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1 Introduction

Mg ARHRIEFERDR Y BT LIEARIGE & NSt A B3R5
PATIES, BINAEfER: XA T XK, B 3215 Fe i B2 e
PEATIH . PLes NREMEALEE H 3548 22055, WAL i E
BAERIE BN S IR SN PUTE 2 IR55 . Plas Ndidd G
ZAFRERTE B 22T R, XA ARG (1], [2].
B REE H TEAE R BAR A I R 2 B T 4n s (A% Jek
AR T AR IR il gs ), (B X L5 RE VMR Bk SE BT 55 i 7
BOAESHRELMEEMANREXR L rmfs, ok
AR AT R B R k. BEENLEE N RS E 2 RR
Tt 508 E IR TR THR A P i 5 o 4k Jy T AR 5 A
KB 3], [4], [5]-

State machines =B HLEE NS AT AR f i DAY 36
W Z— (1], [6], [7]e IZ4F2E, behavior trees E AL
K BEWAN R, EZBIWE ABFRERIOGTE. X PR
TUHR Tk B A E R YR BE I FUE UT%5 » behavior trees
RIE A TR R R B BRI R A T . 5
HEMLg AR, XM Eb B A RN, FEREZIRES
P 181, [9], [10]-

VL B9 WEEE)], behavior trees 15245 5 b AT A HS B
w2 N BRI RIEPESEO0H [6], [11], [12], [13], [14],
[15], [16], [17], [18], [19], [20], [21]c IXLEHFTFE FEERTFFTH
PR () FE R THRTHE S0 TE . HLas AL X At 1F H BBk
WL HLa N RS T & A A 1R (DSL) FlAR
Kz TE [22], [23], [24], (BRAFE BIRAILR-S et ix it
i) % DARTFHSZNE [23]. RS TAE LT DSL # 0T
SRHAT AP FARZS IS B S2I0, BRI EeZ N TR
LA R BIBEST SR PR AE X Lo st Bl DL R B A TAE BRSE T H R R
T

AR TA TIX—HIRA T, FATEL ST 05 DSL
P14 S o S 3L L R A I B R 19 P A9 D DR R 3 L O SR M A
AT ALER A ST #2418 5 behavior trees 1] DSL 5Hl48

NWTFEE LS state machines (T T H#K . AT
behavior trees 5 state machines 7ETLFF DSL ( FHZEFLAHLIY A58
AN DSL) HR A SEIRMES, R T T A, FRATHY LR
FETAT N DSL M HAR A IES S AT T
IXEETEF MEASAETFIE ROS Wi H H A L brfE A 7= FA1T
£§] HEf&?ﬁﬁﬂﬁﬁﬁﬁﬁ@ﬁ%gﬁiﬁﬁﬁﬁ Hh s AR LAY
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Goal and Research Questions

BATS T A ERSHIE T S HAETH WAL ES A H R A
AT TWREMWMR . REH TR LUEES AL, TR
T RT ISR 0 S AR, DA AR SR oS 2 R [
SRR IR FROTBEH T LA B (Al

RQ1. £i&EF %3 () W, behavior trees 5 state machines Pt
oA G HE AR A A TR AP

FATIHRA T FHFPSZHF ROS [25] B behavior trees il state
machines DSLs (J£) ——ROS & T I & Hlas A H
FRERRIREZS ) 308 B arscRALEs AJE 4 7S (ROS packages)
— XSRS B RIS BES, FROTIRAIIE5>
M7 IXLE DSL Frf@ ik A st & FRATHY H bR 2383 AE SXBr
HE] AT AR SRS ERE S JFE T2 BB FH

RQ2. X355 (&) £ LE T 24 T4 T LILG?

XFT BRI A7 AR RASHL DSLs, FATAFSE T H R
AT RN 515 S L GBI AT IX SE F S, AT
P& T AL AL P R EOR 5 S . i A ST X S T
Plas ABFFEE SLB AR S, FRATRENS S04 b AR L a5 N G
B BT &S, R TBAE B 23k 7 1]
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MIZHEH T E T —MEA, HT T IX T E 17
APSFARASHUBE S R S S g5y, e, TS
AL FIR IS E R 30 5 TR T T E & FALE] . 45
b, FRARAE T R TAEFR ROS Hlgs AT H H behavior trees
5 state machines 1 FlIFHLATSCUESE R E1HE DSLs IHATE
MR ZER . ERBIRE S 0 (8 AR LR AT I 5 R ZSHL DSLs
HHISEBRE IR

Journal Extension

RSP JE T AE SLE 2020 [26] 4 5L # % T behavior trees [1]
MR FEARLHF, FANVGHFRIEEY JRZE state machines » &
HREL T IRSHUEBRE S, IR H SR TAE 32 B4
AT T X FRATEERT T IR AT AR B G, IF
BONZHE T fERRZSHL DSLs 19 FFIR #les ATH » FAT40uk
TIUH R I8 IEE ARSI T B b B
IR AR N TRTA I I E . 55, RATEnSE
st AT T 2H S SR T AR I L A DT RS LR
BEFAE A, CAFRAR BT 58 AT o0 A0S 5 AR FFIR I H A5
M7= Wi, SRr—/RIeSCH, RATHISCTE ST AT
4% behavior trees ¥ 155 state machines 1E 2 & 51
e PNV A

Results
FEATTXT behavior tree 5 state machine DSLs AT HRAL AL S Y
A (RQ1) N, RS RITSIRAIES T TR fFE L
P o IXEEIE TR, RIS E IR, RO T HLE A
S B T 2R FERCIE T AT A DSLs H AL FISHE, B
{IIAS s I 8T 5 P AT 548 T2 Fo B 28 B B8 BRI H 4%
PJE DSLo B— gt iR, FrA T 58 i DSLs #B42 44t
TN DA AR AR S R . RAE AT I S ARl DSLs
ik LeAR A SZRFVE A B AN, H BEA% 1 2 4R 8 ST
T RATE T B AR S & —Fh RIFRT Lk

FATA DSL R8T (RQ2) AN, $ALH TR 4
FE5 WA B R AL T L B T A b B AR A R IEARAS
FERMEEF IR 55T GUI fiE4 1) DSLs /1, TH S
FAWBIES M, #140 behavior trees H' Y Decorators I state
machines 1 HIFF KA 4 (FE Section 4 FN4H) « MAET GUI
) DSLs H, JXLEA4 4 B8 22 18 i A AD AR IR M AN & il i A R . JX
5 GUI S 1) DSLs 8% 8 AL A8 DSL #UIAH%, sy
GUI ] DSL /24Nl DSL. #Mif DSL sl {4 ] Hia S 1 (an
decorators) , TP DSL M BE 2% 5w 25 (4 FH S 1l dn FE 1B 5
Maid o RS IXAESE PR 255 SE s, (BRIRE , I8 DSL
SHI 55T AT B AT ES Y SR . B — R EE R
fir5 DSLs #8176 models-at-runtime J53, [27], [28]: FF {5
W R SIESTS, XLl i ERZEX (20 ROS 4 i)
SCHR

FATS AT AW EIRASHL DSLs BIHLER AL B Fr R AE iR
T4 (RQ3) 1878 TIX B S EL B BB L. &
5, behavior trees M fH HIAE FFIEALAR AT H A EHGE G
Hik, MNEMWARKRE, JFAZEX DSL IWEH MY, I
KBRS X R B, fE2 480 RAE WH T, itk
behavior trees ¥ 4& state machines , AT LA v HRRASE H o
RAEFRATX SRR BB RN &8, PR TR A s e A
BT HATEEE . B, FRAE R o2 3] = Fp ARG
SRR, xee g AR R A T SUEAER M. S T E A
—MEEE (BfE), FEMEMRREEEIGIH; A TEM
—MES (M IMEEBN PR EORESHL) , FEE s
HAAEVEPE-FFA (clone-and-own) o

Perspectives
AT, AR ERERUL P DI AL X — B S TR
AR XL AT TN IE S A6 o FRATA BN Y AT Sk

2

RASHI B REE Bt it » AT A BB TS RERNS S5 R AT N 5
WEHUE S SO E IR, sl IE LB, 1
S, ML R TR AP St il PR A 2 1, RO H A —28
TR TR E R BRGNP BT = B A Y

e, BATOTER T — 0 TR A7 AR BR 4R, LASUA
DI 2P R RIZ RS R T RS EOR. Kt
TR [29] G138 TIXSERR . FRATHIZ I S AT A,
LA Z2 2407 o

2 Background
TERLEF NAL D A7 22 s ) 5 A0 A1 T 0 R 8 RE AR B9 1T

4, %5 behavior trees « state machines « teleo-reactive 2244
subsumption ZEH4 WUFAT A G Tk E AR RS [6], [7],
[30]. IXLEIRMHIZER A KB SAL [6], [30].

HrF 2 iG55 DU E1H S (DSLs)  [31] HIIEL
AL EE M. X TR Ak, HHiFZ2 DSL £
EEMAEH T, BT TES:, IE WA RT R F
MEEEIN [32]. FRATAI, KREEUZE DSL 4T FHXTEAL
HigER, BEmASNEENRKE, BUTHEES. A
R, FRATEMERE], 4% DSL EE it #e] —FE L gmfe
B, FNHRBEANES G (A UG, a4
MLas NREE R BCR ) bl A0 55 5 1 S BLAY o JX AT AL
B85 K A Scratch B¢ Blockly SEBE, $2{—FhfE BpYHET
TR AR 8T o TX LT [7) Z¢5 F 7 A DSL = p [ H A —
EFARBERENA, MHEAM DSL, THEERNTEEMRTHLT
HBEEPIRZSHL DSL,  BEBA BT A1 A A 5o

2.1 Behavior Trees

ITAER | behavior trees BB CH—FRAT AT NERIE S, H
TAEF G S His A Wil . ©AMEED], behavior
trees REASIZ AL 22 P HI 4244 [15], [33]- 440 L, state machines
PRI L 28 A 7 SR ) T L A s R D03 LR T 2 T L gs A
ARG, (HYHESE RN LTI, HAEF IR RME [7], [14]. 10
behavior trees #¢ I\ A ELABEAL TR TEEGEIL S, REAE 7oAl
X[ [6], [14], [15]. 14/ behavior trees T i& X KL 5 AT
WLE A state machines , L2 7REA [15], [17]. HLLZ T, AL
YOS HAE SR L A3 H A BT T TS

Applications of Behavior Trees
behavior trees 34 1 5 FRIA B RERATIZITINAT A, FIILER
TR SV NTUREA T 2N H. 2 M AN (f
«Halo» [9]) KT behavior trees - #ATM, behavior trees 7F
WA Y SE BT S S AL gs AU B SLEAAA R E R )
n, AIREAE B Tt A B2 AT A DSL—— Unreal
Engine 4 (UE4) A7 A4, HSRIEEAFIREN M gnfRE, MR
LA A HR A S A A B ) ik A F2 AU L A

TEMLEE AAL X 1, X behavior trees Y22 7 IF #4218 K
Hierarchical state-machines % /& ROS S R4 H FEHT55
ML, JF Rk 2 PG T S8 [34]. BEE ROS THLAHThR
ROS 2, ROS 2 ‘SR G H B 2 E HIHLH B4 behavior
trees [35]o IR ROS 2 (53 Feor JZIRSHUIES [36], HEA]
EAFEN T ER ERALS . XFE—21UEM T behavior trees
ZHGIRRERFE T, TROS 2019, 1E AL A STk i) 5C e A
Rz —, BT —PDEIRTHEE AT behavior trees [
W4t BAh, RobMoSys—— HlL#s A STHE 4T 56 (1) A TR BK 5l
Xz =2, Wi T 20 H H T #57 behavior trees Y5

1. https://behavior-trees-iros-workshop.github.io/
2. https://robmosys.eu/
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Fig. . — MRS 22086 N8 7T R, ok

H GitHub 1 H kmi-robots/hans-ros-supervisor, #F
Behavior-Tree.CPP [ Groot Zw’H 52 H T HH /IR,

Root Sequence Selector
Parallel E Decorator Q Action |:|
Condition O

Fig. 2: {7 0B AT R (AT LIRS

A:Explore
Explore

A: PopWaypoint
PopWaypoint

FESEERFIAOC T HAE (1 CARVE? 1 MOOD2Be*) o Wi iH
T H CodRobots® T 17 AMMESTT & T —F 28 AMES
FIYE DSL [20], [37]o HtJri, behavior trees WL T H 502548
ARG H . Autoware [38], — MG HIEA BB T&, K
F behavior trees KM H S FFITIUE L5375, CARLA
[39], —MHT BB R ARG ERS, A%
AR SCHIFE AT P DSL 2 ———PyTrees , KiENIEHZE
(non-ego vehicle) FI1T24 [40].

Behavior-Trees Example

un Figure 1 fii7n, 78 TR H Knowledge Media Institute” [
— AR e A AL AT M RRR . izl AAESRE
—XIPITIR AL . FEARAEAL T A N JT ExplorationSeq
TR AR N — M BB SR B 1R
FAZ XA ARG S R (R =), S—1
RIS, (HiET Inverter 17 AR H TN, MR
MEHFH T TR T, PE CEEERITHEERE (8
—MA BB RER) &E K, BIRERAE. B E
R T —MER, B ERBCH A A S AT IR R P51
(MainSeq) ZI[AI5CHE:, HEIrA FAEFHINIITE K.

