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Internal-external Two-layer Framework for Constructing Self-adaptive Systems
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Abstract: The development of self-adaptive systems has attracted much attention as they can adapt themselves autonomously to
environmental dynamics and maintain user satisfaction. However, there are still tremendous challenges remained. One major challenge is
to guarantee the reusability of the system and extend the adaptability with changing deployment environments, or open and complex
environments with the existence of unknown. To solve these problems, a conceptual self-adaptive model is introduced, decoupling the
environment with the system. This model is a two-layer structure based on internal causes and external causes from the attribution theory.
The first layer, determining how the internal causes affect the adaptation behaviors, is independently designed and reusable whiles the
second layer, mapping the relationship between external causes with internal causes, is replaceable and dynamically bound to different
deployment environments. The proposed approach is evaluated by two case studies, a widely used benchmark e-commerce Web
application and a destination-oriented robot system with obstacle and turnover avoidance, to demonstrate its applicability and reusability.
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Fig.1 Conceptual model of attribution-based self-adaptive systems
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Fig.2 Running example—A disaster relief system AT S5 Ut o 006 (7 7T 432 52 (0 ) P 4500 1 AT S8 0 ), 36
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Goal ={g | g € 2% A eval(g) =1}.
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Fig.3 Implementation model of attribution-based self-adaptive systems
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A A3 F P, B 35 B PR 55 AR B i ™ R BN, BB B T I S I 2 1S S (LAP) M 45 A 3L R S B R 45 H A,
41 REILEBFEHSMUERS

HL T 7 45 10 2 R 3% RUBIS, 15 eBay ML, B4 7E 2= HH S0 70 b g 132 157 224 A Fi o 9 i o e 34 P
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T I 2 45 H AR AR e g Y IR DA B S SR, A B 4 s

LT T 95 R I BE S
Conceptual Model for E-commercial Website
response latency : resl dom(resl) = (0, +2)
RS preference weights: wl, w2, w3 dom(w) = [0, 1]
data state recommendation probability: pr  dom(pr) = [0, 1]
gl: response latency below service level agreement
H i evaligl)=resl=SLA71:0
oal g2: system performance maximization
W g eval(g2) = max(wl=pl+w2x=p2+wixpl)
Ic pl: high recommendation
{Hﬂ util(pl) = pr x 100%
p2: quick response
preference util(p2) = (1+ 0.2 x resl - 1.2 x resl*2) » 100%
p3: low timeout
util(p3) = (Vexp(10 = resl)) = 100%
B i3 pr = probadjust (x)
function where x is the recommendation probability to be set
Wbk B oL resl x wl x w2 x w3 — probadjust (x)
3 R L 0.21,0.88, 0.06, 0.06 — probadjust (090 )
DAP 0.31,0.88, 0.06, 0.06 — probadjust ( 0.75)
SO0 L upr % ccp % usn = resl x wl x w2 x w3
ek |
355 R4 1, 300%, 1000 — 0.21,0.70, 0.20, 0.10
IAP 1, 200%, 1000 — 0.31,0.88, 0.06, 0.06

Fig.4 Conceptual model for E-commercial Website
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RE. BT 55 RS H— A H bR 2800 3 78 B (response  latency, fai R resl) 2 1 78 JIR 55 2% 1 i3 (service-
level agreement, i #% SLA)Z25E Bl A1 451 4, s P, 37 220 % I 4% A% S it 1] (B resl<1s). 53— H AR 2 8 R Gi bk g e K
A6 (B) max(wlxpl+w2xp2+w3xp3)), 5 pl. p2. p3 E T 3 BRI MRS 5 82 R (U W 1T ).

pL: v HEAE R TT e L OR R A0 ) [F) 28 7 T HEA 28

p2: PR R AT A R b o S P i SR BT R 4 S AT R

3R B 3R 7™ 7 R 45 2 3 W 130 P, L AT i R 40 2 K %D Bk o 97 L 481

HA A B E 5 Fra.wl, w2, w3 25 L4 AR A 1AL E, B wl+tw2+w3=1.resl £l 3 MU EE N RS
DA R0 L A1, T ) S (14 T A 3 3ok 1) 2 4 3 %, R AT TC B 1 S 40 pr(th 2 R 4 P9 DR B8 ) ok s L B 05 75 SR 1K
Wz

