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Are you guilty of this?
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❖ Do you have a three page introduction?

❖ Do you give four pages of background theory?

❖ Do you include a whole page about future work?

❖ Did you copy-paste your abstract, introduction and 
conclusions?



Why???
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the style of other papers?
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same clichés for 20 years?
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“academic”?

Scientific writing is communication!
— of your results!



What people want to know

❖ What did you do?

❖ Why did you do it?

❖ What techniques did you borrow?

❖ How precisely did you do it?

❖ What was the outcome?

❖ What did you discover?
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Discussion & 
related work

Conclusions



Title and abstract

❖ Your title compresses your work down to a few words. 
It needs to be snappy and clear!

[Readers scan lists of titles in a conference/journal.]

❖ Your abstract compresses your entire paper down to a 
paragraph.



Main body of paper

❖ Introduction of the work, including brief literature 
references as motivation

❖ Background: your starting point; the minimum material 
necessary to read your paper

❖ Then Your methods • Your data • Your analysis

❖ Discussion of your results, compared with related work

❖ Brief Conclusions to summarise your findings
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An encryption method is presented with the novel 
property that publicly revealing an encryption key 
does not thereby reveal the corresponding decryption 
key. This has two important consequences: 
(1) Couriers or other secure means are not needed to 
transmit keys, since a message can be enciphered 
using an encryption key publicly revealed by the 
intended recipient. Only he can decipher the message, 
since only he knows the corresponding decryption key. 
(2) A message can be "signed" using a privately held 
decryption key. Anyone can verify this signature using 
the corresponding publicly revealed encryption key. 
Signatures cannot be forged, and a signer cannot later 
deny the validity of his signature. This has obvious 
applications in "electronic mail" and "electronic funds 
transfer" systems. A message is encrypted by 
representing it as a number M, raising M to a publicly 
specified power e, and then taking the remainder 
when the result is divided by the publicly specified 
product, n, of two large secret prime numbers p and q. 
Decryption is similar; only a different, secret, power d 
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I. Introduction 

The era of "electronic mail" [10] may soon be upon 
us; we must ensure that two important properties of 
the current "paper mail" system are preserved: (a) 
messages are private, and (b) messages can be signed. 
We demonstrate in this paper how to build these 
capabilities into an electronic mail system. 

At the heart of our proposal is a new encryption 
method. This method provides an implementation of a 
"public-key cryptosystem", an elegant concept in- 
vented by Diffie and Hellman [1]. Their article moti- 
vated our research, since they presented the concept 
but not any practical implementation of such a system. 
Readers familiar with [1] may wish to skip directly to 
Section V for a description of our method. 

II. Public-Key Cryptosystems 

In a "public-key cryptosystem" each user places in 
a public file an encryption procedure E. That is, the 
public file is a directory giving the encryption proce- 
dure of each user. The user keeps secret the details of 
his corresponding decryption procedure D. These pro- 
cedures have the following four properties: 

(a) Deciphering the enciphered form of a message M 
yields M. Formally, 

D(E(M)) = M. (I)  

(b) Both E and D are easy to compute. 

(c) By publicly revealing E the user does not reveal an 
easy way to compute D. This means that in practice 
only he can decrypt messages encrypted with E, or 
compute D efficiently. 

(d) If a message M is first deciphered and then enci- 
phered, M is the result. Formally, 

E(D(M)) = M. (2) 

An encryption (or decryption) procedure typically 
consists of a general method and an encryption key. The 
general method, under control of the key, enciphers a 
message M to obtain the enciphered form of the 
message, called the ciphertext C. Everyone can use the 
same general method; the security of a given procedure 
will rest on the security of the key. Revealing an 
encryption algorithm then means revealing the key. 

When the user reveals E he reveals a very inefficient 
method of computing D(C): testing all possible mes- 
sages M until one such that E(M) = C is found. If 
property (c) is satisfied the number of such messages to 
test will be so large that this approach is impractical. 

A function E satisfying (a)-(c) is a "trap-door one- 
way function;" if it also satisfies (d) it is a "trap-door 
one-way permutation."  Diffie and Hellman [1] intro- 
duced the concept of trap-door one-way functions but 
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and the Conclusions

public-key cryptosystem. I f  such values d '  were com- 
mon then a brute-force search could break the system. 
However ,  all such d '  differ by the least common 
multiple of (p - 1) and (q - 1), and finding one 
enablesn  to be factored. (In (3) and (5), ~¢(n) can be 
replaced by lcm(p - 1, q - 1).) Finding any such d '  is 
therefore as difficult as factoring n .  

