, arrD, flight)] and those [that are to be produced
(searchResults) Jaccording to the requirement.
Fbnd=-n FIZAIKX HFEMC, HFEMD, BrIHC, BRIMD. RITHEG L) T—
2 DHRRGERYP, BEXRIZKE- T, I=BF TEHODDT—RDORREER (K&
RER) ZHET .
XKEIT DI, ANCHELBRIDOEBAICKHLERBLDE[AN"E I ZTRDH D,
Il . Find services [that take the used data as input] and [give produced data at output]
(e.g., FlightSearch Serv, s.t. {depC, depD, arrC, arrD, flight} < | A searchResults€O).

ARELTEODNET—2ZHRIV—ERD, HALELTREEEN -T2 %25%
PHY—ERERET B,

f5il - { HFEHC, HFEMD, BrItC., BRIMD, RITHIS | A BEHER € O
LEBDEIURITERET —EADERET 5,

KANFEOLNET 2D, ANCEEFND) A BRERS. HAT—42%280)

EWSH—EXRDNFET S,

IT. Determine [whether] the service requirements available on inputs justifiably
corresponds to the conditions on input data in the requirement, and [perform the same
for output data (i.e., check if there is a justified correspondence between input/output
service requirements and conditions in the relevant requirements in R—i.e., use Def.6
and Technique 1)].

BERPOANT S DIREIZEHIC—HT S5, ANTHATESY—ERERDL



ESM Tl HAT—ETRLILZRTT S (T0bhbL, RICEHERDHHEKR
DREEABADY—ERBRBTEHLENE-XENHINEINEFT VY
¥5., —ILGbb, ER6LEM1ZED. ) hEIMZERET D,

Int &Y Int &4

BESTDHIANT—4 REDAANT—%
(DFYERFD)

If constraints do not correspond (justified correspondence does not apply), map the

conditions from the requirement in R into constraints on inputs and/or outputs, and

write them down as service requirements.

LL. S —H LG oo (EHEShEXENETEELLELY) |

ANBELUVHADFKICROBRN S DREERIE DT, Thd (OXIGTITF) %

H—ERERELTEEZRT.

If there is no single service [that satisfies the requirement

(i.e., step 2(a) I above fails)], refine the requirement (i.e., brake it down into and

replace with more detailed requirements)—to refine, apply techniques provided in the

RE methodology.

LL. TNDEREBTE—OHY—EX (T4 5, above failsFIE 2-(a)  DFET

Thot=b, BRERET S, (Thbhb, BERZNAEL. LYFEMRIESh-ERIC

BEHZ D)

—EBERIZFHFERCTRUSATOESIEMZHTIEO-Y, RELYTEH=0HIC
IV. Use step 2b to identify the quality parameters and preferences related to the obtained

service requirement.
BELEY—EXRERICEFRLTVWSBEELERENIA—FEZRET H-HIC,
ATv72 (b) S,
(b) If ris a nonfunctional requirement (i.e., describes how some behavior is to be performed,
e.g., by optimizing a criterion such as delay, security, safety, and so on), the following

approach is useful:
L. r DNERBERTHIGL (ThhE, WKIDDSELZEVDRETEINDOD
ICIEEDKSITKRITT L5000 BERHEOEXF2L) T4, KEJLGEDL S GEE
FRBIETHILICKHSTETEINDG) . ROT7TA—FZERHLS,
I . Find quality parameters (Def.4) [that describe the quality [at which] the inputs and

outputs mentioned in [a particular service requirement are being used and produced]].
BEOY—ERBRAMRH I, FHhTOEHICRBESNTVIANEHADRES
KRBT D, RENTA—4 (E&R4) ZFELHET,
In the example cited in the DRAM process, [the delay between the moment input data] is
available and [the moment it is displayed to [the user can be associated to a quality
parameter [which measures the said time period].

AR DDRAMAIDBFITIX, T—2 EANT HEDEBERMEET, HEHTHY.



ZTO—BRE. 1—YH, BEBARHEFENSATEMTRE/NT A —2 ZEEF T
TELH&LIITRRESIND,

Il . Following Def.4, identify the various descriptive elements for each quality parameter.

