
Decoding from language 
models

CS685 Spring 2024

Advanced Natural Language Processing


Mohit Iyyer

College of Information and Computer Sciences


University of Massachusetts Amherst

Many slides from Kalpesh Krishna



Midterm

• In class, 4/17 (230-345pm)


• One hand-written page (8.5” x 11”) of notes allowed, 
front and back 


• Mix of multiple choice and free response questions


• Practice exams in “Resources” section of Piazza


• Online students: look out for email this week for 
organization



Decoding

• Given a pretrained LM and a prefix, how do we generate 
the most probable continuation (or any probable 
continuation) of that prefix?


• More concretely, how do we find




• Can we enumerate all possible generations given the 
prefix and then choose the one with the highest 
probability?

arg max
L

∏
i

p(wi |w1, w2, …, wi−1, prefix)



decoding

• given that we trained a seq2seq model, how 
do we find the most probable English 
sentence?  

• easiest option: greedy decoding
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Better-than-greedy decoding?

• We showed how to generate (or “decode”) the target sentence 
by taking argmax on each step of the decoder

• This is greedy decoding (take most probable word on each step)
• Problems?
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Beam search

• in greedy decoding, we cannot go back and 
revise previous decisions!  

• fundamental idea of beam search: explore 
several different hypotheses instead of just a 
single one 

• keep track of k most probable partial translations 
at each decoder step instead of just one! 

Better-than-greedy decoding?

• Greedy decoding has no way to undo decisions! 
• les pauvres sont démunis (the poor don’t have any money)
• → the ____
• → the poor ____
• → the poor are ____

• Better option: use beam search (a search algorithm) to explore 
several hypotheses and select the best one

2/15/1827

the beam size k is usually 5-10
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Beam search decoding: example

Beam size = 2

2/15/1830

<START>

the

a

-1.05

-1.39
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Beam search decoding: example

Beam size = 2

2/15/1831
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Beam search decoding: example

Beam size = 2

2/15/1832
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Beam search decoding: example

Beam size = 2

2/15/1833
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and so on…
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Beam search decoding: example

Beam size = 2
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Beam search decoding: example

Beam size = 2

2/15/1835
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Beam search decoding: example

Beam size = 2
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Does beam search always return the 
most probable continuation of the prefix?

What are the termination conditions of 
beam search?
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What’s the effect of changing beam size k?

• Small k has similar problems to greedy decoding (k=1)

• Ungrammatical, unnatural, nonsensical, incorrect

• Larger k means you consider more hypotheses

• Increasing k reduces some of the problems above

• Larger k is more computationally expensive

• But increasing k can introduce other problems:

• For NMT, increasing k too much decreases BLEU score (Tu et al, Koehn 

et al). This is primarily because large-k beam search produces too-

short translations (even with score normalization!)

• In open-ended tasks like chit-chat dialogue, large k can make output 

more generic (see next slide)

14
Neural Machine Translation with Reconstruction, Tu et al, 2017 https://arxiv.org/pdf/1611.01874.pdf

Six Challenges for Neural Machine Translation, Koehn et al, 2017 https://arxiv.org/pdf/1706.03872.pdf
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Effect of beam size in chitchat dialogue

15

Beam size Model response

1 I love to eat healthy and eat healthy

2 That is a good thing to have

3 I am a nurse so I do not eat raw food

4 I am a nurse so I am a nurse

5 Do you have any hobbies?

6 What do you do for a living?

7 What do you do for a living?

8 What do you do for a living?

I mostly eat a 
fresh and raw 
diet, so I save 
on groceries

Human 
chit-chat
partner

Low beam size:
More on-topic but
nonsensical; 
bad English

High beam size:
Converges to safe, 
“correct” response, 
but it’s generic and 
less relevant
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Sampling-based decoding

• Pure sampling
• On each step t, randomly sample from the probability 

distribution Pt to obtain your next word. 
• Like greedy decoding, but sample instead of argmax.

• Top-n sampling*
• On each step t, randomly sample from Pt, restricted to just 

the top-n most probable words
• Like pure sampling, but truncate the probability distribution
• n=1 is greedy search, n=V is pure sampling
• Increase n to get more diverse/risky output
• Decrease n to get more generic/safe output

16 *Usually called top-k sampling, but here we’re avoiding confusion with beam size k

Both of these are more 
efficient than beam search 
– no multiple hypotheses



The Curious Case of Neural Text Degeneration, Holtzman et al., 2020



The Curious Case of Neural Text Degeneration, Holtzman et al., 2020



The Curious Case of Neural Text Degeneration, Holtzman et al., 2020



The Curious Case of Neural Text Degeneration, Holtzman et al., 2020
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Decoding algorithms: in summary

• Greedy decoding is a simple method; gives low quality output
• Beam search (especially with high beam size) searches for high-

probability output
• Delivers better quality than greedy, but if beam size is too 

high, can return high-probability but unsuitable output (e.g. 
generic, short)

• Sampling methods are a way to get more diversity and 
randomness
• Good for open-ended / creative generation (poetry, stories)
• Top-n sampling allows you to control diversity

• Softmax temperature is another way to control diversity
• It’s not a decoding algorithm! It's a technique that can be 

applied alongside any decoding algorithm.
18



RankGen — Improving Text Generation with 
Large Ranking Models (EMNLP 2022)

Kalpesh Krishna John Wieting Mohit IyyerYapei Chang



The famous ! discovered by GPT2-XL

Input: In a shocking finding, scientist discovered a herd of unicorns living in a remote, previously unexplored valley, in 
the Andes Mountains. 

Generation (10x top-k sampling tries): The scientist named the population, after their distinctive horn, Ovid’s Unicorn. 
These four-horned, silver-white unicorns were previously unknown to science. Now, after almost two centuries, the 
mystery of what sparked this odd phenomenon is finally solved. Dr. Jorge Pérez, an evolutionary biologist from the 
University of La Paz, and several companions, were exploring the Andes Mountains when they found a small valley, 
with no other animals or humans. Pérez noticed that the valley had what appeared to be a natural fountain, surrounded 
by two peaks of rock and silver snow. Pérez and the others then ventured further into the valley. “By the time we 
reached the top of one peak, the water looked blue, with some crystals on top,” said Pérez. Pérez and his friends were 
astonished to see the unicorn herd. These creatures could be seen from the air without having to move too much to see 
them – they were so close they could touch their horns. While examining these bizarre creatures the scientists 
discovered that the creatures also spoke some fairly regular English.....



Greedy decoding / likelihood-based strategies

BLOOM 170B GPT3 170B

argmax Plm(xi | x1, . . . , xi−1)



Greedy decoding / likelihood-based strategies

BLOOM 170B GPT3 170B

Repetitive, dull

argmax Plm(xi | x1, . . . , xi−1)



Ancestral Sampling / Full Sampling

BLOOM 170B GPT3 170B

Off-prompt

sample Plm(xi | x1, . . . , xi−1)



Truncated sampling (top-k, nucleus, typical)

GPT3 170B



One great generation after 5-10 tries!



Generated text is very sensitive to the decoding 
algorithm

Dou, Forbes, Koncel-Kedziorski, Smith, Choi 2022 
SCARECROW: A Framework for Scrutinizing Machine Text

OpenAI API HuggingFace generate API



Despite low PPL, why is decoding text challenging?

30

Language models need to be bigger / more data

Wrong decoding / search strategyWrong training objective

Illustrations from https://arxiv.org/pdf/1506.03099.pdf,  https://
arxiv.org/abs/2005.14165, https://arxiv.org/abs/1805.04623, https://
d2l.ai/chapter_recurrent-modern/beam-search.html

RankGen 
(our work)

