BIFRSEGET R4
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— BRIEZRGEIHEITAIIE ... 6
(-) A ABFIAEBLRRA oo 6
(=) FEFBRAE AR oo bbbttt 6
(=) 2 REAEAR R LM (Software ArChitecture) ..........c..coccoovviieciiieeinieee s, 6
(v9) AR B BEHIBEAR o 7
(%) 4k & #& # (Architecture) vs % it (Design) vs % #) (Structure) vs 3k # 4k & £ # (Software

Architecture) 7

(<) T R IE AN TR T o 9
(®) AR B 25 M) (Software ArCRItECtUIe) ..........ccoocoiiiiiiiiiiiiieieeiessee st 11
. JFERSRTE QUALILY AITDULES ...ovcvvieeeceeieeecee ettt sttt sttt se st s s s st s s ssa et s s snesas 14
(=) - TR 14
(=) T B P 7 BB bbb Rttt 15
(=) B TSRS 18
(v9) TR AVAHIADAIEY.........oovooooooeeoiocseec s 18
Lo B R T B 7 B oo 19
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B TTBEIREE oo 19
(%) EHAEM (Interoperability) .........coccocooooiiiiiiiieiececee e 20
Lo BRI T B e 21
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Lo R BBIE B 7R e 23
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B BB R Rt 23
(A\) BEAHE SCCUITLY ...v.ovvvecvveocvieesseee s 23
Lo R T ] 7 R s 24
2. B B R T B R 24
3o RAHEIREE oo 24
(K1) FTAIRPE TeSEADIIILY ........oovvivieiecececccecceee ettt 25
Lo F R JH 7 B oo 26
2. FPUIREE AR T oottt 26
B0 FTYHHRBEIREE oo 26
(+ By FUPE USADIIEY ......ooovvvoeciecc s 26
Lo B T 7 R e 27
2. B R E R R T B et 27
B0 BIHEIREE oo 27
(+-) R KX E K Architecturally Significant Requirements, ASR ..............cccocovniiniininniennnns 28
PRZREERIIEIIR ..o 29
(-) AR B9 # AR £ 454 Domain-Specific Software Architecture..................cc.ocvcvviveverevcininnnn, 30
(=) RAMAE K ArchiteCtural PAtRIS ...........oovvveiivieciieiiciee st 30
(=) ZEAE R, Layered PAEIN ..............cccooovvevviveiiieiceeice s 30
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2. ARFARKAIMEZE B .ottt 32
3. ARFFAR K BIIEBRE oottt 32
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2. EHEATIRBARRXAIBEIEE s 35



() B PRIRG BAE R, CHeNt-SerVer PAtEIT ........cvoveeeeeeeeeeee oottt ettt et enanes 35

Lo B PR BAE K B T oo 36
2. EBPRR-TRFBIROIBEIEI oot 36
3. 5 Broker Pattern /7 R AP H AT EATELI oo 37
(N) BT BEAR K Peer-t0-Peer PALLEIN ............oovvuiiiiieiiiciee s 37
Lo R A R A T R et en 38
2. EITEARKATBEIZE B ..ottt 38
() & )R $ 698 X Service-Oriented Pattern, SOA ..........ccocooiiiiinrinineinrieiee s 38
1. AEIRFAIAE K AT HE I T E et 39
2. EEARF AR K BIMEIR B oo 39
3. BRI R B B e 39
4, SOA FoFAEZRATETEE B ..o 40
-+ KA -iT FAE X, Publish-Subscribe PAttern ..........cccvvviiiiiiiiiiisicee s 40
Lo R T R R B T e 41
2. RA-TTRRE K ATBEIZE B ..ottt 41
(+-) 2 F R X Shared-Data PAtOIN...........c...co.ovviriirriieiieiies st 41
Lo TR K B T e 42
2. EFHABABRKAIMEIRE oot 42
(+=) MAP-RedUCE PALEITI ..........c.cooviiiicccccecceeceeee ettt s e s sesesns 42
1. Map-Reduce Pattern B HE 77 ..o s 43
2. Map-Reduce Pattern &9MEE B .........c.ccoooiiiiieiiicce s 43
(+=) % EAR K MUI-TIEr PALIT .....oooooieie ettt 43
Lo B A R B T E e 44
2. BEAEKBIMEIEB .ottt 44
(+wm) RAPIEIT G RIEEARIL B oot 44
JBRYEIRA T (Attribute-Driven Design, ADD ) .....ovoueceeeeeeeeeeeseeeseeesseseeessseses s 46
(—) ADD BIHEAFTHI B oo 47
To ADD B3N K 47
2. ADD BIH IS oo 47
(=) TR BARARBETE RIEE oo 47
(=) T2 BBESMAIRBETE oo 47
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(w9) B 3: BARITIETL T ASR oot e et e et e e et et e e e et aees 47

(%) T A: BBFE ASRITIETER oo 47
Lo FIRAT: BB EFFEIE oo 48
2. FHA2: FIHFREEBRBR/IED o 48
3. FHA3: RFFPRBEX/ETE oo 48
4. FTHA4: BRBEX/EBE ASR ZIHEIRA R oo 48
5. FIRAS: FCEAMTEIEMALE oo 48
6. FIA6: BAEHMEIT BRI ..o 48
() FIS: EHIEM TR I DBEIRT oo 48
(€) FIG6: HFEBIAT R IR D e 49
(N) TET: BiffeTEFR, HFEABRHEPIRARAR e 49
() FHS: FHMT, HBFHRITHEY ASR oo 49
-+ RAFI BT PPT ..o 49
ZEREY SERTAE ..o 49
(- A A B a T R A B A oo ee 50
(=) TLRERAF IR AIBEER .o 50
(=) B RA TAETLTRATPIID oot 50
(m) AR IR TR BB I EF s 50
(=) BRAYTAEMLEG TR .ottt 51
() AR B EEATUABEG FIZE oo 51
() ALB AL Z TP ETERD oot 51
To AL VEBW..ooiooiiiecicei st 51
2. AEZHEI3H%S Beyond (Information Beyond VIEWS) ........occcoooviviieiieiieineieeceeeee e 57
BRIBIAS ZRZBEIVTAL ..o 58
(=) AT ABATHAER R RA TRAE o 58
(=) AR R R A IR E B B e 58
(=) BRAFAR R IR IRAE BT .o 58
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(&) ATAM(Architecture Trade-off Analysis Method): RAMABBT G H S oo 60
Lo BB O BEAEFIZEIRIIR oo 60



2o BB Tr T 60
e B 2t B2 62
Ao BB 3: JEBE (FOHOW UPD oooooooeoeeeioiceeces s 63
5. ATAM ZFEEHTHIH oo 64
6. BB B A I A oo 64
FHIRGSZIURE ..o 65
(- BEAE IR NI oAbttt 65
Lo BAR (MOnoLithic) ZBAH ..o 65
2o A B R 65
300 EEEEM (SOA M) o 65
Qe BRI B ZBATRUAE oot 66
(=) HIRS (Microservice) ZEHIRAE ........ooviviiiiiiiicie e 67
1. HLRBRE: RAFREM, SOA B —FT B oo 67
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—.  BIERGAUEE
(=) AMHARFHMRERM
R R
FIPHEREBRGHA MR EREN,
WX MEREMAEZER., AEMARTARERABREE,
(=) A TA
B 5 B e XA
L AT B2 EWe, EfrEEEN,
2. MPFRIEdI R Z A T WG R R LE CRAFH RN ZEATE %)
MEHIRNXA:
1 BEFayat n st R XM F e B R =
2. TEMB R EALKCIEFHER CREE AL = E£89)

Human endeavours/
interaction with the world

Path of science Path of engineering
y BN
Study of things as they are Making of ‘new’ things
(astronomy, biology, chemistry, etc.) (pyramids, ships, cars, telephones, etc.)

Observation )
Construction
Measurement :
. . Evaluation
Experimentation
Better tools
Better understanding of materials,
measurement, etc.

(Z) 22341k F4H# (Software Architecture)
EFX1: BFEITERAGHNRELAAEHZ RGN —ANRENEN, P AERHF
SfF, R Ry AR LB M DL R 12 8] x & (SED,
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RX2: ROGWMERAZGIELAG, A2 HWEELXR. FFEURLTELR

1+ Fo yE #E 04 JE U] (IEEE 1471-2000)

(@) kAR g
Module, #ik: &K A EZIEFRBHEH 2.
Component, 4 fF: 2 EZLIH KRN
Connector, HEEMF: 5 4A a4
Element, jG%: & Component 2 Connector.
(&) 4k Z &M (Architecture) vs %7 (Design) vs £5H#J(Structure) vs 3k AHAK R &4
(Software Architecture)
1 RSN 5 R
a) RARGMEX TN, FrA B EREMEETER, B4R AR
HMERRGEN, KRASHERHE TR - R,

b) AN E: hRAHEE B BRI, R HASNES . RETFWTE R
TH.