LTDERATIE. TRTNDORE/NFTA—FD=HIZSEITHFLATLRE

BERERET b,

Use R as a source for the name, target and threshold value, and relevant stakeholders.
BRPE—7 Yy FOLEMBVOEEEDH DA T—IHRILEFD-HDIEHRIRE LT,
RZERY %,
If, e.g., Tropos is employed to produce R, softgoals provide an indication for the
definition of quality parameters.

3 L. BIZIETroposhREESF=OICFERASIN-E L5,

VI hI—LE, RBENTA—FDEED-HDERERMET 5,

IT. For each quality parameter that has been defined, specify priority and preferences.
EBEINFZINTNORENTA—FD=HIC, BEELBEELZHEIZENDS,
Initial preferences data for trade-offs comes from test runs.
ZGD-ODRVDBAEDT— 2. HEEKICE>TH=bEN b,

3. Write down the obtained ¥ € R, g € Q, and/or p € P information, along with
arguments and justifications used in mapping r into ¥ and/or q.
Y B&UVaDOFT, r OFGHAHIFIZAVONDIEZET HER L IRHL [Zin
27T,
BiELEr RIZ&EEND) La (QITEFEND) B&Up (PICEEND) DOEHRE
RS IR
Each justified correspondence obtained by performing the step 2. above is written down

as an updateruleu € U.

ERDRATYT2EFRTITEHLICL>TERLETNENOESLESNXERK. B
FIL—ILu (UIZEEND) ELTEHESND,

4. Verify [that the new arguments added to A do not defeat justifications already in AJ;

revise the old justifications if needed.

AlZMZ N BDFLWGIHA, AT TICELMRERSZ EEHERT 5.
WEICIELCT, VESHMEZEET S,

Definition 2. & 2
The static requirements specification R is the high-level requirements specification obtained

during RE before the system is in operation.

BIGEREHRERIE, YATLAERESNDADERERITHPICERFEIN
BELGBEREFKETH D,

R is obtained by applying a RE methodology, such as, e.g., KAOS [4] or Tropos [3].

RIE. (I X [FKAOSHTroposD & S ) BRIFAEMEBE T HI LITL>TEREIN D,
The meaning of “high-level” in Def.2 varies accross RE methodologies:

EBER20D “BELG" LlF. ERIZAERICEY., BGEHEEVS I EEZEKRT S,



if a goal-oriented RE methodology is employed, R must contain the goals of the system
down to the operational level, so that detailed behavioral specification in terms of, e.g., state

machines, is not needed.

T—VEERERIZHEREFNAT H5HE. HIZIE, KEEMICE L T, FMGEEFEHE
PBELINLZLDT, RIE, PDRTFLDT—ILEZFELRIVICEDETEEFHRITNIEA
B7ELY,

If, e.g., KAOS is used, the engineer need not move further than the specification of goals
and concerned obijects, that is, can stop before operationalizing goals into constraints.

5l % IZKAOSEN AL B84

IO TFIF BEA TV FET-IILDORKRELYRLLICBEBTILEN LGS,
ThahE, TUDZTIIHERNFOIT—ILEIRERIREICT HAIFELET S EMNTES,

If Tropos is used, the engineer stops before architectural design, having performed late
requirements analysis and, ideally, formal specification of the functional goals.
TroposZAWLSIEE. TUPZ7IE, REDERDHTE.

BRI T —ILOBRX IR EERTL TOLRETBREDRIICELT 5,

Example 1. il 1
When a RE methodology with a specification language grounded temporal first-order logic is
used[[1]], the following requirement r € R for TravelWeb states [that all options [that a

service may be offering to the user] should be visible to the first time user]:
— G —REREBICE DV HERILEEEHAERIFAER/AFA SN L&,
H—ERANI—HFITRET ZREEEDH DT R TOF T 3 > &% S TravelWebDIKED
FODORDER r(E. FM1HOTOI—H (#FDE) OEHICHBTHTNIEGE S0,
1stOpt = (hasOptions(serviD) A firstTimeUser(servID, userlD) =
QisshowOptions(all, serviD, userlD))
1stOpt(fEr 2 T2 A T 3 (Y —E XID)A#ILE (Y —E XID,2—#ID)) =
O RRTSA T ay (8TOF T a2y, ¥—ERID,A—HID)

ERR
(11

Assuming, for simplicity, a linear discrete time structure, one evaluates the formula for a
given history (i.e., sequence of global system states) and at a certain time point.

