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Intent Understanding

Human Instruction: Could you please clean
the table and give me a cup of coffee or tea.
Interpreted Goal: ﬂDlr‘ty(Table)
A(On(Coffee,Table)V On(Tea,Table))
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~ robowaiter %E ZIK j |:I:[ , ﬁsz l‘] 9‘%?35 35:%4] _EEH‘ ﬂ E]@ //f ]—; j’\j*%j‘jl_jp }{—:_': :

? _pycache__

> algos

~ behavior_lib

> __pycache__

V_._. _base } Act i on @ n d itiOD
» _pycache__

_init__py

Act.py
sehvirpy Sequence Fallback Decorator
Cond.py

Inverter.py

Selector.py

Sequence.py ' ?
» act !
» cond

> other

_init__.py
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"condition set": {'RobotNear(Bar)',

Active(Ha '1 ig h , Active(Tubelight)', 'Not Closed(Curtain)’,

i+ X% g A

"Not _Ilwm T-sl.lw ), '|-,|:::|1: ean Fl or)', 'Not IsClean(Chairs)',
(Softdrink,Tablel) " VacuumC able2)',

—JG4H (O, Pc, Pa)
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info[
info[
info[

I AIEATR: 177980

A7 R e 3R O RSO =TT
— N ILH . P(a) =< pre(a), add(a), del(a) > D(T) = Y7, D(ay).
<S,A P SO, g> A7

s’'=s U add(a) \ del(a)
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(1) .

(2) K8 .

(3) bERBER.
(4) ARG,

4 3
o [Objects] [ [Condition Predicates] [ [Few-shot Demanstratiuns]J | [System] |

ppmp? . & c:f:;d: - @. RobotNear(<food>/<place>) Instruction: Please put the Interpret the input instruction into
Engenering 3 <p]_a¢e} an(<food>, <places) soft drink on the bar. a goal represented as well-formed

LLM @ I’ kel _% i Exists(<food>) Goal: On(Softdrink,Bar) formula in first-order logic, with

o logical connectors: A, v, -, ...
Input: Could you please clean the table and give me a cup of coffee or tea. Output: Table$Cleana(At(Coffee,Desk) v(On(Tea2,Table))
| S|
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9 Reflective Feedback

Table$Clean

[

Blacklists | [ [Additional Prompt] |

Syntax and Semantic Checker

At

1. literals = split_literals(output)

2. for 1 in literals:
3. check_and_append_blacklists(1l)

De

sk,

Tea2

i

[Syntax]
[Predicate]
[Object]

Outputs including texts
in the three blacklists
are forbidden, ...

Output:-Dirty(Table)a (On(Coffee,Table)vOn(Tea,Table))

)
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Output: (~Dirty(Table) A On(Coffee,Table))

OBTEA o v

(—-Dirty(Table) A On(Tea,Table))
|

T T A UMIREIRIEG, WIRIRA, EEEE, RSB

Input: Goal G, init state s, action set A, transition rules P
Output: The optimal BT 7,
1: Gsup  ParseSubGoals(G) > the set of sub goals e .
2: for g; € Goup do ; ”EX . A
% T ¢ Fallback(g;) > init sub-BT WERL: IR E
4 (J‘,D(gt.) ? ? l D(;‘(})Jr Ve,c # giEiDd(c) E +o0
5: v+ {gi > explored but unexpanded conditions _
6: Cp+ 10 > expanded conditions E*/T\‘* G=(|1/\|2)V(|1/\|3)
7: while C;; # () do
8: ¢ + argmin.cc, (D(c)) > explore and expand ¢ Gsu b={g1 ’ g2}
9: for eacha € Ado _ _
10 if (c N (pre(a) U add(a) \ del(a)) # 0) and (c \ g1={l1, 12}, g2={l1, I3}
del(a) = c) then
11: cq + pre(a)Uc )\ add(a) > Exploration
12: if ¢, ¢ Cpand D(c)+ D(a) < D(c,) then T, D, CU, CE
13: D(cqa) + D(c) + D(a)  ©>update D(c,)
14: Cy+Cyu {Ca} >add ¢, to Cyy
15: M(c,) + Sequence(cq,a)
16: Cu + Cuy\{c} > remove ¢ from Cy;
17: if ¢ # g, then
18: T « Fallback(T, M(c)) > Expansion
19: if ¢ C s; then
20: D(T) + D(e) > total cost of T~
21: break © 7 is the optimal BT for sub-goal g;
22: Ce + CeU{c} >add cto Cg
23: T + Compact(T) > Compaction
24: T/, T4, ..., |’g o = SortAscending(Ti, T2, ... Tjg..,|)
o key=D(T)
25: T, «+ Fallback(T{, T, ..., ﬂ’gwblj > Assembly