2. MALMEEM:
a) MAZHEBGHEMERN HEHE—FRISH . ZHEN. EXT AR MMR;
KT AEEM, L0 @A I RANMERNRREN, LLRX LG H
T AT RMECERE)
b) RREMK R MEAE. BRI T RABRRKE - H2NERE
c) WAEMEXT Atrrn (AfTUTH2). A RRARB (A E w0 A
#g) . HERT (SERAN\E TR, HtaHAmEE R
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d) wTZBEZNEMB R, FEEN KR EMNEE (P ZEE = AR5 K
AR A, WA BN A AL Z 5K A H)

e) RAZEMHERSE, AEFE:
i BEELNELE, LWWwRKER. RMIL. RFER%
i, =R, AN ERRRBRFENIAE, inF ok, FRIATE S %,
f) tk &£ M7 NFA (Non-functional requirements)
i EEMFERENT RGAEMAM 4, NFA X T AGETH LA
ii. NFA (X4 R%MF K, Architecture requirements) 1% > 7 34 §b 1 & K & 4
R, SFMEkRENTE, aF
1. BAZR
2. BLAER
3. MEREM®

3. MARGHMERHERRLEMN
a) WAEMWERTRRTE 2 HUOFFAFPERTR, REREE. HREREY
MAGIZER, BEMZLRERIETRFAE. 5 EATANRITLE, £
AR E
b) AR AEHE R ER B ELE: FRAR., TEFMRITH,



() BMHRMFEBAA?

(£) %#HZEEHGORE
NFRs. ASRs. MEF K. Fi. . BAREES

(\) JmfT40 3 — ANkt
1. ®iH¥Es) B AR
R —NE R ARG BB R G R E AL - B AT IR T,
2. T
a) 4#%
. REBEIUSME, HArHREIBEHNTE,
ii. 2T dE ASR #EAT T ASR [UR R & % KAV S8 5, 17748 71 LU 2 3F ASR
FRARBRAEMA, RFCHEHFLEFR. FEEFAHLFTRE LB EH
BT A AT B TR K

iii.  —RITEFTA# ASR LR —4> ASR? 2B F ., AL BT, Ki1e
HEAWRA F &, HEAER/ KR ET S A ASR.

b) #&

c) ATIEZ

d) 4 &5
i BRERBEENBIR, YRIRRMERET KRBT BRRFEEER, T
FHeyERITREIRE .
i. RWHWBEERET: AAA%. £, EX5F%, RitFEE (REES
iii. T AMBIRWAER: YWWEBRE. RAZANERBEAARERBEZ A2
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BB, %6378 B Tactics,

iv. AHLMR? REQGAEA, RERLEFE (RAaok. MEEE., KiEEL
. RMTRBRA., FEREEE, HEHE., BHAREE)

v. MramHEE A ? BRI R ASR MRkt s R A T S AT R R, X
i R B B R R B

e) BREHL

f) EATE

3. KALEMAHE
a) AMLEREREMINE? KRAEMAEZERN T M A Iy ] =,
R BB D, FREEDE.
b) t2REAREMAE? —ARAGFTEMENZAN XA RN (TEFFNEL
TER, MaRRARNTR), TRNNEFARNEFFARE, XEARW®
AR TEMKR, ELRAEELZET AR RERE.

4. K.Kruchen H 4+1 .1
a) ZHANE: HRTARALHFTWERRAEN AR EEZH TEAM(IZ B X
P
b) HEME: HETHRREMFHIFRARREMTEZ A HIR
c) MENE: #AT TEIRAEAZ w42 E M4 Lel,
d) ZXBAE: #RTRGEAENANTALR, hinEARETE T LT,
e) EMFF (Use Case): #i1d T RRLEMHIFR, EEXKRET —MHANE,
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EREBRMET R,

(Fu) %Ak Z 4 # (Software Architecture)

1L hamg? BEMMmRAGEN, @e T Htak, LLBEMFINHT AR EM AT
Z AR CRAHRAT A,

2. EFl: RIERZMNBELES. BERAPWER. ABFREERREN, HEKRE
HCEW A FFRBZED, SAMBOFER RSN (ERTERTAEEEARNTE),
SR R LA . R AR R S M H — B

3. At
a) RAIEWALIFREIRNFE AR & (FHBOTAR), KET &

ERWZITAR, BRRIFEANE R,
b) ZEH 2 % Rk d 7% T (Product line Engineering) By % 4%, 54k JF % &4
R, UBRPHIEE., RAFRR X —RFIENRZHATEHT L.
c) UATIERGZ L TIER, HRBE R EAERENEITTH,
d) BAERMAEFRBRAKEHRT SFER

4 A LRGERHEEEN?
a) RUEMRFETHIBNTR: EFMUAZMRAFN LA RNEERER (5HF
WkFK. RIEE P R LB R ARG R, LIRF B E =)
b) KURWERIAT REHNARES
i AREIAMTRE (RAFEMF RN, KRR ERAREHERE LI
i, I AT RGP THENAREN: AT, MEAITR 2, HaTE
FAER, XRRIER, CM EmE R S ryat . R X A 2
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c)
d)
e)
f)

9)
h)

)

IE 2 Y A
RERMRARERRERENEH: REE., oK. ZAEKESF
RERMBHMAE: EaTHRIFSEMER, TR LEARIENE.
RYERMTIRARBEZER TS
RUERMEERLS N =M RA: A (EANEEBEO. AR NAEBR,
B (BRAJEALEN, BEFBIREM)
RYERME—MHTIBRTERNER: — L o4
RERMEFRERAENERS: B EAAF —ARERY
W DB R R A S R oL T R A R TT R R %5 (CBSE, £ T A # R f T8)

5 RGERMRE

a)
b)

i 11 StackHolder 7% B 2| ASRs (A X% F KD

i# 11 44T 45 2| Prioritized Quality Attribute Scenarios( & 11 50 2% i & & Ve ff  T7 8)
F1 Requirements, Constraints( 75 5K 1 27 3X)

K LR# 5, EeEAMKE, a7 US| RGIXIT

RERMRITFE HER LW ERENENTERE, Z G537 RXEN

WL EANE, B AT — P it X — 345 F E StackHolder 15 5 |

.5 Z Prioritized Quality Attribute Scenarios 1 X R4 & 1F f 5 %
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"Sketches” of candidate views Chosen. combined

Pattermns & i -
Specifying ASRs ''atlems and tachcs Determined by patterns views plus doc’n
| ] beyond views
C__J
Architecture
design L
—
Priomtized
Quality Attribute Architecture
Scenanos \\‘ Evaluation
=
—F

Requirements
constramts

Stakeholders

6. MWHIERHE:
3.4. BiFRiHEE A General 3.5. IHigitHidEE Software

Design Model Design Process
e
Requirements (
specification \ @
2 ‘Requirements
< ‘m
Aoy nscs
Functional and build ‘black
""“":‘, - xmwmu
Constraints ' \
(resources, Design Designer's = Functione! ‘
organizational, process decisions Pose — )
experience, s Listof mismatches -
reuse of existing . et e
software, efc.) N b~ .
Wit box model

5 " Design plan
/impiementation -
Program e =
description —

13



3.8. PRI ED R

Architecture Lifecycle

significant requirements.
Architoctural
Synthesis
v
Z 'S
MMMMMMM o Architectral o Archtectural » Architectural
Analysis N ©  Evalu: aion § Implementation nance
T v >4 4
mmmmmmm tectural
et archutectural solutions again: detailed design sad lodify andior evolve
i architecture for corrections
order to come up with a sef of sty
nnnnnnnn T designers and developers. o
requirements

7. AL A
1.3.1. BBEIFNZRZFL2HI Mobile Phone 1.3.2. i%Z4<HN2=43 Washing Machine

System Architecture Architecture
e y 5 incoming Con | (& romes N 4 ...........
he ) ‘ — f Handoft ‘ "-
Yy . 4 ’
([ Amenncason | {_+andon Execution |
. = — )
a hJ ’ Failure Acts )
o (&= }=—  : =
Yy Y ry o~ A et vatve  acaeeges
g -~ | o e e s e T el

g Home and I
Visitor Database

8. At AEARM AR
RERAREHRBT RN EG ZNBENA, EXEAFWEMT T2 L.

BT BMBF TR AREFE, BR T RITHEREMEIH, TR EFEKR
A TR TR Z B B BB At
.. JimEPE Quality Attributes

(=) X

1 AR X
a) EXRGRAABAM 4, HEBRBRFWMREENELEY K.
b) ZhREMER R TR A ZNAT A

C) MEERAG T RETNM T, RABE LE5EH T K,
2. REFR (BRAWE: FHEFR. KRAEMFR)
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a) RANESGEFRKZ LRENEN R R G T F KKK,

b) MERBMELENMHRAWN S EHARrR<H,

) WRMEFKREE, UHRAREMN K HLBAREMEMN L,

d) 74wk
i TR BFTAR G E): RAFER AT HERNEE M2 Flintgl, €

2. T HMRE,
i, PATHEAARTRE (RF): RANEF . ERBNRE 2552 flin B &
M. PR, P E R MEA R

e) NI LRURAEMBINANRBAFEFANRAEZK:

i. TTRZAE, RETHBEAMANGE SR AR T, WHITT XA N B
FEMAEREFA: BAPELEEINSGE, AGEZREZNFH LT K,
i, HHERAEHRET MR ERENEN, flanltee, ZoEMT HESE,

3. RERHY

a) BERERK
i RERERRE SR S T ERREM PR A EHATIFEEZLERN,

i. FEAREBRETEATEXFFHNREF K.

b) REE K4 % L. Adaptability . Extensibility . Availability . Modularity .
Configurability . Portability. Flexibility. Reusability. Interoperability . Testability .
Performance . Auditability . Reliability . Maintainability . Responsiveness .
Manageability . Recoverability , Sustainability . Scalability . Supportability . Stability .

