Understanding
Procedures

CMSC 491/691 — INTERACTIVE FICTION AND TEXT GENERATION
Slides adapted from Li “Harry” Zhang and Qing “Veronica” Lyu




Learning Objectives

See how procedures are used in modern NLP research
° Including datasets, evaluation

Determine how procedures can be used in interactive fiction
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What are procedures?

* A procedure is “a series of actions conducted in a certain order or manner,” as
defined by Oxford

« A more refined definition: “a series of steps happening to achieve some goalll”
* Why?

* Examples of procedures: instructions (recipes, manuals, navigation info, how-to
guide), algorithm, scientific processes, etc.

* We focus on instructions, which is human-centered and task-oriented

* Examples of non-procedures: news articles, novels, descriptions, etc.
* Those are often narrative: events do not have a specific goal

* The umbrella term is script!?]
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Why study procedures?

* Procedures are useful
* Core to task-oriented systems (e.g., dialog agent)

* Can be used for scaffolding in interactive fiction generation
* Can be used to understand and analyze narrative texts (how?)

* Procedural events are a suitable scope to study machine reasoning
* Procedural texts are more structured and less complex

* Good starting point to study planning and reasoning
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How to study procedures

* Extract procedural knowledge from instructions!t!
* Usually a structured representation

Why would research

on procedures focus
on recipes?

* A subset of these works specifically focus on recipes!?

Amish Meatloaf (http: //allrecipes com/recipe/amish-meatloaf/) S __
- -
6

2 pounds ground beef

2 1/2 cups crushed butter-flavored crackers
1 small onion, chopped

2eggs

3/4 cup ketchup

1/4 cup brown sugar

2 slices bacon

TR implicit

Preheat the oven to 350 degrees F (175 degrees C).
In a medium bowl, mix together ground beef, crushed
crackers, onion, eggs. ketchup. and brown sugar until

well blended.

Press into a 9x5 inch loaf pan. L N T =7 implicit
Lay the two slices of bacon over the top. =) S' ' preposition
Bake for 1 hour, or until cooked through.

(recipe condensed) ~ - _—

[1] (Paris et al., 2002; Zhang et al., 2012; Maeta et al., 2015)
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How to study procedures

* Reason about procedural events and serve downstream tasks
* Early text classification (Takechi et al., 2003)

* Answering how-to questions (Delpech and Saint-Dizier, 2008; our work)

* Tracking entity states (Dalvi et al., 2018; Gupta and Durett, 2019; Tandon et
al., 2020; our work)

* Event relation reasoning (our work)
* Intent classification (our work)
 Application in task-oriented dialogs (our work)
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Reasoning about
Goal-Step Relations

(ZHANG ET AL., 2020): REASONING ABOUT GOALS, STEPS, AND
TEMPORAL ORDERING WITH WIKIHOW




Reasoning about Goal-Step Relations

* Procedure is “a series of steps happening to achieve some goal”

* First and foremost, a model should understand what steps and goals are

* Examples:
* (Infer goal) If | preheat the oven to 350 F, what am | trying to do?

* (Infer step) If | want to get a good GPA, should | study or play PS5?
* (Infer order) To drive a car, do | first shift to drive or foot down the gas?

* Where can we get lots of procedural data?

(Zhang et al., 2020): Reasoning about Goals, Steps, and Temporal Ordering with WikiHoW
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wikiHow.com

Protecting Your Health in a Pandemic

Dressing and Packing for a Protest

~H -1

How to How to

Teach Respect Explain Racism to Stay Informed Test the Air Write Song Lyrics Verify the 501(c)
a Child About Current Quality in Your (3) Status of a
Events Home

Nonprofit

Trending How-To Articles

o

W
s I
How to How to How to
Be Anti-Racist Celebrate Father's Protest Safely Check Vehig Avoid Boredom Download a Movie
Day While Social Wear sensible clothes. You want to make sure you don't wear anything that could
Distancing

put you at an increased risk for slipping or falling during a protest. Wear shoes you

Use glasses instead of contact lenses to protect your eyes. If you're exposed to
tear gas or pepper spray, contact lenses could trap the irritating chemicals against

your eyes and make the damage worse. If you normally wear contacts, leave them at home
and wear glasses instead.[17]

; « If possible, put on some shatter-proof safety goggles, sunglasses, or swimming
How to How to How to How to How to How to goggles. These will give your eyes an exfra layer of protection in case of a chemical
Know if You Are Create a Fillable Buy Postage Follow the Curly Download Music Use a PS3 attack.
Gay PDF Stamps Without Girl Method for from YouTube Controller on a

Goina to the Post Curlv Hair PC

(Zhang et al., 2020): Reasoning about Goals, Steps, and Temporal Ordering with WikiHoW
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Multiple-choice format

* Task #1 Goal Inference: Given a goal, choose the most likely step out of 4 candidates.
* Input: “How to prevent coronavirus”
* Choices: Wash your hands? Wash your cat? Clap your hands? Eat your protein?