3. https://carve-robmosys.github.io/

4. https://robmosys.eu/mood2be

5. http://www.co4robots.eu

6. https://autowarefoundation.github.io/autoware.universe/main/planning/
behavior_path_planner/#behavior-tree

7. http://kmi.open.ac.uk/

Behavior-Tree Concepts

—BTIF, behavior trees F A EIEAA | HEER A MM,
A L AR AL B8R 7 S AR T i, ANFR AT
BRI R AT R BIHAT AR ST A R FRA tick H)
{55, R MaFEHR Y S S D BRI o Tick PA— &
fili% [6], [41]o 19 BRI tick J5 SHITAESS, ZAT5 AT s
HTRAE S, A7 R S tick, WA T HARRIHLE AMES (B
FLRE) o IXLEIFT AT N EIE (140 Fig. 1 HHYJ MoveBase)
AT A (T, Bl e i T2H) , A
THEHULSPATIRE . B tick W17 S &1 HACT SRR LI
MASZ—: (1) R AEFSRINTER, (2) kM EFS5HITR
W, (3) BATF : AEFUHESATH

ERIATIE LB —E W MERE ) & behavior trees [X
THAMAT N EAE T B ORHE . FATIEAEE ST AR HAR
FIAT M DSL BB . TREAe iR, AR, 2457
HPATREFFEASH BTN MERLSEHAMIETH, #l
WRSPLERER, RELELEGRITE () BH
BIEAT S HERE R BT . e A B, — s AT 58
Ja HAEGR S N — . EEERNA, 1T AR
AURIFE R RS e K =W 3E. 5 2, 1T AR
S5 2 a4 AR AL — ER AT Z BT 5T B T8 [F) 2305 H
FUEHLER A S DSL [32], BATKZ R AT ALER I fr S
RIMFEIES 78, 3T Scratch 2 Blockly #n. {7 ARHET
S P B] 8] B PN BRI TR, AR S VE T LA A T o
EM_E, AT DA B R M i S R O A BT,
BRIk tick (RPEEMIPEER) EfilA , TE BRI HRE (3h
) WAL A R EcA M. AHAMIES (BFRESPAR
FREE) VRIS b 42 i B8 7 2 RIE RS, R Z YIRS
HXELLSEIE . Hef)id Ut , IXFPREIR BB TR SO Bl T SE AR
Pt Jfnl g —H M 2e , 140 subsumption 2244 [15].

i H behavior trees ALHAAET EATH LU —/NA(HTA]
PR HI T AR ISMES AR . KE2EATAMIE SR
LA H135R 15 55 sequence (/T )+ selector (345 )+ decorator
(Etfids) LAK parallel (FF47) . M0 Fig. 1 frosmfith, 34
T sequence 17 5. (MainSeq Ml ExplorationSeq) 51
decorator 175 (Inverter fl RetryUntilSuccesful). ELW
|, sequence T AN A T A K tick, HESRFTA T
LB A RE B & T, T selector P RARH P —1Y
ST RN o Decorator 9 A 7 #5 & ZR WIS G, W for
1 while 2R, HHERY @M, A& LA E LLIHH
f') decorator T jii. Parallel 7 i i Ay &4 3L b B HA—E RS
o BATE sequence Fl selector 7 3 2L L, RFHE
HE SRS, A5 0 18 5 34 18 75 B il U Y e/ NBRG R R 11 R
it (cardinality) HAEHIFT N FECACHRY, KT parallel 7
R GHE AT R BRI THAT 79 0, Mg
J=i [6], [10], [30], [41], [42], [43]-

W Fig. 2 Frow, A7 AR AT SR iR TERLER A
Sk e aE e 2 (6], (410, [43]0 FRATAE Fig. 1
JEoR T — M AT AT AR DSL Behavior-Tree.CPP i fif
FRRTED:, EHRERAIASCSH DSL 22— REARA
SCHRS L bRE T LB SRR T e E S, (B
TR i BB N BB 18 1 PR3, B0 selector T RUIAZE
A “2” VEAPRIR.

2.2 State Machines

RAHLATRER H AT S T B R B0 B REAT NERIE S .
AT, EE AT (ke Er) Ml 2 s
REWTANTE L AFAMREYAI RN NS A K
HOCHR. BRI, 5 ESOMAT MR EAE N IS AR E, AL
AL RIFPHSIRENRI A, TR — IR BPEAT R ke
SOABHIRPRSHUED:, HEHHLRRESN R OHES
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Fig. 3: f#i[f] UML 15378 FURESHL, 55 Fig. 1 BT A
RUFEIA A AR RIS o

State-Machines Example

Figure 3 J&/R 15 Fig. 1 S ata Epldy MHFMT Y
WEMFIR, KA TH—#EES (UML) #YIETE (UML
155 W Fig. 4) o behavior tree # % H 1Y) ExplorationSeq
WETIRE (WHRHNEE) KA Exploration_seq o 1
Exploration_seq MIAFIAL, FA8tn 1 B ALl E EIR
(HEAEAFIR) o 24 Explore RAIT I HE Rk E0A2 L
RIS (fit & F4F success, FIAAFN 1==0) , BALF I
Exploration_seq IBH . #7 Explore REfA success HH4F
H i>0, WM Explore HIHEEHFRPAT HIMIRIE i--o

State-Machine Concepts

state machines 59 ZIRZSH1 (hierarchical state-machines ) ©
TEL DTN B4, HaB 518 UEEARIAR R [44],
[45]. RUEIBEAFEZESR, UML HPRASE (state diagram) 1]
RE AR PR A X R Bl PRSI HIE T (I Fig. 4) o
RASHUSERLE i = 2R IR TR A 1 & RES (state)s
A (transition) 531E (action) . HRIE UML 15 X [44], [46],
[47], WREFTRFERAT AR, Ylas AT I AR 7R
SEHR. MWITEIE SLAERA, UML RESHLZEF Mealy

Moore BIZSHATIE X [48], [49]. 43MESHEH IR (action-

on-transition) , Z¥{tl Mealy #l, SIMELEFEHTFEFITT; 43
VESIRZSHKIRES (action-on-state) , 2L Moore Hl, sh{ELEUE
NGB HARASIARAT [50]. KBRS IR H 43K 5h

Final state

Initial state . @

: Composite

oo

State state with state name
entry/action 1

nested- %@
exit/action 2 states
- event[ guard ] / actions
Transition —

Fig. 4: 134 UML #i75, state machines 175 55 CIRZS) KRS
e (RIIAKIEES)

Hierarchical state-machines , tEFRAIRASE (statecharts)
[51], & state machines FI¥ &, FHrRE (ZW&EE) S5t
KIPIT [51], [52] KL, hierarchical state-machines TEFRFFIK
BHEARREREIR, RVPEAT RIS A FIRESEE G IRE,
AT 3 S A R AR A Tk BT e B B e i

Sl A B behavior trees ZE1EL, state machines 8 LA
T A B i T X R R ALAs AR ER 91T Mo Colledanchise 5
Ogren [15] f5H, 7EMLER A4, behavior trees HIIZ L state
machines o fEARSCHEE FRIIANZAH, FRATHRETHLEE A
A SEI TS IXEEHLER ARHOEHY state machines SEIRAS 5
UML HIEMSA 2 5

3 Methodology

AT ZBIATHT IR behavior trees 55 state machines FJ4H
K DSL M H Rt @it & (RQ1) « A HaLai 7 X
(RQ2) , LARIHRFIS 54T X £ DSLs Y IEMLAF AT H
77#: (RQ3).

3.1 Identifying Languages and Concepts (RQ1)

AT AT AR DSL, FRATLE GitHub LA “behavior tree
robotics” +  “behavior tree robot” & 5 £ a4 K M4 AAH I
Ho MRERTAE L RAAREIT N DSL FITH , 8471
PO A AR DSL, JFH 5 KT Python Fl C++ P
WHTHS AT RMEIES . A, FATDLER THLEA
TR A SCHR AR B8 2 DSL.

XFTRZSHL DSL W %, 1F GitHub HA38| &5 R AR B
K, FBLFATEL A ROS® wiki T 72k F-HARASHL DSLs.
ZrERIFEE EMHAENG NES S TENEHTG.
WL AE ROS wiki _IMEE GitHub 2 Google #2%, FATHAAIN
A ITE S R ROS, IR G2 B HER T AEHLES ATH .

M T AT IR B H behavior trees 5 state machines DSL ( LA
FET AR ML) FEFL ML A H AR R, RATRALLT
HeBRARERTRIL: (1) BR=30R; (2) BEAEHYEY (55
RIS R 2019 4F) 5 (3) ANSZHF ROS (ReRIEHRTE I
GitHub Y 4EF behavior tree DSLs #/7#2) ; (4) REZH
I H A o

BT, N7 HEMERTEL S DSLs 1 B S S, TR
TR HAZ O R B WA R AT X S 2 R 56 R o FRATM
TR M SCRREET [6], [30], [43] A BRS | U SEA T A HE
o XTEIRMAY B, FATEFRHICE [53], [54], 45
ARPHAT/ NI DA B R AN M LR 0 S

XPIRASHUBE S U R F LT v, BT HEOE SOk [55],
[56], [571, [58] VAR E 77 3CHS [59], [60] HEAT40 4. 1EU
R, AR RITEAT AR BIMES DUCRESHLE S B %
PR A, IECRR I AT Rk . FATR TGS
W7, B TE R H DSLs HHA3 1A 4B . BT Ebik
T T B A 396 2 0716 2% 44 1) DSL BT A3k iy gt A2 19 o

8. http://wiki.ros.org/
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3.2 Language Implementations (RQ2)

TEPU H SZ RS ST AR @RS X E, JEairH
WESE LG, AT SRR LR L. AT
IR &5 SRR T 2 i B, BARELFE GitHub b/ A58
Bl MR 3CRY [53], [541, [59], [60], [61]- ZZFEAE [62], [63],
[64], [65], LAMAHICWTFFRSCRK [55], [56], [58], [66], [67], [68],
[69]-

PAVE ST AR F IR S PR At BE T, JfE
28 S HAE S SR T SRR, b “EhASHET R
MAEIB T IME R RE ST )E, FRATIE S & ] se 5
SR, AT A5 T TR P B 5 A AR LR o

3.3 Identifying Language Projects and Analysis (RQ3)

T HAAERT IR DSLs Mg ATTH AR (1) 3847
& GitHub _EAZ 48 (0 X L6355 A THL a8 TS5 A AR
I ; (2) HAX4E DSLs AR H H AT, 94T
Horp— A REART H SR A5 5 WA ] S R 25 4 T T ) AR

I (3) W% DSLs F P AESERR ip 2 SEEL AR &2 FAY o

DT Hs53 LI T IS 0K,

Mining GitHub
THETH AE3 A TR 5L E A FEAt X ) 2 T B A 5
bR T 5E . GitHub SEITRF- G OB SR it TR fER]
A ATREOE PUNBLAS NS5 B TR /Y T LB [70],
(711, [72]. ZRFRATHIITAE [26] LAM HALAE GitHub 124
GURTARRE %, TG GitHub 1F 9 HEN LA AT H
HIHZ IR o

B TR AT AR SARZSHL DSL, FRATHIS 1 ixX 2Lk
FAENL & AT H S A )5 0. /£ Behavior-Tree.CPP
i, RiE main_tree to_execute 327~ XML JEIS 1 H# A 0
jljklf, A PyTrees_ros + SMACH 4 FlexBe EF', 4 A
py_trees_ros~ smach_ros Fl flexbe_core H/THES SN XLEAR
BT BARE S RS . A9 7 —1> Python I,
FIFH GitHub MRS Z API GEIE PyGithub®) XJiX 2L H
AEAHD H R ] B SO DT O A T2 40 o

Wafs, FA1A i is s TR e BRI, DA R SE
Mo S X 2E FEAE AL g A P Y SEBR S L. 2% Malavolta 55
NFRH AL NP2 8 157 [70], BRATEHTT A A