Usability. Security

(=) REAMITXR
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1L ftARFEREF R
FERUEAZRTREXFFNRERE, RAA —REMWEENT. TENEZE
KA R T RE AT R,
2. BRAKF R
a) what? BRI A ERERARLANGT R, ATHETRERBEERAN,
b) BT —MER, ATARAZRAN I TRAZW. REBERZH T .,
) EREHWEMBERATHELS T ERMNARXENREER, ATE-RER
MR RRA M, BANLAEMNRFET RS, M RERRARE,

3. B F R

ARTRRAGHATR, ATHISFEAARNREREE RO, TEH T E
HY £

4, HEHNK: %k5 Stimulus-Response &
XWY
& >
Stimulus Response

Source Environment Response
of Stimulus Measure
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a) MI# (Stimulus): F|ik R4EHFEH R L.

b) ##JE (Sourceof Stimulus): = &AM LA (N, RAHEMEMA L), 7
A, BAE, MYUMHFRSH—MEA,

c) v A (Response): i 4k ix 2| 5k J5 JF R HIAT A

d) "9k Z € (Response Measure): #f F i iy v B2 i LUK A 77 ik AT M &, LULE P LA
MRF K (L KEE R SRR

e) 3% (Environment): & £ RBE KGRI, FlawRGEEFIET, R,
AEZERE. RANEHARIESE,

f) T (Artifact): TEFRKHENRGHE RGN — 5 (FHEH &),

5. % (Tactics, &I ZA| M &ANHTE)

a) HEE RN E B AR ER BRI AR, TR

b) KARZEMHEE: Rk a.

C) BRMF: Kk 47 i H K, WK X o ABE TR E TR

d) X (Style) stER (Pattern) 1 F| 5 5 5K 12 4 7747 09 4% .

e) #s 54 %X (Architecture Pattern)
i REHEXEEE, AL WSR2 — TR
i, e ECIEEM BRI E R KR,
i, HERXAEE L MO RERA L —ANEF,
iv. EAARBIEEMMERT HERITTEETA,
V. AZEEXGCLEFTENRS, XURETRFERNENIELEH

EERLZATEANTERK
6. RERITHREK
Q) AN RiTRENESL,
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b) RAG kit @ — AR RE, H P — LR K LU KRR 2 B, Hfhok
FT LR R G ey 2
c) tfrRkitrE (TR H)
i BRLE: FANRTATHS.
i WREA. Sz EBAEERE,
i, HEER: BEEX. FREIR (BFEF).
iv. REREE:. CPU. W%, AWF. WEFXIE,
V. RMTEBRE: RATTE oA B B AR Ry B 2L
Vi, SEEEGRE: WERE A (XAEEETEAGLERT UM, B2 ET
AL, hinkEREAEFEA—AESWHL, BHENEHEEARARZS
Atm, YR E] . AUHE AT E] . EATECSEE, (EEATRBEMER A (R
iR 4 € B[]
vii.  EARBE: ZWWHHEEHEE, RITTULRENERAKRLE AR,
(Z) 4%
NREZEAFEHENRITAE, ECAMENT A MR, 2R
TR F IR G HE ML D m AR R R AT, o AR AR,
P i 2 B 1Y 4+1 ALE (Checklist) %% PPT.
(W) THAM Availability
RN ARFHABER, URNFNITRANEAREE.
Outage. Failure. Fault #2 Error:
1. Outage: RZ A ARIEIL, H4m Scheduled Downtime.
2. Fault: Failure 7% [#

3. Error: Fault X £ 5 Failure Z |8 B9 F 7] WK A5
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4. Failure: RIGRSHHARERE, RALTERNZAZHALHMRS .
FUEF: KIHEWE . HIEREREE ., BB AR
1 TRMEBEBRATR

Portion of  Possible Values
Scenario

Source Internal/external: people, hardware, software, physical infrastructure,
physical environment

Stimulus Fault: omission, crash, incorrect timing, incorrect response
Artifact Processors, communication channels, persistent storage, processes

Environment Normal operation, startup, shutdown, repair mode, degraded operation,
overloaded operation
Response  Prevent the fault from becoming a failure
Detect the fault:
* Log the fault
* Notify appropriate entities (people or systems)
Recover from the fault:
* Disable source of events causing the fault
* Be temporarily unavailable while repair is being effected
* Fix or mask the fault/failure or contain the damage it causes
* Operate in a degraded mode while repair is being effected
Response  Time or time interval when the system must be available
Measure Availability percentage (e.g., 99.999%)
Time to detect the fault
Time to repair the fault
Time or time interval in which system can be in degraded mode
Proportion (e.g., 99%) or rate (e.g., up to 100 per second) of a certain
class of faults that the system prevents, or handles without failing

2. RMRGTR

e
WM
Artifact:
—ee | B —_—
Stimulus: e Response:
Server Inform
Unresponsive Environment: Operator
Source: o Crtlkiis Response
Heartbeat ' % Operate Measure:
Operation No Downtime

Monitor

3. W R
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Availability Tactics
Detect Faults Recover from Faults Brevert Fauks
Preparation Reintroduction
and Repair l
\ v
Ping / Echo Active Shadow Removal from
Redundancy Service
Monitor State
Passive Resynchronization Transactions Fault
Heartbeat Redundancy Masked
imest Escalating Predictive or
TRonttne Spare Restart Model Repair
Fault Sanity Eesion Made
E—— : Exception "
Checking Handli Non-Stop :
P— — Forwarding Prevention
Mo:?t:t;:n Rollback Increase
= Softw: Competence Set
vot-r‘g are
Upgrade
Exception R
Detection o
Ignore Faulty
Self-Test Behavior
Degradation
Reconfiguration

() Z#AME (Interoperability)
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EREEEEANZZ MAR AT UAEREN E T X PRLEIRRRER LW
FRWEE, GFEETHRENE GURKENR ) BT REE (RE9% EHBEEK
B)o REEFERTE, H2UREHFLZELT (LT,

HHE: 2N (ZIARSMLE. ahfEo), LEwmN,

1 IRERBRATE

Portion of Scenario Possible Values

Source A system initiates a request to interoperate with another
system.

Stimulus A request to exchange information among system(s).

Artifact The systems that wish to interoperate.

Environment System(s) wishing to interoperate are discovered at runtime or
known prior to runtime.

Response One or more of the following:

* The request is (appropriately) rejected and appropriate
entities (people or systems) are notified.
* The request is (appropriately) accepted and information is
exchanged successfully.
* The request is logged by one or more of the involved
systems.
Response Measure  One or more of the following:

* Percentage of information exchanges correctly processed
* Percentage of information exchanges correctly rejected

=
Artifact: WA
i | Traffic Monitoring >
Stimulus: System Response:
Current Traffic Monitor

Location Combines Current

2. ARMEMAUTR

Source  Sent Environment: Location with Other Response
of Stimulus: Systems known Information, Measure:
Our Vehicle prior to run-time Overlays on Google Our Information
Information Maps, and Included Correctly
System Broadcasts 99.9% of the Time

3. EBRMEHK%

Interoperability Tactics

Locate Manage Interfaces
Information Request
. R
Exchange " Correctly
Request Dlscqver Orchestrate Handled

Service

Tailor Interface

(7<) TH##& P Modifiability
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TBERESRIANEFERURBTERFTFLLNH AR, BEIMTEERY
U Lt T RE B 2 B AR .
FHER: TEREML? RETGME? MHEHTLE? TERAK?
1 ABBREERTR

Portion of Scenario Possible Values

Source End user, developer, system administrator

Stimulus A directive to add/delete/modify functionality, or change a
quality attribute, capacity, or technology

Artifacts Code, data, interfaces, components, resources, configurations,

Environment Runtime, compile time, build time, initiation time, design time

Response One or more of the following:

* Make modification

= Test modification

* Deploy modification
Response Measure Cost in terms of the following:
Number, size, complexity of affected artifacts
Effort
Calendar time
Money (direct outlay or opportunity cost)
Extent to which this modification affects other functions or
quality attributes
* New defects introduced

2. JHHRERKTR

Stimulus: Response:
Wics:hes Change Made
to Change i
o . the Ul 9 S and Unit Tested " semmensti
urce: Design M :
Developer . easure:
Time In Three
Hours
3. BBk MR
Modifiability Tactics
Reduce Size Increase Reduce Defer
of aModule Cohesion Coupling Binding
Change Change Made
Amves " ' jncidhse  Encapsulate “within Time
Split Module  ggrmantic — and Budget
Coherence | ermediary
Restrict
Dependencies
Refactor
Abstract Common
Services
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22



MRESREA X, MARHRIHTFERNESTR (BAHERES D ER).
TR F: NERE (EEMA) fEERE (TEMERE),
1. MRRBEALTR

Portion of Scenario Possible Values

Source Internal or external to the system

Stimulus Arrival of a periodic, sporadic, or stochastic event

Artifact System or one or more components in the system
Environment Operational mode: normal, emergency, peak load, overload
Response Process events, change level of service

Response Measure Latency, deadline, throughput, jitter, miss rate

2. MEREGTR

0>

>

Stimulus: Response:
Initiate Transactions
Transactions — Are Processed
2 : Response
gource' Normal Meal;?"g'
sers A .
Operation Average
Latency
of Two
Seconds
3. MrEEw®
Performance Tactics
Control Resource Demand Manage Resources
Event Manage Sampling Rate Increase Resources Response
Arrives Limit Event Response Introduce Concurrency Generated within
Prioritize Events Maintain Multiple Time Constraints
Radios Oxitiead Copies of Computations
Maintain Multiple
Bound Execution Times Copies of Data
Increase Resource Bound Queue Sizes
Efficiency
Schedule Resources

(N\) %4 Security
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Portion of
Scenario Possible Values
Source Human or another system which may have been previously

identified (either correctly or incorrectly) or may be currently
unknown. A human attacker may be from outside the organization or
from inside the organization.