100 — 100 100
e
o"/'
50 e 50 50
.«//
-~
0L 0 0
0.0 0.5 10 00 05 10 00 0.5 1.0

Fig.5 Utility functions for three preferences

KI5 3 /M i R R e £

SNELE T IR 3= 0 T XA ZATIE BN A 2 I A (10 R, AT 3 AN B A JR 7 1 1 7R =

1) F P s (user priority, fEIFR upr), 2788 3 ANFET AR T KR, B & AR 26 92,3 AN AT X6 B2 T 6 Rl AS [ (1
RS G HEF J5 AT T B 1 P AR 3 A A S s T e R, PR S AR TR AR LB pl>p2>p3, T A 2 Fi
RE pl>p3>p2.

2) TH5LAE J1(computing capacity f&iFR ccp), B 7 Be 45 1% Wi (1) CPU #E 5 & Sk 1 2. /3 it 400% 11 CPU & Ik
F XA W5 T LA 5 M BRALE 4 AN, T 50% )R R T BAT il A BEAL A — AN A% 0, HANCE — 2 (45 FH B 1)

3) F 7 #(user number, fE % usn), 7R % BK 1) 4L

PATTHe T T B BRI AR B A, Kl 50 D R A ) R, T R SR T, DA /DS 1 IE R 2 .

A AR HUE X (5] HESHUR L I B
upr 1~6 6 1
cep 50%~400% 8 50%
usn 100~4000 40 100

BE RN 5 56 R B 4 5 B e 18 & R (BN 1AP) A2 2 9 “upr, cep,usn—resl,wl, w2,w3” 41l 40, 24 41t
N LTS R4 3 M 5E% CPU HUTHTA 100 AMEERA 7 I F 5 8oma B 48 1R 2 0.31s,pl. p2. p3 Al
BLE 4129 0.88. 0.06. 0.06. A4 SR i, Mt 2 208k 5y, 70 T 45 Ji 4 (1) A 283 22 G 7 152 1 B b S ) 5 1 e 5
E & B F (BR DAP) A 2 9 “resl,wl, w2, w3—sprobadjust(x)” .4 0, 24 Wi B 7E 38 g 0.31 i, Bl iZ H s R & m K T
BB 45 S BB 2 1 Ls, i 41 22 R AR 7 v] CAaE— 2B 32 T IR, 1 3E NS pr(BP 4 ZEE R ) $2 TS 75%, M fi
13 2 G e s AR 1 SR E O 20 TE S 56 15 B Ak — 20 I DA 3R

BT IR T H 52 2%, AT e 2 — SR A PR IR 3R S5 52 1 R 45 A IR0 2 A8 76 AN [ 8 2= 30 B B 5
F,CPU AL fiE Sy (A ST b TH L AE S 248 T I CPU %0, i AbFEAE /1 2 T84 CPU MIHHR) AR, & &
FOH FRIFREEF K (R upr,cep,usn) N [0 SIS B[R] 53 40, F P T8 25 I (), RITFE P 19 0 348 3K 114 () R eF 16 , 4 £ 52
SR B G R R, T B D 7 I 18] 20 R T % 5 SR i oA 5 AR S L s B O FR E DR E LT A AN B R
BE A B 3 A AR AT B8 A Be A R0HE T 55— A0 IR v (B S 3 B B0 B v 1) Ak L RE ) B B
() B R 22 57 ) TR B R SR W S 06w FRATT AR 18 Ak B B8 1 IX AN R R IR 35 R R G0 TT R 3 e, T A B R o
AT R A DR DA R A 2% R 1O R U R T R G H b R U TR R TR B R 5 A FRATTR AL L S ]
JER 2 A1 2 AR R F9 BRI TR 2 4 T B 3 T ) 3 12 DR 3l R o R LR RSB B IR B 1P .
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FEAR I EE R A SE WSS Brownout fE 9 BEHE, FE B T AR E IR & BL R G S5 2 3R 4T M e T i 4R,
Brownout H [T R 5 I A J5 4 ) B 10, 15 2 SC 5 1 SR R SR I AT B S S T £, A T A 7 el
D5 0 B AT LM BRATTH — A I B PO A FERE SR 1 e (E7E 9 Brownout ¥ H 3& N 3. B AT B VP (L) &,
RIS PN 4116 2 HE 28 F R AN S B B 38 B 2 4t (attr-based) 5 BT AF 72 A S2 BT (brownout) B8 ANHH L F H9 B b
WL (2) WReaE M B & R (DAP) R B AE 35 8 PR 58 AR AN B 9 R (7 16 PR 52728 B AN A S0 31 L4 1)
T2 ) I DAP FUHH2 IR TG0 (1 |AP —ESAK SR R 95396 2 R 45 H b5, 040 T 36 AR SE B H IE B R 48 B AR