9. https:/github.com/PyGithub/PyGithub

5

VB LUEBC AR ¢ H AR o Figure S 7R 1 3ATTAG I IEAL
file fE GitHub H5¢ SOTRI HAZ98 /5 CEER 1), FRATdd
Python JIAHERR fork WIH (PER2), MM HEE A, 3K
I RERIAE — e E S I HHAE fork, TM/2 clone [FE B L&
1. B, FATEEASRBORNE GitHub FF Hrst H & FrAH
R, FahRibE A o EL I H 54 MR (PER 3). #t
R R IR, W 44 AL R IR (tool) YRR R T A
BT, X TR H AR PE(R AL E BAR AP g M55
SCBe B REEIIRATUI ISR A LAy AR SLBLIH midEH B TH.
LA A AHERR I H 24845 “tool” BB (B 4). TATIE
HAEBR T LUNHSUR I ITH , X e g 22 B R AR LA
HROE, BoRCMITHRIHE , BB ES HART
WLAF NMTL555E3 : BehaviorTree. splintered-reality. team-vigir-
ros-planning~ ros-infrastructure~ carla-simulator. fJ, FA1i#
AR A IE 245K README FIiRFEE, HEBRG &L
KERIA B F : (assignment. course- tutorials introduction) (2
BR5), BRRAER IR R LI H » S X — Rk, &
IHFE] T RFSARHERT R RS

ok (BER6), AT B EHALE L. 5
HOEME & B (W Section 4) , FATIHHIH 4 Fh DSL
HH O T A s AR R 1) 4% F R 1B . 7 Behavior-Tree.CPP HY,
main_tree_to_execute FE /NN ; 1E PyTrees_ros i,
add_child 18 FTUING 5 ; f£ SMACH 55 FlexBe 1, 44
1B StateMachine.add 1 OperatableStateMachine.add T IR
o FAEIZHLH) GitHub & DL G IX LEARIE Fr 4534 IF
Tl A LIRS ET Python 1EMZEIA . Requests
API'' DU GitHub FOARAEIE R AP S8 FTA ARSI AEFRAT]
HIFELPA 7 PRI [29]

Analyzing Models

NERE behavior trees -5 state machines 7EJFIFALAF ATH H 1Y
GO (RQ3), FRATAPIA A B AT FIr 42 48 L H - DSL 1Y
AT GBS T, ORG-S CER G S
B HEAS IR, DAZA A BTG BRI H o i 2. FATAA—1
T H AR H A H 2 i 5138 H 2 [RIE TG RR . FRATEH 458
ZHIE (FERIERT), HEBR AN G 5 AL EE A rIEiE -
BehaviorTree-team-vigir- pschillinger- FlexBE- splintered-reality
ros. ros-visualization. ZXHRINEERIILZ 2021 4F 12 H 31 Ho

TEAERY M 7T, FATTFTE behavior trees -5 state machines
TESERRALas AT E H i 7=t FATE ik 2R k1S
FIAR SR JE S R 3 AR SO o AT AT A BRI ) FRATT
REUT 75 DR, RE 2022 SERIVET R EF S I R T Hr
MR SIE | H T AR O A RS G, FRATAR
%‘T\Tﬁfl—‘o APRIERT L FRATT MRS HUASERL H BEATL e H
75 AL

HTIRSHAZ RS T T B0 B R R A & i
KN (RIS S8, WO SCEER) R P REA M H AR
[2-6] S RIUHIE [7-66], SRJ51# FH Python [¥] DataFrame /1
FIFFE APT'? M EF D REAID AL O H o 25 R At 5
FIFNEBERIB SR A E . SRR ST R —2,
B 75 DR

BATHE THE T AR, BTSRRI S5 14 5 A
ARG e BT IRAT T B PR EE A A IR (state
machines A M JEERE, behavior trees A A TCEH) | Tok
G—fratetr, EanlitEE Hiss S T e, JEH SM
5 BT #i5¥ric:

10. https://docs.python.org/3/library/re.html

11. https://docs.python-requests.org/en/latest/

12. https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.sample.
html


https://github.com/PyGithub/PyGithub
https://docs.python.org/3/library/re.html
https://docs.python-requests.org/en/latest/
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.sample.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.sample.html
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o TAIHIAL (BT.size, SM.size) : 7 A H M BRARTT AN
T RUEE RS RS B
o BIVREE (BT.depth) : MR fU2F Y s BB 5L [73].
Bt Fig. 1 HHEZU) BT.depth 4 5.
o “FHSZET (BT.ABF): B9 A 795 S48 LA
Fig. 1 441, BT.ABF 4 1.6-
o HEZIL (SMunesting) : HUIRESE & K R Rk
EEYE 174, [75), [76]. EREVAE —F. W
Fig. 7 ", 4 4% Inspect_SM N 1 2, IKERH
Iterator_10_attempts N2 E, Exploration_seq A
B3 2.
o TRUEBILA] (Nopet) : Fo A 2EBIAE AT ST T
4 behavior trees & 41 /55 state machines W 25314
TE A AR
EIRFEAR AP B T & DSL WSEEL, BRI IRAT A
FFE S BIHREEBUT . X8 DSLs, EA12% )%
PR —HBENURIREA, B PRSI, JF
TR VR P s T A ARG o B 48R T B ShiR L, HoAth
T TR UL o FRA T P SOk R T LR g 1 a2 9
44, F51 Python ARG H SUARVLECIEL, LAZEL BT size 5
N.pcto HIT AT ML ARG —, o HEhH4L, BT.depth
5 BT.ABF i M A LEEEUE b 5551
TE$2 B behavior tree MBI, #7 {8 H 4 &8 DSL (1
Behavior-Tree.CPP ) , FATHI A A Bl ZE B 7 1Y 0] BLAL dw
AT Groot; # MM HB DSL (Ul PyTrees_ros ), FA1FHFF3
SHTIERS I ] APL A A8 LR B IR RO 2
¥4, FATEA behavior tree 157
XFFARAHL DSLs, FATFEESE AR SHEATH, W
SR PER LB BN g —, AT B 31 . 158
Comby AP, FATAHEAMRAHE SUBEER, DAPTHHA
arfE L, MR ESIRL . Bl 5 0 Python JAIAS$Z HUIAL
It IRESE G IREEEE, LIHA SMusize 55 Nupeto W1[A]
behavior trees & G AT AT, FRATE T KA DTRC
PRI AR R BTN BRI AL, DM N LAy, i H]
state-machine-cat (SMCat)'* API S£H[. T FlexBe 5 SMACH
B B AT AL i A AR I H AR R, FR AT R AR SR S
FH SMCat AN AT AL o 1L Python B A ISR #4464 SMCat
B, B SVG B4 3. SMunesting FIHZ B A T58 L,
FADE W EGIF R EE R rAlAYS SVG X
FIAEFR AT AR LR s ARI [29].

Analyzing Reuse

B R AT TR E L, B E AL
NIRAE TR A S8 82 — [1], [5], [78], [79], [80], [81]-
S HHLE X T 528 behavior trees 5 state machines £ S5 7R bV
ATy R SRt 2 0, RN TSR
FEA SR R IR . ASCrde “EH” EiEEH AL
a ABRE (BE) WA, TEAEETRS ; A R —m
BORFEIBI RS H—BEHEES (M2 PMREEdER) RS,

FANLE AR SRS AT, BRI E h R RE S
FEEFREM .. EHESIH AR TR AR5 5 RN
behavior trees HH 71 BY state machines H Y E AOIRES; £
AENI & behavior trees H AU 55, B state machines H 4P E
RS BIE. B MERRLE, nTRE R E i, o
AR A ME R RR A A AR ESE M. b, K
RN TRRS M ix 268 A5 SR Re R Se 7 =0, B R
T B B AL

13. https://github.com/comby-tools/comby
14. https://github.com/sverweij/state-machine-cat

6
TABLE 1: 3550 H 47 A AR ZSHL DSLse MR A AT
I AES .

target last
name language ROS doc. update
Behavior-Tree.CPP C++ yes 2021/05
https://github.com/Behavior Tree/BehaviorTree.CPP [54]
PyTrees Python no 2021/05
https://github.com/splintered-reality/py trees [53]
PyTrees_ros Python yes 2021/05
https://github.com/splintered-reality/py_trees_ros [61]
BT++ C++ yes 2018/10
https://github.com/miccol/ROS-Behavior-Tree [82]
SkiROS2 Python yes 2020/11
https://github.com/RVMI/skiros2 [83]
pi_trees Python yes n/a 2017/10
https://github.com/pirobot/pi_trees
Beetree Python yes n/a 2016/03
https://github.com/futureneer/beetree
SMACH Python yes 2020/05
https://github.com/ros/executive_smach [59]
FlexBe Python yes 2020/12
https://github.com/team-vigir/flexbe_behavior engine [60]
SMACC C++ yes 2021/05
https://github.com/reelrbtx/SMACC [84]
RSM C++ yes 2020/03
https://github.com/MarcoStb1993/robot_statemachine [8 5]
Decision making C++ yes n/a 2016/07

https://github.com/cogniteam/decision_making

4 EE#EE (RQ1)

FATHA BRI 12 R0 H T7E ROS H SEBAT MR SRS
HUBALE) DSLe  Table 1 #Y_E2FB53 51 H 1 Brilo H B917
WDSLe FATE 0T T B A7 I F R RIDSL, JE 0
T AE S PG A EIDSLAY, X =R SR AR A A I [ A
(2021 4 6 9 H) MALTIEERIT LB B BATIER SR A
Python Fll C++ X P FPHLES A AL X A i A 7 B gm e o 5 SL LY
ROS A%. ROS MHESFTA ROS 2 [86] 115 E] T iX Lk DSL
B ¥F. PyTrees /& Python X EEI T AMDSL, EFF
ANEFEH A ROS, M2 )8 AL Es AR . — AT
¥R PyTrees_ros NHEHBEMT ROS HE. BT PyTrees 5
PyTrees_ros MJZEHIAET &G4 ROS 41, HATRE
¥ PyTrees YAIE S 0T, S HARG AN EHHSCFF ROS. &
SRIATATT PyTrees 1 PyTrees_ros , {HIEAT T HARES
H , a7 i AT LA PyTrees_ros RFETREANT T
R, RURFRATRY I T W

AT e iE K HRDSLHEBR A 2 A 2 Fhe BT+ &4 18
K, HIFKRFZAEIA Behavior-Tree.CPP Wi H i, BT++ #f
Behavior-Tree.CPP FFHUft. SkiROS2 = — 1 HTFHlag A
EFRImBERPAF G, 5% T MDE RYIHE A&, JELL
behavior trees 7E A T5] % . SkiROS2 /& SkiROS [87], [88]
R A, e H Al i Ik. SkiROS2 F5cA FHEIH
AL, R HERR . Beetree F1 pi_trees A&/ FF4EH Y 5L
KWH, OER.

Table 1 #9 F2#B5 51 1 AT HPRZSHLDSL . F1AT]
ST 7RIS (AR 7R ), HFHERR T R =AY, L]
FEEBATHERRPRUE (2L Sect. 3.1)o SMACC A& —MF4E4E
FFIDSL, A C++ SEELHY ROS &4t. Robot Statemachine


https://github.com/comby-tools/comby
https://github.com/sverweij/state-machine-cat
https://github.com/BehaviorTree/BehaviorTree.CPP
https://github.com/splintered-reality/py_trees
https://github.com/splintered-reality/py_trees_ros
https://github.com/miccol/ROS-Behavior-Tree
https://github.com/RVMI/skiros2
https://github.com/pirobot/pi_trees
https://github.com/futureneer/beetree
https://github.com/ros/executive_smach
https://github.com/team-vigir/flexbe_behavior_engine
https://github.com/reelrbtx/SMACC
https://github.com/MarcoStb1993/robot_statemachine
https://github.com/cogniteam/decision_making
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TABLE 2: ZA IR AT AE S SIRESPUES B S ME &

1746 ITABHES REHIES
= / FHE PyTrees, PyTrees_ros, Behavior-Tree.CPP SMACH, FlexBe
Y sl SCRERIE S A BRIk S v shEh . mliEd Sl itk ROwE
tick ME& 5 T B HE R Sl — S E RE B Y B AU o
TR AL PATIE (RS, ATBRRTElcRis:) , Borl Akt FAMIS, RIKSEAAF
CHRAEEDR 8] B/ o
B ERS FRRBRIS, T ROR R RWEISFTHRES. IR RSB EIHERES (RIEER) , 88 b P HE Lo
A P i D 2 A HERE R R — 1Y Ao PATIRECE IR AR
et AN (ick) PIEGET SRR, DO UG, PR RE SRR .
Feor e . T mAR S i & ot A
HRAY R B T AN Eﬁiﬁgjj;%%ﬁo A R MIIRES (BB DIIAERRAPIRES) o
Iz H Ko
JBi IR & 5T, B2V — RO ke A TR WIS T AE LA S HF o
(sequence) BB
pri gy P fid & 39 5, B2V — A ke A TT N TeEFSCRr, B A RS
(selector) FEAE RN
AT /& sequence/selector LT, WA KRMESE, Hlw TCHEEESE, W DALY R,
(parallel) P8 1Y R R N
k¥ (goto) T kLS, i Py B 2R S A A T SCRrHbEL o
YUl Vi
( decorators )
inverter ST R R ORAS - TeEESCRr, B A G R SLH
succeed R R IERES , IRZGR 1% o TCE RS, s A RS
repeat HE il 775 AR E RS, TN A & i, & Tl IdE SMACH H1¥ Tterator container SEEIL repeat-until
PN W, JEIAZ L ZA P E Lo
retry BT RO S RV R, SR BRI R MO 5 5 repeat ML, FIIEIHEK Iterator container 55
BRM, AN o
S USRI, TESTIEAN QAT SRR GEBIRS, BRREA,
)o RE) o
T EAIESTHENS'E IREEsE (S i FH AR S T S DU IR S S 2 AR o
FRME % FF interleaving 5P ; iHId sequences selector- Y FF interleaving; LIRS 48 AW IRASIUTHAT,

parallel 7 274 B

I H Python SRR M AEFIEIFATo

(RSM) &7 — >3 FF ROS Hili 5 GUI i) C++ DSL. H T/E
GitHub L&/ SMACC F1 RSM IHIRITE , FLIRA]
4 HAHERR . Decision making S8 FF C++ T ROS R4,
{H B/ EAFEY . FATHA W ADSLEKRER (2021 4F 6
H o H) b TIRERAET RS, SR 5E, 8 Python Y
ROS A%, J1E GitHub LA Z AR H T8 TH - FlexBe
FH#E ROS2, i SMACH A3+ [36].