https://arxiv.org/abs/2005.14165
https://arxiv.org/abs/2005.14165
https://arxiv.org/abs/1805.04623
https://d2l.ai/chapter_recurrent-modern/beam-search.html
https://d2l.ai/chapter_recurrent-modern/beam-search.html
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For a week or two after Wendy came it was doubtful whether they would be able to keep her, as she was 
another mouth to feed. Mr. Darling was frightfully proud of her, but he was very honourable, and he sat on 
the edge of Mrs. Darling’s bed, holding her hand and calculating expenses, while she looked at him 
imploringly. She wanted to risk it, come what might, but that was not his way; his way was with a pencil and 
a piece of paper, and if she confused him with suggestions he had to begin at the beginning again. “Now 
don’t interrupt,” he would beg of her. “I have one pound seventeen here, and two and six at the office; I can 
cut off my coffee at the office, say ten shillings, making two nine and six, with your eighteen and three makes 
three nine seven, with five naught naught in my cheque-book makes eight nine seven—who is that moving?
—eight nine seven, dot and carry seven—don’t speak, my own—and the pound you lent to that man who 
came to the door—quiet, child—dot and carry child—there, you’ve done it!—did I say nine nine seven? yes, I 
said nine nine seven; the question is, can we try it for a year on nine nine seven?” “Of course we can, 
George,” she cried. But she was prejudiced in Wendy’s favour, and he was really the grander character of the 
two. “Remember mumps,” he warned her almost threateningly, and off he went again. “Mumps one pound, 
that is what I have put down, but I daresay it will be more like thirty shillings—don’t speak—measles one five, 
German measles half a guinea, makes two fifteen six—don’t waggle your finger—whooping-cough, say fifteen 
shillings”—and so on it went, and it added up differently each time; but at last Wendy just got through, with 
mumps reduced to twelve six, and the two kinds of measles treated as one. There was the same excitement 
over John, and Michael had even a narrower squeak; but both were kept, and soon, you might have seen the 
three of them going in a row to Miss Fulsom’s Kindergarten school, accompanied by their nurse. Mrs. Darling 
loved to have everything just so, and Mr. Darling had a passion for being exactly like his neighbours; so, of 
course, they had a nurse. As they were poor, owing to the amount of milk the children drank, this nurse was a 
prim Newfoundland dog, called Nana, who had belonged to no one in particular until the Darlings engaged 
her. She had always thought children important, however, and the Darlings had become acquainted with her 
in Kensington Gardens, where she spent most of her spare time peeping into perambulators, and was much 
hated by careless nursemaids, whom she followed to their homes and complained of to their mistresses. She 
proved to be quite a treasure of a nurse. How thorough she was at bath-time, and up at any moment of the 
night if one of her charges made the slightest cry. Of course her kennel was in the nursery. She had a genius 
for knowing when a cough is a thing to have no patience with and when it needs stocking around your 
throat. She believed to her last day in old-fashioned remedies like rhubarb leaf, and made sounds of 
contempt over all this new-fangled talk about germs, and so on. It was a lesson in propriety to see her 
escorting the children to school, walking sedately by their side when they were well behaved, and butting 
them back into line if they strayed. On John’s footer days she never once forgot his sweater, and she usually 
carried an umbrella in her mouth in case of rain. There is a room in the basement of Miss Fulsom’s school 
where the nurses wait. They sat on forms, while Nana lay on the floor, but that was the only difference. They 
affected to ignore her as of an inferior social status to themselves, and she despised their light talk. She 
resented visits to the nursery from Mrs. Darling’s friends, but if they did come she first whipped off Michael’s 
pinafore and put him into the one with blue braiding, and smoothed out Wendy and made a dash at John’s 
hair. No nursery could possibly have been conducted more correctly, and Mr. Darling knew it, yet he 
sometimes wondered uneasily whether the neighbours talked. He had his position in the city to consider. 
Nana also troubled him in another way. He had sometimes a feeling that she did not admire him. “I know she 
admires you tremendously, George,” Mrs. Darling would assure him, and then she would sign to the children 
to be specially nice to father. Lovely dances followed, in which the only other servant, Liza, was sometimes 
allowed to join. Such a midget she looked in her long skirt and maid’s cap, though she had sworn, when 
engaged, that she would never see ten again. The gaiety of those romps! And gayest of all was Mrs. Darling, 
who would pirouette so wildly that all you could see of her was the kiss, and then if you had dashed at her 
you might have got it. There never was a simpler happier family until the coming of Peter Pan. Mrs. Darling 
first heard of Peter when she was tidying up her children’s minds. It is the nightly custom of every good 
mother after her children are asleep to rummage in their minds and put things straight for next morning, 
repacking into their proper places the many articles that have wandered during the day. If you could keep 
awake (but of course you can’t) you would see your own mother doing this, and you would find it very 
interesting to watch her. It is quite like tidying up drawers. You would see her on her knees, I expect, lingering 
humorously over some of your contents, wondering where on earth you had picked this thing up, making 
discoveries sweet and not so sweet, pressing this to her cheek as if it were as nice as a kitten, and hurriedly 
stowing that out of sight. When you wake in the morning, the naughtiness and evil passions with which you 
went to bed have been folded up small and placed at the bottom of your mind and on the top, beautifully 
aired, are spread out your prettier thoughts, ready for you to put on. I don’t know whether you have ever seen 
a map of a person’s mind. Doctors sometimes draw maps of other parts of you, and your own map can 
become intensely interesting, but catch them trying to draw a map of a child’s mind, which is not only 
confused, but keeps going round all the time. There are zigzag lines on it, just like your temperature on a 
card, and these are probably roads in the island, for the Neverland is always more or less an island, with 
astonishing splashes of colour here and there, and coral reefs and rakish-looking craft in the offing, and 
savages and lonely lairs, and gnomes who are mostly tailors, and caves through which a river runs, and 
princes with six elder brothers, and a hut fast going to decay, and one very small old lady with a hooked 
nose. It would be an easy map if that were all, but there is also first day at school, religion, fathers, the round 
pond, needle-work, murders, hangings, verbs that take the dative, chocolate pudding day, getting into braces, 
say ninety-nine, three-pence for pulling out your tooth yourself, and so on, and either these are part of the 
island or they are another map showing through, and it is all rather confusing, especially as nothing will stand 
still. 
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For a week or two after Wendy came it was doubtful whether they would be able to keep her, as she was 
another mouth to feed. Mr. Darling was frightfully proud of her, but he was very honourable, and he sat on 
the edge of Mrs. Darling’s bed, holding her hand and calculating expenses, while she looked at him 
imploringly. She wanted to risk it, come what might, but that was not his way; his way was with a pencil and 
a piece of paper, and if she confused him with suggestions he had to begin at the beginning again. “Now 
don’t interrupt,” he would beg of her. “I have one pound seventeen here, and two and six at the office; I can 
cut off my coffee at the office, say ten shillings, making two nine and six, with your eighteen and three makes 
three nine seven, with five naught naught in my cheque-book makes eight nine seven—who is that moving?
—eight nine seven, dot and carry seven—don’t speak, my own—and the pound you lent to that man who 
came to the door—quiet, child—dot and carry child—there, you’ve done it!—did I say nine nine seven? yes, I 
said nine nine seven; the question is, can we try it for a year on nine nine seven?” “Of course we can, 
George,” she cried. But she was prejudiced in Wendy’s favour, and he was really the grander character of the 
two. “Remember mumps,” he warned her almost threateningly, and off he went again. “Mumps one pound, 
that is what I have put down, but I daresay it will be more like thirty shillings—don’t speak—measles one five, 
German measles half a guinea, makes two fifteen six—don’t waggle your finger—whooping-cough, say fifteen 
shillings”—and so on it went, and it added up differently each time; but at last Wendy just got through, with 
mumps reduced to twelve six, and the two kinds of measles treated as one. There was the same excitement 
over John, and Michael had even a narrower squeak; but both were kept, and soon, you might have seen the 
three of them going in a row to Miss Fulsom’s Kindergarten school, accompanied by their nurse. Mrs. Darling 
loved to have everything just so, and Mr. Darling had a passion for being exactly like his neighbours; so, of 
course, they had a nurse. As they were poor, owing to the amount of milk the children drank, this nurse was a 
prim Newfoundland dog, called Nana, who had belonged to no one in particular until the Darlings engaged 
her. She had always thought children important, however, and the Darlings had become acquainted with her 
in Kensington Gardens, where she spent most of her spare time peeping into perambulators, and was much 
hated by careless nursemaids, whom she followed to their homes and complained of to their mistresses. She 
proved to be quite a treasure of a nurse. How thorough she was at bath-time, and up at any moment of the 
night if one of her charges made the slightest cry. Of course her kennel was in the nursery. She had a genius 
for knowing when a cough is a thing to have no patience with and when it needs stocking around your 
throat. She believed to her last day in old-fashioned remedies like rhubarb leaf, and made sounds of 
contempt over all this new-fangled talk about germs, and so on. It was a lesson in propriety to see her 
escorting the children to school, walking sedately by their side when they were well behaved, and butting 
them back into line if they strayed. On John’s footer days she never once forgot his sweater, and she usually 
carried an umbrella in her mouth in case of rain. There is a room in the basement of Miss Fulsom’s school 
where the nurses wait. They sat on forms, while Nana lay on the floor, but that was the only difference. They 
affected to ignore her as of an inferior social status to themselves, and she despised their light talk. She 
resented visits to the nursery from Mrs. Darling’s friends, but if they did come she first whipped off Michael’s 
pinafore and put him into the one with blue braiding, and smoothed out Wendy and made a dash at John’s 
hair. No nursery could possibly have been conducted more correctly, and Mr. Darling knew it, yet he 
sometimes wondered uneasily whether the neighbours talked. He had his position in the city to consider. 
Nana also troubled him in another way. He had sometimes a feeling that she did not admire him. “I know she 
admires you tremendously, George,” Mrs. Darling would assure him, and then she would sign to the children 
to be specially nice to father. Lovely dances followed, in which the only other servant, Liza, was sometimes 
allowed to join. Such a midget she looked in her long skirt and maid’s cap, though she had sworn, when 
engaged, that she would never see ten again. The gaiety of those romps! And gayest of all was Mrs. Darling, 
who would pirouette so wildly that all you could see of her was the kiss, and then if you had dashed at her 
you might have got it. There never was a simpler happier family until the coming of Peter Pan. Mrs. Darling 
first heard of Peter when she was tidying up her children’s minds. It is the nightly custom of every good 
mother after her children are asleep to rummage in their minds and put things straight for next morning, 
repacking into their proper places the many articles that have wandered during the day. If you could keep 
awake (but of course you can’t) you would see your own mother doing this, and you would find it very 
interesting to watch her. It is quite like tidying up drawers. You would see her on her knees, I expect, lingering 
humorously over some of your contents, wondering where on earth you had picked this thing up, making 
discoveries sweet and not so sweet, pressing this to her cheek as if it were as nice as a kitten, and hurriedly 
stowing that out of sight. When you wake in the morning, the naughtiness and evil passions with which you 
went to bed have been folded up small and placed at the bottom of your mind and on the top, beautifully 
aired, are spread out your prettier thoughts, ready for you to put on. I don’t know whether you have ever seen 
a map of a person’s mind. Doctors sometimes draw maps of other parts of you, and your own map can 
become intensely interesting, but catch them trying to draw a map of a child’s mind, which is not only 
confused, but keeps going round all the time. There are zigzag lines on it, just like your temperature on a 
card, and these are probably roads in the island, for the Neverland is always more or less an island, with 
astonishing splashes of colour here and there, and coral reefs and rakish-looking craft in the offing, and 
savages and lonely lairs, and gnomes who are mostly tailors, and caves through which a river runs, and 
princes with six elder brothers, and a hut fast going to decay, and one very small old lady with a hooked 
nose. It would be an easy map if that were all, but there is also first day at school, religion, fathers, the round 
pond, needle-work, murders, hangings, verbs that take the dative, chocolate pudding day, getting into braces, 
say ninety-nine, three-pence for pulling out your tooth yourself, and so on, and either these are part of the 
island or they are another map showing through, and it is all rather confusing, especially as nothing will stand 
still. 

