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INTRODUCTION 3l HERARCHICAL RL (HRL) Ml EXPERIMENTS

If-Then Recipes/Programs ~ |Hierarchical Policy [2] ~ |Experiment Setup
A conditional statement of “If This, Then That™: | | ficicaission i . | : |Dataset: - |
whenever the trigger condition (“This”) is e ° @ @ - | Training: 291,285 <NL description, Recipe>
satisfied, the action (“That”) will be performed. | @ | | Q ? , N pairs from [4].

f ~ | ¢+ | % Testing set collected & annotated by [1]:
4 Components: :?c;Nli-cI:?/vel Test Data CI VD vi VI37A Total
Trigger Channel (“tc”), Trigger Function (“tf’), ; : ST 757 ST 1877 3870
Action Channel (“ac”), Action Function (“af”). | § (%) (18.79) (32.84) (4837) (100)
Semantic Parsing for If-Then Recipes * High-level policy selects a subtask g; (I.e., » Cl: recipes with descriptions clear in all 4

. L - completing one of the 4 components) to ; subtasks for annotators.

Parsing a natural language (NL) description to work on. ;

a corresponding If-Then recipe. VI-1/2: recipes containing 1 or 2 vague

.| % Low level policy completes each subtask by | subtasks for annotators.
Example: 5 taking actions to either make a prediction or | » VI-3/4: recipes containing 3 or 4 vague
“Create a link note on Evernote for my liked ask user. subtasks for annotators.
tweets” mmmp - | % Semantic parsing = a sequence of high/low- |
[tc: Twitter, tf: New liked tweet by you, | : level decisions. - |User Simulation:
ac: Evernote, af: Create a link note] § - |We resort to user simulator to train the agent,
- |Low-Level Policy Function: - |with simulated user answers extracted from
Application: o fm® ~ |training set using templates.
Widely adopted for Task/Routine Automation | h ;
and Smart Home: “Text me if the door is § , - |Methods to Compare:
unlocked”, “Send me the weather report every | st - | LAM [5]: state-of-the-art, non-interactive.
day at 7/AM”, efc. : ] - | % LAM-rule: rule-based agent, ask user when

prob of prediction is lower than 0.85
MOTIVATION si%\ | % LAM-sup: agent with “AskUser” action,
W .

T .. trained via SL on pseudo labels.
Description Ambiguity _ ], _ |
An NL descriotion can be ambiauous or ; Vi Va .| % HRL: our proposed agent trained via RL.
- (ISSCTIPHON © o1 | LAM[5] f f Bi-GRU | | |« HRL-fixedOrder: HRL with a fixed high-
contain incomplete information. ; : .
- : \ recipe description user answer / : level order to predlct tc—tf—ac — af,
User: “record to evernote | | : understanding understanding : followi : k 6
Ground-truth recipe: [tc: Twitter, tf: New liked : : Oolowing previous wor (e.g.,[ ])
tweet by you, ac: Evernote, af: Create a link T T
note] o g : : .
(Liu et al. 2016): [tc: Phone Call,tf: Leave IFTTT any I(;]g;lrirst%%el user answers d; Metrics:
voicemail, ac: Evernote, af: Append to note] Ssl}ti: the low-level state representation for 2 C+F Acc: accuracy when all 4 Components
< Based on ~4K recipes collected from real - |subtask st;. . Z;\e ﬁorrectb N |
users [1], 80% of recipe descriptions are | Sep, = tanh(W,, [S5e,5 o5 S, 3 Vis Sstyy 5 3 See 1) | 0 | sk: number of clarilying questions.
ambiguous! ' | | 5 : , :
. . . _ - | We define one policy for each subtask. - | Simulation Evaluation
“* May fail a well-trained semantic parser. ; ;
E E Model CI VI-L/2 VI-3/4
- | High-Level Policy Function: 5 . G TFASS | CHF T Aks | "CF T FASKS
: : CcC CC CcC
INTERACTIVE SEMANTIC PARSING 5 g s 5 = ———
ion: i E ’ : E LAM-rule 0.897 | 1.433 | 0.743 | 2.826 | 0.721 | 5.568
Ou_r Sqlutlon. Ask Human destlons | ‘F b;: whether the 5 UM | 0594 | 0.684 | 0503 | 1482 | 0750 | 2921
An intelligent agent can ask clarifying : S subtask st; has been ; HRL-fixedOrder | 0950 | 1.522 | 0.855 | 1958 | 0.871 | 2.777
questions to resolve description ambiguity. ; X predicted ; ARL 0949 | 12267 | 08887 | 1.748" | 0.878" | 2.61
[ FiTWhat sk do you ] 5 MLP 5 (when interacting with user simulator)
want to do? <
., | record to evernote ] & | s P sk (b - |Human Evaluation
- | Which event triggers it? | g - | Interact with real humans.
Qf | like a tweet | N | Training by Rewarding - | % Collecting 496 conversations on VI-3/4.
- : . . :
— [What action results from it?] - |Low-level reward (when taking action a, for g Model C3F Ace | ZASKS
AN 1 K g;): 5 -
E/Create a note with link ] ¢ 5 subtask g¢) : LAM 0.206 0
~ - 1 ifa; =4, ; LAM-rule 0.518 | 2.781
— . ' : LAM-su 0433 | 2.614
, Confirmation § ro(sear) =9 =B ifa = ASKUSeE ; HRL-fxedOrder | 0557 | 2.306°
OK. | will execute this recipe: —1 otherwise 5 HRL 0.634* | 2.221*
Trigger: Twitter - new liked tweet by you : _ : ]
Action: Evernote - create a link note - |lg,- true label of subtask g.. —f is the penalty g Conclusions
&¢ - |for asking questions. .| Interactive > Non-interactive.
User answers (in NL) are received and utilized | - it ovel o5 B ative | - |¥ Rule-based agent tends to ask redundant
for the agent's prediction. . | ig I- eve :je\]:var or ?tt.— accumulative low- | questions.
- |levelrewardior compieting g:. | v HRL vs. HRL-fixedOrder: HRL achieves
Our Aim: § Ontimization: § significantly better performance with fewer
Improve parsing accuracy with minimal : I\/Ip MIZaton. ative high/low-level 4 : questions.
questions, without supervision on when/what aximize atccumulative high/low-ievel rewar [code available online]
to ask via REINFORCE [3].
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