BN ORI R IX L T AT AR SHLDSLET IR AL 1Y
EEMAS, SFEENMIHEESE L. Table 2 BE5FF LT
TR FURASHIDSLAT 2 FF AR S W& AVIZIH T 547
MDSLAHC IS, XSS T A S, B AR EH
HEBR o Bca— 2 A B0 T X S ME A AR ZSHLDSLH Y A 2
Jie ATE WA SETE behavior trees , FFITIE state
machines o
4.1 1741 DSL FREE5IEX
LR 3 3 T X BLA CHk Al PyTrees_ros 5
Behavior-Tree.CPP 44 [53], [54] R FATAWIES
() A& . Table 3 JE7R 104 H 9 DSL frdd A (BT
AR o

TES AT BIDSLH BRI 1Y behavior trees 224 3= L& —Ff &
B L BT ESH T NERGE S, AT behavior
trees SLHL (20 Sect. 2) o T HE B FRAEHS RIS B)
ik, FEUEERLL CEF) EE I ) (] B ik & 2 LY
AT, e — 1 HE— . BFIX tick (B epoch) #B4yilJJ7 4
BB, ANFEZEBL T e g A3 Pt B i mT LU 3l

Root

main
« |1

BehaviorTree

TreeNode
ID: String > = | ID: String *
name: String 1
1
refers to | - | | 0 |
41| SubTree| | SimpleNode | |Decorator | |ComposneN0de|

|Acti0n| | Condition | |Sequence| | Selector | | Parallel |

Fig. 6: M Behavior-Tree.CPP [ XML # = Hid ] LR 2
] Behavior-Tree.CPP JUIA,

W sl PEAE AR DS RPIRESFF AT BAT BIE H R ARSI
S SO R S A2 R RS R e B A e, (H S B i i o
FHAR AR, PA AT DL 2 0% A s A T R R
L EPLGIAG R

SIMTY DSL SR AT O8I [89] Hh Ay AR ML AR
WA A, B — DM A X o AN SRR,

15. fill1, PyTrees E‘]j(%ﬁ_iﬁiﬁ%?%fﬁ?"ﬁﬁg%% B ARG X 5
JE XA F A AT PR A B M 69 RAF 45 https://py-trees.readthedocs.io/en/
devel/background.html


https://py-trees.readthedocs.io/en/devel/background.html
https://py-trees.readthedocs.io/en/devel/background.html
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TABLE 3: Behavior tree M [ HAE Behavior-Tree.CPP .
PyTrees_ros fH PyTrees AT IR F LR

concept Behavior-Tree.CPP PyTrees
PyTrees_ros
Simple subclasses of behaviour.Behaviour
Node ActionNode
ConditionNode
Composite subclasses of classes in
ControlNode composites
Sequence Sequence, composites.Sequence
SequenceStar
ReactiveSequence
Selector Fallback, composites.Selector
FallbackStar composites.Chooser
ReactiveFallback
Decorator  subclasses of classes in
DecoratorNode decorators
Parallel ParallelNode composites.Parallel

BT BT 42 R o AU TSR PN AT R G (] O (A8t
5 RG2S BN

Behavior-Tree.CPP I PyTrees_ros H SRR PURD LA
T S SRR AT e 0 T R SR,
FKATE Fig. 6 HEEML T — M Behavior-Tree.CPP I XML
R AR T o X SR 522 fE Table 2 At
AR o

(2R Ep
BB, A R (RIS TP 5 ) 5T AR
TSIVET fl SHVETT RAEARRL T SCELEE R A5 FRATT P o047
HUDSLHY it BESE B0 E SCHY BT i —— X 285 U 77
A Action HHIZE, HAEISLET st tick I HATHI Python
B CH ARfde S0 ST RAT/RIBIRRIHE, R H
Pl R E EREHES

Behavior-Tree.CPP Y FF & 2R AL [F] 25 5 R 20 iy
= Nii} PyTrees_ros FBEFEEET . RN EIETT S
FElFZE Y, e AT 2R 2k, I 37 R ] D el 2k Motk
o FBA AT LUR R “I547 (running)” AR, I
TR IE LM LLI5 T AT E L2 T
epoch Uil & IX 26715 i

SR
BAT RTINS, EEEIR R
[ (BRI fbA) <& SO Y« 5575 % i F P SR A ] £
AR, DSL 2L T —RAIMUE LHE AT S &T &2
SET A, SEABREIAL S, 85— S E R
HAER e 2 SRR ORI G g B

FATITARGEH DSL W, ASFEE A AU TS SGE G T A
FHOGSCHRI E 3L, 0 Sect. 2 friks WRA (sequence) 715 miZEALL
T2 IRFEE S T forall FM AL #4355 (selector) i
RWZEUT existo TATHIN, FEIXLESTHLF ) FrigHy F47
(paralle) 77 SHLIFAEIETF KBAT, T2 sequence
selector — AL H— RFINHY R, IXLLHRIETES B Y DSL X
[EL R PSR iUy

H AT A BIPRAT SR AR il [T, RIS S RF B
Ak (goto) o SILARNT, &G SUR] LAJR I Hb 52 Mk 17 5
3, 5 state machines (¥ HIEALEIE ALY Lo FEFTIFE
9 DSL Ht, il A S AR A v DA 30 ORGSR,
WS EIEIE M SR, IXBORT AT SR [ AR

TERIRE AT N tick 2 )5, ARG IET LR 52 2 1) fa 5
75, AR B AGRE— M RES. FATH DSL PR EES

8

ST RSO E SCHPIRZS— 2L (L Sect. 2) o IXLEARZS(EAE
i R T R A T TR L E R B AL

3]

A2
H

ik

e A AL i 55 B DSL LB N — e B A (A
A—DTTR) , HT M7 I S H A Bl 6.
Behavior-Tree.CPP 5 PyTrees_ros PRALT PR 2
it R3EE (Inverter) Y411 mAIR LA T 5 &
W2 Al e 3 % (Succeeder) ANVEHT- 17 SR [FIAT 200K
A, BEREET. €A% (Repeat) T RUEARAR), 2K
LT for fEER: BAEFREM tick REUN RSl A 717 5. ££
Uil A I8 3 P BB T AR o 2SI BB YR T s (]
DR E TR A0SR0 RO RO Y RO R s
FiX%E (Retry) 7 HFLT Repeat 195, HETHIEE—
MAFEN T &K ). 1% Repeat —HF, B[ LUBfT—4
WREZIK, 85 Repeat AR, & RAET mRNIN AT
i, HAER F—1 epoch, T2 RIER. WWRMERE
e Ry € CAREREISN cE2 SN G T w S AT PR @

Observation 1. 17 A 15T HFTHEAE A ME S 5 =B SORIR
TR IR K AT S RIAT A DSLILAE T 1 2 4
TR RIAIE, X LEAE YR P A A RO RS
e g R R A

b

FERLE

1E behavior trees H, FRFETUMEAERT A& T AT AN H
TR AR R P T R S A B RRAE . A ST AE DSL
A Stk BRSO TEREE] T IX A [90].

ANETF Ecore'® oy UML, XUIETHIICHEA R 2B &6
[26] DSL #&4it TE &1 mBITT, 4 &R s OrR B 4
%, BAURMEEARTIGE (2 Fig. 6) - IEEWHPFREE
SeP R ) GEE SEIEE R BVETT A, AR IE IR B
T BOBZER, FTREETE (8 AN XML SCfF. X PRl 5
stereotype HIHE& T NFILL [46]. 45K, Ecore W HL AT LA
TEIBTIN Y R e R 2 A R DR, (HIXFh 4 A
M ERE, AT, “ENRXIETERE: JLPREA
A B E ST AR AT AMDSLIN 77 =

RIESRMG (B PE)

TR0 DSL B IO R A R A AR I A 56 i 2
AT RS IR X R IES S mfEssk. H
i AW SR RE, THE W EERAE. AR
Ecore B 25 INEZE Y7 DSL 456 9 ALEfi ] PyTrees_ros
5 Behavior-Tree.CPP &L 4:—Ff WX § 48R (déja vu)
R o

BT 2 las N TR ROS H A k=1t EALR 2 Y
B TR ERIN SR 917, FATHZIRITREEAE X P32
YOI E . RUELERR M TR, 185 LIS umts
BERBAB A A = R B R SRTT, 3 AT MM DSLIE 7 X 46
Ffge XA XA T Bk i it —Fp47 AR DSL,
BERER G A MG I RS, XRELE S EALE ATy Sl
ST

Observation2. FITff 58 AT HMDSLEY R 15 L 5 Al 9 1

XL AT R E R TIES S MR ER . BIHES T

FEAEDCRT DL — Rl B 5 B TR IR R A& A1 TN T

B AUAEH DTk

16. https://www.eclipse.org/modeling/emf/
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KiEENE
T HMDSL S RAEREE ML A R G P A 2 B R 8 1 A 1
(PSM) , DAEIBATI IR 64T R0 A B4R 2 i A &k
TR . R A R A T HoAt i (1 B 2R R G
MR H R A5 4T o DSL AMUZ PSM, T HAE
FEHREEHEMEG. BET N EEII ARG TR
&?HE API %2 H.o R, MRXEHGIE AR S8 N RS 55 5

B IR Groot FJ LART AL —/N 37, XML SCPF 378 A AL
(B ETT AL PyTrees_ros B AIEY:, #MiFE— VBT
f) ROS 35 XA BEAMUELHE G Y Python 5 ROS R
52, WHFEGIIALEG ANR0TEINE, R, R
JA A RS HHE A TG T A BERG & AR

JEE A IX PR DSL #B AT LA S R 45 50 4 A
AR A UG E I BB AR L S B R 1 i A AE B AT
Behavior-Tree.CPP 24 T FiZ H UM £ H XML JFiE,
HERFREV IS B, BT AT LU XML Jafe. JXFf
I B EER VIR A eI A TR A el i
BRI HAM ARG E . FATANIX R M RIFAI2EM L. SR,
TELBRBIR R ATHEARMEZENX — A (2 Sect. 6) . KEHL
RS AT A S SEIM R R G, R S0 B LA
RESEIN .

Observation 3. BT FTAF5E Y DSL SEELHAT A AR 144
S5 RERB R S B Em 4 X RAE R
GEAMRAERTI ARG R FEAS TR R RI A L it 5 &
Ho

4.2 K7HL DSL HEIBES 5IEX

TEAT Y, FRATTE AR ARASALIE S State MACHine (SMACH)
[55] F1 Flexible Behavior Engine (FlexBe) [57] FH L5 £ 115
BT SURHIE .

IXPF DSL SLELAPIRASHLERZ A 1, X 52140
WL GRS LA — 8 5t BT 0 DSL ANF,
PR DSL FFA R tick B IR M s RS
BRPAT I IR I 83—k, A 45 H0 1 2RS4 2
HFTHEAN . {E FlexBe W', MHPHRASH LARE T, FFARHE SN
Fifrfil & B, ISR Y A . X P WAL A T
SRR B R REE, RGNS, 1 SMACH
AR B i B, Y AT SRS SR ZEAT, B EIR 4,

Ko

M BRI A R, X MFE S #2E T Moore AL (IR
BIKBNENE) [192]0 H P FHARAS LI Python 25 SMACH
{HFH State —3’3, FlexBe H{# [ EventState 2. 5 UML
HEET Moore AILEPIRASHLL A, X BIRASEE O Hh I
entry/exit ZI1E . I #REE AL —2H 7 1, P A IE AL __init__
SPATITE execute S LHVRASSIERIARZ L ERS) o WD DSL
AR ) T PR BSCER LK 7R BIR S ATIR B 45 2 (PR il R 4%
) o BUAL, PIRNTE S EVE & HA A A IRAS T, A sMAcH
) ConditionState Fl FlexBe ) LockableState , AT
DLEE T 308 [59], [60].