* Task #2 Step Inference: Given a step, choose the most likely goal out of 4 candidates.
* Input: “Blink repeatedly.”
* Choices: Handle Pepper Spray in Your Eyes? Relax Your Eyes? Draw Eyes? Diagnose Pink Eye?

* Task #3 Step Ordering: Given a goal and two unordered steps, determine which comes first.
* Input:
Goal: How to Act After Getting Arrested.
Step (a): Get a lawyer. Step (b): Request bond from the judge

(Zhang et al., 2020): Reasoning about Goals, Steps, and Temporal Ordering with WikiHoW
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Negative Sampling

* Finding the correct answer is easy; finding some wrong answers is hard

* Semantic similarity-based approach
* BERT sentence embedding similarity based on KNN

* Consider full sentence, only verbs, only nouns, etc.

* Example
* In an article “Protest safely”, a step is “Wear sensible clothes.”

* Find the sentence embedding of “Wear sensible clothes”, and all other steps

* Find 3 other steps whose sentence embeddings have the highest cosine similarity with the
sentence embedding of “Wear sensible clothes”

* Result: “Wear sensible clothes,” “buy some clothes”, “put on costumes”, “try old clothing.”

(Zhang et al., 2020): Reasoning about Goals, Steps, and Temporal Ordering with WikiHoW
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Statistical Cues

* Modern models like BERT can cheat!

* Sometimes models can tell the answer without looking at the question

* Zhang et al. resolve this by randomly reassigning the correct candidate
* Once they get all 4 candidates, any of them could be the correct one
* Any model is guaranteed to perform no better than chance given only the candidates

(Zhang et al., 2020): Reasoning about Goals, Steps, and Temporal Ordering with WikiHoW
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Crowdsourcing validation

* We now have a large number of automatically generated examples

* These examples might be noisy, but we still want a clean test set
* For each task, randomly sample thousands of examples to pose to crowd workers

* If all of 3 crowd workers answer correctly based on the gold label, keep the example in
the test set

* Use the rest as training and validation sets

(Zhang et al., 2020): Reasoning about Goals, Steps, and Temporal Ordering with WikiHoW
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How can it be used?

* Large dataset for training or finetuning & testing

* A model trained on their data did well on other datasets (transfer learning)

SWAG ROCStories
T without wikiHow 4 with wikiHow T without wikiHow ¢ with wikiHow
1.00 1.00
0.75
0.636
3} 0523 1= 0.646
g 0 500.197 0.4:96 0-5:03 ~ 0.578
8 - JOR=EEETY Sl
< CLoretT 70459 0460
________ 0.386
025 o=~
0.250
0.00
0 10 100 1000 0.00
o 0 50 100 150 200 250 300
Number of training examples (log scale)
Number of training examples

(Zhang et al., 2020): Reasoning about Goals, Steps, and Temporal Ordering with WikiHoW
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Intent Classification with
Goal-Step Relations

(ZHANG ET AL., 2020): INTENT DETECTION WITH WIKIHOW




Intent Detection

= Task-oriented dialog systems needs to match _
8{ What'’s the cheapest business class }

an utterance to an intent, before making _
. flight tomorrow to Shenzhen?
informed responses

= Sentence classification task -
= Given an utterance, and some candidate Intent: Check Flight Price
(@)

intents .
= Choose the correct intent o2
= Evaluated by accuracy [It is $2800 with XX airlines at 14:30. ? a

Example from Snips (Coucke et al., 2018)

Utterance: “Find the schedule at Star Theatres.”

Candidate intents: Add to Playlist, Rate Book, Book Restaurant,

Get Weather, Play Music, Search Creative Work, Search Screening Event

(Zhang et al., 2020): Intent Detection with WikiHow
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Intent Detection Gets Difficult

= Some intents are hard to infer

= Require some world knowledge ; _
. _ I"d like to buy a tuner.
= Utterances and intents might span many

domains, sometimes niche ones
Intent: PIay Gmtar

——

Do you want to buy some picks too?
What about a pack of strings?

