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Motivation

® \What Is a script?

“a standardized sequence of events that
describes some stereotypical human activity such
as going to a restaurant or visiting a doctor” (Barr
and Feigenbaum, 1981)
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B A script is usually defined by
A set of events
Temporal constraints on these events
Causal connections between the events
|dentification of participants of the script
B Scenario® = class of activities vs.

,Script’ = model of the structure of a scenario
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Motivation

® \Why could scripts be useful?

They provide detailed background knowledge
of a given situation

Much of this knowledge Is implicit and will not
be mentioned In texts

Applications: Anaphora resolution, WSD,
Information extraction, text generation, ...
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"
Motivation

B Problem: Learn scripts automatically

Manual formalization by experts does not
scale: Too many variations

Standard approach: Learning from corpora
(Chambers & Jurafsky 2008)

Since script knowledge Is often highly implicit,
It Is hard to extract directly from random text
sources
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Motivation

B Approach of this paper: Ask volunteers for
script descriptions

Script descriptions are explicit
Domains can be arbitrary
Better control over structure / granularity
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B ? separate experiments:.

Experiment 1: learning events in a script and
their temporal structure (and by extension
causal structure)

Experiment 2: learning script participants
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Experiment 1

B Data acquisition

Each volunteer Is asked to describe some
scenario in bullet points

One bullet point = natural language realization
of an event

List of events = Event Sequence Description
(ESD) — ,raw" script



Experiment 1

B ESDs:

. look at menu

. decide what you want

. order at counter

- pay at counter

.receive food at counter
. take food to table

.eat food

e L= LW Qs SN WP Ty B

.walk to the counter
_place an order

. pay the ball

. watt for the ordered food
5. get the food

6. move to a table

7. eat food

8_exit the place

b [ =

1. walk into restaurant

2. find the end of the line

3 stand in line

4 look at menu board

5. decide on food and drink

6. tell cashier yvour order

7. listen to cashier repeat order
8. Listen for total price

9 swipe credit card in scanner
10. put up credit card

11. take receipt

12 look at order number

13 take vour cup

14 stand off to the side

15. wait for number to be called
16. get vour drink
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Experiment 1

B [rst processing step: Calculate Multiple
Sequence Alignments (MSA)

Algorithm from bioinformatics
Align ESDs In a matrix
Try to match events of different ESDs

If a certain event cannot be matched in a
certain ESD, insert a gap (9)
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B Frst processing step: Calculate MSAs

51 50 5 54
1 ] walk into restaurant & enter restaurant
2 & ] walk (o the counter 2o Lo counter
3 %) find the end of the line @ @
4 @ stand in line @ @
5 lock at menu look at menu board @ @
fi decide what you want decide on food and drink @ make selection
7 order al counter tell cashier your order place an order place order
b @ listen to cashier repeat order @ &
9 pay al counter @ pay the bill pay for food
10 ] listen for total price & @
11 2 swipe credil card in scanner @ =
12 & put up credit card | &
13 ) take receipl @ &
14 2 look at order number @ @
15 @ take your cup @ @
16 @ stand off to the side @ @
17 @ wail for number to be called wait for the ordered food &
18  receive food at counter gel your drink pel the food pick up order
19 %] )] [ pick up condiments
20 take food o table ] move Lo a table 20 1o lable
21 eat food @ eat food consume food
22 ] ] e clear tray
22 ] ] exilt the place &
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B Frst processing step: Calculate MSAs
Each MSA A has a cost c(A):
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(n = number of rows; m = number of sequences)
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B Frst processing step: Calculate MSAs
Each MSA A has a cost c(A):

mn m

r(—l = Cgap * 2@ T Z Z Z Cm sz ”kz

i=1 ji=1, «‘~1+1
ajiF D epi#

(n = number of rows; m = number of sequences)

Sum gap costs for each gap plus alignment
costs for any two events that are aligned
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Experiment 1

B Frst processing step: Calculate MSAs
Cost function c(m): semantic dissimilarity

Since the events are In bullet-point-style,
traditional bag-of-words does not work

Heuristic similarity measure:

sim = a - pred + 3 - subj + - obj

(o, 3, : weights; pred, subj and obj are pseudo-parsed)
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Experiment 1

B Second processing step: Calculate
Temporal Script Graphs (TSG)

Directed Graphs with events as nodes
Each row in the MSA — one node

Merge nodes according to structural and
semantic constraints



Experiment 1

B Second processing step:

walk into the reasturant
walk up fo the counter
walk into restaurant
go to restaurant
walk to the counter

l

gst in line
enter restaurant
stand in line

i decide what i want
decide what to sat
decide on food and drink
decide on what to order
make selection