prefix



For a week or two after Wendy came it was doubtful whether they would be able to keep her, as she was 
another mouth to feed. Mr. Darling was frightfully proud of her, but he was very honourable, and he sat on 
the edge of Mrs. Darling’s bed, holding her hand and calculating expenses, while she looked at him 
imploringly. She wanted to risk it, come what might, but that was not his way; his way was with a pencil and 
a piece of paper, and if she confused him with suggestions he had to begin at the beginning again. “Now 
don’t interrupt,” he would beg of her. “I have one pound seventeen here, and two and six at the office; I can 
cut off my coffee at the office, say ten shillings, making two nine and six, with your eighteen and three makes 
three nine seven, with five naught naught in my cheque-book makes eight nine seven—who is that moving?
—eight nine seven, dot and carry seven—don’t speak, my own—and the pound you lent to that man who 
came to the door—quiet, child—dot and carry child—there, you’ve done it!—did I say nine nine seven? yes, I 
said nine nine seven; the question is, can we try it for a year on nine nine seven?” “Of course we can, 
George,” she cried. But she was prejudiced in Wendy’s favour, and he was really the grander character of the 
two. “Remember mumps,” he warned her almost threateningly, and off he went again. “Mumps one pound, 
that is what I have put down, but I daresay it will be more like thirty shillings—don’t speak—measles one five, 
German measles half a guinea, makes two fifteen six—don’t waggle your finger—whooping-cough, say fifteen 
shillings”—and so on it went, and it added up differently each time; but at last Wendy just got through, with 
mumps reduced to twelve six, and the two kinds of measles treated as one. There was the same excitement 
over John, and Michael had even a narrower squeak; but both were kept, and soon, you might have seen the 
three of them going in a row to Miss Fulsom’s Kindergarten school, accompanied by their nurse. Mrs. Darling 
loved to have everything just so, and Mr. Darling had a passion for being exactly like his neighbours; so, of 
course, they had a nurse. As they were poor, owing to the amount of milk the children drank, this nurse was a 
prim Newfoundland dog, called Nana, who had belonged to no one in particular until the Darlings engaged 
her. She had always thought children important, however, and the Darlings had become acquainted with her 
in Kensington Gardens, where she spent most of her spare time peeping into perambulators, and was much 
hated by careless nursemaids, whom she followed to their homes and complained of to their mistresses. She 
proved to be quite a treasure of a nurse. How thorough she was at bath-time, and up at any moment of the 
night if one of her charges made the slightest cry. Of course her kennel was in the nursery. She had a genius 
for knowing when a cough is a thing to have no patience with and when it needs stocking around your 
throat. She believed to her last day in old-fashioned remedies like rhubarb leaf, and made sounds of 
contempt over all this new-fangled talk about germs, and so on. It was a lesson in propriety to see her 
escorting the children to school, walking sedately by their side when they were well behaved, and butting 
them back into line if they strayed. On John’s footer days she never once forgot his sweater, and she usually 
carried an umbrella in her mouth in case of rain. There is a room in the basement of Miss Fulsom’s school 
where the nurses wait. They sat on forms, while Nana lay on the floor, but that was the only difference. They 
affected to ignore her as of an inferior social status to themselves, and she despised their light talk. She 
resented visits to the nursery from Mrs. Darling’s friends, but if they did come she first whipped off Michael’s 
pinafore and put him into the one with blue braiding, and smoothed out Wendy and made a dash at John’s 
hair. No nursery could possibly have been conducted more correctly, and Mr. Darling knew it, yet he 
sometimes wondered uneasily whether the neighbours talked. He had his position in the city to consider. 
Nana also troubled him in another way. He had sometimes a feeling that she did not admire him. “I know she 
admires you tremendously, George,” Mrs. Darling would assure him, and then she would sign to the children 
to be specially nice to father. Lovely dances followed, in which the only other servant, Liza, was sometimes 
allowed to join. Such a midget she looked in her long skirt and maid’s cap, though she had sworn, when 
engaged, that she would never see ten again. The gaiety of those romps! And gayest of all was Mrs. Darling, 
who would pirouette so wildly that all you could see of her was the kiss, and then if you had dashed at her 
you might have got it. There never was a simpler happier family until the coming of Peter Pan. Mrs. Darling 
first heard of Peter when she was tidying up her children’s minds. It is the nightly custom of every good 
mother after her children are asleep to rummage in their minds and put things straight for next morning, 
repacking into their proper places the many articles that have wandered during the day. If you could keep 
awake (but of course you can’t) you would see your own mother doing this, and you would find it very 
interesting to watch her. It is quite like tidying up drawers. You would see her on her knees, I expect, lingering 
humorously over some of your contents, wondering where on earth you had picked this thing up, making 
discoveries sweet and not so sweet, pressing this to her cheek as if it were as nice as a kitten, and hurriedly 
stowing that out of sight. When you wake in the morning, the naughtiness and evil passions with which you 
went to bed have been folded up small and placed at the bottom of your mind and on the top, beautifully 
aired, are spread out your prettier thoughts, ready for you to put on. I don’t know whether you have ever seen 
a map of a person’s mind. Doctors sometimes draw maps of other parts of you, and your own map can 
become intensely interesting, but catch them trying to draw a map of a child’s mind, which is not only 
confused, but keeps going round all the time. There are zigzag lines on it, just like your temperature on a 
card, and these are probably roads in the island, for the Neverland is always more or less an island, with 
astonishing splashes of colour here and there, and coral reefs and rakish-looking craft in the offing, and 
savages and lonely lairs, and gnomes who are mostly tailors, and caves through which a river runs, and 
princes with six elder brothers, and a hut fast going to decay, and one very small old lady with a hooked 
nose. It would be an easy map if that were all, but there is also first day at school, religion, fathers, the round 
pond, needle-work, murders, hangings, verbs that take the dative, chocolate pudding day, getting into braces, 
say ninety-nine, three-pence for pulling out your tooth yourself, and so on, and either these are part of the 
island or they are another map showing through, and it is all rather confusing, especially as nothing will stand 
still. 
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For a week or two after Wendy came it was doubtful whether they would be able to keep her, as she was 
another mouth to feed. Mr. Darling was frightfully proud of her, but he was very honourable, and he sat on 
the edge of Mrs. Darling’s bed, holding her hand and calculating expenses, while she looked at him 
imploringly. She wanted to risk it, come what might, but that was not his way; his way was with a pencil and 
a piece of paper, and if she confused him with suggestions he had to begin at the beginning again. “Now 
don’t interrupt,” he would beg of her. “I have one pound seventeen here, and two and six at the office; I can 
cut off my coffee at the office, say ten shillings, making two nine and six, with your eighteen and three makes 
three nine seven, with five naught naught in my cheque-book makes eight nine seven—who is that moving?
—eight nine seven, dot and carry seven—don’t speak, my own—and the pound you lent to that man who 
came to the door—quiet, child—dot and carry child—there, you’ve done it!—did I say nine nine seven? yes, I 
said nine nine seven; the question is, can we try it for a year on nine nine seven?” “Of course we can, 
George,” she cried. But she was prejudiced in Wendy’s favour, and he was really the grander character of the 
two. “Remember mumps,” he warned her almost threateningly, and off he went again. “Mumps one pound, 
that is what I have put down, but I daresay it will be more like thirty shillings—don’t speak—measles one five, 
German measles half a guinea, makes two fifteen six—don’t waggle your finger—whooping-cough, say fifteen 
shillings”—and so on it went, and it added up differently each time; but at last Wendy just got through, with 
mumps reduced to twelve six, and the two kinds of measles treated as one. There was the same excitement 
over John, and Michael had even a narrower squeak; but both were kept, and soon, you might have seen the 
three of them going in a row to Miss Fulsom’s Kindergarten school, accompanied by their nurse. Mrs. Darling 
loved to have everything just so, and Mr. Darling had a passion for being exactly like his neighbours; so, of 
course, they had a nurse. As they were poor, owing to the amount of milk the children drank, this nurse was a 
prim Newfoundland dog, called Nana, who had belonged to no one in particular until the Darlings engaged 
her. She had always thought children important, however, and the Darlings had become acquainted with her 
in Kensington Gardens, where she spent most of her spare time peeping into perambulators, and was much 
hated by careless nursemaids, whom she followed to their homes and complained of to their mistresses. She 
proved to be quite a treasure of a nurse. How thorough she was at bath-time, and up at any moment of the 
night if one of her charges made the slightest cry. Of course her kennel was in the nursery. She had a genius 
for knowing when a cough is a thing to have no patience with and when it needs stocking around your 
throat. She believed to her last day in old-fashioned remedies like rhubarb leaf, and made sounds of 
contempt over all this new-fangled talk about germs, and so on. It was a lesson in propriety to see her 
escorting the children to school, walking sedately by their side when they were well behaved, and butting 
them back into line if they strayed. On John’s footer days she never once forgot his sweater, and she usually 
carried an umbrella in her mouth in case of rain. There is a room in the basement of Miss Fulsom’s school 
where the nurses wait. They sat on forms, while Nana lay on the floor, but that was the only difference. They 
affected to ignore her as of an inferior social status to themselves, and she despised their light talk. She 
resented visits to the nursery from Mrs. Darling’s friends, but if they did come she first whipped off Michael’s 
pinafore and put him into the one with blue braiding, and smoothed out Wendy and made a dash at John’s 
hair. No nursery could possibly have been conducted more correctly, and Mr. Darling knew it, yet he 
sometimes wondered uneasily whether the neighbours talked. He had his position in the city to consider. 
Nana also troubled him in another way. He had sometimes a feeling that she did not admire him. “I know she 
admires you tremendously, George,” Mrs. Darling would assure him, and then she would sign to the children 
to be specially nice to father. Lovely dances followed, in which the only other servant, Liza, was sometimes 
allowed to join. Such a midget she looked in her long skirt and maid’s cap, though she had sworn, when 
engaged, that she would never see ten again. The gaiety of those romps! And gayest of all was Mrs. Darling, 
who would pirouette so wildly that all you could see of her was the kiss, and then if you had dashed at her 
you might have got it. There never was a simpler happier family until the coming of Peter Pan. Mrs. Darling 
first heard of Peter when she was tidying up her children’s minds. It is the nightly custom of every good 
mother after her children are asleep to rummage in their minds and put things straight for next morning, 
repacking into their proper places the many articles that have wandered during the day. If you could keep 
awake (but of course you can’t) you would see your own mother doing this, and you would find it very 
interesting to watch her. It is quite like tidying up drawers. You would see her on her knees, I expect, lingering 
humorously over some of your contents, wondering where on earth you had picked this thing up, making 
discoveries sweet and not so sweet, pressing this to her cheek as if it were as nice as a kitten, and hurriedly 
stowing that out of sight. When you wake in the morning, the naughtiness and evil passions with which you 
went to bed have been folded up small and placed at the bottom of your mind and on the top, beautifully 
aired, are spread out your prettier thoughts, ready for you to put on. I don’t know whether you have ever seen 
a map of a person’s mind. Doctors sometimes draw maps of other parts of you, and your own map can 
become intensely interesting, but catch them trying to draw a map of a child’s mind, which is not only 
confused, but keeps going round all the time. There are zigzag lines on it, just like your temperature on a 
card, and these are probably roads in the island, for the Neverland is always more or less an island, with 
astonishing splashes of colour here and there, and coral reefs and rakish-looking craft in the offing, and 
savages and lonely lairs, and gnomes who are mostly tailors, and caves through which a river runs, and 
princes with six elder brothers, and a hut fast going to decay, and one very small old lady with a hooked 
nose. It would be an easy map if that were all, but there is also first day at school, religion, fathers, the round 
pond, needle-work, murders, hangings, verbs that take the dative, chocolate pudding day, getting into braces, 
say ninety-nine, three-pence for pulling out your tooth yourself, and so on, and either these are part of the 
island or they are another map showing through, and it is all rather confusing, especially as nothing will stand 
still. 
