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e “Language Modeling via Stochastic Processes”,
Rose E. Wang, Esin Durmus, Noah Goodman,
Tatsunori B. Hashimoto, ICLR 2022.
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[ USER ] I'm interested in buying some tickets for a movie tonight. [
ASSISTANT ] OK. Can you tell me the city and state where the theater is
located? [ USER ] It's been so long since we've been to the movies that I want
to get out. It can't get any better. [ ASSISTANT ] Great. Can you tell me the
city and state where you plan to see the movie? [ USER ] I'll be in Santa
Barbara, California at the moment. [ ASSISTANT ] Got it. Are you interested in
a particular movie? [ USER ] There's a couple of nice theaters in town. [
ASSISTANT ] OK. Is there a movie you have in mind? [ USER ] I'm thinking
action. [ ASSISTANT ] Ok. let’s see what action films are out in that area. |
ASSISTANT ] I found one action movie at AMC Mountain 16: No Time To Die. Are
you interested in that one? [ USER ] My best friend Sally has been wanting to

Can I help with anything else? [ USER ] No. [ ASSISTANT ] OK. Enjoy your
movie! As always, have a good day. javascript ive been! havn bout ive heard
it. dont think to much. in there. lmao. id appreciate it. reccommended. The
email address for your tickets is theater. There's no problem at all with
anything else. thanks'! sign off. Your tickets are confirmed and they’ve been
sent to your email address. thanks a lot. your welcome. enjoy your movie.
~lbye. I'm very, very sorry for leaving you behind. Thanks for calling. Is
there anything else I can help with? dont remember the last time we went out.
I'm very sorry. Thank you very much. arn. Thanks for all of your help. Enjoy
the movie. wwww, bye. -en Chinese girlfriend, bye. can you enjoy your movie.
Bye. remaining showtimes for No Time To Die at AMC Mountain 16 are 4:30pm,
6:40pm and 9:10pm. This is all for right now. N/A Thanks for all of your
assistance. @ @ b/r/r/r/r abys mam. @ cornyyyyyyyyyyy. BULLY BULLY MOVIE FOR
YOU! Thank you for calling. Enjoy your movie! Your movie. Aww, bye. happy
movie. thanks for calling. -en . Thanks for using our services. > . Systems 3Nl

U I 1 1 v



[ USER ] Hey! I wanna go tonight to watch a movie! [ ASSISTANT ] Ei, what movie would
you like to watch? [ USER ] I want to know about Birds of Prey! [ ASSISTANT ] Sure, is
there any particular theater you would like to watch Birds of Prey at? [ USER ] Can
you tell me what theaters are showing the movie? [ ASSISTANT ] What are you looking
at? [ USER ] Can you tell me about what theaters are showing Birds of Prey at? [
ASSISTANT | Are you interested in one theater? [ USER ] What theaters are showing
Birds of Prey at? [ ASSISTANT ] Okay, what movie theatre are you going to? [ USER ] I
want to go to AMC. [ ASSISTANT ] Very well, what time would ycu like to watch the
movie? [ USER | What is the movie playing tonight at 1:00pm and 3:00 pm? [ ASSISTANT ]
Can you look up times for Birds of Prey at AMC theaters? [ USER ] Can you tell me
about the time and the theater where Birds of Prey is playing? [ ASSISTANT ] Sure,

Not a problem, can you look up tickets to that showing instead instead? [ USER ] Can
you think of anything else? [ ASSISTANT ] Sure, 1'll check out the tickets at AMC
showing time showing in 3D as well, if there is anything else? [ USER ] Yea, cocl, I
just need to get those booked and I'll get more information to help buy those tickets!
[ ASSISTANT ] Awesome, 1 have just booked three tickets for Delittle showing in 3D at
AMC showing time in 3D at 10:20 pm tonight, does that work for you today? [ USER ] I
want to upgrade to 3D, and then use my Apple Pay. [ ASSISTANT ] Okay, I'm turning this
over and getting those tickets online now. Back to you, I want to purchase your movie
tickets to purchase the movie tickets tonight at 10:20 pm at AMC showing in 3D.
Correct? [ USER ] Sure, so I want to purchase a movie ticket for the movie showing in
3D instead of 3D instead, and then use my Apple Pay. [ ASSISTANT ] Okay, I will now
see if you can purchase the movie tickets to purchase your movie tickets to purchase
the movie tickets tonight at 10:20 pm at AMC showing in 3D. Is there anything else you
need help with? [ USER ] Not really, not really. Thanks!