. decide what you want

order food
iorderit
tell cashier your order
order items from wall menu
order my food
place an order
arder at countar
place order

t
wait in line go to cashier
look at menu board go to ordering counter
wait in line to order my food — go to counter

examine menu board
look at the menu
look at menu

l

pay at counter
pay for the food
pay for food
give ordar to the employee
pay the bill
pay
pay for the food and drinks
pay for arder

Calculate TSGs

make payment

keep my receipt
take receipt

e

wait for my order
look at prices
wait
look at order number

wait for order to be done
wait for food to be ready

walit for order
wait for the ordered food

expect order

wait for food

collect utensils
pay for order
pick up order

pick up condiments
take your cup
receive food
take food to table
receive tray with order
get condiments
get the food
receive food at counter
pick up food when ready
get my order

get food

'

move to a table
sit down
wait for number to be called
seat at a table
sit down at table
leave
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Experiment 1

B Evaluation

Test for paraphrase recognition and temporal
correctness

Test set. paraphrase/happens-before pairs
mixed with random pairs

Ask volunteers in Mechanical Turk to rate all
pairs — gold standard



" S
Experiment 1

B Evaluation
Baseline 1: Clustering of events



" SN
Experiment 1

B Evaluation
Baseline 1: Clustering of events

Baseline 2: Levenshtein measure instead of
similiarity function



Experiment 1

B Evaluation
Baseline 1: Clustering of events

Baseline 2: Levenshtein measure instead of
similiarity function

+ upper bound: human performance



Experiment 1

B Evaluation results(paraphrasing):

A PRECISION RECALL F-SCORE

SRENARID sys baseq basei.. | sys basea basei. | sys  basea base.. upper

pay with credit card 052 043 050 | 084 089 0.11 | 64 058 017 (.60

< el in Eestarant 070 042 0.75 | 088 1.00) 025 | 0.78 059 038 | ()92
£ iron clothes | 052 032 1.00 | 0.9 1.00) 012 | 0,67 o048 o021 | (.82
“  cook scrambled eggs 058 034 050 | 086 095 0.10 | 0,69 «050 «0.16 | «0.91]
lake a bus 065 042 0.40 | 0.87 1.00 009 | 0.74 059 o014 | o088
answer the phone 0.93 (.45 0.70 | 0.85 1.00 021 | 0.89 071 033 0.79

w»  buy from vending machine | 039 043 0.59 | 0.83 1.00 054 | 0.69 (.60 0.57 (.80
= iron clothes II 057 030 033 | 0.94 1.0H) 022 1 071 o046 027 077
~  make coffee 050 027 0.56 | 0.94 1.00 031 | 065 o042 o040 | o082
make omeletie 075 054 067 [ 092 096 023 | 083 069 034 | {85
AVERAGE | 063 040 0.60 | .89 0.98 022 | 073 056 030 | 082
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Experiment 1

B Evaluation results(paraphrasing):
System outperforms baselines
Sometimes close to upper bound

Clustering has problems distinguishing
similiarities (high recall, low precision)

Levenshtein is too restrictive (low recall, high
precision)



Experiment 1

B Evaluation results(happens-before):.

SCENARID _ PRECISION | RECALL F-SCORE
sys  baseq baser. | sys  baseq base. | sys  baseq  base.. upper
pay with credit card 086 049 065 | 084 074 045 | 0.85 059 053 0.92
< eal in festaurant 0.78 048 0.68 | O.B4 098 075 | 081 064 071 | «095
£ iron clothes | 078 054 075 | 072 095 053 [ 075 069 o062 | 0192
“  cook scrambled eggs 067 054 055 | 064 0098 069 | D66 070 0.61 | «088
lake a bus 080 049 0.68 | 0.80 1.00 037 [ 0.80 o066 o048 | o096
answer the phone 083 048 0.79 | 0.86 1.00 096 | 084 o064 0.87 | 090
»  buy from vending machine | 0.84 051 069 | 0.85 080 075 | 084 o066 o071 0.83
= iron clothes 11 078 048 075 | 0.80  0.96 066 | 0.79 «0.64 070 | 084
~  make coffee 070 055 0.50 | 0.78 1.00 055 (074 071 o053 | o083
make omeletic 070 055 079 | 083 093 082 [ 0.76 o0.69 0.81 | «092
AVERAGE | 077 051 0.68 | 0.80 095 065 | 0.78  0.66 066 | 090
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Experiment 1