D. Computing D in Some Other Way 
Although this problem of "comput ing e th  roots 

modulo n without factoring n "  is not a well-known 
difficult problem like factoring, we feel reasonably 
confident that it is computat ionally intractable. It  may 
be possible to prove that any general method of 
breaking our scheme yields an efficient factoring algo- 
rithm. This would establish that any way of breaking 
our scheme must be as difficult as factoring. We have 
not been able to prove this conjecture,  however.  

Our  method should be certified by having the 
above conjecture of intractability withstand a concerted 
at tempt  to disprove it. The reader  is challenged to find 
a way to "b r eak"  our method.  

X. Avoiding "Reblocking" when Encrypting a Signed 
Message 

A signed message may have to be " reblocked"  for 
encryption since the signature n may be larger than 
the encryption n (every user has his own n) .  This can 
be avoided as follows. A threshold value h is chosen 
(say h = 10199)  for the public-key cryptosystem. Every 
user maintains two public (e, n) pairs, one for encipher- 
ing and one for signature-verification, where every 
signature n is less than h ,  and every enciphering n is 
greater  than h .  Reblocking to encipher a signed mes- 
sage is then unnecessary; the message is blocked ac- 
cording to the t ransmit ter 's  signature n .  

Another  solution uses a technique given in [4]. 
Each user has a single (e, n) pair where n is between h 
and 2h, where h is a threshold as above.  A message is 
encoded as a number  less than h and enciphered as 
before,  except that if the ciphertext is greater  than h ,  
it is repeatedly re-enciphered until it is less than h .  
Similarly for decryption the ciphertext is repeatedly 
deciphered to obtain a value less than h .  I fn  is near  h 
re-enciphering will be infrequent.  (Infinite looping is 
not possible, since at worst a message is enciphered as 
itself.) 

XI. Conclusions 

We have proposed a method for implementing a 
public-key cryptosystem whose security rests in part  on 
the difficulty of factoring large numbers.  If  the security 
of  our method proves to be adequate,  it permits secure 
communicat ions to be established without the use of  

126 

couriers to carry keys, and it also permits one to "sign" 
digitized documents.  

The security of this system needs to be examined in 
more detail. In particular,  the difficulty of factoring 
large numbers  should be examined very closely. The 
reader  is urged to find a way to "b reak"  the system. 
Once the method has withstood all attacks for a 
sufficient length of t ime it may be used with a reasona- 
ble amount  of confidence. 

Our  encryption function is the only candidate for a 
" t rap-door  one-way permuta t ion"  known to the au- 
thors. It  might be desirable to find other  examples,  to 
provide alternative implementat ions should the secu- 
rity of  our  system turn out someday to be inadequate.  
There  are surely also many  new applications to be 
discovered for these functions. 

A c k n o w l e d g m e n t s .  We thank Martin Hel lman,  
Richard Schroeppel ,  Abraham Lempel ,  and Roger  
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The Next 700 Programming Languages 
P. J. Landin 

Univac Division of Sperry Rand Corp., New York, New York 

" . . .  t oday . . .  1,700 special programming languages used to 'com- 
municate' in over 700 application areas."--Computer Software Issues, 
an American Mathematical Association Prospectus, July 1965. 

A family of unimplemented computing languages is de- 
scribed that is intended to span differences of application area 
by a unified framework. This framework dictates the rules 
ckout the uses of user-coined names, and the conventions 
about characterizing functional relationships. Within 'lhis frame- 
work 'lhe design of a specific language splits into two inde- 
pendent parts. One is 'lhe choice of written appearances of 
programs (or more generally, their physical representation). 
The o:her is the choice of the abstract entities (such as numbers, 
character-strings, lists of them, functional relations among 
them) that can be referred to in the language. 

The system is biased towards "expressions" rather than 
"statements." It includes a nonprocedural (purely functional) 
subsystem fhat aims to expand the class of users' needs that 
can be met by a single print-instruction, without sacrificing the 
important properties that make conventional right-hand-side 
expressions easy to construct and understand. 

1. I n t r o d u c t i o n  

Most programming languages are partly a way of 
expressing things in terms of other things and partly a 
basic set of given things. The Isw~M (If you See What  I 
Mean) system is a byproduct of an at tempt to disentangle 
these two aspects in some current languages. 

This at tempt has led the author to think that  many 
linguistic idiosyneracies are concerned with the former 
rather than the latter, whereas aptitude for a particular 
class of tasks is essentially determined by the latter rather 
than the former. The conclusion follows that many 
language characteristics are irrelevant to the alleged 
problem orientation. 