NEEBRES S KRG R AR, ] 7 — 4478 UserData
FO S A BB R = e AHEE AT I P Y2/ black-
board, UserData & LT 75 b B % A\ sty 1 T30 1) T 4
i, 1 blackboard G RALTEN FUERAT VT R 2 R At . A
SCHk [67] FELITIR IR, blackboard WIHAT LIRS AEAT
WA KIS 5| K i 4 SRR AN SR . A2, =

17. B, A @S 4 Behavior-Tree.CPP [ GitHub issues U1 IH] 412
e #18 #41 #44

9

FPRASHUE S HFE 80 D PR )5 4, behavior trees FF
KHCTIANVERI blackboard WIHHLH LASGIEIL [A) i, 18 19

SMACH 45 FlexBe 1L i 11 container 257 /2K E,
M A3 P #49#E hierarchical state-machines o 2°Container 7%
Ji b g —> Python #HR, I R LA SR AN [H] B AT 3 o
P TR A BT i 9T B DSL Hr i BT S L Y i s
MM EE . FKATH container 73 ik B 2 4% 518 Hl IR 45 2%
StateMachine(SMACH )-5 OperatableStateMachine(FlexBe
) BT SCIRASHURRL ) 1, J] THRE T4 hierarchical state-
machines o

E SMACH ‘:F‘ , Concurrence. Sequence 5 Iterator &t
BEAEE R A A . Sequence ZKILTAT N HIH] Sequence 17
S RESHEAIUE ST FHHA T - Tterator &> repeat-until
BN, REPITIRSEREZFFELS R Concurrence M AT
PGSRBS (B2 o AT A i Parallel
R, AR MR IERI AT HIF RS R —1
FHUE S, HdnA e iR, EAHFIRESTREZE R . 18
FlexBe 1, JF& 1T H{Liljd ConcurrencyContainer LI
— SMACH H Y iterator 7~ Fl A& Figure 7 Fi7m o

ﬁ%?ﬁﬂﬁ@ﬁﬂ%ﬁéﬁm, FlexBe A 1H 1Y flexbe_state
APL 5 generic_flexbe_states21 R EFRAL T 5 WARES
TCH . FRATERI 7 Hr v WA B SR H - (W Sect. 6.3) o
IR A SR AR [57] IR AL Hoa R

AR IR A R AR A & S AR AT ST A T
RN DSL . XA RS HlER NS BA— RS
fﬁﬁf%iﬂﬂ{% HIME A O, AR T AT 5 AL RRIX
FATH .

TR F I T AR E B S SR, A
IS BEIAA RILHTUR R AT RESE G & & 201 48
I, IEA1 Bosch [93] frfi i, HIENEHES & A A P
Ay, Az ZKE BT . —MiE S N e Hausn
Ko TERANTILATIIRSE [26] H, FRAIAELLE: UML 7 05
BHES (RESESTESE) 51704 DSL WSS T 2y
SR REZE R . Whittle 5 AR T AR ESITT K [94]o
SEBRef, fd ] DSL B UML B IE 5 2 00 I
AL NS BB R A 5RIA ) [22]. BRI, FRATIAH DSL
TR AWM R SR I A SNBSS, P IEELEE A
o7 F A FLSE T 3R

Observation 4. A W% il A =1 BS54 AE AL as A AT 55
PP — R TR . ATET PRSI S 1T4
i DSL 73l 28 a5 26 T RSk LI — /Ko

FrisE
TR R FRATIT R G0 & R — N LA, XS AE
FEE YIS . 5 behavior trees 25181, IRAHL DSL H:A8
TE I ] A BASRLR SC BN P N2 R . R RS T
ARSI TTZE, HEATFESL R Bt Ty i B HIm R T
JRAETE S 2T RERY, AN E S (W Sect. 6),
FEARMELRN R B & S, AT AT E s Rt Eg
X —ME R, FEE—Sg 85 H P IR AR
XS AR SE B R R TR T B, AR R IE
TEICHLAR AR N2 5. TR AT 2 fiLas At XX
BLAF AT B B AR AR AR i T SR Sk B B o BT IX— ()
AR EACI [ ] AT AT REB M AT, Z 11 i H P e A AL
AN RGIARE A 575K B HERES .

18. https://www.behaviortree.dev/migrationguide/

19. https://py-trees.readthedocs.io/en/devel/changelog.html#
x-2019-11-15-blackboards-v2

20. http://best-practice-software-engineering.ifs.tuwien.ac.at/patterns/
container.html

21. https://github.com/FlexBE/generic_flexbe states


https://www.behaviortree.dev/migrationguide/
https://py-trees.readthedocs.io/en/devel/changelog.html#x-2019-11-15-blackboards-v2
https://py-trees.readthedocs.io/en/devel/changelog.html#x-2019-11-15-blackboards-v2
http://best-practice-software-engineering.ifs.tuwien.ac.at/patterns/container.html
http://best-practice-software-engineering.ifs.tuwien.ac.at/patterns/container.html
https://github.com/FlexBE/generic_flexbe_states
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5 iBEM (RQ2)

ARATE T T FK A Table 1 B =17 5 M F K bR 78 1
behavior tree J&, LA FAE T 21359 5 W47 HOMDH A4 bR
7N state machine & o X FIXEEEHFIRT R FRATE LG A
HAPE AR S, e T o .

5.1 {TAK DSL: BE&RIT54EM

MIE T B A R AT ARE S I SE T =, RATE BT
BRI D RER S, XWHIES FEEEAE TR
W, TAEAENES LHSE R % . Behavior-Tree.CPP
BAEN— c++ FESCHIRY, BRI —1 ROS A, fEffiR
FAE R ROS HIARSZE [66]. HILLZ T, PyTrees &4
4li Python &, TEHIYJE PyTrees_ros 14 PyTrees I % h—
N ROS L, FFERINT ROS HFE I o

EESAHK

S £ 7 S o i B B S I <= = v
Behavior-Tree.CPP £ Z iR fE 4t T — > [ JE 4w % 45 F1 7] AL
WIs T W ALES Groot (HIV Fig. 1 "PFTEZR Y behavior tree &
AR R T H).

SR, HEfE— SIEHE L behavior trees I R RELE L
ERTRTIRAERE F o TS, TEIX IR, BORIE AR SO
iy H LA C++ BC Python HNR G T AT, Hik, B
BRI R E S Z 1 AR, s S AR g R
BHRLI . AT HE, H32FF Groot, Behavior-Tree.CPP
PRALT — XML #2, TH TAERR AU 9 S R 1B
un Listing 1 7R, /R T 5 Figure 1 TSR XML X
fFo XM SAEIBITIT AR, TR B S S IB AR o
=, TEONSREEN A, AR (LUK Behavior-Tree. CPP
Y XML SCPF) FFASBEAR SRR ) 24 Lo AR ) B 2
BB AR RALE H E T 2/ C++/Python J7 ik HTHIAID . IX
ERA A BEAREAE R TR B, thICEM RN

% J5 1 4 7, Behavior-Tree.CPP /2B id Groot Fl1ZE1LL
XML PIA& S #hER DSL, 1] PyTrees_ros & — 1P
DSL, KA EBAIMIMEE T . RIGFAI7E MR T R
YL (2 Sect. 6) , FATHIIA Behavior-Tree.CPP &
RIS Dy 3 T H IR R4S Groot Y] F M (155
#T behavior tree BT AIZ S T PyTrees_ros 157,

Listing 1: fi H Behavior-Tree.CPP XML RNk /N5
Figure 1 HHFE 7R
<root main_tree_to_execute="MainTree" >
<BehaviorTree ID="MainTree">
<SequenceStar name="MainSeq">
<Action ID="CollectWaypoints"/>
<RetryUntilSuccesful num_attempts="10" >
<Negation>
<Sequence name="ExplorationSeq">
<Action ID="PopWaypoint"/>
<Action ID="MoveBase"/>
<Action ID="Explore"/>

</Sequence>
</Negation>
</RetryUntilSuccesful>
</SequenceStar>
</BehaviorTree>
</root>
F&E

AT R AT DSL FEARME R E W FF LT | AE 5L
W7 WA TZER. HlU, Behavior-Tree.CPP 5|Z&f FHAY
AR PITEEE . FrA T S A BB DR . R
VERERTEC K, WRshREB4E, FEESERUE R tick 118

10

AT MG IS TIRES (BB - BIt, Rfr ik
BRI 2 A H.

Observation 5. FATHTHFFT B4 T 0 DSL A 5L 8 44 46t
JRZEHT ROS T 5, RIF ST SEIEF K. FHARE
BFFARLEIET s e L, e EZE AP BITIE.

MER DSL L Z5MER DSL?

FATH DSL A F % JF 5 R R TR R U,
Behavior-Tree.CPP /& — 4N DSL, (HHEHSLI W REET
V2 EASNES DSL HREE . R G BETT LLGE AT XML (M.
RS QUSR] DAZEIE AT N G E R Y 1Y S 2 sl B A
B IEIEM 5. PyTrees_ros 5242304 DSL, A/ ATLL
%A ES DSL —H+ | HIEAH7T15 AZ8 S Python A5,

BERLERER?

AT DSL BB NIRRT — BIMG B S 5E Ak,
FH AT LAY B T7 325 B ik A A i DAL AR e 2 fiph
A, AT S HAL B TEMET (models-at-runtime)” FY
M HAEFAREL [27], [28]- Behavior-Tree.CPP {H MR T4
FERAR T ARG AR K, A SEE B 8 SO T S AT HR Al — e i 2
Mgzt e 8 AT AR A ik T . Z Rl
AR EEE C++ EXR. STWIH—E, PyTrees_ros H A
PRSI 2t

5.2 KAWL DSL BRIt 53N
SMACH 5 FlexBe /& W1~ Fl Python 4% 5 [T RER H-HEZE ) T
FEEEFIT AR ZSHIL (state machines ) 5 E UCIRAHL (hierarchical
state-machines ) o 25U T PyTrees_ros , SMACH ] LAliS7 T
ROS Z&efli ], [FIFfER smach_ros #24:T ROS 485E.
MIBF T ARG, XML DSL #2377 =X
FHEZES. BIR FlexBe W EHIE/EN Python JHEMH, (HEHE
WA, FOAEEAE T &8 FlexBE App HIE]
JEH P SHE (GUI) » 2 FlexBE App ATl E AL 77 244
HORSHL, FFAEB TR APRSHLE T IS AE S M2 T,
SMACH 4 M2l Python FEfSH], JFiliid smach_ros BN
I ROS ARG, BHEMT —1NHN smach_viewer # GUIZ,
HATEEME K CAEAPRESL, EASCR RS SCRES
Hlo EIK SMACH AE AUMEH ROS, [HE viewer TTIEAERHIE
fTHY ROS RAIIEH I FIEfTo

BiESAIL
SMACH 1 FlexBe I/ 4 H W7k, 5 UML 453 (U Fig. 4)
ATAl. SMACH fii M AL e mARAS, IHERG IR 32 7m i A
BL, T FlexBe ffi ML K /RIRA. FlexBe AfH A T 21U
UML WA S S AL ST BAFS, 11 SMACH WA - Figure 7
JER T — M smach_viewer LIRS YLR . 7E SMACH
Ml FlexBe W1, FFHIFRN outcome. SMACH 1E A M4k 15 2
Hh X T 2 4% outcome 5 IRA outcome. SRS
outcome (HPfil&HfF) WonTER#Ei L b, T4 Fig. 7 HiY
Interator_10_attempts IXFEHIZEEF outcome #fHATIZFE A A
AN, AESRGIRES. X3 T MR PPRSHIIE:
XFRNE S AR RS HURT S )4 5 AR » FlexBe
B EBIEL S UARIELRESH . B IELEN FlexBE App
(FlexBe MEEAL GUI) LI 7 s, Bl f AfReas A ik
Python CASHE A SCAR TR A ARG R 454,
AR AT T R A S AN I R . W TRMRE, 2%

22. https://github.com/FlexBE/flexbe_app
23. http://wiki.ros.org/smach_viewer


https://github.com/FlexBE/flexbe_app
http://wiki.ros.org/smach_viewer
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Inspect_SM

state CollectWayPoints

container

Inspect_SM

ssssss

11

Inspect_SM

CollectWayPoints

sssssss

( \

Iterator_10_attempts

Exploration_seq

v,
CollectWayPoints . ° o ( Iterator_10_attempts N
.o N .*
[ ]
state il Exploration_seq
outcome Iterator_10_attempts
success °
. success

container
outcome

success

Fig. 7: ffi[ smach_viewer 15753 /~5 Fig. 1 #l Fig. 3 THHFES 10— state machine 7Ro ZEMAARFRRIE,  F RIFAA O ] 45

BRI T RITRE GRS E A -

2 HNAE RO SEARRE (S REL PATREEE) T
PAESE . FFRAETIAE Python H5EEIX LR TT e o

FHEEZ T, SMACH FH 7 I BLEEAE SCARSm 4R 4% 1 LA Python 15
B GG

FlexBe FEMRRIFAETFE H (A T 153K 5 T4 (MDE) ¢
Ao MR () HBAERBARS, R T SRS TR
Bo BIEXFHEESIE L —85HARE, KT FlexBe HL37
Ff 57 5. Behavior-Tree.CPP th il T R ALIE AL EEAR BL
TS A= 15 XML SUATES RIAILHI SE L T A 605 55 [66],
[E S o6 5 9 8. ANid Behavior-Tree.CPP {37 Fal &
Somid. MHILZ N, FlexBe il A SAEMACHD (TILAEE N
FAFIEIAIA R ED) WD T Fahdafe TIER. R4
FESIAATARIE S S, W RES MR TR U I I 1B 4
o R, BT HEXPITHRENTEFIRE, TL2LTR
BE R AT,

Observation 6. HH—MRZSHL DSL 51 A THERIIRZ) T2
HFS AT/ EE SR STESRENR. RN AR
DSL B2 LS2RE, Algt— B BRI S 518 1 H 4

o

H &%

5 behavior trees ZEL, ARZSHL DSL 14 SE L H A 18 1 L E
R E IR, PRI H ROS P& IRt EEIF &R
Mo FEIXWAEF B MIRSIASRE R RS h T, H
UserData (ASHIAVE I ATEEXT F ) AREEL IRESHA
Al MR BT ARSI L= 50E, v
BN IR S amE L .