The usual operators are used:
for a history H and time points i, j, (H, i) Fo @ iff (H, next(i)) =&; H,) F oo

iff 3j>i,(H,j) Fo:H i) F oo iff vi2iH,j Fo.

Mirror operators for the past can be added in a straightforward manner.



Operators for eventually < and always [0 can be decorated with duration constraints,

e.g., OSEB ¢ indicates that @ is to hold some time in the future but not after 5 seconds.

To avoid confusion, note that — stands for implication, while ¢ = ¢ is equivalent to
O ¢ —v ).

For further details, see, e.g., [16].
R

Definition 3. E#& 3
A service requirementr € R is a constraint on service inputs or outputs [that appears in at
least one service request] and [there is a unique r € R such that there is a justified

correspondence between it and r].

HHH—ERERr (RIZEEND) (X, DHECELH 1 DDY—ERERICEN DY —EX
DADFIFHEAIZHT 24580 H 5,
F-. BEDridr &EFN (AEET?) EOMICELRESINE-XENEFET 5.

Example 2. il 2
Any service [that visualizes to the TravelWeb user the options [that other services offer]
when booking] obeys the following service requirement:
FHT DS, thDOY—ERDIRBET 54 TS 3 % TravelWebD 1 —H(ZHREILT S
EEOY—ERE, ROY—ERERIZHES,
Y = (input :serviD ¢ userlD.visited A serviD.options # @ ;
output :thisService.show = servID.options)
riZ. (AA: Y—EXID, ZOHY—EXIDOF T3>
HA: COY—EXREZHR/ELELIEZZD, Y—EXIDOF T 3Y)

Definition 4. E& 4
A quality parameter @ € Q is a metric expressing constraints on how the system (is

expected to) performs.
MBINTA—R qld, EOKSICVRTLRETTHEOICHFIATLSNEN ST
BEEEZRBFELTLDHIHTH S,
g = <Name, Type, Target, Threshold, Current, Stakeholder>,
qlE&AE. B, 4—7v MBF). LEWME SFEGEHE?). ATV RLTEHFD,
where
Name is the unique name for the metric;
ZH1E. AEREZED-OOEERFATH S,
Type indicates the type of the metric;



BiE, AEEZEORZEKRT 5,

Target gives a unique or a set of desired values for the variable;

=Ty L, EHO-OO—EORFREFIHREDEREEZEZA D, —flIZ?
Threshold carries the worst acceptable values;

LEWMER, REROHFBREZR>TWLS,

Current contains the current value or average value over some period of system operation;
EFER. YDRATLEAOHRZEA -THECHEEDEZET,

and

Stakeholder carries names of the stakeholders [that agree on the various values given

for the variable].
AT—=UHRILFE, BEHOEOITEZON-SEIELEICOVT—HTEHIRAT—IHRIL
TDZEZEHF LTS,

Example 3. 3
The following quality parameters can be defined on the service from Example 2:
ROBEINTA—FIE, FI2h oY —EXTERINDIIENTE D,
g1 = <ShowDelay, Ratio, 500ms, 1s, 780ms, MaintenanceTeam>
qllE., |EAL L1-EERR (2R, E1E (E),500ms(B 121E), 1s(L = L \E), 780ms(FH1E),
AUTFFURF—L(RT—IHRILE)EHED,
g2 = <OptionsPerScreen, Ratio, {3,4,5}, 7, (all), UsabilityTeam>
a2, RO =2 BDOF T 3 (&), BlEE), {3,4,5) (BIFE), 7(L =L MB),
TARC(RIE),L—EU T4 F—LRT—IHRILA)ZEHED,
g3 = <OptionsSafety, Nominal, High, Med, Low, MaintenanceTeam>
q3l&. 7L 3 > DOR2M(4#T),Normal(E),High(B #Z1E), Med(L & L ), Low(RF1E),
AVTFFUORF—L(RT=IHRILE)EHD,
g4 = <BlockedOptions, Ratio, 0, (Z 1), 0, MaintenanceTeam>
gdld. TRy Y LA T 3 (&), El&E) 0 (BEE), 1LE(L FLVE), O(RHIE),
AVTFUORF—L(RT—=OFRILE)EFHD,

As quality parameters usually cannot be satisfied to the ideal extent simultaneously, the
preference specification contains information on priority and positive or negative interaction
relationships between quality parameters.