Stimulus Unauthorized attempt is made to display data, change or delete
data, access system services, change the system'’s behavior, or
reduce availability.

Artifact System services, data within the system, a component or resources
of the system, data produced or consumed by the system

Environment  The system is either online or offline; either connected to or
disconnected from a network; either behind a firewall or open to a
network; fully operational, partially operational, or not operational.

Response Transactions are carried out in a fashion such that
* Data or services are protected from unauthorized access.
= Data or services are not being manipulated without authorization.
= Parties to a transaction are identified with assurance.

* The parties to the transaction cannot repudiate their
involvements.

* The data, resources, and system services will be available for
legitimate use.

The system tracks activities within it by

* Recording access or modification

* Recording attempts to access data, resources, or services

* Notifying appropriate entities (people or systems) when an
apparent attack is occurring

Response One or more of the following:

Measure * How much of a system is compromised when a particular
component or data value is compromised

How much time passed before an attack was detected
How many attacks were resisted

How long does it take to recover from a successful attack
How much data is vulnerable to a particular attack

2. REWRBEBHTE

Artifact:
Data within

the System

Stimulus: Response:
Attempts to System
Modify Pay Maintains
Source: hate Environment: Audit Trail Response
Dk mm';d Normal Measure:
Enigloyee from Operations Correct Data Is
Remote Location Restored within a
Day and Source
of Tampering
Identified

3. ReMWEW
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Security Tactics

Detect Attacks ~ Resist Attacks  React to Recover
¢ Attacks from Attacks
l Identify 5 ‘
:)etect Actors levo:se Maintain  Restore
ntrustion Authenticate Audit Trail
_AMack | Detect Service  Actors Lock l izsszz %‘::cc::;
s Authorize bl See or Recc;vers '
Verify Message
Y Actors
Detect Message Limit Access
| Delay Limit Exposure
Encrypt Data
Separate
Entities
Change Default
Settings
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Portion of Scenario Possible Values

Source Unit testers, integration testers, system testers, acceptance
testers, end users, either running tests manually or using
automated testing tools

Stimulus A set of tests is executed due to the completion of a coding

increment such as a class layer or service, the completed
integration of a subsystem, the complete implementation of the
whole system, or the delivery of the system to the customer.

Environment Design time, development time, compile time, integration time,
deployment time, run time

Artifacts The portion of the system being tested

Response One or more of the following: execute test suite and capture

results, capture activity that resulted in the fault, control and
monitor the state of the system

Response Measure  One or more of the following: effort to find a fault or class of
faults, effort to achieve a given percentage of state space
coverage, probability of fault being revealed by the next
test, time to perform tests, effort to detect faults, length of
longest dependency chain in test, length of time to prepare
test environment, reduction in risk exposure (size(loss) x
prob(loss))

Artifact:

e 1 Code Unit

2. WWRERAT R

Stimulus: Response:

Code Unit Results Captured

Completed

Source g iy
Unit Tester P
85% Path Coverage
in Three Hours
N \
J
3. FIRA K
Testability Tactics
Control and Observe Limit Complexity
System State l
_Tests | Specialized Limit Structural Faults
Executed Interfaces Complexity Detected

Record/ Limit
Playback Nondeterminism
Localize State
Storage
Abstract Data
Sources
Sandbox
Executable
Assertions

(+) % A Usability
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Portion of Scenario Possible Values

Source End user, possibly in a specialized role

Stimulus End user tries to use a system efficiently, learn to use the
system, minimize the impact of errors, adapt the system, or
configure the system.

Environment Runtime or configuration time

Artifacts System or the specific portion of the system with which the
user is interacting

Response The system should either provide the user with the features

needed or anticipate the user’s needs.

Response Measure One or more of the following: task time, number of errors,
number of tasks accomplished, user satisfaction, gain of user
knowledge, ratio of successful operations to total operations,
or amount of time or data lost when an error occurs

£)

Stimulus:
Downloads

2. ZRMRGTR

ST

Response:
User Uses

 J

a New Bt Application
. Application nvironment: Productivel Response
Bass: Runtime - Meaggre:
User .
Within Two
Minutes of
Experimentation
3. ZRKKw
Usability Tactics
Support User Support System
Initiative Initiative
User Given
User £ Appropriate
Request Cancel Maintel: Task Feedback and
Model A
Undo Assistance
" Maintain User
Pause/Resume Moa
Maintain System
Aggregate Model

(+—) REEMEREMKTG R
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(+=) ZEHMIKLXEE K Architecturally Significant Requirements, ASR

1.

ft 272 ASR: BB A FRENEREM = ER TP HNFR (FmT REER
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AT A BB B R ORI AR R OR U .

&R R R M, AT RS ASR.
AT £ SR A ASR Fu A &
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(FIEUREREFR), EXFATSNNEHM LT ARRENY, T§
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v. ZEERS#H: F-MAmaxERkE A=
Vi HEEH (6IFRNUFED
vii.  FERER (BRER)
viii. 7T EHEN
c) BT M4 ERkKE ASR
REFAMKEE ASR: EAFEEMHRERE, Bl FEF K
fRaEt, EEeH BRI AL,

(M.L) Minimize storage latency on
customer DB to 200 ms

Data Laten
<y (H.M) Deliver video in real time
— Performance
(M, M) Maximize average throughput
Transaction throughput 1o the authentication server

lew product categories ——
— Modifiability (L,H) Add CORBA middleware in <
20 person weeks
Change COTS —E P

(H,L) Provide web enabled
functionality in < 4 person weeks

(L H) Restart after disk failure in <5

Utility ——
minutes
F failure
(H M) Network failure is detected
p— Availability d recovered in < 1.5 minutes
COTS software failures

(L,H) Credit card transaction are
secure 99.999% of time

Data confidentiality —|:
(LH) Customer database
L Security authorization works 99.999% of time
Data integrity _—

=, ARG
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(—) AB4F 2 034K & 44 Domain-Specific Software Architecture
AT E BB AR R 45 1 (DSSA) R I 4L &, & I T4 & KRV 4 (B0,
L B R T B R AR, BT AR O Ak o R AR T B AT S A (TR D) 4 R
DSSA 2 5 AR & 30 2l 40 iR fo BEAT Se 19T & 01 B L TT R 3T e ik R kit g &
HF B

(=) ZEMAEX Architectural Patterns
EMERRELZERTRELAN—BRITAE, A AT EEEANE HERE, I
HERT —KEM,
EMERRFKT O T=MA .
1 $&: MRELEFLEFANTE.
2. MAE: EHEETXFHIAELE YBER A
3. fEA % (Element+ Relations + Constraints): 4% |5 2 i i o 89 4 14 & %

T SRR R T E

(=) 9B KX Layered Pattern #£34E X
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Overview The layered pattern defines layers (groupings of modules that offer
a cohesive set of services) and a unidirectional allowed-to-use
relation among the layers. The pattern is usually shown graphically
by stacking boxes representing layers on top of each other.

Elements Layer, a kind of module. The description of a layer should define
what modules the layer contains and a characterization of the
cohesive set of services that the layer provides.

Relations Allowed to use, which is a specialization of a more generic
depends-on relation. The design should define what the layer usage
rules are (e.g., “a layer is allowed to use any lower layer” or “a layer
is allowed to use only the layer immediately below it") and any
allowable exceptions.

Constraints * Every piece of software is allocated to exactly one layer.

* There are at least two layers (but usually there are three or
more).

* The allowed-to-use relations should not be circular (i.e., a lower
layer cannot use a layer above).

Weaknesses * The addition of layers adds up-front cost and complexity to a

system.
* Layers contribute a performance penalty.

2. RTFHEEXYERALEH
OSI # + 2 W 2 £ A

3. 4 BB TR

—> A frm A
B Key: B D
$ [ Layer

— c -« —p Allowed to use (&

ZMARL BB, BEIHEB (REEARERDTE), RREEFRE,
HMED THF AWERE D A BRIz BEX, EEAETHBES
TEMITEF RS EERA

() X3ZHE X Broker Pattern ZE4F-%42BA X
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Broker F] L E A F A, #|eRXTEEART
REEXGBETE

Overview

Elements

Relations

Constraints

Weaknesses

The broker pattern defines a runtime component, called a broker, that
mediates the communication between a number of clients and servers.
Client, a requester of services

Server, a provider of services

Broker, an intermediary that locates an appropriate server to fulfill a
client’s request, forwards the request to the server, and returns the
results to the client

Client-side proxy, an intermediary that manages the actual
communication with the broker, including marshaling, sending, and
unmarshaling of messages

Server-side proxy, an intermediary that manages the actual
communication with the broker, including marshaling, sending, and
unmarshaling of messages

The attachment relation associates clients (and, optionally, client-side
proxies) and servers (and, optionally, server-side proxies) with brokers.
The client can only attach to a broker (potentially via a client-side
proxy). The server can only attach to a broker (potentially via a server-
side proxy).

Brokers add a layer of indirection, and hence latency, between clients
and servers, and that layer may be a communication bottleneck.

The broker can be a single point of failure.

A broker adds up-front complexity.

A broker may be a target for security attacks.

A broker may be difficult to test.