Research Organization of Information and Systems S3agii

The Institute of Statistical Mathematics Sl



— Sy E i
.| 'Z:\)C_) S <L) %) é: I?rigg'z)/g.c\(growman
A W : M :
G_enerate latent plan : \W |

pinned at z, and z.

¥ ¥ v // ¥ >
t
2 ¥4 2 .- Zr
! i !
TIME TIME TIME
@ Conditionally generate | CONTROL F‘ EomRor / N r_‘
each sentence using | | }
the latent plan. [USER] Hi, I'd like [ASSISTANT] Sure, [USER] I’'m thinking
to order tickets for what movie are these to watch Iron Man 3. g
tomorrow. [EOS] for? [EOS] [EOS]

o
»c'f-

Bl S g

t“ﬁ/?k,n\”é/;%(b—t %@FE?%%E/\ 2> (C
VIBEN (T LTA—T)T B

BEZERB TOMPBRDT, 7 1—5—T
71 —Kd9 53

O
mil o4\,
II%+

d5
PDJJ

Research Organization of Information and Systems Sgmii

The Institute of Statistical Mathematics & 'Jl



HWERNRIFEFE
o B 20 R 27 HVRE o e E TCORA0<t<TTD
BHEIREDOHEER D1

t\1T —t
p(zt|z0, 2T) ZN((I — i)2:0 — i2:T, ( )>

/& 7 §

A x 0: [USER] Hello, I'd like to buy t
o Z, X t: [ASSISTANT] What movie theater
.Zf e X T: [USER] Could you confirm my tic
| i" x': [USER] Hi, I'm looking to purct
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0: [USER] Hello, I'd like to buy tickets for tomorrow.

~ x 0
o Z, X t: [ASSISTANT] What movie theater do you prefer?
.Z¢ X _T: [USER] Could you confirm my tickets just in case?
é Xx's [USER] Hi, I'm looking to purchase tickets for my family.
o Mt
Ze \ o exp(d(z, )
' . L = —log
5 exp(d(2, ue)) + exp(d(Z, )

o VA LICHYTY VI U332 (20, x4, :cT) £DH,
EEEEJJ é nitc (zo,ze,27) DEZRNEFLRB LS|
— 5 —/7 1—5 —%=3%E

o exp(d(xo, zt, zT; fo))
Maximize Ly =Ex |—log . where
N 5 X exp(d(zo, ¢, x5 fo)) |
L (zo,x4r,xT)EB o
1 t t \
d(J:O,;L:t,J:T; fg) = g fa(il?t) Ll T fe(lo) - _fO(JT)
Bl 2

Zt
mean in Equation |
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Time Control : [ USER ] I'm looking for movie tickets please. | ASSISTANT ] OK, where would you
like to see the movie? [ USER ] I'd like to see it at Creek’s End, Oregon please. [...] [ ASSISTANT |
Is it OK to go ahead and purchase these tickets? [ USER | Yeah, that would be great. [ ASSISTANT |
OK. I understand that you are interested in tickets for Emma at AMC Mercado 24 tonight at 7: 10pm. Is
that OK? [ USER ] Yes, please do that. [ ASSISTANT | OK

GPT2: [ USER | Hi! Tonight, I'd like to go to the movies. [ ASSISTANT ] Okay. What theater would
you like to go to? [ USER | Center City. [...] [ ASSISTANT ] That will be all for now. Thank you for
all your help. N/A | USER | Bye Bye. [ ASSISTANT | N/A | ASSISTANT | N/A N/A N/A N/A N/A
N/A N/A N/A [ USER | N/A [ ASSISTANT | N/A N/A N/A [ USER | N/A [ ASSISTANT | N/A N/A
N/A [ USER | N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A [ USER ] N/A N/A N/A N/A [...]