26: return 7.
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Algorithm 1 OBTEA

Input: Goal G, init state s, action set A, transition rules P

Qutput: The optimal BT 7., Pg
1: Gsup  ParseSubGoals(G) > the set of sub goals CU E“E——E‘
2: for g; € Goup do
3: T « Fallback(g:) > init sub-BT

4 D(gi) <0 > for Ve, ¢ # gi, D(c) + 400 @B]&%’fb{:ﬂgé}&ca, @H]%%’TL—F
5: Cu +{g:} v explored but unexpanded conditions

6: Cp+ 0 > expanded conditions 1>ca & CE,

7. while C;; # () do

8 ¢+ argmin.cc, (D(c)) > explore and expand ¢ 2>D(C) + D(a) 2 D(Ca)

9 for eacha € Ado .
10 if (c N (pre(a) Uadd(a) \ del(a)) # 0) and (c\

del(a) = c) th ol ) Exploration

11: Pciaz— p:*zz(a;et ¢\ add(a) > Exploration H )\U E%ﬁ D(Ca) » CU By ---------- =

12: if co ¢ Cr and D(c) + D(a) < D(ca) then : . /m

13: D(cqa) + D(c) 4+ D(a)  >update D(c,) y & ' ¢, !

14: Cu + Cu U{ca} >add ¢, to Cyy gi : i
15: M(ea) < Sequence(ca, a) : i EB“"“W
16: Cu + Cy \ {c} > remove ¢ from Cy; sub-goal : - | @y cost=0.9 )
I7: if ¢ £ g; then - ax €1 r——, [
18: T « Fallback(T, M(c)) > Expansion I cost=1.3 : I €3 I
19: if ¢ C s, then D e o o o o o d e ———
20: D(T) « D(c) > total cost of 7
21: break > 7 is the optimal BT for sub-goal g; Step 2
22: Ce < CeU{c} >add cto Cp Condition | action | cost Condition | action | cost
23: T + Compact(T) > Compaction
24: T, T3, '“’TI-;JW:,I = SorfA‘S(;eg}rtiing(ﬁ,ﬁ: ooy T[Guus)) (51 i 1.3 3 g 2.2
ey

4.8 4.8

25: To ¢ Fallback(T{, T3, Tis..) > Assembly & 2 = -

26: return 7.
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Algorithm 1 OBTEA
Input: Goal G, i1:1it state sg, action set A, transition rules P jﬁg}%3 . :J?E %
Output: The optimal BT 7,

1: Gsup  ParseSubGoals(G) > the set of sub goals
2: for g; € Goup do

T « Fallback(g;) > init sub-BT IS I0F7 EM(c)

D(gi) < 0 > for Ve, ¢ # gi, D(c) + 400
Cu +{g:} v explored but unexpanded conditions

4:
5:
g f‘;lgu;: ?:U L 9do > expanded conditions ﬁﬂ%ﬂiiﬁi” s0, ﬁ_‘(}/ﬂ‘]j%‘ C ﬁébﬂiu;ﬂl‘%%é\ CE |:':|
8:
9
0