RIEAE X 9 #EE B

-transfers 1 Broker 1 -ransfers  *
Client-Side Proxy y  [riocateservery 4 Server-Side Proxy
+locateClient()
+pack_data() +registerServer() +pack_data()
+unpack_data() +unregisterServer() +unpack_data()
+send_request() +call_service()
+return() -call 1 +send_response()
0.1 1 | -cal
1 ~call
Bridge Server
Client
+pack_data() +initialize()
Lvcall_server() +unpack_data() +enter_main_loop()
+start_task() +forward_message() +run_service()
+use_Broker_API() [+transmit_message() +use_Broker_API()
RIZAR X 69 K5 5

=
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1. Interoperability: R A H W, # & Server-Client Z [A] Y22 & 4
2. Scalability: [ f# 45 fnd &
3. Modifiability
4. K
a) Security: REXNZFM T A5 A# M A KEIH
b) Reliability: AR 4 2% fo 5L & 5
C) Availability:
&
1. Security: A% K ¥ % i B4 4 &
2. Reliability: 7] %M & & 1(K
3. P M
a) Performance: #(h K AR LR B(QPS F2®), (ER A H &
HRES T, ZAMEER. 2RITE, F7EaHH.
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1. MVC # X8k 5 £

Overview

Elements

Relations

Constraints

Weaknesses

The MVC pattern breaks system functionality into three components: a
model, a view, and a controller that mediates between the model and
the view.

The model is a representation of the application data or state, and it
contains (or provides an interface to) application logic.

The view is a user interface component that either produces a
representation of the model for the user or allows for some form of
user input, or both.

The controller manages the interaction between the model and the
view, translating user actions into changes to the model or changes to
the view.

The notifies relation connects instances of model, view, and controller,
notifying elements of relevant state changes.

There must be at least one instance each of model, view, and
controller.

The model component should not interact directly with the controller.
The complexity may not be worth it for simple user interfaces.

The model, view, and controller abstractions may not be good fits for
some user interface toolkits.

2. MVC & X #9824 B

Model

* Encapsulates application state

* Responds to state queries

* Exposes application functionality
* Notifies views of changes

View Controller
* Renders the models Defines application behavior

* Requests updates from models Maps user actions to model updates

» Sends user gestures to controller
* Allows controller to select view

Selects view for response
One for each functionality

Key:

smmmnfp Events

Method
Invocations

(55) FiAidjEE X Pipe-and-Filter Pattern A4f-iE3 ZiE X
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sAR AR E IR LB, A — R filter RIRHBK F .
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Overview

Elements

Relations

Constraints

Weaknesses

Data is transformed from a system’s external inputs to its external
outputs through a series of transformations performed by its filters
connected by pipes.

Filter, which is a component that transforms data read on its input
port(s) to data written on its output port(s). Filters can execute
concurrently with each other. Filters can incrementally transform
data; that is, they can start producing output as soon as they start
processing input. Important characteristics include processing rates,
input/output data formats, and the transformation executed by the
filter.

Pipe, which is a connector that conveys data from a filter's output
port(s) to another filter's input port(s). A pipe has a single source
for its input and a single target for its output. A pipe preserves the
sequence of data items, and it does not alter the data passing
through. Important characteristics include buffer size, protocol of
interaction, transmission speed, and format of the data that passes
through a pipe.

The attachment relation associates the output of filters with the input
of pipes and vice versa.

Pipes connect filter output ports to filter input ports.

Connected filters must agree on the type of data being passed along
the connecting pipe.

Specializations of the pattern may restrict the association of
components to an acyclic graph or a linear sequence, sometimes
called a pipeline.

Other specializations may prescribe that components have certain
named ports, such as the stdin, stdout, and stderr ports of UNIX
filters.

The pipe-and-filter pattern is typically not a good choice for an
interactive system.

Having large numbers of independent filters can add substantial
amounts of computational overhead.

Pipe-and-filter systems may not be appropriate for long-running
computations.

el

2. B

i Am

HRBR LR

capacity = 40 2N
end-of-data = empty record
when-full = block for 2 sec and retry

when-empty = block for 30 soec and rotry

capacity = 40 >N
end-of-data = empty record
when-full = block for 2 sec and retry

when-empty = block for 30 sec and retry

F—NHEMER filter,

MK F Do

FEEHM IS £
filter Fy ¥ . (X B H AL 4 BRI R

diters €] oiters &
W :Calculate 4 " ‘Format
0 ot DirectDeposit Pipee DirectDeposit
«filters e
:XmiToObject
out pipes
: dites €
Capacity = 50 ! :FormatRejected
end-of-data = "EOT" String H ol Records
when-full = block for 2 sec and retry ‘
when-empty = block for 20 sec and retry Capecity = 10

end-of-data = empty record
when-full = block for 2 sec and retry
when-empty = block for 60 sec and retry

pipe, HF1T—A filter #4881 —

CE), FHEae— B UGINERB T (BFRK

() BP#ERHEBAEX Client-Server Pattern ZE4F-% 32 B4 X
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Overview Clients initiate interactions with servers, invoking services as
needed from those servers and waiting for the results of those
requests.

Elements Client, a component that invokes services of a server
component. Clients have ports that describe the services they
require.

Server, a component that provides services to clients. Servers
have ports that describe the services they provide. Important
characteristics include information about the nature of the
server ports (such as how many clients can connect) and
performance characteristics (e.g., maximum rates of service
invocation).

Request/reply connector, a data connector employing a
request/reply protocol, used by a client to invoke services on a
server. Important characteristics include whether the calls are
local or remote, and whether data is encrypted.

Relations The attachment relation associates clients with servers.
Constraints Clients are connected to servers through request/reply
connectors.

Server components can be clients to other servers.
Specializations may impose restrictions:

* Numbers of attachments to a given port

* Allowed relations among servers

Components may be arranged in tiers, which are logical
groupings of related functionality or functionality that will share
a host computing environment (covered more later in this
chapter).

Weaknesses Server can be a performance bottleneck.
Server can be a single point of failure.

Decisions about where to locate functionality (in the client or
in the server) are often complex and costly to change after a
system has been built.

2. F P oR-MR A B350 L B

transaction
authorizer

client
Reconfigure
process and update
process
\ L
Key: | fll TCP socket connector with
Client Server client and server ports
FTX server ATM OS/2 Windows
daemon client process application

ATM %iE 1, F— B4 Server 7] LIAR £ X &R RS
ATM #1EZ 2 51, #ERZ K, 3T monitoring 7] L& F 7] AL 4K 2|1 % .
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Overview

Elements

Relations

Constraints

Weaknesses

Computation is achieved by cooperating peers that request service
from and provide services to one another across a network.

Peer, which is an independent component running on a network
node. Special peer components can provide routing, indexing, and
peer search capability.

Request/reply connector, which is used to connect to the peer
network, search for other peers, and invoke services from other
peers. In some cases, the need for a reply is done away with.

The relation associates peers with their connectors. Attachments
may change at runtime.

Restrictions may be placed on the following:

= The number of allowable attachments to any given peer

* The number of hops used for searching for a peer

* Which peers know about which other peers

Some P2P networks are organized with star topologies, in which
peers only connect to supernodes.

Managing security, data consistency, data/service availability,
backup, and recovery are all more complex.

Small peer-to-peer systems may not be able to consistently achieve
quality goals such as performance and availability.

2. B3 EAR X oYMk B

70.116.152.15 )<

Key: D Leaf peer M Gnutella port Request/reply using Gnutella

protocol over TCP or UDP

HTTP file transfer

M AR Z Client X & Server, # X & HI 7 AR & o
R HELSAEART AL, HEKELAFEN, TFHBEL—Z, EE
g6 PR IEAN A BCHE H BN 18] AL A 27 v ZE AR

et 24T RERRZEHRRS,

RHFE CTFH), F

— AR

R (ZAREJRBEKE, FTRAER)

(/L) BIRS% 4 X Service-Oriented Pattern, SOA #E4F-% 4 BAE X
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SOAP. REST. Asynchronous messaging connector,

1. BERFORXBETE

Overview Computation is achieved by a set of cooperating components
that provide and/or consume services over a network. The
computation is often described using a workflow language.

Elements Components:

* Service providers, which provide one or more services
through published interfaces. Concerns are often tied to
the chosen implementation technology, and include perfor-
mance, authorization constraints, availability, and cost. In
some cases these properties are specified in a service-level
agreement.

* Service consumers, which invoke services directly or through
an intermediary.

* Service providers may also be service consumers.

ESB, which is an intermediary element that can route and

transform messages between service providers and consum-

ers.

* Registry of services, which may be used by providers to
register their services and by consumers to discover services
at runtime.

* Orchestration server, which coordinates the interactions
between service consumers and providers based on

for busi and workflows.

Connectors:

* SOAP connector, which uses the SOAP protocol for
synchronous communication between web services, typically
over HTTP.

* REST connector, which relies on the basic request/reply

ofthe HTTP p )

s Y ging , which uses a
messaging system to offer point-to-point or publish-subscribe
asynchronous message exchanges.

Relations Attachment of the different kinds of components available to the
respective connectors
Constraints Service are to service providers, but

intermediary components (e.g., ESB, registry, orchestration
server) may be used.

Weaknesses SOA-based systems are typically complex to build.
You don't control the evolution of independent services.
There is a performance overhead associated with the
middleware, and services may be performance bottienecks, and
typically do not provide performance guarantees.

2. @ @R e9AR Xtk B
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application
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External Web
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ﬁ « — —! acomponent)
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PUT. DELETE) # HTTP i#k#y REST
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ERBERRERNEGRA T AREE,
1 RA-THREXGEET R

Overview Components publish and subscribe to events. When an event is

announced by a component, the connector infrastructure dispatches
the event to all registered subscribers.

Elements Any C&C component with at least one publish or subscribe port.
Concerns include which events are published and subscribed to, and
the granularity of events.