Table 8: Example of forced long text generation on TicketTalk with Time Control vs. fine-tuned GPT2. Both
models are forced to extrapolate when generating long texts. They start coherently, but only Time Control
extrapolates coherently. For space reasons, some of the text has been removed, marked with [...].
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e “On Homophony and Rényi Entropy”,
Tiago Pimentel, ..., Ryan Cottrell, EMNLP 2021.

o EATIEH : Ryan Cottrell5 UL\, EHWETESESF
D jgl%
- 22— ZIFRTEBUIENFRICED., 5 ULEED

X TEL:

o L-_—TITYVHAOE—DEF—EDRMNITRDT,

BNDNEIEHD TEA

EERI—R:
https://github.com/rycolab/homophony-as-renyi-
entropy
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A= E#EEE (homonym, homophony)
e knight <-> night

e add <-> ad

e ate <-> eight

® bear <-> bare

e week <-> weak

BE REFRUCLENEEREE U TIIERGDHEEE

Bl D ULcAZEEREZBZERIBNICHIAT 52 & T,
S ’7’ /EfoJT%m(VDTL\%é:L\'DﬁﬁjL
& % (Piantadosi+ 2012)
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(Piantadosi+ 2012)
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(Trott and Bergen 2020)
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WNHER p(w) TERRKESND & =,

S5 5 WA —T BHEXL p(w)?
o Lo T, HEDRIBZBHREIL

- Iz, [BFRE

=—log » p(w)

STl L = — T Y RO E— (Rényi

Entropy) & A T3
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o T=:

Hy(p) = —log )  p(w)?

wew
[EBXD DIEERT, HEBHMRDERZZEZ TWLWEWLHY,
EXOSWRD OEEIFEEETELNS
EWSIRENH B (Mahowald+ 2018, Cognition)
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R(W) = —log
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Hy(p) = —log Y  p(w)?

wew
o ZiTE I B L=, ERDEB=INTICDODWTORMIE
EPR(IC (FEL 7 LY
o MEZRSU FOEBEZEWLEITOMNZERSZ EICT B &,
FRKD/INO > KRHAESNS
Ha(p) < fla(p) < Ha(p) + log (1 ¥
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Cross-entropy

Train Test Hi(p) Ha(p) R(W)
.'g n-gram 13.61 28.10 30.45 13.89 13.90*
= LSTM 18.75 19.89 26.46 14.77 14.77*
S Lexicon : s : : 15.02
g n-gram 14.08 29.25 30.44 14.27 14.27*
E LSTM 2026 2138 2174 15.87 15.88
é Lexicon - - - - 15.67
= n-gram 13.89 26.08 30.45 14.07 14.06*
= LSTM 18.37 18.94 26.81 15.16 15.16*
2  Lexicon . . - . 14.60

*Statistically different from lexicon’s Rényi entropy (p < 0.01).

TRER

e CELEXT—%t v b (ZXKH) @
XD DETILZLSTMICT % &. Trott&Bergen(2020) &
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e EETTI/LALSTMIC T % &, EROEZEIKRE A

ERSOSEIEBEREZBZREL TWS ED,
HEILTWBEHEZ LWL

o EHFIB{LTIERL.
CENEE

FHEREXRTETI)ILAEFES

Cross-entropy

Train  Test Hi(p) Ha(p) R(W)
fﬁ n-gram 13.61 28.10 30.45 13.89 13.90*
T LSTM 18.75 19.89 26.46 14.77 47r
S Lexicon . - - - 15.02
5§ mn-gram 14.08 29.25 3044 14.27 14.27*
E LSTM Hle 2135 2114 15.87 15.88
(:.i Lexicon - - - - 15.67
S n-gram 13.89 26.08 30.45 14.07 14.06*
= LST™M 18.37 18.94 26.81 15.16 15.16°
2 Lexicon . - - 14.60

*Statistically different from lexicon’s Rényi entropy (p < 0.01).
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