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For a week or two after Wendy came it was doubtful whether they would be able to keep her, as she was 
another mouth to feed. Mr. Darling was frightfully proud of her, but he was very honourable, and he sat on 
the edge of Mrs. Darling’s bed, holding her hand and calculating expenses, while she looked at him 
imploringly. She wanted to risk it, come what might, but that was not his way; his way was with a pencil and 
a piece of paper, and if she confused him with suggestions he had to begin at the beginning again. “Now 
don’t interrupt,” he would beg of her. “I have one pound seventeen here, and two and six at the office; I can 
cut off my coffee at the office, say ten shillings, making two nine and six, with your eighteen and three makes 
three nine seven, with five naught naught in my cheque-book makes eight nine seven—who is that moving?
—eight nine seven, dot and carry seven—don’t speak, my own—and the pound you lent to that man who 
came to the door—quiet, child—dot and carry child—there, you’ve done it!—did I say nine nine seven? yes, I 
said nine nine seven; the question is, can we try it for a year on nine nine seven?” “Of course we can, 
George,” she cried. But she was prejudiced in Wendy’s favour, and he was really the grander character of the 
two. “Remember mumps,” he warned her almost threateningly, and off he went again. “Mumps one pound, 
that is what I have put down, but I daresay it will be more like thirty shillings—don’t speak—measles one five, 
German measles half a guinea, makes two fifteen six—don’t waggle your finger—whooping-cough, say fifteen 
shillings”—and so on it went, and it added up differently each time; but at last Wendy just got through, with 
mumps reduced to twelve six, and the two kinds of measles treated as one. There was the same excitement 
over John, and Michael had even a narrower squeak; but both were kept, and soon, you might have seen the 
three of them going in a row to Miss Fulsom’s Kindergarten school, accompanied by their nurse. Mrs. Darling 
loved to have everything just so, and Mr. Darling had a passion for being exactly like his neighbours; so, of 
course, they had a nurse. As they were poor, owing to the amount of milk the children drank, this nurse was a 
prim Newfoundland dog, called Nana, who had belonged to no one in particular until the Darlings engaged 
her. She had always thought children important, however, and the Darlings had become acquainted with her 
in Kensington Gardens, where she spent most of her spare time peeping into perambulators, and was much 
hated by careless nursemaids, whom she followed to their homes and complained of to their mistresses. She 
proved to be quite a treasure of a nurse. How thorough she was at bath-time, and up at any moment of the 
night if one of her charges made the slightest cry. Of course her kennel was in the nursery. She had a genius 
for knowing when a cough is a thing to have no patience with and when it needs stocking around your 
throat. She believed to her last day in old-fashioned remedies like rhubarb leaf, and made sounds of 
contempt over all this new-fangled talk about germs, and so on. It was a lesson in propriety to see her 
escorting the children to school, walking sedately by their side when they were well behaved, and butting 
them back into line if they strayed. On John’s footer days she never once forgot his sweater, and she usually 
carried an umbrella in her mouth in case of rain. There is a room in the basement of Miss Fulsom’s school 
where the nurses wait. They sat on forms, while Nana lay on the floor, but that was the only difference. They 
affected to ignore her as of an inferior social status to themselves, and she despised their light talk. She 
resented visits to the nursery from Mrs. Darling’s friends, but if they did come she first whipped off Michael’s 
pinafore and put him into the one with blue braiding, and smoothed out Wendy and made a dash at John’s 
hair. No nursery could possibly have been conducted more correctly, and Mr. Darling knew it, yet he 
sometimes wondered uneasily whether the neighbours talked. He had his position in the city to consider. 
Nana also troubled him in another way. He had sometimes a feeling that she did not admire him. “I know she 
admires you tremendously, George,” Mrs. Darling would assure him, and then she would sign to the children 
to be specially nice to father. Lovely dances followed, in which the only other servant, Liza, was sometimes 
allowed to join. Such a midget she looked in her long skirt and maid’s cap, though she had sworn, when 
engaged, that she would never see ten again. The gaiety of those romps! And gayest of all was Mrs. Darling, 
who would pirouette so wildly that all you could see of her was the kiss, and then if you had dashed at her 
you might have got it. There never was a simpler happier family until the coming of Peter Pan. Mrs. Darling 
first heard of Peter when she was tidying up her children’s minds. It is the nightly custom of every good 
mother after her children are asleep to rummage in their minds and put things straight for next morning, 
repacking into their proper places the many articles that have wandered during the day. If you could keep 
awake (but of course you can’t) you would see your own mother doing this, and you would find it very 
interesting to watch her. It is quite like tidying up drawers. You would see her on her knees, I expect, lingering 
humorously over some of your contents, wondering where on earth you had picked this thing up, making 
discoveries sweet and not so sweet, pressing this to her cheek as if it were as nice as a kitten, and hurriedly 
stowing that out of sight. When you wake in the morning, the naughtiness and evil passions with which you 
went to bed have been folded up small and placed at the bottom of your mind and on the top, beautifully 
aired, are spread out your prettier thoughts, ready for you to put on. I don’t know whether you have ever seen 
a map of a person’s mind. Doctors sometimes draw maps of other parts of you, and your own map can 
become intensely interesting, but catch them trying to draw a map of a child’s mind, which is not only 
confused, but keeps going round all the time. There are zigzag lines on it, just like your temperature on a 
card, and these are probably roads in the island, for the Neverland is always more or less an island, with 
astonishing splashes of colour here and there, and coral reefs and rakish-looking craft in the offing, and 
savages and lonely lairs, and gnomes who are mostly tailors, and caves through which a river runs, and 
princes with six elder brothers, and a hut fast going to decay, and one very small old lady with a hooked 
nose. It would be an easy map if that were all, but there is also first day at school, religion, fathers, the round 
pond, needle-work, murders, hangings, verbs that take the dative, chocolate pudding day, getting into braces, 
say ninety-nine, three-pence for pulling out your tooth yourself, and so on, and either these are part of the 
island or they are another map showing through, and it is all rather confusing, especially as nothing will stand 
still. 
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For a week or two after Wendy came it was doubtful whether they would be able to keep her, as she was 
another mouth to feed. Mr. Darling was frightfully proud of her, but he was very honourable, and he sat on 
the edge of Mrs. Darling’s bed, holding her hand and calculating expenses, while she looked at him 
imploringly. She wanted to risk it, come what might, but that was not his way; his way was with a pencil and 
a piece of paper, and if she confused him with suggestions he had to begin at the beginning again. “Now 
don’t interrupt,” he would beg of her. “I have one pound seventeen here, and two and six at the office; I can 
cut off my coffee at the office, say ten shillings, making two nine and six, with your eighteen and three makes 
three nine seven, with five naught naught in my cheque-book makes eight nine seven—who is that moving?
—eight nine seven, dot and carry seven—don’t speak, my own—and the pound you lent to that man who 
came to the door—quiet, child—dot and carry child—there, you’ve done it!—did I say nine nine seven? yes, I 
said nine nine seven; the question is, can we try it for a year on nine nine seven?” “Of course we can, 
George,” she cried. But she was prejudiced in Wendy’s favour, and he was really the grander character of the 
two. “Remember mumps,” he warned her almost threateningly, and off he went again. “Mumps one pound, 
that is what I have put down, but I daresay it will be more like thirty shillings—don’t speak—measles one five, 
German measles half a guinea, makes two fifteen six—don’t waggle your finger—whooping-cough, say fifteen 
shillings”—and so on it went, and it added up differently each time; but at last Wendy just got through, with 
mumps reduced to twelve six, and the two kinds of measles treated as one. There was the same excitement 
over John, and Michael had even a narrower squeak; but both were kept, and soon, you might have seen the 
three of them going in a row to Miss Fulsom’s Kindergarten school, accompanied by their nurse. Mrs. Darling 
loved to have everything just so, and Mr. Darling had a passion for being exactly like his neighbours; so, of 
course, they had a nurse. As they were poor, owing to the amount of milk the children drank, this nurse was a 
prim Newfoundland dog, called Nana, who had belonged to no one in particular until the Darlings engaged 
her. She had always thought children important, however, and the Darlings had become acquainted with her 
in Kensington Gardens, where she spent most of her spare time peeping into perambulators, and was much 
hated by careless nursemaids, whom she followed to their homes and complained of to their mistresses. She 
proved to be quite a treasure of a nurse. How thorough she was at bath-time, and up at any moment of the 
night if one of her charges made the slightest cry. Of course her kennel was in the nursery. She had a genius 
for knowing when a cough is a thing to have no patience with and when it needs stocking around your 
throat. She believed to her last day in old-fashioned remedies like rhubarb leaf, and made sounds of 
contempt over all this new-fangled talk about germs, and so on. It was a lesson in propriety to see her 
escorting the children to school, walking sedately by their side when they were well behaved, and butting 
them back into line if they strayed. On John’s footer days she never once forgot his sweater, and she usually 
carried an umbrella in her mouth in case of rain. There is a room in the basement of Miss Fulsom’s school 
where the nurses wait. They sat on forms, while Nana lay on the floor, but that was the only difference. They 
affected to ignore her as of an inferior social status to themselves, and she despised their light talk. She 
resented visits to the nursery from Mrs. Darling’s friends, but if they did come she first whipped off Michael’s 
pinafore and put him into the one with blue braiding, and smoothed out Wendy and made a dash at John’s 
hair. No nursery could possibly have been conducted more correctly, and Mr. Darling knew it, yet he 
sometimes wondered uneasily whether the neighbours talked. He had his position in the city to consider. 
Nana also troubled him in another way. He had sometimes a feeling that she did not admire him. “I know she 
admires you tremendously, George,” Mrs. Darling would assure him, and then she would sign to the children 
to be specially nice to father. Lovely dances followed, in which the only other servant, Liza, was sometimes 
allowed to join. Such a midget she looked in her long skirt and maid’s cap, though she had sworn, when 
engaged, that she would never see ten again. The gaiety of those romps! And gayest of all was Mrs. Darling, 
who would pirouette so wildly that all you could see of her was the kiss, and then if you had dashed at her 
you might have got it. There never was a simpler happier family until the coming of Peter Pan. Mrs. Darling 
first heard of Peter when she was tidying up her children’s minds. It is the nightly custom of every good 
mother after her children are asleep to rummage in their minds and put things straight for next morning, 
repacking into their proper places the many articles that have wandered during the day. If you could keep 
awake (but of course you can’t) you would see your own mother doing this, and you would find it very 
interesting to watch her. It is quite like tidying up drawers. You would see her on her knees, I expect, lingering 
humorously over some of your contents, wondering where on earth you had picked this thing up, making 
discoveries sweet and not so sweet, pressing this to her cheek as if it were as nice as a kitten, and hurriedly 
stowing that out of sight. When you wake in the morning, the naughtiness and evil passions with which you 
went to bed have been folded up small and placed at the bottom of your mind and on the top, beautifully 
aired, are spread out your prettier thoughts, ready for you to put on. I don’t know whether you have ever seen 
a map of a person’s mind. Doctors sometimes draw maps of other parts of you, and your own map can 
become intensely interesting, but catch them trying to draw a map of a child’s mind, which is not only 
confused, but keeps going round all the time. There are zigzag lines on it, just like your temperature on a 
card, and these are probably roads in the island, for the Neverland is always more or less an island, with 
astonishing splashes of colour here and there, and coral reefs and rakish-looking craft in the offing, and 
savages and lonely lairs, and gnomes who are mostly tailors, and caves through which a river runs, and 
princes with six elder brothers, and a hut fast going to decay, and one very small old lady with a hooked 
nose. It would be an easy map if that were all, but there is also first day at school, religion, fathers, the round 
pond, needle-work, murders, hangings, verbs that take the dative, chocolate pudding day, getting into braces, 
say ninety-nine, three-pence for pulling out your tooth yourself, and so on, and either these are part of the 
island or they are another map showing through, and it is all rather confusing, especially as nothing will stand 
still. 