= Multilingual settings, especially low-resource

(Zhang et al., 2020): Intent Detection with WikiHow
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wikiHow can help

A goal (title stripped of “how to”) can approximate an intent

A step (step paragraph header) can approximate an utterance

Not a perfect correspondence
* Some goals are too specific to be an intent

* Some steps are unlikely utterances

: : . 1 Learn the driving
Still, potentially very strong pre-training data rules for your location.

2 Get your permit.

:ga & 3 Practice driving.

How to
Drive

Data: https://github.com/zharry29/wikihow-goal-step

(Zhang et al., 2020): Intent Detection with WikiHow
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Multi-task

Schema- learning with
Re S U ‘tS guided intent detection
Single- Dialogue & slot filling
. turn  (multi-turn, Single-turn .
English data English max 4) Multilingual Multilingual data
Siamese NN, Snips SGD FB-en FB-en FB-es FB-th
PrevS0TA ™ Renand Xue, 2020) 993  N/A 993 | (Renand Xue, 2020) 993 N/A  N/A
(Ma et al., 2019) N/A 048 N/A (Zhang et al., 2019) N/A 978 967
augmented (ours) +WH+ID 004 .9511_ ‘9951_ (ours) +WH+ID 995 .988 971
with back- (ours) +WH O-shot 713 787 445 (ours) +enWHHID —.995 9907 9767
) (ours) +WH 0-shot 416 129 119
translation Chance 143 250 .083 (ours) +enWH 0-shot 416 288 124
to & from Chance 083 083  .083
Chinese

Table 2: The accuracy of intent detection on En-
glish datasets using RoBERTa. State-of-the-art perfor-
mances are in bold; T indicates statistically significant
improvement from the previous state-of-the-art.

(Zhang et al., 2020): Intent Detection with WikiHow
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Table 3: The accuracy of intent detection on multilin-
gual datasets using XLM-RoBERTa.
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Few-Shot Transfer

n Lea rn | ng curves Of m Od e | S Snips (RoBERTa) SGD (RoBERTa) FB-en (RoBERTa)

in low-resource settings 1 I
0.8 -
= Vanilla transformers (+ID) 06l i
struggle with low-resource ol Faro i
setting 0sl _ I
,D|||I. L1l [ | L1l L1l [ | L1l L1l L1l
FB-en (XLM-RoBERTa) FB-es (XLM-RoBERTa) FB-th (XLM-RoBERTa)
1 .

0.8

0.6 -

A

. . . . .rﬁ P +
Vertical axis: accuracy of intent detection ool B o
Horizontal axis: # in-domain training examples of ¢ S| (oushenWEHD
each task, distorted to log-scale 0™ 0 10 100

(Zhang et al., 2020): Intent Detection with WikiHow
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Procedural Construction

(LYU ET AL., 2021): GOAL-ORIENTED SCRIPT CONSTRUCTION




Motivation

* Models can infer goals, steps, and ordering in existing procedures. Can we go one step further?

* Creating new procedures:

If you know

[ how to make an apple pie ] and [ how to make a banana cake ]

can you infer

[ how to make a banana pie ] ?

* This is commonsense knowledge to humans; do language models have it?

(Lyu et al., 2021): Goal-Oriented Script Construction
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The Script Construction Task

* Script: a standardized sequence of events

* Script Construction: Given the goal, narrate the full script
* Example: If someone goes to a restaurant, what will typically happen?

1.Greeted by a waiter
2.Sit down at a table
3.Look at menu
4.0rder food

5.Eat

6.Ask for the check
7.Pay

8....

(Lyu et al., 2021): Goal-Oriented Script Construction
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How do we set up the task?

* Generation setting
* Input: a goal
* Qutput: a list of steps
 Evaluation: Perplexity; Human
* Concerns: might be too difficult; output might be “unfocused”

* Retrieval setting
* Input: a goal, a set of candidate steps

* QOutput: a list of steps
* Evaluation: Accuracy; Recall; Normalized Discounted Cumulative Gain + Kendall’s Tau; Human
* Concerns: where to get a suitable set of candidate steps?