&AM SR — AN E A PR i7 3770 3.40GHz b B 23 WL BT RATF R T —AH 2 X T A Cap fE
NE BRI S CPU IR, IR T — A~ H € TR httpmon 325 1 B3 B i F P 258 1 25 7 ot 2%
FRBORBI TAE ARG, BRA T HEE R R 58 20 AN X ] (BP AN 5%~1009%), 3 % & ME ST IR, 2 RN
ST T B A R S 3R R G AN EE R R B B K A R G M RE IO HERE R AGLME N DAPAE TR, FRATE Z R A &
1920 £ Bl 10 57 (BT 4L 3 B3 A0 1 3 AL 3 A% P T /R ) 6x8x40), 78 kL fitk b @RIl 2k B 3 ANBeust 2 AL
Feg 2 1000 14 TG AP 28 0 4, A= it |AP.

ST P Se e, — 7 T, BRATTE — G KA DU i5 5200U 2.70GHZz 547 4 B (1 4b B2 4E 928 4k (1 36
BINEE R F DAP AASHI AT T X BT E5 h (1 1 920 26804 #E 47 TN 45 2E BB 1 LAP. 53 — J7 T 26 JiR 55 38 31
BE(ED 7 3770 3.40GHz AbHE #%) b K I P JE 251 1] (think time, fRIAR tht) N4 2510 b 5 IR 5B — N3R5
52 B 1AP T 2 5 3 “upr,cep,ush, tht—resl,wil,w2,w3”, 5 57 Il 2545 & |AP.

412 L4l

EAMEE WK 6(1)FTR,3 AL BAH LI E AN E R B IFHAIFRE R R RREAL).
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3% T Brownout -T2 N ZE 38 F1 22 4t 1 B, L AR AR A B TSRS 0 R P G R, AR S B 300 i 8 SE SR
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[ S B, 40 i UM AR IR 1 S B R 6 2 R 48 H A, 1 Bt 48 R 8 48 3 [ 7K

ATE AN EREMET ). WE 6(2)Fn, X HLIGTE — M BAR BRI A LR E AT, AR I ol
28 5 AN N 3 8 BRI B R AR 4K, RS R MUK Y sROR B R R (HX R 22 B B S UM BRI R 5 | & RAT
RNZ AR R B 5 BT 3 A% 1 000 ANMEERF P v IRIF IR Sa o 1B 263X — 37 350 2 PR 5% i 7 FiE SR
4 0.38s,fLEH A 0.48. 0.46. 0.6,F:F | 65% M HEFF 2,1X 15 JR FBF FA B f 75% A HESF 26 AN [F). 38 2 4H s 4
BN AEFF IR, BT EAR . P IR ¥ T % Brownout SR, BT & SR IS A IE BAT
NE L= A ERIRGE EF BN T, A A & R R R 2= 1072 Ak, i B 6 B, FUE R Re A B
KGN NRE(RG MRS TR 10%). 75 25 T V5 16 9280 H BATT 1 0 308 2B WA 42 21 119 3 3% 28 39 U1 4 26
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© Performance: Attr-based 0 Performance: Brownout m Performance: Attr-based with additional variable
o Average latency: Altr-based ~-- Average latency: Brownout -~~~ Average latency: Attr-based with additional variable
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Fig.6 Experimen,Qesults ;orécommercial Website
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P AR Pioneer 3-DX HLAE AAE P9 4R A B B 573 — A R B 7T . Pioneer 3-DX HLa% A 2 — ZE AR /N RY
BRERHLINEH P50 A 225 28 0K S, HACA 20 AME A SR A I B h5 4 % L 2 N b T B il )
PR A] S A AR 22 A A T 00 1 3, LA S 2R e ) LA P TR 3 R R R G0 T 7 BT,