IswI~ is an attempt at a general purpose system for 
describing things in terms of other things, that  can be 
problem-oriented by appropriate choice of "primitives." 
So it is not a language so much as a family of languages, 
of which each member is the result of choosing a set of 
primitives. The possibilities concerning this set and what 
is needed to specify such a set are discussed below. 

Isw~M is not alone in being a family, even after mere 
syntactic variations have been discounted (see Section 4). 
In practice, this is true of most languages that achieve 
more than one implementation, and if the dialects are well 
disciplined, they might with luck be characterized as 

Presented at an ACM Programming Languages and Pragmatics 
Conference, San Dimes, California, August 1965. 

1 Throe is no more use or mentiol~ of X in this paper--eognoseenti 
will nevertheless sense an undercurrent. A not inappropriate title 
would have been "Church without lambda," 

differences in the set of things provided by the library or 
operating system. Perhaps had ALGOL 60 been launched 
as a family instead of proclaimed as a language, it would 
have fielded some of the less relevant criticisms of its 
deficiencies. 

At first sight the facilities provided in IswI~,~ will appear 
comparatively meager. This appearance will be especially 
misleading to someone who has not appreciated how much 
of current manuals are devoted to the explanation of 
common (i.e., problem-orientation independent) logical 
structure rather than problem-oriented specialties. For 
example, in almost every language a user can coin names, 
obeying certain rules about the contexts in which the 
name is used and their relation to the textual segments 
that  introduce, define, declare, or otherwise constrain its 
use. These rules vary considerably from one language to 
another, and frequently even within a single language 
there may be different conventions for different classes of 
names, with near-analogies that come irritatingly close to 
being exact. (Note that restrictions on what names can 
be coined also vary, but these are trivial differences. When 
they have any logical significance it is likely to be perni- 
cious, by leading to puns such as ALaOL'S integer labels.) 

So rules about user-coined names is an area in which 
we might expect to see the history of computer applica- 
tions give ground to their logic. Another such area is in 
specifying functional relations. In fact these two areas are 
closely related since any use of a user-coined name im- 
plicitly involves a functional relation; e.g., compare 

x(x-ka) f (b+2c)  
w h e r e  x = b -4- 2c w h e r e  f(x) = x(x+a) 

ISW~M is thus part. programming language and part pro- 
gram for research. A possible first step in the research 
program is 1700 doctoral theses called " A  Correspondence 
between x and Church's X-notation. ''~ 

2 .  T h e  w h e r e - N o t a t i o n  

In  ordinary mathematical communication, these uses 
of ' w h e r e '  require no explanation. Nor do the following: 

f(b-l-2c) ---I- f (2b--c)  
w h e r e  f (x)  = x(x-t-a) 
f(bA--2c) -- f ( 2 b - c )  
w h e r e  f (x)  = x (x+a)  
a n d  b = u / ( u + l )  
a n d  c = v/(v-t-1) 
g ( f  w h e r e  f ( x )  = ax  2 -]- bx -I- c, 

u / (u-4-1) ,  
v / ( v + l ) )  

w h e r e  g ( f ,  p,  q) = f ( p - k 2 q ,  2 p - - q )  
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will nevertheless sense an undercurrent. A not inappropriate title 
would have been "Church without lambda," 
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with multiple type), and procedure statements by assign- 
ment statements. 

(d) Replace conditional jumps by conditional state- 
ments having bigger arms. 

(e) Replace a branch whose arms have assignees in 
common by an assignment with conditional right-hand 
side. 

(f) Replace a join by two calls for a procedure. 
I t  should be observed that  translating into ISWlM does 

not force such rearrangements; it merely facilitates them. 
One interesting observation is that  the most recalcitrant 
uses of explicit sequencing appear to be associated with 
success/failure situations and the action needed on failure. 

Section 2 discussed adding 'where '  to a conventional 
programming language. Theory and experiment both 
support the opposite approach, that  taken in Llsv, of 
adding imperative features to a basically nonimperative 
language. One big advantage is that  the resulting language 
will have a nonimperative subset. 

The special claim of ISWlM is that  it grafts procedural 
notions onto a purely functional base without disturbing 
many of the desirable properties. The underlying ideas 
have been presented in [2]. This paper can do no more than 
begin the task of explaining their practical significance. 

11. C o n c l u s i o n  

The languages people use to communicate with com- 
puters differ in their intended aptitudes, towards either a 
particular application area, or a particular phase of com- 
puter use (high level programming, program assembly, 
job scheduling, etc). They also differ in physical appear- 
ance, and more important, in logical structure. The ques- 
tion arises, do the idiosyncracies reflect basic logical 
properties of the situations that  are being catered for? 
Or are they accidents of history and personal background 
that  may be obscuring fruitful developments? This 
question is clearly important  if we are trying to predict or 
imq_uence language evolution. 