The publish-subscribe connector, which will have announce and listen
roles for components that wish to publish and subscribe to events.

Relations The attachment relation associates components with the publish-
subscribe connector by prescribing which components announce
events and which components are registered to receive events.

Constraints  All components are connected to an event distributor that may be
viewed as either a bus—connector—or a component. Publish ports
are attached to announce roles and subscribe ports are attached to
listen roles. Constraints may restrict which components can listen to
which events, whether a component can listen to its own events, and
how many publish-subscribe connectors can exist within a system.

A component may be both a publisher and a subscriber, by having
ports of both types.

Weaknesses Typically increases latency and has a negative effect on scalability and
predictability of message delivery time.

Less control over ordering of messages, and delivery of messages is
not guaranteed.

2. RA-iT AR XL A

Register
action
handlers SEl.ArchE.UI
ArchE
core c®
s listener \%&u,-‘
%
\ % )
\2 g
\m -
\
handle | -
Ul event i |
action | Jess |
handler CRUD assert/modify/
fact data retract fact e
Key:
Agion Ul screen Java Register to 4 Event send/
l:] g obj j i listen for event receive
object ject object
— - - Event manager
[ 7| Extemal D XML file (part of Eclipse Java method
P e platform) call

(+—) xXFH3EA4 X Shared-Data Pattern ZB4F-E3EBHE X,
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Pl ZeHESHWRE ALFETITI.

Bl AL 2R ABAMRAA A, BEF R LN, Lo EHEN = RA
—BUM, IR B AR — BB B — 2R BB 2 K A URR) COREAE T B 2 37 ] 4048 — B
D)

— B CAP BN (R#): E—IMoaAR%F, — 2% (Consistency). 7 H &
(Availability). 4-X 2414 (Partition Tolerance), &Z - F# =%,

—EE I ZE B (RRIEEAR E BRI AN - EERIERLERE—
BO. DEBRM AT e AR RIE—BE (BE5ERE), FRRITEEERE A,

1 2FHER/XGBESE

Overview Communication between data accessors is mediated by a shared-
data store. Control may be initiated by the data accessors or the
data store. Data is made persistent by the data store.

Elements Shared-data store. Concerns include types of data stored, data
performance-oriented properties, data distribution, and number of
accessors permitted.

Data accessor component.

Data reading and writing connector. An important choice here is
whether the connector is transactional or not, as well as the read/
write language, protocols, and semantics.

Relations Attachment relation determines which data accessors are
connected to which data stores.
Constraints Data accessors interact with the data store(s).

Weaknesses The shared-data store may be a performance bottleneck.
The shared-data store may be a single point of failure.
Producers and consumers of data may be tightly coupled.

2. AFHEEXBLR

Password
synchronizer

Key: Windows GUI Headless Web Data
application program application repository

Data Bc: Data SGZD Data
read write read & write

(+=) Map-Reduce Pattern % BeAE X
2



Map 11 57 X 2538 9 4T 40 BLUFT 5 H 12 B

ANNE

FVRERSS

AUAER L Map, &4~ Map AEHHRE TEAET—H, MITEZHEMILIZA

Reduce A R #HAT A FH, FHEREAWEE,
j—

#A R GRS ):

% /> Partition X

Migiit, #&J5H Reduce &3 E#ATH T,

1. Map-Reduce Pattern #9#% 3 7 &

—/N Map, &> Map % 7| %

Overview

Elements

Relations

Constraints

Weaknesses

The map-reduce pattern provides a framework for analyzing a

large distributed set of data that will execute in parallel, on a set

of processors. This parallelization allows for low latency and high
availability. The map performs the extract and transform portions

of the analysis and the reduce performs the /oading of the results.
(Extract-transform-load is sometimes used to describe the functions of

the map and reduce.)

Map is a function with multiple instances deployed across multiple
processors that performs the extract and transformation portions of

the analysis.

Reduce is a function that may be deployed as a single instance or as
multiple instances across processors to perform the load portion of

extract-transform-load.
The infrastructure is the framework responsible for deploying map and
reduce instances, shepherding the data between them, and detecting
and recovering from failure.
Deploy on is the relation between an instance of a map or reduce
function and the processor onto which it is installed.
Instantiate, monitor, and control is the relation between the
infrastructure and the instances of map and reduce.
The data to be analyzed must exist as a set of files.
The map functions are stateless and do not communicate with each

other.

The only communication between the map instances and the reduce
instances is the data emitted from the map instances as <key, value>

pairs.

If you do not have large data sets, the overhead of map-reduce is not

justified.

If you cannot divide your data set into similar sized subsets, the
advantages of parallelism are lost.

Operations that require multiple reduces are complex to orchestrate.

2. Map-Reduce Pattern #J#i£ B

Portion i of
input file

Portion j of
input file

Map instance /

Map instance j

Partition 1

Partition 2

Partition 3

Merge

Reduce
instance 2

Partition 1

Partition 2

Partition 3

Output
from
instance 2

Key:
[:] Component

—»  Output

U Disk file

(+=) % E# X Multi-Tier Pattern % B X,
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Layer £ AL F Y, RENERTBNA S, RARREXNBRMAR, £
R ER T+ o ELE, EERMHFTEANE K.
SR ARAT AL

1 SERXMETE

Overview The execution structures of many systems are organized as a
set of logical groupings of components. Each grouping is termed
a tier. The grouping of components into tiers may be based on a
variety of criteria, such as the type of component, sharing the same
execution environment, or having the same runtime purpose.
Elements Tier, which is a logical grouping of software components.
Tiers may be formed on the basis of common computing platforms,
in which case those platforms are also elements of the pattern.
Relations Is part of, to group components into tiers.

Communicates with, to show how tiers and the components they
contain interact with each other.

Allocated to, in the case that tiers map to computing platforms.
Constraints A software component belongs to exactly one tier.
Weaknesses Substantial up-front cost and complexity.

2. XML R

) | OpcOrder
|| TrackingService

———————————————— — — — —

Back end

Chenl side ava Stateless Data File Java EE Context
appluuon Serviet sessuon store application histener
mer
oD
e AT THY —_— > Java JOBC  vensnnns > File  ——3»SOAP Web services | | Container
HTTPS call o call endpoint | S

Cllent tler

= A Z: Modular Z . Runtime Process s/ & 25 . S fEHFRIE R R (HE X R)
(+w) RHMHiZ+5REEKRERA
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DL Layered Pattern 47, B9 Z % 7 5B X ERHEFMRFKH. ok it2LE
wT. BAEHWAZWT Fro:

WE 3R — 1~ Tactics, Hm—MRBE AN XN REBER AR, EE2
AR ERE (REELE. TREDHE., EEHE)

BBV 3 R iR i R B R RE 2 R RV R/ B R

B e e o R g, A ARN AT EME AR FREA AR R It ZFEwT:

AT REFTRGAAE, SINEEAS, T— ke FAT A BT ZRE ASR #
T (e FER A RT URZNFILE, BRH RS A A NEL), U EEA KR
LAWK e 2t (F—A Tactic WFINH L Im R G E R EAHAE).
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AT

S
AN
/.

.  JEPESRskiF (Attribute-Driven Design, ADD )
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(—) ADD & N Afedir b
1. ADD ##iAn: 5K
2. ADD i
Q) WETHE: TRAEMAFMIER ., £ XBMEEHMI M4 TRMRUERF
SR T BT R T
b) ff: —HARHERRE,
c) BRF: MAEHEAEE. KEREE,
d B¥: FXRHETENMAER.
e) XFR: FMHMTEZIE A E XA LR
(Z) F&1: ARERBHEREE
AABNCERELFFESFERHET FREMER, FEET DL E R
AEEEEXREINRAATE.,
BINRGHXTRANE R T RE R4 X A FH- KA A (Stimulus-Response)

() I|2: ABRFMHALRE
WREFE KRR AT LNRGH, FERLAFRGIESL R X
WREEEHHRITHEAGH (RACERXS N LM TE, FABRFR, WA
FRTEFEBE-ATEEN KT L

(W) F;’3: HRAEAF I ASR
REFNINFRAPAWEERLE (&, F0, URNENWEEDH (F. F

MK MEFTAEME Rk #HTHSL, FE (HH % 1H,

(Z) F%,4: BHFE ASR Wik
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1. & 41: RBEFFEA

Y0 T AR X T HY ASR? AT KU R X2 A LN T RER?

2. THA2: FIHTRELFREX/ K%

HTFRFHEMER, B ZRAEN K BRI KE 555 CGF B EE A kg
P, Bt XS eE.

3. 43 NFEFREEX/ A%

EREMEXM LR EXZEANELEELA? REAEMERELF?

4. TH44: HRBEX/REEE ASR ZEHX F

ZREE R bR R R, AR B R (R REHR), it
B K B A T B 2 M R AT R

5. %k 45: WRMFHRMILE

BRIIEIEF AR AERERER, ERERERD AR TEILIAR
HALE

6. THK4.6: FREHBRER—KFA

RAE A IR 2 R AT T o & E i

R T R IR B W R

T AR A B R A SR

B LRl TR R SRR EA T HAMTTE BT HAT IR, R TAE TR

() FE,S: RPURMALRH2BRRF
SEAF| B — A~ BT B9 T K Y 52
RAE T 0T AE R 7 B EARE R 5T
& F T & Z A 7 BL 5 0 & A R BR e R 5T
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S I B B o

() F&6: ARPIRAEFRNED
O T A (Provide) A1 5E E (Requires) HAFB %, BV TE Z E M EAH
BrZ, JLLBEIEER., WEBREEHES T Z,

(N) FH&T: Bitfex £F K
RIS REXTENFAEFRECH T BE —IMRE T TE
W aftle T TR AR THRANEN TR TR,
(L) F%8: THEHAT, HEFHLAAN ASR

Order Order Consumer Airline Lodging Activity Bank SOA infra-
tracking database website provider || provider || provider credit structure
service service service service card components

Iteration #1: SOA pattern applied

| ESB | Service

registry broker

Iteration #3: Refine another SOA element?
Or an SOA infrastructure component?

lteration #2:
SOA infrastructure
components refined

(+) %=BI4FE PPT

P '

&=
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(=) A 22 RFEMGRM
1 AT R R R AR R H
2. HBhEREAE A R
3. LT AR U X 3R 2R SR BAE 1T 6
4. B ERMZATA R
5. BT B BIRKIVER,
6. SO AL E e H A .