Jit53 At i) DSL $&tt 1 kK Aas. /EPIDSLHY, 2R
Python F threading 158, AAVF2 MMRSIFATHOE, & H LU
SLIERIBT o (H T H Y2 Python threading (RIACEEHAT),
ARAS L B2 P s T AR B E T4 T

MEB DSL E=Z5MEB DSL?
FlexBe HYJFHUME 5 HoAth SR AT AL BK B i3 T A @A 5 2R AL,
5 Behavior-Tree.CPP —FF, TEH LI NAMIB DSL. RS
R AT IE I FlexBE App HIEIEAL T i . A4 i ARSI,
ARG TIBESHME L —8RE, HliehE L TH
ARZSFTRF B UserData

TR SRS R AT AR 4 N kAT — HASTRL SR AR S 41
1, FEIBE T AR RSP AR T A TR B, Blanashneg
MHBRIRAS S FEH R 8055, ANREE SRR AR LEL. HikZ
&, SMACH &1Ll PyTrees_ros , AWNHE DSL, HP HFEdmiE
Python A5 R AT A2 FAY AR AL P RAS

BRREBRTERIER?

XA FEABAEIBA T LARBRE T U TSR . FlexBe
VFEB AT S A3 F 18 0 o FlexBe MBIT#M T (patch) 11
SEIRHBAT RSB, Z AL 2 0T 2R B 1Y) B/ N B
Mo AN AR IHAA S S 2 R ZE 5, IHMUER S
N KA AR 4, FER AN T B2 fi A
Python threading lock®* 8ii & # & LR AS LART IR 646, S8 )5
{8 FH PR reload() BREEEHTINZL Python A5k,

TE FlexBe 5|%infr—#M IR T 2 0, A& AT
& (2 Sect. 5.2) « EHISKIL, FlexBe W A& ET
Python Y reload 3Z4F, 48 TS IIB I TIRRSHL R E
FHLE . SMACH MITERTRINA TR A SIS IE A R

6 1THMSRENERE (RQ3)

FAESZYT T 45 F DSL 2] 70T 1 GitHub JH . LAF
FEBATR I LT H A B RS M-S 1T A DSLAGHHR R P
FITEDLRAE . B, FATHEE 1 L3865 48 Fr 2 4 AT PR

24. https://docs.python.org/3/library/threading.html


https://docs.python.org/3/library/threading.html
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B RATE 2R Hok, BATREI0 B BT T4, TABLE 4: F&ATMAERT GitHub WUEMEYE . (AT A SRS

==V S =3
PR AR 2 i R ELAR A 2 i 2 PR A5 PL DSL AE L HLE MT o
n
©
300 { — PyTrees ROS . . . 3
200 4 — PyTess project, GitHub link language £ Type
= BehaviorTree.CPP
o —— FlexBE sam_march PyTrees_ros | research
S 100 4 — smacx KKalem/sam_march
o 50 1 mobile robot_project PyTrees_ros 1 unknown
o simutisernestas/mobile_robot_project
.g smarc_missions PyTrees_ros 2 research
E 20 1 smarc-project/smarc_missions
dyno PyTrees_ros 2 company
L
6 104 samiamlabs/dyno
E 5 ] gizmo PyTrees_ros 8 unknown
£ peterheim1/gizmo
3 roborts_project PyTrees_ros 1 unknown
24 Taospirit/roborts_project
robotics-player PyTrees_ros 1 unknown
14 . . . . . . . . . . . braineniac/robotics-player
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 refills_second_review PyTrees_ros 1 rescarch
Year refills-project/refills_second review
) Robotics-Behaviour-Planning PyTrees_ros 3 unknown
Flg 8: &{f]ﬁﬂ%ﬁqﬂkx&*ﬂgfﬁ*ﬁb@ DSL ZE GitHub }F{}EID"I\ H jotix16/Robotics-Behaviour-Planning
P14 FH R SR S pickplace B-Tree.CPP 1 research
ipa-rar/pickplace
stardust B-Tree.CPP 4 rescarch
6.1 iggiﬁ?f}g julienbayle/stardust
neuronbot2_multibot B-Tree.CPP 2 unknown
%ﬂﬁ %fﬁ%?ﬂzi”? 1,086 /|\{§HE])H(?§L§7“ILDSLE@I§\ H , I 271 skylerpan/neuronbot2_multibot
AT HMDSLICIE (RZGAN 77). HMTAlfLikse  meeatoPl? B-Troe.CPP Il utknown
Yo SIE T e e et ey Ny SN alexandrethm/mecatro-
}E m/jﬂﬂ@) Z‘Eﬂ:{ﬁlﬂl EEPE'Lﬁ_EﬂEUE/]f%miHﬁ, ﬁﬂ'l]gﬁﬁ‘? Yarp-SmartSoft-Integration B-Tree.CPP 1 research
fﬁ/l\fﬁ EP E]/‘]{Eﬁilﬁ E é&g 5 #é/ﬁ\%u T/l\fi E@ﬁ?}%é ° CARVE-ROBMOSY S/Yarp-SmartSoft-Integration
Figure 8 JE/N T _biR#a#s. 2015 4E 2 B, SMACH SZHADSL  bundles B-Tree.CPP 5 research
e P A R, LR S TR PR (4 MRONrojecubundlcs
2RI 1.2 %) 0 2015 4, RVIRE S #ocf, HEE 2018 ?Igsngl(l)eéM()SY%/BT(‘ompiler Brfres OPP 8 reseurch
fﬁ”liﬂ]lﬂ’]@ﬁﬁzfﬁﬁﬁi%iﬂﬂo E'\M(ﬁﬁg, ﬁ%iggﬂ/ﬂﬁﬁﬁﬁ BT ros2 B-Tree.CPP 2 company
RIS CES . #2021 4, Behavior-Tree.CPP  Adlink-ROS/BT ros2
F PyTrees TEFFIRIE B8 B A% 2018 4ERT 4%, V'lzlzl'):_tbe}‘lawl(')rl:tr/eés N B-Tree.CPP 7 research
P \ . o S 1o K vislab-tecnico-lisboa/vizzy behavior_trees
?‘ZA]]\TE{M > ﬁibii Efjliﬁhlﬁ%‘ig&ﬂﬁg% HT ROS KA hans-ros-supervisor B-Tree.CPP 1 research
’f/ﬁjg*Z'L‘éH{#%mﬁ%ﬂﬁﬁé Navigation 2 [35]0 XTJL?: PyTrees kmi-robots/hans-ros-supervisor
, BHCTT RE T 20— A, fars e, iy PilotURIC B-Tree.CPP 2 rescarch
. S 3 MROS-RobMoSys-ITP/Pilot-URJC
behavior trees ] Python S<Hlo BFA FlexBe fEFFHIIH iy o o B-Tree.CPP 6 research
- b 700 EIE V.Zzy_p yg u . Tree. esearc
'fﬁﬁﬁ bF"fB{EEﬂ: SMACH (2021 QEHS SMACH 7> 78 A)) , /f# 2018 vislab-tecnico-lisboa/vizzy playground
PSR RS T T 5 T SMACH o 2021 4F FlexBe ) behavior_tree_rosC++ B-Tree.CPP 1 unknown

{E)EH %ZEILZ 2018 ia/\j 6.5 ’f% , ﬁtﬁ SMACH {Xi{%Té@ 1.6 ,f_go ParthasarathyBana/behavior tree rosC++

6.2 IREUVEHE

RN Z IR ERIZRS R, AR5 2,507 MRS
HUSRL 620 DIIH , PARALE 658 M1 ARARLT 169 1
WiH. Table 5 JB/n T &:F DSL By H B S BRE R . £4
A, RESC s B ST — AL it o — B
A R —IH R RTRRE S 2B FRATA R R AL
THMIES & 75 DAL

TATSILSH T 150 M7 AR ARSI (FpFhil %
75 1), XEERERISE 43 SIUH (25 N behavior trees T
H, 18 1~/ state machines W H ), £ Table 4. i HHmA
%% BT FRA A B AR B T AR 100 H Ft i1 7 & R e
.

TEFRANTHREAERSE S, JLIRAIH 11 AR E N 4k,
40 Figure 9 Prn. HH b E S0 A PLEE NEKE . Ak
FHLEFAFIEIRIZ (pick&place) 155, FATEIE 5=
(D) WIRIH | Sk B 3L = . 5/ N TR (2) 4k
WH , >k B A Wlas AMERTT A w5 (3) RFIWE | TR
BURE(E B NEA 2. Table 4 FHIH TIiX LT H 2R, R
PR R OO B AR H T4 ZUR GitHub 6 RS


https://github.com/KKalem/sam_march
https://smarc.se/
https://github.com/simutisernestas/mobile_robot_project
https://github.com/smarc-project/smarc_missions
https://smarc.se/
https://github.com/samiamlabs/dyno
https://dynorobotics.se/
https://github.com/peterheim1/gizmo
https://github.com/Taospirit/roborts_project
https://github.com/braineniac/robotics-player
https://github.com/refills-project/refills_second_review
http://www.refills-project.eu/
https://github.com/jotix16/Robotics-Behaviour-Planning
https://github.com/ipa-rar/pickplace
https://www.ipa.fraunhofer.de/
https://github.com/julienbayle/stardust
https://julienbayle.github.io/stardust/
https://github.com/skylerpan/neuronbot2_multibot
https://github.com/alexandrethm/mecatro-P17
https://github.com/CARVE-ROBMOSYS/Yarp-SmartSoft-Integration/
https://robmosys.eu/carve/
https://github.com/MiRON-project/bundles
https://robmosys.eu/miron/
https://github.com/CARVE-ROBMOSYS/BTCompiler
https://robmosys.eu/carve/
https://github.com/Adlink-ROS/BT_ros2
https://www.adlinktech.com/en/ROS2-Solution.aspx
https://github.com/vislab-tecnico-lisboa/vizzy_behavior_trees
https://vislab.isr.tecnico.ulisboa.pt/
https://github.com/kmi-robots/hans-ros-supervisor
https://robots.kmi.open.ac.uk/index.html#meetHans
https://github.com/MROS-RobMoSys-ITP/Pilot-URJC
https://robmosys.eu/mros/
https://github.com/vislab-tecnico-lisboa/vizzy_playground
https://vislab.isr.tecnico.ulisboa.pt/
https://github.com/ParthasarathyBana/behavior_tree_rosC++
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BT_ros2

M\RE)N—pro]ect >

behavior_tree_roscpp |

vizzy_behavior_trees

. oo
I } Pilot-URIC ( vizzy_playground )
Yarp-SmartSoft-—, = = |
Integration robocup2020 ) ‘ (_neuronbot2_multibot >—J\
carve-scenarios BTC’o;mMc‘r | - _ l\;\
config —

Waiter Robotics
Interactive Robotics
Companion
J JE S 1
rbcar_rsband T Collaborative
*\syveetle_b?t/‘ Assembling/
S ‘ Disassembling

Tisa_shared_ws_flexbe™ J
_integration

( tortoisebot_waiter

Heihei

N

Cleaning Robotics

omniWheelCare |
Robot-usual

Ve ~ )
(_ dyno  THEDRONELAB
g

Y REbotics—BehavioEF—\\

( < Hﬁ;;tu rtlebot;frlre:(\TB 1N

N | — - P
Robotic patrolling
Drone Swarms &
Drone-Based Delivery
P

13

BehaviorTree.CPP
oy trees ros >

SMACH

/( hand-eye-calibrati D)

(\/dcmajlexbe \j/x vizzy

I ) kobuki-ros-nav
e_navigation -~

mecatro-P17 )
+{_ Pickplace )
|/

,/
Pick & Place =

Bin Picking

——

Stardust ) ——— ———
7 . VRN
—_ mobwﬁleiroklotiprmect/‘

( refills_second_review >

D —— wrs 2021

‘ \\<:/ ROS_Test_ws

Marine Robotics ——
\ A\

Health and Safety ~
. H\ Smarc_m\SSIOnS/‘
Inspection \ - >~
Space Robotics | — sam_march )
P |