BE. RENTA—4(F, ABICERELOEHMETBTESEDENTEHLDOT,
BAEOLEHRER. BEIEICET IBEREENGER. FLIERENTA—2HEDELVE
BEERB®RICEYT 21EHREET,

Prioritization assists [when negotiating trade-offs], [while interactions indicate trade-off

directions between parameters].
BEIBLIMTIE. RENFETSHEEICHRIL-Y ., HEERANNSA—2BOAEEE



MIDEBRTDHESITRILEYT B,

Definiton 5. E#&5

The preferences specification is the tuple P = <>,P™ PT >,
BREOLHEZX. HPTH S,

“>"is a priority relation over quality parameters.

DU IE. RERTA—FEBABEERTHD.
The set P} contains partial priority orderings,
£&6P7 X —BEEOBEMTEST,
specified as (gi ~ qj , Stakeholder) € P~

[RT—VFRILFIZH LT, g DA KYUBEENTL £LT, BAiESh b,
where qi carries higher priority than qj ,
aql [F. q FYBWMBEEZR DI LEZEKRT 5,
and Stakeholder contains the names of the stakeholders agreeing on the given preference
relation.
RT—=URILEEEZONBREEOBRICOVT—HTIRT—IRILEDEREET,
Higher priority indicates [that a trade-off between the two quality parameters [will favor the
parameter with higher priority]].
BUMBEER, BIMBEEZL DN A—2ZXHITEHEHI2DODHKE/NTA—2ED
ZRR(FE?E-B?) ZEKT S,
The set Pz contains interactions.
£8P, HEERZET,
An interaction indicates [that a given variation of the value of a quality parameter results in a

variation of the value of another quality parameter].

MEERE, HORENFA—FDEIZODVWTELZL LT, RE/NSA—2DENE
AbN=EILZEKRT 5,

An interaction is denoted (q1 «—— g2 )@ ¢.

by =bs
HEERIX. (91 ¢« q2)ZEKT 5,

g1 «=— g2 indicates [that changing the value of the quality parameter q1 by] or [to b1

necessarily leads the value of the parameter g2 to change for or to b2].

by =b
g1 —— Q2. BENRSA—4% o1 DEAETEE. DEY. bIABKMIZ, b2z



EHBE=H12, FIEb2ICEILT =012, /18T A—2q20EZELL Z EITE>T, £t
THIELEEEKRLTWLS,
As the interaction may only apply when particular conditions hold, an optional non-empty

condition ¢ can be added to indicate when the interaction applies.

MEERE, FEDKREZREFT ARICETRAINSAEENAH LD T,
FEEOFEERE L. MEEREERT SBFICKRRTHEOIC. MAONEIENTES,
The condition is written in the same language as service requirements.

KEEE, Y—EXRERELTCRILEETRREND,

When the relationship [between the values of two quality parameters] can be described with

a function, we give [that functional relationship instead of b1 = b2].
2DODRE/NFA—FDIERDOBERE, HEICL>THEINSCENTELLE,
HalF, b1iasEp2ohYIc, BHEERESZ S,

Example4. #i4 | | | L&

Starting from the quality parameters in Ex.3, the following is a fragment of the preferences

specification:

BI3NDMBENFT A= BLIEDHE, RDLDIE., BEECHEZREOHATHS,
+1=+60ms

p1 = (OptionsPerScreen +«—— ShowDelay) @ (OptionsPerScreen > 4)

+1=+60ms

plid. RV V—VBDA T3y «—— BH[ELIEERRH

p1 indicates [that increasing the number of options per screen by 1 increases the delay to
show options to the user by 60ms, [this only if the number of options to show] is above 4].

pllE. ~ZBKY %,
DT T avnBFN 4 LY REVESIE,

Definition 6. &6
A justified correspondence exists between ¢ € Rand ¥ € R U Q U P,
EEEShXEFTOLYR LQLEPOXKBEED)DEIZHFET 5.

e, ¢ L Y iff there is a justification <P, ¢ L Y >.