Peter Pan (from Project Gutenberg)
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For a week or two after Wendy came it was doubtful whether they would be able to keep her, as she was 
another mouth to feed. Mr. Darling was frightfully proud of her, but he was very honourable, and he sat on 
the edge of Mrs. Darling’s bed, holding her hand and calculating expenses, while she looked at him 
imploringly. She wanted to risk it, come what might, but that was not his way; his way was with a pencil and 
a piece of paper, and if she confused him with suggestions he had to begin at the beginning again. “Now 
don’t interrupt,” he would beg of her. “I have one pound seventeen here, and two and six at the office; I can 
cut off my coffee at the office, say ten shillings, making two nine and six, with your eighteen and three makes 
three nine seven, with five naught naught in my cheque-book makes eight nine seven—who is that moving?
—eight nine seven, dot and carry seven—don’t speak, my own—and the pound you lent to that man who 
came to the door—quiet, child—dot and carry child—there, you’ve done it!—did I say nine nine seven? yes, I 
said nine nine seven; the question is, can we try it for a year on nine nine seven?” “Of course we can, 
George,” she cried. But she was prejudiced in Wendy’s favour, and he was really the grander character of the 
two. “Remember mumps,” he warned her almost threateningly, and off he went again. “Mumps one pound, 
that is what I have put down, but I daresay it will be more like thirty shillings—don’t speak—measles one five, 
German measles half a guinea, makes two fifteen six—don’t waggle your finger—whooping-cough, say fifteen 
shillings”—and so on it went, and it added up differently each time; but at last Wendy just got through, with 
mumps reduced to twelve six, and the two kinds of measles treated as one. There was the same excitement 
over John, and Michael had even a narrower squeak; but both were kept, and soon, you might have seen the 
three of them going in a row to Miss Fulsom’s Kindergarten school, accompanied by their nurse. Mrs. Darling 
loved to have everything just so, and Mr. Darling had a passion for being exactly like his neighbours; so, of 
course, they had a nurse. As they were poor, owing to the amount of milk the children drank, this nurse was a 
prim Newfoundland dog, called Nana, who had belonged to no one in particular until the Darlings engaged 
her. She had always thought children important, however, and the Darlings had become acquainted with her 
in Kensington Gardens, where she spent most of her spare time peeping into perambulators, and was much 
hated by careless nursemaids, whom she followed to their homes and complained of to their mistresses. She 
proved to be quite a treasure of a nurse. How thorough she was at bath-time, and up at any moment of the 
night if one of her charges made the slightest cry. Of course her kennel was in the nursery. She had a genius 
for knowing when a cough is a thing to have no patience with and when it needs stocking around your 
throat. She believed to her last day in old-fashioned remedies like rhubarb leaf, and made sounds of 
contempt over all this new-fangled talk about germs, and so on. It was a lesson in propriety to see her 
escorting the children to school, walking sedately by their side when they were well behaved, and butting 
them back into line if they strayed. On John’s footer days she never once forgot his sweater, and she usually 
carried an umbrella in her mouth in case of rain. There is a room in the basement of Miss Fulsom’s school 
where the nurses wait. They sat on forms, while Nana lay on the floor, but that was the only difference. They 
affected to ignore her as of an inferior social status to themselves, and she despised their light talk. She 
resented visits to the nursery from Mrs. Darling’s friends, but if they did come she first whipped off Michael’s 
pinafore and put him into the one with blue braiding, and smoothed out Wendy and made a dash at John’s 
hair. No nursery could possibly have been conducted more correctly, and Mr. Darling knew it, yet he 
sometimes wondered uneasily whether the neighbours talked. He had his position in the city to consider. 
Nana also troubled him in another way. He had sometimes a feeling that she did not admire him. “I know she 
admires you tremendously, George,” Mrs. Darling would assure him, and then she would sign to the children 
to be specially nice to father. Lovely dances followed, in which the only other servant, Liza, was sometimes 
allowed to join. Such a midget she looked in her long skirt and maid’s cap, though she had sworn, when 
engaged, that she would never see ten again. The gaiety of those romps! And gayest of all was Mrs. Darling, 
who would pirouette so wildly that all you could see of her was the kiss, and then if you had dashed at her 
you might have got it. There never was a simpler happier family until the coming of Peter Pan. Mrs. Darling 
first heard of Peter when she was tidying up her children’s minds. It is the nightly custom of every good 
mother after her children are asleep to rummage in their minds and put things straight for next morning, 
repacking into their proper places the many articles that have wandered during the day. If you could keep 
awake (but of course you can’t) you would see your own mother doing this, and you would find it very 
interesting to watch her. It is quite like tidying up drawers. You would see her on her knees, I expect, lingering 
humorously over some of your contents, wondering where on earth you had picked this thing up, making 
discoveries sweet and not so sweet, pressing this to her cheek as if it were as nice as a kitten, and hurriedly 
stowing that out of sight. When you wake in the morning, the naughtiness and evil passions with which you 
went to bed have been folded up small and placed at the bottom of your mind and on the top, beautifully 
aired, are spread out your prettier thoughts, ready for you to put on. I don’t know whether you have ever seen 
a map of a person’s mind. Doctors sometimes draw maps of other parts of you, and your own map can 
become intensely interesting, but catch them trying to draw a map of a child’s mind, which is not only 
confused, but keeps going round all the time. There are zigzag lines on it, just like your temperature on a 
card, and these are probably roads in the island, for the Neverland is always more or less an island, with 
astonishing splashes of colour here and there, and coral reefs and rakish-looking craft in the offing, and 
savages and lonely lairs, and gnomes who are mostly tailors, and caves through which a river runs, and 
princes with six elder brothers, and a hut fast going to decay, and one very small old lady with a hooked 
nose. It would be an easy map if that were all, but there is also first day at school, religion, fathers, the round 
pond, needle-work, murders, hangings, verbs that take the dative, chocolate pudding day, getting into braces, 
say ninety-nine, three-pence for pulling out your tooth yourself, and so on, and either these are part of the 
island or they are another map showing through, and it is all rather confusing, especially as nothing will stand 
still. 