Anahita
wpi_sample_ret
urn_challenge_
2015

visionx

CSULA-URC- hans-ros-

bundles )(
2020-21 )

supervisor

Fig. 9: #o A 00 H HY Rz ] SO b

TABLE 4: Sampled projects overview (continued)

u

[}

3
project, GitHub link language g Type
MiRON-project 1 research
ajbandera/MiRON-project B-Tree.CPP
robocup2020 2 research
IntelligentRoboticsLabs/robocup2020 B-Tree.CPP
carve-scenarios-config 1 research
CARVE-ROBMOSYS/carve-scenarios-config B-Tree.CPP
ROS_Test ws FlexBe 6  unknown
QuiN-cy/ROS_Test ws
lisa_shared_ws_flexbe_integration FlexBe 4 research
lawrence-iviani/lisa_shared ws_flexbe integration
sweetie_bot FlexBe 5 company
sweetie-bot-project/sweetie_bot
chris_turtlebot_flexible navigation FlexBe 3 research
CNUROobotics/chris_turtlebot flexible navigation
hand-eye-calibration FlexBe 2 research
tku-iarc/hand-eye-calibration
dema_flexbe FlexBe 8  unknown
andy-Chien/dcma_flexbe
tortoisebot_waiter FlexBe 2 company
rigbetellabs/tortoisebot waiter
Anahita SMACH 2 research
AUV-IITK/Anahita
wrs_2021 SMACH 2 unknown
hentaihusinsya/wrs 2021
Heihei SMACH 2 unknown
Luobokeng2021/Heihei
THEDRONELAB SMACH 2 research
DeVinci-Innovation-Center/ THEDRONELAB
kobuki-ros-nav SMACH 3 unknown
vibin18/kobuki-ros-nav
visionx SMACH 3 unknown
tsoonjin/visionx
wpi_sample_return_challenge 2015 SMACH 3 research
rexking/wpi_sample return_challenge 2015
rbcar_rsband SMACH 4 unknown
darshan-kt/rbcar_rsband
vizzy SMACH 6  research
vislab-tecnico-lisboa/vizzy
omniWheelCareRobot-usual SMACH 7  unknown
Art-robot0/omniWheelCareRobot-usual
CSULA-URC-2020-21 SMACH 11 research

CSULA-URC/CSULA-URC-2020-21

AT, FEFr AT, AT PR SRS AL

IR AEAEZE T o ARASHUABIEY AT FASE 52 45 fft 3 A1
SPARIRRAR A 95 AT oA IR A 2 A, (B A
BURUSOIR S PRI B =65 (SURF-27h 26) o (HASTERER
A&, FTIF S L F T (BT.ABF) 8 3, Uil A8
W RFE GEAAE AT YE I N o A7 A RS 5 A 1 S (R AT
REAE T H AN F R P T 19 s S o o, TR
FONIRE AR [15]0 7 — PR R RS R AE A AR K 5
GEM AR 2%, AT [95], [96], PRI &35 Wi
] FARFSAER A/ Ne KT behavior trees , H AT SCHAH A
5T A i AR R SR S K/ N e (BB FRAT DR AR AR B 2087 &
W, SRR S o SRR R TR R B R S . X
) “3EH” FEIY L BT.size F1 BT.ABF [ F441H.

FKANTERKFT B— 1 EMRE: ESHE. B8 TR
TR, RE B RS USR] E# i, IR 2
USRI [97], [98]-

TERATEEARF ) IRESHRBFIREZICN 1, TiTh
PSP BIREE S 5 (FEATR DSL HARAL) o FEARASHUAY
) i FlexBe HIMEYHL SMACH B AN E M SLFN T hierarchical
state-machines , HH 14 MEXRBRHFE 11 1Kk H FlexBe
TUH o FATEAR T BFF R B L T-ER O T BRI 245, TC
WA ARSI AT AR

AW, M STHT T AR B 24 52, e
PR A A TR 2B . — BT RE YRR &

HF 2R AR b (AT B AR . (XA ARt
FRINLMIESE,
PR R FRATA AT AL AT FhiE = S5 M A A 5, SEM

IR IG . FERATER AT AR 66% 1T & A
TR (R R 1, 850 A 1,228 1Y), 34% NE AT A
Table 6 G451 5 FEHP A RO G LA R SR b T

KREHIE AT HN Sequence 257 | (HREE AT A 56%;
H KA Selector 257 | 5 21%. Parallel 17 5 (W] #8°4 Sequence
1 Selector Iz 4L) HHE D UH 7% XaFARRE T K
bRV 5 PR DB S AR i 5 2R i (exists 5
forall) WJIZ AL RREL—— X ZE F AR B kAo 47 A DSLsI?
B AV Parallel A5 A N 5 154652, (AL
B (s AT AN 15

TE PyTrees_ros FETUH - LEAfi 2% 1Y {5 FH A9 2 A0 X A1,
TS AT R 6% JX AT REAR A AR EL T AT Al 5
TBIREER, JF A MR TAE Python fUHS H B B2 LM AR 468


https://github.com/ajbandera/MiRON-project
https://robmosys.eu/miron/
https://github.com/IntelligentRoboticsLabs/robocup2020
https://robolab.science.uva.nl/
https://github.com/CARVE-ROBMOSYS/carve-scenarios-config
https://carve-robmosys.github.io/
https://github.com/QuiN-cy/ROS_Test_ws
https://github.com/lawrence-iviani/lisa_shared_ws_flexbe_integration
https://www.dropbox.com/s/1ddzlee5ejinccg/liviani_defense_presentation_hires.pdf
https://github.com/sweetie-bot-project/sweetie_bot/
https://sweetie.bot/
https://github.com/CNURobotics/chris_turtlebot_flexible_navigation/
https://dvic.devinci.fr/
https://github.com/tku-iarc/hand-eye-calibration
https://www.iarc.tku.edu.tw/
https://github.com/andy-Chien/dcma_flexbe
https://github.com/rigbetellabs/tortoisebot_waiter
https://rigbetellabs.com/
https://github.com/AUV-IITK/Anahita
https://auviitk.com/
https://github.com/hentaihusinsya/wrs_2021
https://github.com/Luobokeng2021/Heihei
https://github.com/DeVinci-Innovation-Center/THEDRONELAB
https://dvic.devinci.fr/
https://github.com/vibin18/kobuki-ros-nav
https://github.com/tsoonjin/visionx
https://github.com/rcxking/wpi_sample_return_challenge_2015
https://www.nasa.gov/press/2014/september/nasas-2015-sample-return-robot-challenge-open-for-registration/
https://github.com/darshan-kt/rbcar_rsband
https://github.com/vislab-tecnico-lisboa/vizzy
https://vislab.isr.tecnico.ulisboa.pt/
https://github.com/Art-robot0/omniWheelCareRobot-usual
https://github.com/CSULA-URC/CSULA-URC-2020-21
https://www.ieee-ras.org/images/Standards/meeting_june_2021/8-Robotics_Presentation_2021-06-Guzman.pdf
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TABLE 5: £~ 22 2 B A T B 20 SRR %L

SMACH FlexBe B-Tree.CPP PyTrees_ros
E#H 560 60 141 28
BWEH 2065 442 595 63
TABLE 6: A7 N RES G BT i b, A
NSRS A
SaT ARG
8 . 8
g g s 3
FE & » A =
Behavior-Tree.CPP 57% 19% 19% 6%
PyTrees_ros 53% 28% 6% 13%
BRI 56% 21% 16% 7%

iﬁo ﬁ'ﬁfb Behavior-Tree.CPP ':F‘, %é’fﬁ%%ﬁ’]@ﬂ%ﬁ%%@%ﬁ
=4 GHEET R 19%) « IX& R AE AT R (EHE
C++) R s RELE HAE B 4B dt (Groot) H
AL S5 T PyTrees AT A, RIBALH) R
HRNARTRE “MtERT B AR

XU BIAT oA P s B PE R “PEATE” —— B
FEATIE AT I 18 S RS P 28 g AASEHL IR AR PP S B X
R X T4 FRTR S (W0 Python 5 C++) 5 DSL.
SRIMARIRATINZES, 58T ey FLE A FE SRS B 2 4
RETT, AW EEA Y & (EAAERISE [31])

fn, BATMEEE AR R LB B E LH e TF
K H T AR behavior trees IR P B, 8 B HE A9
HE SCRAERF (RIAEHide) oK 58 i e 1T 0. il i 1
Behavior-Tree.CPP #ll PyTrees_ros RO K B A A A, R
A SIS B A BB EDRAS P B SR ] 4
SERFT N Bl TERFERIAHATREASE EilEA 3
VB n WIETRTE, SEEPITENIE n 5.

%) Fig. 1, 220M4% (RetryUntilSuccesful) HITH4iE
T RAIEIR, IR T T (ExplorationSeq) #% 10
W, BTSSR, MRS RiEN (Inverter) #EH MR
Yo TFRFTCHTHALA T while 8 ERSAL R 12 H R4
1, WRESE U

Observation 7. AT 58 BT A8 DSL #2445 T & &4l AT
KEMHE—RINET &0, BAHAREREARIESH
GUI i Z 2 TA A E

XTRAHL DSL, FATRE T4 4r , © A1 behavior
trees I E ST SMEASSEM . U0 Sect. 4.2 AR, SMACH 24t
TEZMEGImAL, HE FlexBe {35 Concurrence 174
[KI, Sequence 5 Tterator FYfH FHECHH (LT AT SMACH #i 4o

SMRRAE, FEAS P BPIRASATUABIRL {5 FH 42 1) e 45 44 e A =5
AL TAT AR, (UH 12% HPRZSPUSR LA H T 5
PRI LE A, AT BRI A T S AR 4R Y o
Concurrence 7= AR HIE A 1%, HfAE5 KA
FlexBe (8 MMHEIHH 7 MEHT FlexBe )o HIKFF SMACH
M Concurrence Hff AN HAG, (HAE SMACH 1 H &) 52
T AR HREEIE 67%. Iterator 7= SMACH W H FH 55— 1L
P HITREE ), N 33%. 1 Sequence FEFRATIFEA A
AT

W AT A ARSI Hh BT (R4 25 AT
2 . T RE R AR R AR S AL 1B 2 AR B AR
TR RGNS FinFonshilim—— D& S BIEW, FIAT
BN ATE RS o Jﬂﬁ’]‘, HhrEEs PyTrees_ros g
MRA I DL AL 7€ Python HH L HE SN2 32 4 LU A L2 T

14

TABLE 7: % JEAERREIR S1E55 2 B R R A

B AR 5| A =E-58 1A a5 f
53 £ 53 £ £33 £
fE % [ % fiE %

SMACH - - 20% 13% 35% 8%

FlexBe 1.3% - - 16% 32% -

ARBWITE 13% - 20%  29% 67% 8%

B-Tree.CPP 25%  13% 3%  39% 37% 3%

PyTrees_ros 5% 5% 13% 9% 19% -

AP 30% 18% 16% 48% 56% 3%

MR S B A B

6.3 EH

TENAT BAVEAR R D SRR R, AT 7 —
AHLEE AN TRZAE (10, [5), [79], [80], [81], [99] FHfa il 2244
[4], [30] A REEIGE — & Fo A TR, BRGES M
LR MESTEAT NI R . SCRFITEL 1
i GHFIMSZHr Al 2 AU BT ERGE S, = roikilds A%
HIZEA PR SR TR AT 4Ed P It 5 Pt A R R R 2 — [4],
(5], [30], [99]-

FEFRATHIBEZE R, B8 I R AE [F] A rp By e s o
SO SEMBI RS (FE3ELE BRSO AR BIE) , B
S MZ A H R A EEAT S A BATE skill-level
1 task-level K7 BIFFAUXPIZEE H o AEFRATREA HA SR Y
skill-level 1 task-level Z M ™1, HELT =Fpi=: A A 38
(intra-model referencing) ~ 3%.W-2 A (clone-and-own) [100]
AR 3 A (inter-model referencing)

FEA R 51R BB IAEAT IR . fEAE TS, H
W7 R EE AT R — 10, R 255
s s iz RS IE N, IR R R 2 AL G
RS NGB o AERGREEHE, — D70 ssE SO
BIPATCA R K%L, PRl S TE .

TP NPIERI T2 R TR X 31 A THAEEZH (30% 1
FTARAEAL) | TAEAESS IZ AL 18% HIBIAAHE A T IX A=
ARSI PR DI A AE 5 | HE R T
HoRE, PEEESETE Mo Figure 10 BR T AL —
MMT AR B, AT IRERIRSHa AN EHh iR
T—> Recharge T W TIN5/~ 6; EHEER, sh1E
moveRoboterPosition #{ &KX E M, (UEKZS%L (U name-
approachRadius. x 1y) HIT],

S &-2 R (clone-and-own) J2JT DSL W55 2 H &
MEE A a8 2 M MBI TUE RIS
B 2B BTN, i S R SR
AL, IR E BB R S T S e IRASATSERY
P 1 3 S B PR A o TR AR A B SR 55 o AR
REJZTE, eleE-A HE (U D i A IE

FERATREA ) 17 A0 SR ASHUR P SE A ) T (8 v - 2
FRSLIUESS ZEE A (48% M7 ARITBIIERT 29% IIRES
PUBIRR 28X o« (BAERCREE T, vole-2 F s FH AR AR 42
1% AT AMARLAL 16% (EHT, IRAHUA A 20%. Fig. 11
JE/R TR H Dyno W H (— T IC AN EESLE R) H
AT IR M1 B EHRRAESS, M2 AR AT
%o RXEREFSEEwE-ZEHRRG, FEEERT 1 xk
AOAT AR FFam i s YA S S A R 2

FEA R 51 R T S T ERE R A o TR AL
REA SEBLA AN SR B SRS UBOIRAS BR &L, JFAE AR

25 ZASRL N HoAM I AR AT FEAELR I SR [29] AR
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Parallel
_

moveRoboterPosition
<approachRadius="200"
x="5630" y="-12000">

[
peoplerecognition

VariantAction

15

Recharge subTree
expanded

=Lz Recharge
<SubTree>

moveRoboterPosition moveRoboterPosition

—
=

<approachRadius="10"

‘ ‘ <approachRadius="200"
name="Door8" name="GotoCharger"
sds Recharge % Recharge Fallback x="23200" y="-12000"> x="23200" y="-14800">
<SubTree> <SubTree> T
[ [
& SearchThomasRoom1 ‘ =8n SearchThomasRoom2 ‘ ‘D_Eﬁ Recharge ‘
<SubTree> <SubTree> <SubTree>

Fig. 10: 5 H bundles H 5% B 55 HLa AMT55 1 Behavior tree #7 o ZIHEF 50 /R T — 1444 Recharge [ T AEA=T P 5]

FRRGT (AR R IF454) . I Figure 2.
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Fig. 11: Dyno JH AT AR A sefie- R A M EAE TR : M1 (B280%) 5 M2 (BRI« EHIL

Figure 2.