(=) LRIFMARMGIE
1. RA L iR 5 010 T A AR AR 7 %
2. WEAMAGHEMZ — R EEZNES
3. AT A TICKEMNE R & & fo bk JLR A A kLR, BHREFEAGE ],
4. 18 7E JB B By 5 fa R IR A W 5 R B AR N BUASA T ZR A SUR B R AR

5. MZ 2 HMAFTMITHE,

(2) HHFHIBRRGAE
1. AL BB O AR I
2. TRAHZMAR
3. MR =E

4. BRRIHTRENETXEE

(W) SRMHRMIHQITRAZGZ0E R
1. BT K RAG By B 2% M4
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2. [ A7
3. E T W A SCRH T B AL

(Z) ML RD
1 M3 B A BB SO
2. BEFAARANER
3. #AMME
4. R AT e B SRS L2 T
5. LR RM I E i
6. fR#F SO HHTE T E A

7. EEXMATHL %

() ARR LM AL A
1. A&t 247

() AEFAEZ I3
1. #L.B View
a) M KA (Style)
i AW E N —HEZHE TR ? Module Styles
i, URAEAAE Y —HIEATEAT A 138 BB T & #? Component-Connector
Styles
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iii. UHSHEFTWIERGLENHFMAAZ? Allocation Style

b) K& (Style) 5EMAEA (Pattern)

i B R
1. BoRMRARABWERN, URBMER N8 —HA R,
2. METRM AR, WERZNEMEHHAXTARREERT.

i, MR
1 REBETROBAGHERENALEX,
2. BEMoAEREEMM ET, PR AT R J b T SRR AL
3. MR {HA, LTX} - BWFE

jii.  #RALE Module View (ZEMAED: MR XEEDIAE—A
1 HHRRRGE—AE RN LILET
2. WESH: 2E0E. ERAAE. ZANE, 2208, SR0E.

HEHAYE.

Elements Modules, which are implementation units of software that
provide a coherent set of responsibilities.

Relations * s part of, which defines a part/whole relationship between
the submodule—the part—and the aggregate module—the
whole.

* Depends on, which defines a dependency relationship be-
tween two modules. Specific module views elaborate what
dependency is meant.

* s a, which defines a generalization/specialization relation-
ship between a more specific module—the child—and a
more general module—the parent.

Constraints Different module views may impose specific topological
constraints, such as limitations on the visibility between
modules.

Usage Blueprint for construction of the code

Change-impact analysis

Planning incremental development

Requirements traceability analysis

Communicating the functionality of a system and the struc-

ture of its code base

* Supporting the definition of work assignments, implementa-
tion schedules, and budget information

* Showing the structure of information that the system needs

to manage

iv. C&C Views (Component-Connector Views) (%544 &)
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1 D RARRLETHFANTE, FlwdtE. X&. EFw. Ri&
AT (EH),

FfF 1 e TR 0 A o e 2 o e B AR A AE M, 3 R R R B W i R R
2H R WS 0 Ok BORI

3. HERHA: FEAMSRENE., FFw-REm0E. R KU, &
o AR 4 A AL L R AT AL

Elements -

Relations .

Constraints =

Components. Principal processing units and data stores. A compo-
nent has a set of ports through which it interacts with other compo-
nents (via connectors).

Connectors. Pathways of interaction between components. Connec-
tors have a set of roles (interfaces) that indicate how components
may use a connector in interactions.

Attachments. Component ports are associated with connector roles
to yield a graph of components and connectors.

Interface delegation. In some situations component ports are associ-
ated with one or more ports in an “internal” subarchitecture. The case
is similar for the roles of a connector.

Components can only be attached to connectors, not directly to other
components.

Connectors can only be attached to components, not directly to other
connectors.

Attachments can only be made between compatible ports and roles.

Interface delegation can only be defined between two compatible
ports (or two compatible roles).

Connectors cannot appear in isolation; a connector must be attached
to a component.

Usage = Show how the system works.
* Guide development by specifying structure and behavior of runtime
elements.
* Help reason about runtime system quality attributes, such as perfor-
mance and availability.
A EEALE Allocation Views (45 4 ALE)
1 o RAEER T 2 TR T R AT 5 7T & BB 4t
2. " ENEEREGRGETERNFHREESN E TR RBENBEHELE,
DL 4 T2 G R
3. S EMETUHRBSIASHE,
4. RETH: HEAE, ZRAE. THELIERE. XthoRHE.
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Elements * Software element. A software element has properties that are
required of the environment.

* Environmental element. An environmental element has properties
that are provided to the software.

Relations Allocated to. A software element is mapped (allocated to) an
environmental element. Properties are dependent on the particular
view.

Constraints Varies by view

Usage * For reasoning about performance, availability, security, and safety.
* For reasoning about distributed development and allocation of
work to teams.
For reasoning about concurrent access to software versions.
For reasoning about the form and mechanisms of system

installation.
“ Computing
‘ Platform Production
Environment
Deployment
Style
(9 Install
;ﬁ”'
g
Work
ls\ssigﬂmem Software Elements
tyle from Module or
C&C Views
Development
Organization

L .
vi. LA Quality Views: &2 WE . MM, o EEAE . HERE.
FE (ERAE) A
vii. A5 E Combining Views:
1. B3 4& M C&C HLE. #F SOA sz #HEMNEWIENE. 28N
EIAnEf T B, Ei. ERARS ERE.,
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2. EH—RAERTENRAZNHEZGE, WTHT

Key ——> SOAP call
——p http REST

SOA participant (service
consumer or provider)

— |Interface of service provider

Paaor v o roTT T T == N A B G
I \|l | : Tl \,
| |l )| 'I |
| | < | ; Iy |
| || \\|| | |
: O '
I
! ' \ 1/ X :
| | y{ \ [
| ! ,(' |
' || + /Y AN g |
: | AR / ) ¢ |
| ! /N / ' |
| | SR I |
| A S+ Iy |
[ | |l :I |
| I | I
| Clienttier | |  Webtier | Businesslogictier || Backend |
e i e S e e o o e i e SR ae
ol
ient Web Business
component component Q component - Eetines
I
—— http/https -——> Method call ——— Database | ! Tier
access =

viii. e AL A
1. MAEPRMER: THT R, FIANE, % TET R E 8T
TREE .
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2.

& A

a) WA A/ E R P L&A

b) BRAAXF—AMNEFHTERE - AMNEFHTE, $EIMLE
MEE A —NMEHEERETEAWAERE S,

i AR S B An 58 B B

a) - HEALE

b) 80/20 J& |

c) T 7T B BT R LA

ix. MEENR View Template

1.

2.

4.

5.

F—#a: TENE, ETAENTEMRER, UKER
F_Ha: TENE, FEANARE WP HEANTE. TEEIK.
KRABMEATERE DTN

Fo#a: LTXHE, Bk AJWMEFEMR

FHHy: WA EEE, FaNEF TR EREN

FRE G EARE, AFLARITRBEAE T, FEHRALEGEN

Template for a View 2.1.8. _t-Fy Context Diagram

Section 1. Primary Presentation

B

Section 2. Element Catalog
Section 2.A. Elements and Their Properties
Section 2.B. Relations and Their Properties
Section 2.C. Element Interfaces
Section 2.D. Element Behavior

Section 3. Context Diagram

7\

3 Access Management System !ﬁ

(T
E}_

=N
]

oo -]

Section 4. Variability Guide
Section 5. Rationale




2. ABZ S E9349 Beyond (Information Beyond Views)
a) XEH AW AN, WAL EE T XEEFRE L (Document Control

Information)

Template for Documentation
Beyond Views

Architecture { Section 1. Documentation Roadmap

documentation . .
information Section 2. How a View Is Documented

Section 3. System Overview

Architecture Section 4. Mapping Between Views
information Section 5. Rationale
Section 6. Directory — index, glossary,
acronym list

b) X #4# % K (Documentation Roadmap): 8 XA+ M5 &, AR F DL
B E
i REAMEL
i, SUOMEE AT R
1. EARREE
2. WERBEX
ii. EEMRE
iv. A B AR SR

c) I B AT (Mapping Between View)

srv-app5 - Notaion: UML 2.0 B
« In gray: packages that in Svn are
part of the corporative project
«exacution environment» ¥ “"“'mm".""""’“f"’
Oracle App Server 10g (Prod) - emanifosts moans ‘contains’
Web::Siga | | Web::Shared|
A 5. — Web::Mysyst
«web context» «manifests o’ .7
My System - «manifests
«artifact» manifest e
D e t te tati
SSeed o’ m m.presentation
«artifact» cu.mysys P
MySystemwar |[| _..---- -
R «manifest:
.«deotoy- lcom. fcu
L «artifacts -
manifest
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BRI SRSV

(=) A ZARATHRMR R RMITE

1.