¢ + argmin.c¢, (D(c)) © explore and expand ¢
for eacha € Ado

(0 0rel) D)\ () # ) nd USRI, LY EH)s0

del(a) = c) then

11: cq + pre(a)Uc\ add(a) > Exploration
12: if ¢, ¢ Cpand D(c)+ D(a) < D(c,) then
13: D(cqa) + D(c) 4+ D(a)  >update D(c,)
14: Cu + Cu U{ca} >add ¢, to Cyy )
15: M(ea) < Sequence(ca, a) e Expansion
16: Cu + Cuy\{c} > remove ¢ from Crr
17: if ¢ #£ g; then
18: T « Fallback(T, M(c)) > Expansion gi
19: if ¢ C s; then )
20: D(T) + D(e) > total cost of 7 i i
21: break © 7 is the optimal BT for sub-goal g; i i
22: Ce+ CrU{c} >add cto Cg i £y a, | (e ay
23:  T; + Compact(T) > Compaction b e e e
24: T TS,y |;;wb| = SortAscending(Ti, T2, s TG, us|)
key=D(T)
25: T, «+ Fallback(T{, T, ..., '}'rgwbl) > Assembly

26: return 7.
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Algorithm 1 OBTEA

Input: Goal G, init state s, action set A, transition rules P
Output: The optimal BT 7,

1: Gsup  ParseSubGoals(G) > the set of sub goals
2: for g; € Goup do

3: T + Fallback(g;) > init sub-BT
4 D(gi) <0 > for Ve, ¢ # gi, D(c) + 400
5: Cu +{g:} v explored but unexpanded conditions
6: Cp+ 0 > expanded conditions
7: while Cy; # 0 do
8: ¢ + argmin.c¢, (D(c)) © explore and expand ¢
9: for eacha € Ado
10: if (c N (pre(a) Uadd(a) \ del(a)) # 0) and (c\
del(a) = c) then
11: cq + pre(a)Uc )\ add(a) > Exploration
12: if ¢, ¢ Cpand D(c)+ D(a) < D(c,) then
13: D(cqa) + D(c) + D(a)  ©>update D(c,)
14: Cy+Cyu {Ca} >add ¢, to Cyy
15: M(c,) + Sequence(cq,a)
16: Cu + Cuy\{c} > remove ¢ from Cy;
17: if ¢ # g, then
18: T « Fallback(T, M(c)) > Expansion
19: if ¢ C s; then
20: D(T) + D(e) > total cost of T~
21: break © 7 is the optimal BT for sub-goal g;
22: Ce+ CrU{c} >add cto Cr
23: T + Compact(T) > Compaction

24: T, TS, ... |;,Wb| = SortAscending(Ti, T2, s TG, us|)

key=D(T)

25: To « Fallback(T{,T3,.... Tig_.|) > Assembly

26: return 7.

WIRA: K Y

Ji 28 A% 2540 I 4 s AT IR R

LIRS, ZHIE

AT FIZE e SR, JAITE 2
1% W A BT 6 AT 14
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() compaction
env state:{c; Ncg,...}

Skipped
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8 k118 1R : Pc = {RobotNear, Holding, On, Closed, Exists, Dirty, Activate, Low}

6 Ms1E15 1A Pa = {Make, MoveTo, PickUp, PutDown, Clean, Turn}
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Difficulty | Instructions Examples Goals Demonstrations | GA-NF(%) | GA-1F(%) | GA-5F(%) | IA(%)
Zero-Shot 517 54.9 64.9 26.7
Easy 30 Please come to the bar. RobotNear (Bar) One-Shot 88.3 933 98.3 83.3
Five-Shot 92.7 99.9 99.9 91.9
: Please make sure there’s enough Exist (Water) A Zero-Shot 49.1 >4.3 713 20.4
Medium 30 water and the floor stays clean. - Dirty(Floor) One-Shot 811 88.9 98.9 756
Five-Shot 91.1 99.9 99.9 83.3
I'm at table three, bring some On (Dessert, Table3) A Zero-Shot 38.3 52.5 65.0 12.5
Hard 40 dessert and yogurt. If there is no | (On (Yogurt, Table3) V One-Shot 72.5 84.9 88.3 50.8
vogurt, coffee 1s fine. On (Coffee, Table3)) Five-Shot R7.1 923 94.9 76.9