B Evaluation results(happens-before):.
Basically the same as for paraphrases

Higher average because temporal ordering Is
easler once the paraphrases are correct

More problems with scripts that are flexible In
ordering (some events may happen Iin
arbitrary order)
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Experiment 2

B Data: based on TSGs of Experiment 1
B Goal: Identify participants in a script

B Method: Identify possible participants, then
run an Integer Linear Program (ILP) to sort
them into equivalence classes



Experiment 2

plate. : : microwave — ________  button :
piate, container, microwave MiCIoWave, MiCiowave oven, ; bua%:m ! @ put } [ (4) =) =E1T;
=2 safe container, dish, oven, open microwave *, | O bI'.IﬂIlﬂ : piaﬂe @012 @open A 3 select ;
lmicrowal.fablle dish,micruwgue micmwave to heat ft}-{)d*r : siop. butloné Q (1) @l set # 1}
dish, bowl, microwave save dish, stop and open microwave ™| 3 i put 10} =2 &
microwave suitable bowl, A : @ | } { } [ 4) &)
microwavable safe ware, dnor mictowave door, F S s @ shut [ [ (3) t
safe container”, microwave safe ‘ ! doar of microwave | food ® ® [ciose B @ push [start (4)
plate, mcorwave saft plate (sic!) food, plastic, your food, o i |- ®
& " rotiood Toodon| a5 ] o }nem PE= 10 @®
B e s s ! temperature : e h ; i Til;‘:: place | | @ (5)
* power sefting : temperature, P AV I ® e punch in @1 >
. ° power level, cooking time and | ; desired tempera- | oo cating select (2 set
: power level, fime power level, | | | ture, desired length . umé, cooking time, time of set } Jo enter G{ﬂ
v | heating level, ime and power level : and temperature how long food needs to be 1 ® tart
power sefting 2 I heated, time o cook, designate e turz Orn }
. | @ power time and power i ‘ Cover, protec- time, itemn, power level and _
! power seffing 3 l | five cover | | time, desired length, input time, for @ o cook / heat up when @ is up open [{
. | @ setiing, appropriate setting | ) specific time, desired fime, @wait ! for io stop / finish
AT T e e G o S G B R R ! (& protagonist appropriate time until @ s over *—————ﬂD { take out fmm
IE!I"I"IDVE

Figure 4: The participants we extracted for the MICROWAVE scenario, and a participant-annotated excerpt
from the original graph. Descriptions in italics indicate sorting mistakes, asterisks (*) mark parsing mis-
takes. Dotted boxes frame PDSs that actually belong together but were not combined by the algorithm.
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Experiment 2

B Evaluation:
Gold standard by annotators
Baseline 1: grouping by string equivalence
Baseline 2: grouping by semantic similarity
Baseline 3: grouping by structural similiarity
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B Fvaluation results:

PRECISION RECALL F-SCORE
i full sem align base full sem align base full sem  align  base
LAUNDRY™ 085 070 053 09 075 083 DB 057 0.80 0.79 067 070

VENDINGM.* 080 074 057 084 078 083 099 062 0.79 0.78 072 072
FAST FOOD 082 065 055 08 082 085 084 070 {82 0.74 066 078
RETUEN FoOD (.80 078 053 088 044 052 063 034 0.57 .62 057 049
COFFEE 085 077 053 092 080 081 098 068 (.82 0.79 0.68 078
FEED DOG 0.81 067 053 09 0388 092 094 057 54 0.78  0.68 070
MmicrOwavVE 089 078 055 09 08 0B84 089 070 .56 0.81  0.68 080
CREDIT CarD 090 082 060 094 054 054 064 040 67 .65 062 050
MaILLETTER 092 078 054 09 088 088 093 074 0.9 0.83 068 084
SHOWER 0.87 079 057 09 083 083 086 066 085 081  0.69 077
AVERAGE® 085 075 055 091 075 079 086 060 79 0760 066 071
AVERAGE 086 076 055 092 075 077 084 060 079 0.75 066 071
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Experiment 2

B Evaluation results:
sem scores high precision, low recall
align scores high recall, low precision

Full system scores a better trade-off that
leads to a better F-Score
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"
Conclusion

B The presented system yields better results
than the baselines

B Sometimes it reaches human performance
B Some fine-tuning may be possible

B System may perform worse for culture-
specific or expert knowledge (depending
on volunteers)
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"
Conclusion

B Remaining problem: decrease supervision
Scenarios were still chosen manually

ldea: use online games to generate new
candidate scenarios

Filter raw data automatically

Restrict user input to reduce need for
orthography correction



Thank you for your attention!