ABIEZFEEANLERRA GRItRK) MEHTE (FLAMF CTOS 1 ri#

MBEHTREFEAELRL: AAXAF R, RO FXIAFANTE. RN
RAGVFAEA B TR LR A AL 1R CTOS BvAR . & A AL B & A EK
B RCR A AL CRITR[G . CTOS., A ey LB e, # 8 B Z DE LMl B 47
HY R F o

(=) #RRARMITELES
WREHEATUERAREZENER, BFRATAETE W @A,
WAt AR

VIR R A - 7 ik

HEH: WRFLZNEREFTEZREINRE
RAW: /-8 BT A 6 2R A B o

BT AR 38 7 2 DURE R o T 0 R 37 =

It Z A JE: ShEFA R #AT

(Z) KRR RMIPEHE

1.

2.

3.

R T a1 R MR B B MR 7 A B R A
WATH: HRMESF R FH “RiL”

EHATERET: TR R

MR ERREECHTIME. 2 LRRTOEE
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5. REWHATIFME, AfA?
a) LAE[A T RBEE
b) & & 1% B9k = AR L BB R
C) RmAKH R ERIEM R EZBEHAZ—

() AR R R IR T &
BRI R BRI 7 vk T R R BT 4R IR A IR R A vk

AAT LR AR R AT R K

1. B AR FR IR 9
a) RAIRE: KITREXT BT U E B T A T R B AR AG R
b) ZIAMMr: FmSNFRE R R KR,
c) RIBEA: FEJE BN EGFRH RN LK,

2. RIAME: RMREERGRBEETIN Z 8 #A8 R

3. ML #H—F o, RITSURE FIERERAR,

4. Frif e g fn CEEE (T B ol L BHID R TR UER RS

FRWETTZNREERRMTE TR GELT:

. Software Architecture Analysis Method (SAAM)

[HEN

2. Architecture Level Modifiability Analysis (ALMA)

3. Performance Assessment of Software Architecture (PASA)

>

Architecture Trade-off Analysis Method (ATAM)
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(£) ATAM(Architecture Trade-off Analysis Method): M A& 57 ik
1. BB 0: & Ffuzr B

54 WERATSARETE KRE

W BRI O

W R

Who? % 5%

When? Where? How?

FLHRIPERESWEE LU

FREREFELZEEMHLER?

2. BrE 1. WA
5% FHEANMITE KRS
T R:
a) F—F, N ATAM: A5 AFTE KENF ATAM, HBET #iF
eI A A

b) =%, MELVFRFHEE: WELEXEF NLFAEZETRAZHME, &
BREOHEFR, BATELFRBOERS], HLEFM LT, £EH2
B, BMBHEE (FERERBMEET)

) H=%, NAKREMN:

i ERRMWEE LT RA LR R, ARG (RIERS. Bl
FEEM), AR AEZREMEMR G, ATHEREREERNE
7 %

ii.  ZEMET (20 % PPT, 60 4-40), NEBEMBHEE, HF:EEHIEUR
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R B SR AR AR AL 77k (2-3 T, EEWMAEME R (4-8 T
B LT, BRRENE. sl 20K XANRE
77k R EREE, @3 TRy 8 B M DR B 77 vk ao T R X
WRMEWEE (3-6 1) @1 CTOS AL EMERK ., REF 13 M REE
MBI E (BRTREAE)., REI3ANREENTHRYE (HRTE
BU) . 5t RIR Bh SR B SR Ok B SR R A KA TR AR

d) FWH, #ERMI7iE: ATAM L E T8 RM 77 &k o AT 8A, & E I

LB ST AR SO L T B A B RO T SR U 1R R R GE B R R
AMEHE, TRA AR R Tk (R, BAA ) k.
FHY, ERMEBUEMAM: REFERIMRES R, 6 H N5
BrR#ZeF, #E. HFMRNUAAREZNREREEF, FHREHAR
EEERAMRFEER, RIEFRIEMN

f) ®XF, PMRMTE:

Bt AN #EZ T e EAEeH TR TREENEX, §
HERGNRMEL, ECEEBMENRMRIMERZHENREREZE
BAKMIRR

VA BT A O BUR AR T /A A R EVARRE, R ERE R AN
R AT AR R ARk R, FFRIIT R IRA A KL P R, 3R
f . R R AAHET

R—FExfa, THEANRZEFERER T ME RN REZTE., REK
TR ERREE RN, FRE, SR R 27 %
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Scenario #: A12 Scenario: Detect and recover from HW failure

of main switch.
Attribute(s) Availability
Environment Normal operations
Stimulus One of the CPUs fails
Response 0.999999 availability of switch
Architectural decisions Sensitivity Tradeoff Risk Nonrisk
Backup CPU(s) S2 R8
No backup data channel S3 T3 R9
Watchdog S4 N12
Heartbeat S5 N13
Failover routing S6 N14
Reasoning Ensures no common mode failure by using different hardware

and operating system (see Risk 8)

Worst-case rollover is accomplished in 4 seconds as computing
state takes that long at worst

Guaranteed to detect failure within 2 seconds based on rates of
heartbeat and watchdog

Watchdog is simple and has proved reliable

Availability requirement mghl be at risk due to lack of backup
data channel ... (see Risk 9)

Architecture

dhagran Primar

CPU
(©s1) \
! heartbeat S(\:Ngch 5

| U
saLsec) (0s1)

Backup
CPU with
Watchdog

(0S2)

a) A E AN

b) W& EAr (BzhFEE) #itH

) MENGELIAM MR ERBMEERWML LT £
d) #A#M (Utility Tree)

e) K& Fo 7 R e # 4

f) R S AT 2

3. HrE&2: P2
5. WEE. TERKZ R H K
L R:
a) £—%, B ATAM FZ B EEREHARR (k7T FEE %A
b) FtF, KMRFEFHIGRENEER: ERXPAER &, KEFARS
T Z I E R AR FEI, EARE LT MY AURR GBI
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REREMN Lo ZEHBAENTZIIREERHEFRFOTELER, R E
FURA, ALFAE T REBORA A N

) FN\F, aMMEMFE: BRI BRMERFHU, EHIHERNT T FHL
W (e 5-10)

d) F%, BargR: ¥ H IR R o987 2R s & g0t ok fa 4 R 44
AR E R, AEHREEARE =S P I HR R F B EFHR, &
LR NIFER N2 ERERE A ENS AW R
1 ACRE R 7 %

2. BRI mp =R URRKER
3. MERMEZAM
4. R e R A AR KR [ &R
5. R I ey HORA A H &
6. JUF E A Aw 5 i Bk 55 JR o R

Wi

a) WMt LT =7 x

b) MR A An b 5B 5h ] & & B % 2 B B

4. Hr& 3: &% (Follow Up)

5. WEHLN. ZESR

AR FHEEANFE—RRLFTERSE, 2 XL TEIRUTY, FEEXE
K ERx e ERITHEHA

Wl RATERE
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Phase Activity Participants Typical Duration

0 Partnership and Evaluation team lead- Proceeds informally as
preparation ership and key project required, perhaps over
decision makers a few weeks
1 Evaluation Evaluation team and 1-2 days followed by a
project decision makers  hiatus of 1-3 weeks
2 Evaluation Evaluation team, project 2 days
(continued) decision makers, and
stakeholders
3 Follow-up Evaluation team and 1 week

evaluation client

5. ATAM 7 =%

a)
b)
c)
d)
€)
f)
9)
h)

)

ZRAG o 5 A R

b % B A7 e 8 12
KIARERE =R ERERBEER
& &t R A

P T Au 4E R e 4

PUFe £ &

WA R KA B T2 B K
R A AR i 4

®ARIF R IRE

6. BRERRMN TG4

Time
Step Allotted  Notes
1: Present the ATAM Ohrs The participants are familiar with the process.
This step may be omitted.
2: Present Business 0.25hrs  The participants are expected to understand
Drivers the system and its business goals and their

priorities. Fifteen minutes is allocated for a brief
review to ensure that these are fresh in every-
one's mind and that there are no surprises.

3: Present Architecture 0.5 hrs Again, all participants are expected to be famil-
iar with the system and so a brief overview of
the architecture, using at least module and C&C
views, is presented and 1 to 2 scenarios are

traced through these views.
4: Identify Architectural 0.25hrs  The architecture approaches for specific quality
Approaches attribute are i i

This may be done as a portion of step 3.

5: Generate Quality Variable  Scenarios might exist: part of previous evals,
Attribute Utility Tree 0.5 hrs =  part of design, part of requirements elicitation.
15hrs  If you've got 'em, use 'em and make them into a
tree. Half hour. Otherwise, it will take longer.
A utility tree should already exist; the team re-
views the existing tree and updates it, if needed,
with naw scenarios, new response goals, or new
and risk 1

6: Analyze Architectural 2-3hrs  This step—mapping the highly ranked scenari-

Approaches 0s onto the architecture—consumes the bulk of
the time and can be expanded or contracted as
needed.

7: Brainstorm and Ohrs This step can be omitted as the assembled (in-

Prioritize Scenarios ternal r o i

are exp
scenarios expressing their concems in step 5.
8: Analyze Architectural 0 hrs This step is also omitted, since all analysis is
Approaches done in step 6.
9: Present Results 05hrs  Atthe end of an evaluation, the team reviews
the existing and newly discovered risks, non-
risks, sensitivities, and tradeoffs and discusses
whether any new risk themes have arisen.

TOTAL 4-6 hrs
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