S EEESR: = DHEEEGON AT T 702K,
P TRPRIEAT VA TRVAHERAYE (GA) FIRREHERATE CIAD .
I PSSO E: X (DR ) 2L RN E G =ik S NE R iRy €1 8
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I OBTEA

Case Scenario Configuration Problem Total Costs Condition Node Ticks
) O |P.| |P.] MAC | Literals  States  Actions | Baseline OBTEA | Baseline OBTEA OBTEA-NC
0 100 10 10 0 995.4 475.5 509.5 71.3 58.5 31.7 23.8 33.1
1 100 10 50 0 1000.0 40465 24959 520 26.8 25.7 22.7 33.8
2 500 50 50 0 25000.0 22468.6  12508.2 164.2 137.0 950.4 632.3 1779.6
3 100 10 10 5 995.1 466.1 527.3 71.7 26.1 54.0 28.5 54.7
4 100 30 10 5 2984 .4 501.0 530.4 170.9 81.1 597.1 358.2 1005.1
5 100 50 10 5 4974.6 497.7 524.4 241.4 124.8 1581.2 1210.5 3578.8
6 100 50 30 5 5000.0  2496.0 1527.4 189.4 91.7 1391.9 1147.9 3111.3
7 100 50 50 5 5000.0  4501.6 25315 169.4 85.1 1584.4 971.8 2848.0
8 300 50 50 5 15000.0 13550.7  7560.9 164.2 825 1302.4 892.8 2577.2
9 500 50 50 5 25000.0 224279 125142 165.9 82.7 1436.6 909.8 2581.2

ENYE A ST N R L BE Y -

RIEPI RBESEbR: BT A AT BT AT I A8 h 2 A4F 71T s A T4
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I OBTEA

X 2 I R rH e K IR R FE RIS M HEAT 1 T R A

452.9
—s— Hard
400 Medium
n —— Easy
&
o 300
-
(=]
=
c
S 200 160.3
= .
= 468434 5 136.1
E - 5 5 -
100
6.1
415 396 39.9 388
162 116 115 115 1L5
h—-‘—ﬁ—ﬁ—i—t—t—t—tﬁﬁﬁ—i—i—l
0

0 2 4 6 8 10 12 14
Maximum Recursion Depth during Compaction
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e il bt =)
{ o [Objects] [ [Condition Predicates] ] [ [Few-shot Demonstrations] ] [ [System] ] 'I
: Prompt . @ ('Féd’ * Robothear(<food»/<places) Instruction: Please put the Interpret the input instruction inte :
: Engenering <places on(<food>, <place>) soft drink on the bar. a goal represented as well-formed :
1 LLMQ [P kRl L e ) Exists(<food>) Goal: On(Softdrink,Bar) formula in first-order logic, with :
: . o logical connectors: A, V, -, ... 1

1

‘\ Input: Could you please clean the table and give me a cup of coffee or tea. Output: Table$Cleana(At(Coffee,Desk) v(On(Tea2,Table)) A

_____________________ A e memmmmsemecmemm—mmmmmmme,  esesssseessssesesssesseseese.,
| @) Reflective Feedback [(B1ackiists ] [[additional Prompt] ] ! | € coal Normalization . ... P H
1
! [syntax] Outputs including texts | 5 T o A P I e ST :
i : . utput: (—Dirty(Table) A On(Coffee,Table

: 1. literals = split_literals(output) [Predicate] in the tl:n'ee placklists E): (DNF) v ! :

| |2. for 1 in literals: Desk, Tea2 [object] are forbidden, ... 1 : (-Dirty(Table) A On(Tea,Table)) 1

113, check_and_append_blacklists(l) 13 1

! Dutput:-Dirty(Tahle)A(Dn(caﬁ‘ee,Table)an(Tea,Tahle))); \ » sub-goal g, /'

Stage 2: Optimal Behavior Planning

©) Expansicn

)

a; cost=8.9
)