(Lyu et al., 2021): Goal-Oriented Script Construction
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Building a Dataset from wikiHow

* They built a script construction dataset of 18 languages using wikiHow articles

category <«——— FooDAND ENTERTAINING » DINING OUT

g ~—— How to Eat at a Sit Down Restaurant

— Order drinks first. If your server immediately asks you for your drinks and you're not
sure, consider asking for water while you look over the drink menu. It's important not

Ask about daily specials. Many restaurants will have rotating specials that can offer

steps B tasty surprises. Ask about the vegetable, fish, or soup of the day as well to make sure

Look over the menu and place your food order. Usually, by the time that the server
— brings your beverages, you can begin to order an appetizer. This is where looking at

* For the Retrieval Setting, the set of candidate steps are from all articles of the same category

(Lyu et al., 2021): Goal-Oriented Script Construction
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How to construct scripts?

* Generation-based approach:
End-to-end finetuning of a generative language model, Google’s Multilingual-T5 (Xue et al., 2021).
* During training, input is goal + steps
* During inference, input is goal; output is steps

Practice rudiments.
Develop speed.
Learn the grip.
[some other right or
wrong steps]

How can | play the
drums?

(Lyu et al., 2021): Goal-Oriented Script Construction
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How to construct scripts?

* Retrieval-based approach: Temporal Ordering with WikiHow
A pipeline using the Step Inference model & Step Ordering models from their previous EMNLP 2020 work

Our system
! _ : 417 - _ 1
A goal & ) Constructed script
Candidate steps & —— | fStep Ret:eved Oriit:rFi)n (retrieved & F---- Gold script
expected length : 4 erencg i - g ordered steps)
Play Drums Play Drums Play Drums Play Drums
(4 steps) --(ranked by confidence)-- - (ranked by order) | -------
1. Practice rudiments 1. Practice rudiments 1. Learn the proper grip
Develop speed 2. Learn the proper grip 2. Buy ayoga mat 2. Practice rudiments
Train your flexibility 3. Develop Speed 3. Learn some pieces 3. Learn some pieces
Learn the proper grip 4. Buy ayoga mat 4. Learn the proper grip 4. Develop Speed
Talk to your creditors - CUTOFF-------
Learn some pieces 5. Join astart up
File a complaint 6. Learn some pieces

...(many more)...

9/26/2024

...(many more)...

(Lyu et al., 2021): Goal-Oriented Script Construction
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https://aclanthology.org/2020.emnlp-main.374.pdf
https://aclanthology.org/2020.emnlp-main.374.pdf

How well can models construct scripts?

* Lyu et al. ask humans to edit the predicted script by either deleting or moving a step

*They then calculate:
* “Correctness”: len(edited script) / len(predicted script)
* “Completeness”: len(edited script) / len(gold script)
* “Orderliness”: Kendall’s Tau of steps in the edited script

Completeness Orderliness Correctness
= retrieval ® generation = retrieval ® generation = retrieval ® generation
1.00 1.00 1.00
0.75 0.75 0.75
0.50 0.50 0.50
0.25 0.25 0.25
0.00 0.00 0.00
en fr zh jp ko hi en fr zh jp ko hi en fr zh jp ko hi

(Lyu et al., 2021): Goal-Oriented Script Construction
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How can it be used?

* Construct scripts in new domains: 1. Movement.Transportation
* Models trained on wikiHow (daily (Example: "Taliban transported explosives in car to centre place.")
activities) can transfer to the news 2. Conflict.Attack.DetonateExplode
(political & military) domain (Example: "Someone detonated ied explosive device at ghazni place.”)

3. Conflict.Attack
(Example: "Group attacked convoy using explosive.")

4. Life.Injure
(Example: "861 was injured by contractor using explosive.")
5. ArtifactExistence.DamageDestroyDisableDismantle.Damage
(Example: "Someone damaged vehicle.")

6. ArtifactExistence.ManufactureAssemble
(Example: "Someone manufactured or assembled or produced weapons.")

7. Life.Die
(Example: "Members died, killed by efps killer.")

8. Justice.TrialHearing
(Example: "Someone tried someone before dunford court or judge.")

* Example: A script of “Roadside
Improvised Explosive Device Attack”

(Lyu et al., 2021): Goal-Oriented Script Construction
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Hierarchical Procedures

(ZHOU ET AL., 2022): SHOW ME MORE DETAILS: DISCOVERING
HIERARCHIES OF PROCEDURES FROM SEMI-STRUCTURED WEB DATA




Procedures are Hierarchical

= An event can simultaneously be a goal of one Host a party
procedure, and a step in another I

v
= A procedural hierarchy... So what? " Clean the floor Make food
= Can “explain in more details” by expansion l‘_glfl i ! | thl v v
_ , ick up clothes Vacuum
= Can shed light on event granularity (why?) MRS ; g
" How do you build such hierarchy? lil;l 1‘1‘1 ligi_l I
= To “host a party”, | need to “clean the floor”; to l_f_l 8 3
“clean the floor”, | need to do what? l_l_u_l_l l_l_l