Khandelwal, He, Qi, Jurafsky 2018; How Neural LMs use Context 
Sun, Krishna, Iyyer 2021; Do Long Range LMs Actually use Long Context?
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He sat on the edge of Mrs. Darling’s bed, holding her hand and calculating 
expenses, while she looked at him imploringly. She wanted to risk it, come 
what might, but that was not his way; his way was with a pencil and a piece 
of paper, and if she confused him with suggestions he had to begin at the 
beginning again. “Now don’t interrupt,” he would beg of her. “I have one 
pound seventeen here, and two and six at the office; I can cut off my coffee at 
the office, say ten shillings, making two nine and six, with your eighteen and 
three makes three nine seven, with five naught naught in my cheque-book 
makes eight nine seven—who is that moving?—eight nine seven, dot and 
carry seven—don’t speak, my own—and the pound you lent to that man who 
came to the door—quiet, child—dot and carry child—there, you’ve done it!—
did I say nine nine seven? yes, I said nine nine seven; the question is, can we 
try it for a year on nine nine seven?” 

“Of course we can, George,” she cried. But she was prejudiced in Wendy’s 
favour, and he was really the grander character of the two. “Remember 
mumps,” he warned her almost threateningly, and off he went again. “Mumps 
one pound, that is what I have put down, but I daresay it will be more like 
thirty shillings—don’t speak—measles one five, German measles half a 
guinea, makes two fifteen six—don’t waggle your finger—whooping-cough, 
say fifteen shillings”—and so on it went, and it added up differently each 
time; but at last Wendy just got through, with mumps reduced to twelve six, 
and the two kinds of measles treated as one. There was the same excitement 
over John, and Michael had even a narrower squeak; but both were kept, and 
soon, you might have seen the three of them going in a row to Miss Fulsom’s 
Kindergarten school, accompanied by their nurse. 

Mrs. Darling loved to have everything just so, and Mr. Darling had a 
passion for being exactly like his neighbours; so, of course, they had a nurse. 
As they were poor, owing to the amount of milk the children drank, this nurse 
was a prim Newfoundland dog, called Nana, who had belonged to no one in 
particular until the Darlings engaged her. She had always thought children 
important, however, and the Darlings had become acquainted with her in 
Kensington Gardens, where she spent most of her spare time peeping into 
perambulators, and was much hated by careless nursemaids, whom she 
followed to their homes and complained of to their mistresses. She proved to 
be quite a treasure of a nurse. How thorough she was at bath-time, and up at 
any moment of the night if one of her charges made the slightest cry. Of 
course her kennel was in the nursery. 

It was a lesson in propriety to see her escorting the children to school, 
walking sedately by their side when they were well behaved, and butting 
them back into line if they strayed. On John’s footer days she never once 
forgot his sweater, and she usually carried an umbrella in her mouth in case 
of rain. There is a room in the basement of Miss Fulsom’s school where the 
nurses wait. They sat on forms, while Nana lay on the floor, but that was the 
only difference. They affected to ignore her as of an inferior social status to 
themselves, and she despised their light talk. She resented visits to the nursery 
from Mrs. Darling’s friends, but if they did come she first whipped off 
Michael’s pinafore and put him into the one with blue braiding, and 
smoothed out Wendy and made a dash at John’s hair. No nursery could 
possibly have been conducted more correctly, and Mr. Darling knew it, yet he 
sometimes wondered uneasily whether the neighbours talked. He had his 
position in the city to consider. 

…..

Prefixes

“Of course we can, George,” she cried. But she was prejudiced in Wendy’s 
favour, and he was really the grander character of the two. “Remember mumps,” 
he warned her almost threateningly, and off he went again. “Mumps one pound, 
that is what I have put down, but I daresay it will be more like thirty shillings—
don’t speak—measles one five, German measles half a guinea, makes two fifteen 
six—don’t waggle your finger—whooping-cough, say fifteen shillings”—and so on 
it went, and it added up differently each time; but at last Wendy just got through, 
with mumps reduced to twelve six, and the two kinds of measles treated as one. 
There was the same excitement over John, and Michael had even a narrower 
squeak; but both were kept, and soon, you might have seen the three of them 
going in a row to Miss Fulsom’s Kindergarten school, accompanied by their nurse. 

Mrs. Darling loved to have everything just so, and Mr. Darling had a passion for 
being exactly like his neighbours; so, of course, they had a nurse. As they were 
poor, owing to the amount of milk the children drank, this nurse was a prim 
Newfoundland dog, called Nana, who had belonged to no one in particular until 
the Darlings engaged her. She had always thought children important, however, 
and the Darlings had become acquainted with her in Kensington Gardens, where 
she spent most of her spare time peeping into perambulators, and was much 
hated by careless nursemaids, whom she followed to their homes and complained 
of to their mistresses. She proved to be quite a treasure of a nurse. How thorough 
she was at bath-time, and up at any moment of the night if one of her charges 
made the slightest cry. Of course her kennel was in the nursery. 

She had a genius for knowing when a cough is a thing to have no patience with 
and when it needs stocking around your throat. She believed to her last day in 
old-fashioned remedies like rhubarb leaf, and made sounds of contempt over all 
this new-fangled talk about germs, and so on. It was a lesson in propriety to see 
her escorting the children to school, walking sedately by their side when they 
were well behaved, and butting them back into line if they strayed. On John’s 
footer days she never once forgot his sweater, and she usually carried an umbrella 
in her mouth in case of rain. There is a room in the basement of Miss Fulsom’s 
school where the nurses wait. They sat on forms, while Nana lay on the floor, but 
that was the only difference. They affected to ignore her as of an inferior social 
status to themselves, and she despised their light talk. 

Nana also troubled him in another way. He had sometimes a feeling that she 
did not admire him. “I know she admires you tremendously, George,” Mrs. 
Darling would assure him, and then she would sign to the children to be specially 
nice to father. Lovely dances followed, in which the only other servant, Liza, was 
sometimes allowed to join. Such a midget she looked in her long skirt and maid’s 
cap, though she had sworn, when engaged, that she would never see ten again. 
The gaiety of those romps! And gayest of all was Mrs. Darling, who would 
pirouette so wildly that all you could see of her was the kiss, and then if you had 
dashed at her you might have got it. There never was a simpler happier family 
until the coming of Peter Pan. Mrs. Darling first heard of Peter when she was 
tidying up her children’s minds. 

…..

Suffixes

RankGen: Encouraging language models to use 
distant prefix



RankGen: Encouraging language models to use 
distant prefix

PRE He sat on the edge of Mrs. Darling’s bed, holding her hand and 
calculating expenses, while she looked at him imploringly. She wanted to risk 
it, come what might, but that was not his way; his way was with a pencil and 
a piece of paper, and if she confused him with suggestions he had to begin at 
the beginning again. “Now don’t interrupt,” he would beg of her. “I have one 
pound seventeen here, and two and six at the office; I can cut off my coffee at 
the office, say ten shillings, making two nine and six, with your eighteen and 
three makes three nine seven, with five naught naught in my cheque-book 
makes eight nine seven—who is that moving?—eight nine seven, dot and 
carry seven—don’t speak, my own—and the pound you lent to that man who 
came to the door—quiet, child—dot and carry child—there, you’ve done it!—
did I say nine nine seven? yes, I said nine nine seven; the question is, can we 
try it for a year on nine nine seven?” 

PRE “Of course we can, George,” she cried. But she was prejudiced in 
Wendy’s favour, and he was really the grander character of the two. 
“Remember mumps,” he warned her almost threateningly, and off he went 
again. “Mumps one pound, that is what I have put down, but I daresay it will 
be more like thirty shillings—don’t speak—measles one five, German measles 
half a guinea, makes two fifteen six—don’t waggle your finger—whooping-
cough, say fifteen shillings”—and so on it went, and it added up differently 
each time; but at last Wendy just got through, with mumps reduced to twelve 
six, and the two kinds of measles treated as one. There was the same 
excitement over John, and Michael had even a narrower squeak; but both 
were kept, and soon, you might have seen the three of them going in a row to 
Miss Fulsom’s Kindergarten school, accompanied by their nurse. 

PRE Mrs. Darling loved to have everything just so, and Mr. Darling had a 
passion for being exactly like his neighbours; so, of course, they had a nurse. 
As they were poor, owing to the amount of milk the children drank, this nurse 
was a prim Newfoundland dog, called Nana, who had belonged to no one in 
particular until the Darlings engaged her. She had always thought children 
important, however, and the Darlings had become acquainted with her in 
Kensington Gardens, where she spent most of her spare time peeping into 
perambulators, and was much hated by careless nursemaids, whom she 
followed to their homes and complained of to their mistresses. She proved to 
be quite a treasure of a nurse. How thorough she was at bath-time, and up at 
any moment of the night if one of her charges made the slightest cry. Of 
course her kennel was in the nursery. 

PRE It was a lesson in propriety to see her escorting the children to 
school, walking sedately by their side when they were well behaved, and 
butting them back into line if they strayed. On John’s footer days she never 
once forgot his sweater, and she usually carried an umbrella in her mouth in 
case of rain. There is a room in the basement of Miss Fulsom’s school where 
the nurses wait. They sat on forms, while Nana lay on the floor, but that was 
the only difference. They affected to ignore her as of an inferior social status 
to themselves, and she despised their light talk. She resented visits to the 
nursery from Mrs. Darling’s friends, but if they did come she first whipped off 
Michael’s pinafore and put him into the one with blue braiding, and 
smoothed out Wendy and made a dash at John’s hair. No nursery could 
possibly have been conducted more correctly, and Mr. Darling knew it, yet he 
sometimes wondered uneasily whether the neighbours talked. He had his 
position in the city to consider. 

…..

SUF “Of course we can, George,” she cried. But she was prejudiced in 
Wendy’s favour, and he was really the grander character of the two. “Remember 
mumps,” he warned her almost threateningly, and off he went again. “Mumps one 
pound, that is what I have put down, but I daresay it will be more like thirty 
shillings—don’t speak—measles one five, German measles half a guinea, makes 
two fifteen six—don’t waggle your finger—whooping-cough, say fifteen shillings”
—and so on it went, and it added up differently each time; but at last Wendy just 
got through, with mumps reduced to twelve six, and the two kinds of measles 
treated as one. There was the same excitement over John, and Michael had even a 
narrower squeak; but both were kept, and soon, you might have seen the three of 
them going in a row to Miss Fulsom’s Kindergarten school, accompanied by their 
nurse. 