Thbht, ELEOER<P, ¢ £ Y>HHIZ0ENADZOMEY ME+HEH)

o & YThHhbELS,

Recall from the above [that the justified correspondence] is a form of mapping [in which very

few assumptions] are made on the precision] and [formality of the languages being

mapped].

LEHRDEZIEESNEXENSRYIRSZ L(F. RENFEAELGWNI LIF. MG Toh
~EEOHMALEMIZERTLILIZBEITS. AGFITORAXTHD,

This entails the usual difficulties (as those encountered in ontology mapping, see, e.g., [9])

regarding conversion automation and the defeasibility of the constructed mappings, making
DRAM somewhat elaborate to apply in its current form.

INE. BEQHLE (Ao bAP—IvEVITERENESELSL G SEXHOSER)
ETEEHEBMLEBELTYEY T DOERTAREMEICBEHLTOHL &,

HEDOHKTHEIET 51=HICVADRAMZEAVICESZEDHLEEZHES,

Defeasibility does, however, carry the benefit of flexibility in building and revising mappings.

EHRRAREMEE, LALEAS, TvEVTEBELRY., oY T 52 & TREMD
FREXET 5

Definition 7. E#& 7

A justification < P, ¢ > is an argument [that remains undefeated after the justification
process]. [[2]]

EZETHEATHS Ple X, EHELTHTOELRDERICEATLHEVEETLLHDIR
# THb.

ERR
[[21]]

Some background [14]:

Let A a set of agents (e.g., stakeholders) and the first-order language L defined as usual.
Each agenta € A is associated to a set of first-order formulae K, which represent
knowledge taken at face value about the universe of discourse, and a4, which contains
defeasible rules to represent knowledge which can be revised.

LetK = U eaK: ,and A =U cp 8, .

“|~"is called the defeasible consequence and is defined as follows.

Define ® ={¢1,..., ¢n}suchthatforany ¢i €Pd, pi € K Uat

A formula ¢ is a defeasible consequence of ®(i.e., ® |~ ¢ ) if and only if there exists
a sequence B1, ... ,Bmsuch that ¢ =Bm, and, for each Bi 2 {B1, . .. ,Bm}, either Bi is an
axiom of L, or Biis in @, or Bi is a direct consequence of the preceding members of the
sequence using modus ponens or instantiation of a universally quantified sentence.

An argument < P, ¢ > is a set of consistent premises P supporting a conclusion c.



The language in which the premises and the conclusion are written is enriched with the
binary relation L» The relation L» between formulae @ and S is understood to
express that “reasons to believe in the antecedent « provide reasons to believe in the
consequent B”.
In short, o L» B reads “«a isreasonfor 37 (see, [14] for details).
Formally then, P is an argument for ¢, denoted <P, c>, iff:

(1)K U P |~ c(Kand P derive c);

2K U P J”LJ_ (K and P are consistent); and

(3) ﬂP’ CP,K U P 7|~ c (P is minimal for K).
R
Up to this point, the concepts needed in DRAM have been introduced.

ZORSA Y FRET, DRAMTRE L ENDLHRIE. BEASID,

The remainder of this section describes the techniques in DRAM [that use the given

concepts in the aim of constructing the dynamic requirements specification].
CDEILaVDRY DB, BHERIHRZEEEEIT S LV BEICEZONEHE
#MAL\5. DRAMDOE i ZRIET %,

Technique 1. BT 1

The justification process [14] consists of recursively defining and labeling a dialectical tree T
<P, ¢c> as follows:

EHd 5T 0 R(BEXM14)IE.