Condition actien | cost

Condition action | cost

€y a; 1.3 3 ag 2.2

[ dy 4.8 [ ay 4.8

) compaction
env state:{c; Neg,...}

Skipped

EFE—E, WAfeEd KIESHEAY (LMD 53R TR &E R
HAONEBRREI BN . Z Bk E e EEGEEC (DNF) FE0 N1 H
P RAMEAE NN T HARE R — DT, X1

bre RS FrEB IR E
P 5 A0 A 2 DL RIS e 28 ) e UG R SRR
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ondition]
RobotNear_<items_place>, On_<items> <place>, Holding_<items>, Exists_<items>, IsClean_<furniture>, Active ia Closed_<furnishin,

ce>,

[Object]

'Dessert’, 'Softdrink’, 'BottledDrink', 'Yogurt', 'ADMilk', 'MilkDrink', 'Milk', 'VacuumCup','Chips', 'NFCJu .
tation', 'CoffeeStation’, 'Tablel', 'Table2’, 'Table3', 'WindowTable6','WindowTabled', 'WindowTable5',’QuietTabl

12 R hatsfE, BEEEBEA
2. 34 FL A

Curtain']
ontrol>=[ "ACTemperature']

[Examples]

Instruction: "Would you be able to provide some chips at the third table?”
Goal: On_Chips_Table3

Instruction: If you have time, could you please hold the milk for me, or pull the curtains, or perhaps switch on the AC?
Closed_Curtain | Active AC | Holding Milk

Instruction: Please turn up the air conditioning and come to the bar counter
RobotNear_Bar & ~Low_ACTemperature

Instruction: Please ensure the water is ready for service, and deliver the yogurt to table number one.
Exists_Water & On_Yogurt_Tablel

Instruction: Let's not have the AC too cold. Could you turn off these tube lights and open the curtains for some natural light?
ow_ACTemperature & ~Active_Tubelight & ~Closed Curtain

[Prompt]

[Condition] Lists all predicates representing conditions and their optional parameter sets.
[Object] Lists all parameter sets.

[Examples] Provide several examples of Instruction to Goal mapping.

Your task is to interpret customer instructions within a café setting and translate them into specific goals using logical expressions. Utili
Apply logical operators (&, |, ~) to combine these elements appropriately.

& (AND Operator): Combines conditions such that the result is true only if both conditions are true.

| (OR Operator): Combines conditions such that the result is true if at least one of the conditions is true.

~ (NOT Operator): Negates or reverses the truth value of a single condition.

This process should accurately map each given instruction to a clear, actionable goal in the context of the café environment.

Please generate directly interpretable predicate formulas without additional explanations.

The predicate formulas can be converted into disjunctive paradigms (DNFs) using the python package sympy.to dnf.

I [Blacklist] hE T, FHHM<I1legal Condition>H ), Please select the closest predicates from the [Condition] table to form the an

[Blacklist]
<I1legal Condition>=[]
1legal Object>=[Fries, Table6]
ther Illegal Words or Characters»>=[]
[Blacklist] Contains restricted elements.
Do not include words from the [Blacklist] in the predicate formulas.
If a word from <Illegal Condition> is encountered, select the most relevant predicates from the [Condition] table to construct the answer
If a word from <Illegal Object> is encountered, choose the nearest parameter from the [Object] table to formulate the answe
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Holding(Nothing)
RobotNear(Bar)

On(Coffee. Bar)

MoveTo(Bar)

PutDown(Coffee Bar)

MoveTo(Coffee)

PutDown{ Anything, Anvwhere)

Holdmg(Nothing)

PickUp(Cotiee)
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5.98 K BT A MR EE B R Efb & B At (et

| INFO | : : - Function Call Response: {'name’: ‘create sub task', 'arguments’: "{\n "goal": "{Prepare(Water)},{Prepare(Dessert)},
Prepare(Coffee)}™wn}"}

oal set: [{',{Prepare(Dessert)’, "{Prepare(Water)’, ',{Prepare(Coffee)’, ")}’

lameError: name ‘Prepare’ is not defined
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