SUF Mrs. Darling loved to have everything just so, and Mr. Darling had a 
passion for being exactly like his neighbours; so, of course, they had a nurse. As 
they were poor, owing to the amount of milk the children drank, this nurse was a 
prim Newfoundland dog, called Nana, who had belonged to no one in particular 
until the Darlings engaged her. She had always thought children important, 
however, and the Darlings had become acquainted with her in Kensington 
Gardens, where she spent most of her spare time peeping into perambulators, and 
was much hated by careless nursemaids, whom she followed to their homes and 
complained of to their mistresses. She proved to be quite a treasure of a nurse. 
How thorough she was at bath-time, and up at any moment of the night if one of 
her charges made the slightest cry. Of course her kennel was in the nursery. 

SUF She had a genius for knowing when a cough is a thing to have no 
patience with and when it needs stocking around your throat. She believed to her 
last day in old-fashioned remedies like rhubarb leaf, and made sounds of 
contempt over all this new-fangled talk about germs, and so on. It was a lesson in 
propriety to see her escorting the children to school, walking sedately by their 
side when they were well behaved, and butting them back into line if they 
strayed. On John’s footer days she never once forgot his sweater, and she usually 
carried an umbrella in her mouth in case of rain. There is a room in the basement 
of Miss Fulsom’s school where the nurses wait. They sat on forms, while Nana lay 
on the floor, but that was the only difference. They affected to ignore her as of an 
inferior social status to themselves, and she despised their light talk. 

SUF Nana also troubled him in another way. He had sometimes a feeling that 
she did not admire him. “I know she admires you tremendously, George,” Mrs. 
Darling would assure him, and then she would sign to the children to be specially 
nice to father. Lovely dances followed, in which the only other servant, Liza, was 
sometimes allowed to join. Such a midget she looked in her long skirt and maid’s 
cap, though she had sworn, when engaged, that she would never see ten again. 
The gaiety of those romps! And gayest of all was Mrs. Darling, who would 
pirouette so wildly that all you could see of her was the kiss, and then if you had 
dashed at her you might have got it. There never was a simpler happier family 
until the coming of Peter Pan. Mrs. Darling first heard of Peter when she was 
tidying up her children’s minds. 

…..
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Negative pairs
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Radford et al. 2021, CLIP 
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p → prefix
s → suffix

B → minibatch from same book (pi, si) |i=|B|
i=1

NOTATION

pi = encoder("pre" + pi)[0]

si = encoder("suf" + si)[0]
ENCODING

Plm (si | pi) =
exp pi ⋅ si

∑|B|
j=1 exp pi ⋅ sj

loss = −
|B|

∑
i=1

log Plm(si |pi)

LOSS 
FUNCTION

positive pair

negative pairs

Sohn 2016, Improved Deep Metric Learning with Multi-class N-pair Loss Objective 
Radford et al. 2021, CLIP 
Chen et al, 2020, SimCLR 39



Plm (si | pi) =
exp pi ⋅ si

∑|B|
j=1 exp pi ⋅ sj + exp pi ⋅ gj

p → prefix
s → suffix

B → minibatch from same book (pi, si, gi) |i=|B|
i=1

pi = encoder("pre" + pi)[0]

si = encoder("suf" + si)[0]

loss = −
|B|

∑
i=1

log Plm(si |pi)

NOTATION

ENCODING

LOSS 
FUNCTION

Sohn 2016, Improved Deep Metric Learning with Multi-class N-pair Loss Objective 
Radford et al. 2021, CLIP 
Chen et al, 2020, SimCLR

g → causal LM generation

gi = encoder("suf" + gi)[0]

Plm (si | pi) =
exp pi ⋅ si

∑|B|
j=1 exp pi ⋅ sj

40



RankGen: “K-word language modeling”

PRE He sat on the edge of Mrs. Darling’s bed, holding her hand and 
calculating expenses, while she looked at him imploringly. She wanted to risk 
it, come what might, but that was not his way; his way was with a pencil and 
a piece of paper, and if she confused him with suggestions he had to begin at 
the beginning again. “Now don’t interrupt,” he would beg of her. “I have one 
pound seventeen here, and two and six at the office; I can cut off my coffee at 
the office, say ten shillings, making two nine and six, with your eighteen and 
three makes three nine seven, with five naught naught in my cheque-book 
makes eight nine seven—who is that moving?—eight nine seven, dot and 
carry seven—don’t speak, my own—and the pound you lent to that man who 
came to the door—quiet, child—dot and carry child—there, you’ve done it!—
did I say nine nine seven? yes, I said nine nine seven; the question is, can we 
try it for a year on nine nine seven?” 

PRE “Of course we can, George,” she cried. But she was prejudiced in 
Wendy’s favour, and he was really the grander character of the two. 
“Remember mumps,” he warned her almost threateningly, and off he went 
again. “Mumps one pound, that is what I have put down, but I daresay it will 
be more like thirty shillings—don’t speak—measles one five, German measles 
half a guinea, makes two fifteen six—don’t waggle your finger—whooping-
cough, say fifteen shillings”—and so on it went, and it added up differently 
each time; but at last Wendy just got through, with mumps reduced to twelve 
six, and the two kinds of measles treated as one. There was the same 
excitement over John, and Michael had even a narrower squeak; but both 
were kept, and soon, you might have seen the three of them going in a row to 
Miss Fulsom’s Kindergarten school, accompanied by their nurse. 

PRE Mrs. Darling loved to have everything just so, and Mr. Darling had a 
passion for being exactly like his neighbours; so, of course, they had a nurse. 
As they were poor, owing to the amount of milk the children drank, this nurse 
was a prim Newfoundland dog, called Nana, who had belonged to no one in 
particular until the Darlings engaged her. She had always thought children 
important, however, and the Darlings had become acquainted with her in 
Kensington Gardens, where she spent most of her spare time peeping into 
perambulators, and was much hated by careless nursemaids, whom she 
followed to their homes and complained of to their mistresses. She proved to 
be quite a treasure of a nurse. How thorough she was at bath-time, and up at 
any moment of the night if one of her charges made the slightest cry. Of 
course her kennel was in the nursery. 

PRE It was a lesson in propriety to see her escorting the children to 
school, walking sedately by their side when they were well behaved, and 
butting them back into line if they strayed. On John’s footer days she never 
once forgot his sweater, and she usually carried an umbrella in her mouth in 
case of rain. There is a room in the basement of Miss Fulsom’s school where 
the nurses wait. They sat on forms, while Nana lay on the floor, but that was 
the only difference. They affected to ignore her as of an inferior social status 
to themselves, and she despised their light talk. She resented visits to the 
nursery from Mrs. Darling’s friends, but if they did come she first whipped off 
Michael’s pinafore and put him into the one with blue braiding, and 
smoothed out Wendy and made a dash at John’s hair. No nursery could 
possibly have been conducted more correctly, and Mr. Darling knew it, yet he 
sometimes wondered uneasily whether the neighbours talked. He had his 
position in the city to consider. 

…..

SUF “Of course we can, George,” she cried. But she was prejudiced in 
Wendy’s favour, and he was really the grander character of the two. “Remember 
mumps,” he warned her almost threateningly, and off he went again. “Mumps one 
pound, that is what I have put down, but I daresay it will be more like thirty 
shillings—don’t speak—measles one five, German measles half a guinea, makes 
two fifteen six—don’t waggle your finger—whooping-cough, say fifteen shillings”
—and so on it went, and it added up differently each time; but at last Wendy just 
got through, with mumps reduced to twelve six, and the two kinds of measles 
treated as one. There was the same excitement over John, and Michael had even a 
narrower squeak; but both were kept, and soon, you might have seen the three of 
them going in a row to Miss Fulsom’s Kindergarten school, accompanied by their 
nurse. 

SUF Mrs. Darling loved to have everything just so, and Mr. Darling had a 
passion for being exactly like his neighbours; so, of course, they had a nurse. As 
they were poor, owing to the amount of milk the children drank, this nurse was a 
prim Newfoundland dog, called Nana, who had belonged to no one in particular 
until the Darlings engaged her. She had always thought children important, 
however, and the Darlings had become acquainted with her in Kensington 
Gardens, where she spent most of her spare time peeping into perambulators, and 
was much hated by careless nursemaids, whom she followed to their homes and 
complained of to their mistresses. She proved to be quite a treasure of a nurse. 
How thorough she was at bath-time, and up at any moment of the night if one of 
her charges made the slightest cry. Of course her kennel was in the nursery. 

SUF She had a genius for knowing when a cough is a thing to have no 
patience with and when it needs stocking around your throat. She believed to her 
last day in old-fashioned remedies like rhubarb leaf, and made sounds of 
contempt over all this new-fangled talk about germs, and so on. It was a lesson in 
propriety to see her escorting the children to school, walking sedately by their 
side when they were well behaved, and butting them back into line if they 
strayed. On John’s footer days she never once forgot his sweater, and she usually 
carried an umbrella in her mouth in case of rain. There is a room in the basement 
of Miss Fulsom’s school where the nurses wait. They sat on forms, while Nana lay 
on the floor, but that was the only difference. They affected to ignore her as of an 
inferior social status to themselves, and she despised their light talk. 

SUF Nana also troubled him in another way. He had sometimes a feeling that 
she did not admire him. “I know she admires you tremendously, George,” Mrs. 
Darling would assure him, and then she would sign to the children to be specially 
nice to father. Lovely dances followed, in which the only other servant, Liza, was 
sometimes allowed to join. Such a midget she looked in her long skirt and maid’s 
cap, though she had sworn, when engaged, that she would never see ten again. 
The gaiety of those romps! And gayest of all was Mrs. Darling, who would 
pirouette so wildly that all you could see of her was the kiss, and then if you had 
dashed at her you might have got it. There never was a simpler happier family 
until the coming of Peter Pan. Mrs. Darling first heard of Peter when she was 
tidying up her children’s minds. 