RDESGEINILAFIT L. BROICERSN-FIDEMGEKRT<P,c>h B/ 5,

1. [A single node containing the argument <P, c> with no defeaters] is by itself a dialectical
tree for <P, c>.
BEBZEDLGRWVHIER<Pc>ZEATVSE—D/ — FIE . <P,c>D=HDFEEH LR
DHDERTH S
This node is also the root of the tree.
D/ —FIE, ROIR (Y)—DIL—F) TLHD,

2. Suppose that <P1,c1>,...,<Pn,cn>eachdefeats[[3]] <P, c>.
FNEND<P,c>#EBIZTT S/ — K& LT, <P1c1>~<Pncn>ZRET 5,
Then the dialectical tree T < P, ¢ > for < P, ¢ > is built [by placing < P, ¢ > at the root of
the tree] and [by making this node the parent node of roots of dialectical trees rooted
respectively in<P1,c1>,...,<Pn,cn>].
<P,c>D 1= DFFETERTD / — F<P,c>IE.



RDIVT/ — F<Pc>Z T D &ITL > TEM N,
F1z. <P1,c1>~<Pncn>DZNZNITRIF V= FRIEN LB ARDBORED/ — FZ#14ES
EITEoTE, END,

3. When the tree has been constructed to a satisfactory extent by recursive application of
steps 1) and 2) above, label the leaves of the tree undefeated (U).
Y=, EBORTYT1E20BRHALBT T r—2avIt&i>THELLTLS
HERZHETHEE., RKDEDIAILIF, (U)ISELELY,
For any inner node, [label it undefeated [if and only if] every child of that node] is a
defeated (D) node.
RED/ —FRIZELST, ENICELEGVWSRILDBEFTDEHEF. / —FDTRTOD
FHRO)D/ —FIZELEVWI ETHD,
An inner node will be a defeated node [if and only if] it has at least one U node as a child.
RED/ —KRlE., FELTLHELCEDL1DODUD/ —REHE O ETRETHEH
ELT. BLBW —FELGDBESS,
Do step 4 below after the entire dialectical tree is labeled.
FAMBGARNIRILKRREINTER, TREORTYT4ETI,

4. <P, c>is ajustification (or, P justifies c) iff the node < P, ¢ > is labelled U.
<P,c>FEZHIEESNTLA(F=IE, PlEcZEHILT D),
/—F<Pc>lFUTIRILRREINTWVS/ —FTHLIZ EDNRBETHEHTH S,

Example 5. 5

Fig.1 contains the dialectical tree for the justified correspondence 1stOpt L r, where
1%, ESEIN-XEstOpt & r [2&>THIMAEKRESD,

ris from Ex.1 and r from Ex.2.

r (ZH2Hho, r i ZH1IHASDERTH S,

To simplify the presentation of the example, we have used both formal and natural language
in arguing.

BIDRERAZBHEICT 5701, HAFBERCTHATELBASEORAZRA S,
More importantly, notice [that the correspondence 1stOpt £ r]is unjustifed, as it is
defeated by an undefeated argument containing information on a quality parameter and a
fragment of the preferences specification.

FUBBELG I LIE. XEISIOptDBIMBFETHEZETH S,

ENnE. BEEOHBREOMFERE/NT A —FIZETHRHRESATVARIEHKIC K
2THRNDIENTES,

A justified correspondence such as,

ROEIGEDIEEHIESN-XETH D,

e.g., firstTimeUser(servID, userID) £ servID ¢ userlD.visited, becomes an update rule,

i.e., (firstTimeUser(servID, userID) £ servID ¢ userlD.visited) € U.



BIZIE,

MLEL—HF(H—ERID,A—HID) - - - - A% BHFI—LLED,
Thhs, @LEL—YH—EXID,A—HID): - - - - )

Having established [that justified correspondence], the service requirement is taken to

correspond to the given initial requirement until the justified correspondence is defeated.
EHESh=-XEZHEIT S LT,
P—ERBERDPEBLENXENRENLIETICEZAONERUDERIZ-HTEHI L%
BRTBHZILETHD,

[Elements of the argument repository] correspond to the argument structure shown in Fig.1.

WY EHORMBTOERIE. H1ICRONABIEHROBEC—HT 5,