Bl BLEE A\ W RE S
Conceptual Model for Autonomous Robot
_ obstacle distance : od
B thAs response values : rv_l,rv_r
data state balance degree : bd_x, bd_y, bd_z
motor velocities @ vel_l, vel_r
¥ the destination on the three-dimensional coordinate
]
goal eval(g) = (X, y,z2)==(x"¥y".,27)71:0
A
Ic time preference : as soon as possible,
g safety preference :
meh: pl : no obstacle collision
preierence utif(pl) = od = threshold 7 1: 0
p2 @ no turnover
wif(p2y=bd k=187 1.0 k=xy.z2
e vel_l = setlefimotor(x1)
I E
fuﬁfl?un vel_r = setrightmotor(x2)
where x1 and x2 are the velocities to be set for motors

et A B od x rv_l x rv_r x bd_x x bd_y x bd_z
MW DAP —s setleftmotor(x1) x setrightmoror(x2)
SRk A HLIE distance x color x occlusion — rv_l x rv_r
SV TAP - degree x distance x load — bd_x x bd_vy x bd_z
AL 2 y

Fig.7 Conceptual model for autonomous robot system
K7 BEEhHLE AR A S R s 1

RIESHSERIRAYNES MR 322 IR N 2IE N = NEb: W IR YNEOE 8 LIS B v = @ = E = Boil: i S VA E 1)
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AT 55 JFORUE S 22 4. TCRRAG DR . 6 S B e (T 4 ). LT 2 X 9 i O Flk O 17 Ak, A 2 5 B 3@ B
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Ik — 58 0 BRE, LA OR AL 2% N B0 22 4 A L8 N ) H ) b wi kBT, 0 558 20 A/ A% I8 A 00 ) e A5 4, U L 38 N 75
G ) TC RS T 1), L BRI S B PR [ Y P G RAL AR Ny T R R RS T O B H IR R 22 AN BE
ARAE B (8% sh ik 18], B Bes 3h ) H ¥ 3. 55 AN 1 B2 response value 28 &2 (rv | 1 rv_r) 43 BIAR 2 T BERS 4
X A28 N 75 1 7 AN A 1T 7 TR S ) — e SR i, e 15 400 T G 6 A 1 G, 7 A R K 7 e e B T, P R
WS T 3 AR, IR xy,z Bl T 3 AN 5 I (R R A B D IR AR A
AN T LA NAEA I B R F SR 00, T DUIE i B MR A5 A% S 88 R &2 e A0 AN B T B 2 velocity B
(vel _I 1 vel _r) 2 5 Wl i S 3k 2 SR I A S B 5 470 7 A 81 e

HLAS N 2 45 AT 45 O S A 2 38 FT 4528 2 vel I AT vel_r SR 20 51 VR B8 22 45 5 6 1 OO RE 456 7 AN 6 1 LA T
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1) FRI B BRI HLEE N B AG A  T) (¥ BE B (distance). S I IR ) 2 25 BT R A6 2

2) FEBS Py, LA A A% IR AR X AR TR 0 E AR UG, 33 € AN A0 0 1Y) B g ) LU R E AT AR 0 8 1 B RS ) A o i
) W) 37 {F (response value). A I, 41 €0 (1 BE RS M0 4 A R 2 58 S 6 1.

3) FREAGP) LU, R RGP 2% W IR SO JE %o £ A A IR AR I A A [ A5 P88 ) I Sk BB AL, AT 5 1 S £ B
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Fig.8 Runway for obstacle avoidance scenario
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Fig.9 Rﬁnway for turnover avoidance scenario
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Fig.10 Obstacle avoidance scenario: Experiment results for attribution-based implementation
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Fig.11 Obstacle avoidance scenario: Experiment results for non-attribution-based implementation
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