…..

Positive pairs
Negative pairs
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Inference with RankGen

Strategy 1: over-generate and re-rank with RankGen
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Generator 
(GPT2-XL)

S1: I could see far beyond 
the great peaks and hills of 
this region. 
S2: We spent more time at 
home and spent less time 
at work. 

SN: During my wandering I 
discovered that the night was 
the season for secret 
experiments.

…
.

RankGen 
(suffix) …

.

Prefix: The winter had 
been dark and tedious. For 
some reason or other I had 
not been able to read 
much, and I began to think 
there were signs of the 
coming end. Suddenly, 
with hardly any warning, 
spring burst upon us. Day 
after day we had clear, 
warm sunshine which 
deepened every contrast of 
colour, and at intervals we 
were blessed with 
refreshing rains. I spent 
most of my time out of 
doors on the edge of a 
favourite wood.
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Generator 
(GPT2-XL)

S1: I could see far beyond 
the great peaks and hills of 
this region. 
S2: We spent more time at 
home and spent less time 
at work. 

SN: During my wandering I 
discovered that the night was 
the season for secret 
experiments.

…
.

RankGen 
(suffix) …

.

Prefix: The winter had 
been dark and tedious. For 
some reason or other I had 
not been able to read 
much, and I began to think 
there were signs of the 
coming end. Suddenly, 
with hardly any warning, 
spring burst upon us. Day 
after day we had clear, 
warm sunshine which 
deepened every contrast of 
colour, and at intervals we 
were blessed with 
refreshing rains. I spent 
most of my time out of 
doors on the edge of a 
favourite wood.

RankGen 
(prefix)

Inference with RankGen
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Generator 
(GPT2-XL)

S1: I could see far beyond 
the great peaks and hills of 
this region. 
S2: We spent more time at 
home and spent less time 
at work. 

SN: During my wandering I 
discovered that the night was 
the season for secret 
experiments.

…
.

RankGen 
(suffix) …

.

Prefix: The winter had 
been dark and tedious. For 
some reason or other I had 
not been able to read 
much, and I began to think 
there were signs of the 
coming end. Suddenly, 
with hardly any warning, 
spring burst upon us. Day 
after day we had clear, 
warm sunshine which 
deepened every contrast of 
colour, and at intervals we 
were blessed with 
refreshing rains. I spent 
most of my time out of 
doors on the edge of a 
favourite wood.

RankGen 
(prefix)

10.7

6.1

8.6

Inference with RankGen
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Generator 
(GPT2-XL)

S1: I could see far beyond 
the great peaks and hills of 
this region. 
S2: We spent more time at 
home and spent less time 
at work. 

SN: During my wandering I 
discovered that the night was 
the season for secret 
experiments.

…
.

RankGen 
(suffix) …

.

Prefix: The winter had 
been dark and tedious. For 
some reason or other I had 
not been able to read 
much, and I began to think 
there were signs of the 
coming end. Suddenly, 
with hardly any warning, 
spring burst upon us. Day 
after day we had clear, 
warm sunshine which 
deepened every contrast of 
colour, and at intervals we 
were blessed with 
refreshing rains. I spent 
most of my time out of 
doors on the edge of a 
favourite wood.

RankGen 
(prefix)

10.7

6.1

8.6

Inference with RankGen



Inference with RankGen — beam search

Strategy 2: RankGen as a beam search scoring function
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Generator 
(GPT2-XL)

S1: I could see far beyond 
the great peaks and hills of 
this region. 
S2: We spent more time at 
home and spent less time 
at work. 

SN: During my wandering I 
discovered that the night was 
the season for secret 
experiments.

…
.

RankGen 
(suffix) …

.

Prefix: The winter had 
been dark and tedious. For 
some reason or other I had 
not been able to read 
much, and I began to think 
there were signs of the 
coming end. Suddenly, 
with hardly any warning, 
spring burst upon us. Day 
after day we had clear, 
warm sunshine which 
deepened every contrast of 
colour, and at intervals we 
were blessed with 
refreshing rains. I spent 
most of my time out of 
doors on the edge of a 
favourite wood.

RankGen 
(prefix)

6.1

10.7

8.6
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Generator 
(GPT2-XL)

S1: I could see far beyond 
the great peaks and hills of 
this region. 
S2: We spent more time at 
home and spent less time 
at work. 

SN: During my wandering I 
discovered that the night was 
the season for secret 
experiments.

…
.

RankGen 
(suffix) …

.

RankGen 
(prefix)

Prefix: The winter had 
been dark and tedious. For 
some reason or other I had 
not been able to read 
much, and I began to think 
there were signs of the 
coming end. Suddenly, 
with hardly any warning, 
spring burst upon us. Day 
after day we had clear, 
warm sunshine which 
deepened every contrast of 
colour, and at intervals we 
were blessed with 
refreshing rains. I spent 
most of my time out of 
doors on the edge of a 
favourite wood.

6.1

10.7

8.6

Inference with RankGen — beam search
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Generator 
(GPT2-XL)

S1: I could see far beyond 
the great peaks and hills of 
this region. 

SN: During my wandering I 
discovered that the night was 
the season for secret 
experiments.

RankGen 
(suffix)

RankGen 
(prefix)

10.7

8.6

Prefix: The winter had 
been dark and tedious. For 
some reason or other I had 
not been able to read 
much, and I began to think 
there were signs of the 
coming end. Suddenly, 
with hardly any warning, 
spring burst upon us. Day 
after day we had clear, 
warm sunshine which 
deepened every contrast of 
colour, and at intervals we 
were blessed with 
refreshing rains. I spent 
most of my time out of 
doors on the edge of a 
favourite wood.

Inference with RankGen — beam search



Prefix: The winter had been dark and 
tedious. For some reason or other I 
had not been able to read much, and 
I began to think there were signs of 
the coming end. Suddenly, with 
hardly any warning, spring burst 
upon us. Day after day we had clear, 
warm sunshine which deepened 
every contrast of colour, and at 
intervals we were blessed with 
refreshing rains. I spent most of my 
time out of doors on the edge of a 
favourite wood.

Inference with RankGen — beam search
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S1: I could see far beyond 
the great peaks and hills of 
this region. 

SN: During my wandering I 
discovered that the night was 
the season for secret 
experiments.

Prefix: The winter had been dark and 
tedious. For some reason or other I 
had not been able to read much, and 
I began to think there were signs of 
the coming end. Suddenly, with 
hardly any warning, spring burst 
upon us. Day after day we had clear, 
warm sunshine which deepened 
every contrast of colour, and at 
intervals we were blessed with 
refreshing rains. I spent most of my 
time out of doors on the edge of a 
favourite wood.

RankGen 
(suffix)

2.1

16.3

RankGen 
(suffix)

12.4

5.6

Generator 
(GPT2-XL)

S1: The cold air in the woods 
would bite through my skin, 
causing me to stay indoors. 

SN: The beautiful orange 
light of the sun would peep 
through the mountains. 

…

Generator 
(GPT2-XL)

S1: One of my favourite 
experiments was observing 
owls hunting for food in the 
woods.

SN: I would sleep early, 
waiting for the sun to rise 
everyday. 

…



Inference with RankGen — beam search
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RankGen 
(suffix)

2.1

16.3

RankGen 
(suffix)

12.4

5.6

Generator 
(GPT2-XL)

S1: The cold air in the woods 
would bite through my skin, 
causing me to stay indoors. 

SN: The beautiful orange 
light of the sun would peep 
through the mountains. 

…

Generator 
(GPT2-XL)

S1: One of my favourite 
experiments was observing 
owls hunting for food in the 
woods.

SN: I would sleep early, 
waiting for the sun to rise 
everyday. 

…

Prefix: The winter had been dark and 
tedious. For some reason or other I 
had not been able to read much, and 
I began to think there were signs of 
the coming end. Suddenly, with 
hardly any warning, spring burst 
upon us. Day after day we had clear, 
warm sunshine which deepened 
every contrast of colour, and at 
intervals we were blessed with 
refreshing rains. I spent most of my 
time out of doors on the edge of a 
favourite wood.

S1: I could see far beyond 
the great peaks and hills of 
this region. 

SN: During my wandering I 
discovered that the night was 
the season for secret 
experiments.

Prefix: The winter had been dark and 
tedious. For some reason or other I 
had not been able to read much, and 
I began to think there were signs of 
the coming end. Suddenly, with 
hardly any warning, spring burst 
upon us. Day after day we had clear, 
warm sunshine which deepened 
every contrast of colour, and at 
intervals we were blessed with 
refreshing rains. I spent most of my 
time out of doors on the edge of a 
favourite wood.



Experimental Setup

4 base LMs, 2 domains (PG19/Wiki)
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Evaluation with MAUVE

Model Parameters
GPT2-medium 0.3 billion

GPT2-XL 1.5 billion

T5-XXL-C4 11.0 billion

T5-XXL-PG19 11.0 billion

RankGen-XL 1.2 billion

Pillutla et al. 2021, MAUVE (NeurIPS outstanding paper)

P: Human written 



Comparing RankGen to other decoding strategies
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Decoding strategy Avg. MAUVE
Greedy Decoding 15.4
Ancestral Sampling 74.8
Nucleus Sampling (Holtzman et al. 2020) 77.3

Top-K Sampling (Fan et al. 2018) 77.4

Typical Sampling (Meister et al. 2022) 77.1

RankGen-XL (1.2B) + 20 ancestral samples 82.6

RankGen-XL (1.2B) + 20 nucleus samples 83.4

RankGen-XL (1.2B) + beam w/ nucleus 85.0



RankGen beats newer decoding algorithms as well!
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What do humans evaluators think about RankGen?

English writers: RankGen > nucleus sampling 
75% times
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Very easy to use RankGen!

Encode

Generate

pip install rankgenInstall

Any causal LM on HuggingFace
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