(Zhou et al., 2022): Show Me More Details: Discovering Hierarchies of Procedures from Semi-structured Web Data
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Linking Steps and Goals

H OV CACN DIFrOCEACILITE TOU CACK e I
For ez?ch procedure, for each i 55 Feranking (52 ~
step, find another procedure o Host a party
whose goal has the same - - | * caiisl,glig sim(s;, 8) =03
' - cat(sy, 8)
meaning - sp:Cleanthefloor s,: Makefood 1-52)1

. | iSim(Sla 82) = 0.6 |
' - cai(s), 83) ?sim(sl,g?’) =01
. I 8> Deep clean the floor o |

= Effectively a paraphrasing | N S |

i 7 l e

matching or semantic search . Pickupclothes -~ sy:Vacuum B4: Output
L ? ..:.'_':Zf.'.'.'iﬁ_'.'.'.'.'_'.'.'.'.'.'.'.'.'.'.'.'ﬁ.'.'.'.'.'.'.'.'.'.'f.'.'.'.'.'_'.'.'.'.'_'.'.'.'.'.'fﬁ.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'ﬁ.'.'.'.'_'.'.'.'.'.'.'.'.'.'.'f_'.'.'.'.'_'.'.'.'.'.'.'.'.'.'.'.'_'f.f:: ............................................ ) Host a party
problem (is it really?) B2: Candidate retrieval (§3.1) T |

; G goal collection 7 \ -+ Clean the floor Make food
" Method: retrieve-then-rank  Host a party 1IN — ,
| |Peep glean the floor . «Hl R Pick up clothes Vacuum
Vacuum jo

' S:step collection |
Clean the floor 937 | IR

(Zhou et al., 2022): Show Me More Details: Discovering Hierarchies of Procedures from Semi-structured Web Data
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Procedural Hierarchy is Useful

= Crowdworkers rate linked step-procedure pair, and 400 - EEm DeBERTa-UL
decide if the instructions of the procedure is helpful 15 = DeBERT

for doing the step

= About 80% are helpful 1

250 A

= Can be directly applied to a task-oriented dialog

system (e.g., Alexa Prize Taskbot) 200 1

150 A
100 A

50 A

0_

(Zhou et al., 2022): Show Me More Details: Discovering Hierarchies of Procedures from Semi-structured Web Data
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Event Granularity is Not So Obvious

=
[
3
I

= Words lower in the hierarchy (supposedly more low
level): push, continue, learn, decide, repeat, avoid,
finish, move, wait, accord

continue

200 -

100 -

= Words higher in the hierarchy (supposedly more low
level): decorate, knead, season, beat, paint, simmer,
dig, sew, build, melt

B it

—100 -

cluster 1 rank - cluster 2 rank

0_ II
3 2
E 3

—-—
o —
simmerjj N
-
—-—
season ||

= They don’t seem clustered by granularity

=200 -

decorate

Figure 3: The verbs with largest rank difference in two
clusters. The blue bars are words becoming less fre-
quent in cluster 2 (decomposed steps) and the orange
bars are words becoming more frequent.

(Zhou et al., 2022): Show Me More Details: Discovering Hierarchies of Procedures from Semi-structured Web Data
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Procedures in |F (Think-Pair-Share)

How might you use procedures in interactive fiction?




Potential Ways to Use Procedures in IF

*Infer likely steps given a goal (c.f. our goal-step relation work)

* |f a user decides to “conquer a dragon”, they need to “buy potions”, “level up”, “get

equipment”, “swing the sword”, etc.; they won’t need to “get a PhD”, “play music”, etc.
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Potential Ways to Use Procedures in IF

*Reason about entity states

* |f a user “uses a key to open a door”, the key would remain intact, but the door changes from
“locked” to “unlocked”, both of which are implicit (c.f. Tandon et al., 2020)

* |f a user “throws away the only key they have”, they would have 0 keys. (c.f. Li et al., 2021)
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Potential Ways to Use Procedures in IF

*Use procedures as scaffolding of the story
* Language models tend to hallucinate given too much freedom

* Instead, use procedures to guide them
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