RN XAWLMEA IR, fEESEm, W
A AR S5 E SO INTIIAT I BCHGSHUSRY, JFAE F 18
BRI el R BRI A

TERIBS T, R 5] FTR BCRE 2 i B & A
(67% HIRSHULALE 56% BT AL o (BAEESSE
, AUAPESHLIE 5 — M7 o B AL (5
W 8% 1 3%)

T AT IE E B FlexBe W JF kK # i i API
flexbe_state?®. AR % & generic_flexbe_states?’ 5
Flexible Navigation® #2{t [ TE LHRE. ZHLAIHE 73%
] FlexBe MIURT{H o 25{IH, SMACH 55 PyTrees_ros il

26. https://github.com/FlexBE/generic_flexbe states

27. https://github.com/FlexBE/generic_flexbe states

28. https://github.com/FlexBE/flexible_navigation/tree/ros2-devel-alpha/
flex nav_flexbe states

H b K Han move_base %% ROS Navigation Stack H
RE (93 IRAE 55% 1 60% HTLHE H1) o IXFEH, FiE L%
AE API REAREREE T, RAEISIT &I SRR AL o

SRR, FATEREA W g 212 RIALH] #6452 DSL
SR T7 2R LT A B RE B 55 O AE FH B AR S e AR ] 5
MEHEF RS, EEREEmE 2R M2, &
55 200, BRG] AR AL, webE-E X s
ko KM AME 55 AT RE L = — HEe e, HA G T7 AT RE
LR ARG SR A4L, sobe-2 0 R WA S 4 DSL,
A1 & B Behavior-Tree.CPP Wi H #1114 AR B & T
PyTrees_ros , M HEIAI’H Behavior-Tree.CPP $&{ft T XML
Fik 77 Groot FIIPAL T H., (EATHI i B A I M7 3R 08
1M PyTrees_ros AR U S AR SR & o BB B T RAL S 4k
SRl RE AN A MESFE B E LT

FRATHEN, =5 AR50 H o feg 22 FAATLARAE LA 2 BIr oL


https://github.com/FlexBE/generic_flexbe_states
https://github.com/FlexBE/generic_flexbe_states
https://github.com/FlexBE/flexible_navigation/tree/ros2-devel-alpha/flex_nav_flexbe_states
https://github.com/FlexBE/flexible_navigation/tree/ros2-devel-alpha/flex_nav_flexbe_states
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S ATTH YRR WATHRE S N EAREE S TR EZ e
FE RN (a2 25 w2 L) RA A SRR,
IR D Tk L AT REXS P 27 2] -5 0l & R . A7 RE
SCHE B HA e NLE], D5t — BT,

7 BB

WEBATRCME (Internal Validity ) FA TR T — P HLEE A UK
FRAELEFT NPT (behavior tree ) FARZSHL (state machine ) #57
FIBRAE o ZEIRAE T AT REE Aok B IR BRI E |, ]
REIB I T —Lefi IR AT 55 R IA ) behavior tree BY, state
machine FR WL H o NZEMX— B, FATEZESEHR
FT 28350, FARYE R & R WL . — 2t g ),
BAVER S BENUFERE 25 R DA B 2 15 75 BHE BGS E R

73— AT RE BC W 45 SR A @ & T i SR AL FR AR 1Y
Python I ARFAEGE % FEAT AN, VEA i 6l By —
P, BATFShGt T 1 SRR S AR RT3 I
UG RE A, FRATHERR TIERE O FIAR R H 7 5288 78
RASHLERS, MBI N TAR AR R % A 34 R .
ATk (External Validity ) — /N 9MHEUME TIRATHAL
SRR A E Az AL RE ST, BN FRATE N IZ 48 1Y
T R BEALRAIERT o SAZEMRIX — (Al , FRATEHAR AR S A s
AR AN E R NS, TR AL A, A
PR TE S AN R AR A I H AR . 4N ) Fig. 9 A AT H 435
AR RIA A TR B 2 T 2425 .

FATRBI FHENLE ATUE fTRER s T oK B Bitbucket
GitLab H7nfile BEARIXB T B EMLE A4 X A,
HHTFEMNARMRIEE R APL, (15 FRATE ST 2
H RGEHE R FRATE 22FF Bitbucket F1 GitLab [ U1 Ui (i
H “behavior trees” Fl “state machine” 1E AR TIHE
SR, FEATHMITTE, FRATARRMIE R LR il B 5L
WIgs ATUH ; ERANUITIH, GitLab 32 [ 19 25 S LA
A TN E . BATRLERS A GitHub 7E 32
BITE, FREAETHEREMLEREN APL. RIFIWS Python 55
WHE ERRE ST, VARV ATFIRTE &A1 E 5w S eI
REHRR AR,

FAT U & T {8 Python FIl C++ FF37 4% ROS 0T H , 1H
W r] REAF A F E AR S I IRYLE ATUE « FATRIEE
FILFEIPRHIAE S F: ROS HIIES A RE S St AT H o 4R1,
FATRET ROS HEFEMPIMIFIET, &HT ROS 1EAY
B AR ME R FFIPLES AMEZE (R 1%

8 tHXIIE

ECAHRY, TF5EA S E NS A AT (behavior
trees ) FALas AR W HIHEGIZEAREIT IR, WA FRARZSHIL
(finite state machines) TfT 244 (subsumption architecture)
YLK (decision trees) , FFHE AT I XX L BAG AT T
A6 [6], [15], [30]e IXLERFFEIRTE T HLas A2t 2EAE 1 1] o
BB, TRV T ARSI 22 BB 5. Colledanchise &5
N [14] R EIEE T ST ML, fE2PLE ARl
FRSHURBRM: . 53— LAEF, Colledanchise 2 A [67]
JEIR T WA RS AL R R 2B 947N R AT A, FF
AT LRGN R o AT M IR R, IR
RE RN A s 1 4 T 1k th i LB A 7 Rdb AT i 52, IS5tk
ASHUHATEEEE [11]0 Colledanchise F1 Natale [67] f5H, 5k
AL, 1AM TEASH AR, HX—850If R
SITEXIVE TR R ot fnt e b ERMNPFRF, &
TS E IS A T M FIDIRSHL DSL (TH) fEIEF it
A RIS, WEF R AT, RIS H
RASHL DSL ELF7 8 DSL S B ir kit . SMiEs R
HEAHMSE

16

WA R TAREAR AR B AR T H S bl AT H
FRIAR A TR SRS R 58 . TTAEARFRH, AOTANRMES
B R ETHLE A 0947 88 DSL, HIGH5RENL DSL
HEATHORS, X DMERFR AR S A . 5 DA IR
YT SEATE, FRATT4 behavior trees 5 state machines
ML ) T B SE M R i FRATIF AR G PSR AT
PR e, T AR T SR P AR ) 1
TN A U 5 22 ek o FRATTE R A R H
TP SIRZSHL DSL B G, RS H LR EHIR. 7F
ARG, FRATE SOCTEFIRIE i 5 F R e
PARARISE TGN R, FATHIMF RIS IE M R %
TH TR BEAN, FRATIATRAE T —HEAT AR ARSI AE A
KBRS, XA SR SR R PR AL A TR, 2 BOR AT
T G258

9 4#Eig

AV T —WRTFAT W (behavior-tree) FARZSHL (state-
machine) DSL NI4T, 47 7 EN1EFIE ROSHLAT AR H
RS L. FRATRG MR L3 T F23 behavior tree DSL
PRALFIES M, TS H S s i 7 A DSL——HR
BHUET TR b BATARIGE R IZIETIETE , FHM
HACHS B PR U T AR SRS . FRATA AT TR A
MIEEFRRAE, T WRLEE S MR, DARIX SEA A i A A A2
i A 2R BPLEEA A o FA TR DTk T — e Sy
MIEAREE. HTIARFIRN T8RS, ATFRAT TAELB % [29].

MRERSER
FATW MR T —LHiE S TREZ IMEXET (EENLE
NIX—Feilh 1% 0 B BB P ) 2 R FH I DSL SEBk . kAT
WG 515 S TR BN TIE S TR X FLEE Atk
XEREA N, XA TYHES TR TES W, thig
PEIE T TR F S B ) et
PRI, X W 2E DSL A2t ARG 1 R UF AL ik
ST T 2 A SIS UG Filn, RS AL AT
(GUI) M THERIMEE. fmBMIS/T e —MEFH L
Beo GUI RESR BRI AL S A i RE 1. FRATMLER 3,
FlexBe fll Behavior-Tree.CPP #SHR ML T2 T H, FHfE
XL 5 LEAE SMACH 5 PyTrees_ros IR B e A
AN, R R R T S5 S TR IR R )
SERRIE M. FATAER], RASS LRI & DSL—AVK
OTIATRLTE SO, T A R pyoeisy, £
TERA B TTHRIAE ST, WREBUS ). X Fh RIS 05|
TARZEET TRINZGR ML, EAITRER M IRE R
A% ) B 2 R A A 2 A, AT B i S A L g A 55 o
IXEETEE R TR T M TR — L .
N, Behavior-Tree.CPP JE{f “OCiH A4 & (separation of
concerns)” Fl “fAf5r B (separation of roles)” HYIEIT EAH
[66], fEIFETIEERE SHLa N RS, (8T b 5.
FERAI IS, BIMERACE ROS BUHISEH, FA1t
AT LLE L Groot T HARMA In#AR AL, oAb, i H XML 3£
BN A S HELZ T, PyTrees_ros FIRZSHL DSL 6=
fERE T T ) ROV SASKEEE LT B Al
FEAE A W 5T 18 F #B E SRR SR A . Bl
FlexBe & MARTI IR Bl 5 1 3647 A A8 Al DAL FASAR A1
MBehavior-Tree.CPP ki A#B DSL 4’5 EHliZH, FEA&
IRFRRE ST o BAMRAG A k5 /M5B DSL AHES P DSL 78 Ry
2R, B ARG A A T ZE AR RE TR A A
B, X{EAS T2 @ TR A I & R 52 ILAb, FlexBe
HOE SRR B FIE L — 8 R A, IXAF SN DSL H R IR
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Ufo BRI, PrEWFFERT SR M P &R B — B B S 109
£ (meta-programming) 7], XX T ZAEREF LREE R
HLgs NFF & E R AP . X BT IS X T —14
ABRE TR AnfeT B ARG R A p ML e A 2R A I

HTAESR, HLES AL DX IE 3 25 #E T F R g0 85 10 3K ) T 7%
(model-driven engineering, MDE) LRk, LT RS HITTE
FHPERI AT 4R 4P (5], [22], [78], [79], [99], [101], [102], [103],
[104]o FEAMFFEH, FRATUWELSIXLE DSL 5 5 AL AL
PRI T % MDE S TS S, HAEF &R
BT RIFR . AR, IXEAT HETEF R T 0 il 4k 4L
FEA e NS it S .

RFIIE
Aok, BATMERET YRR, FREIIAHITZ5M1
P05, AT B A2 LB AT o8 BT N B S 2R
FAPE PRI S FRIKRESITH M E T, IFREHUGET A
FERES RN Z, RGO A ARRI T A EEIES
HSEIAE SRR (B, A ESAE SO LS H BIAE55R
W), IR HIERRE Ty, DARASRL A TS kS B R
REMERFAE o

B FRRLSEIF R —ER/Y THE B IR ) T8
(MDE) SERBERIAT MRS I er, [FIRTE A 4 aT i sEhs
PRI TI . &S5, MERNTArd BT, RO
K ZHI H f = RS T R, AT A
HWERETT A Bt TE, WA N behavior tree 57 H
AR A ARE S AW S M. FRELIMIX—BR, K AH
AL AT )5t BA 00 E A B 3 ) AR T AT A A MO
RIS H PR SR, B METTF IR K

F— M AE R AR TT AR T2 () SEub e, 5T
s & LR AIUE R SEBR iR oL, AR TAT
APSFIARASHL DSLo SR FRATIA A IX I 28 A2 fi 32 B () A0
FRA ABRATEAEAE RS E IR AR TE S
SR, IRAX LIRS MM HIEAR S, XA HESTRE—
T el 22 T 5 B2 5%
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