To answer it we must think in terms, not of languages, 
but  of families of languages. Tha t  is to say we must 
systematize their design so that  a new language is a point 
chosen from a well-mapped space, rather than a laboriously 
devised construction. 

To this end the above paper has marshalled three 
techniques of language design: abstract syntax, axiomatiza- 
tion, and an underlying abstract machine. 

I t  is assumed that  future calls on language development 
cannot be forstalled without gener~lizing the alternatives 
to explicit sequencing. The innovations of "program- 
points" and the "off-side rule" are directed at two of the 
problems (respectively in the areas of semantics and 
syntax) that  must consequently be faced. 
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D I S C U S S I O N  

Naur: Ilegarding indentat ion,  in many ways I am in sympathy 
with this, but I believe tha t  if it came about tha t  this notat ion 
were used for very wide communication and also publication,  you 
would regret it because of the kind of rearrangement  of manu- 
scripts done in printing,  for example. You very frequently run 
into the problem tha t  you have a wide wri t ten line and then 
suddenly you go to the Communications of the ACM and radically, 
perhaps, you have to compress it. The printer  will do this in any 
way he likes; he is used to having great freedom here and he will 
foui up your notat ion.  

Landin: I have great  experience with this. (Laughter) I th ink 
I am probably  the only person who has run through three versions 
of the galley proofs for the Communications of the ACM. However, 
I think tha t  next time I could do better ,  and I th ink it is worth 
looking into. At any rate, the principle tha t  [ have described here 
is a good deal bet ter  than some tha t  one might think of ; for example 
it does riot depend on details of character  width,  character  by 
charac ter - - i t  is just  as good handwri t ten  as it is printed.  Secondly, 
limiting the breadth of the page, I agree with you, needs more 
consideration. By the time I got through with the part icular  
example I am talking about,  by gett ing it pr inted,  I had devised 
what  I thought  was a fairly reasonable method of communicating 
the principles tha t  have been used in indentat ion.  

Floyd: Another  objection tha t  7[ think is quite serious to 
indentat ion is tha t  while it works on the micro-scale-- that  is, one 
page is all r igh t - -when  dealing with an extensive program, turning 
from one page to the next there is no obvious way of indicating 
how far indentat ion stretches because there is no pr int ing at  all to 
indicate how far you have indented. I would like you to keep tha t  
in mind. 

Landin: Yes, I agree. In practice I deal with this by first making 
the page breaks in sensible places. 

Floyd: That ' s  all right as long as you don ' t  have an indented 
region which is simply several pages long. 

Landin: Well in tha t  ease the way I did it was to cut down the 
number of carryover levels to about four or five from one page to 
another.  You can at  least make it simpler when you are hand- 
writing by put t ing  some kind of symbols at the bo t tom of the page 
and top of the continuation.  

Floyd: Even if you regard your indentat ion spaces as characters 
there still doesn ' t  seem to be any way- - in  fact, I am fairly sure 
there  is no way- -of  representing the indentat ion conventions 
within a phrase-structure grammar. 

Landin: Yes, but  some indentat ion conventions can be kept  
within phrase s tructure grammars by introducing two terminal 
symbols that  are grammatically like parentheses,  but  are textually 
like typewri ter  keys for settling and clearing tabulat ion positions. 
More precisely, the textual representat ion of the second of these 
symbols can be explained as the following sequence of typewri ter  
actions: 1) line-feed; 2) back-space as far as the r ight-most  tab 
position tha t  is still currently active; 3) clear tab position; and 
4) do step 2 again. 

While this fits some indentat ion conventions, the olle I propose 
is too permissive to be included. For my language I have wri t ten 
a formal grammar tha t  is not phrase structure and includes one 
departure tha t  meets this problem. 
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Theorems for free! 

Philip Wadler 
University of Glasgow* 

Abstract 
From the type of a polymorphic function we can de- 
rive a theorem that it satisfies. Every function of the 
same type satisfies the same theorem. This provides 
a free source of useful theorems, courtesy of Reynolds’ 
abstraction theorem for the polymorphic lambda calcu- 
lus. 

1 Introduction 
Write down the definition of a polymorphic function on 
a piece of paper. Tell me its type, but be careful not 
to let me see the function’s definition. I will tell you a 
theorem that the function satisfies. 

The purpose of this paper is to explain the trick. But 
first, let’s look at an example. 

Say that r is a function of type 

r : vx. x* + X’. 

Here X is a type variable, and X’ is the type “list of 
X”. From this, as we shall see, it is possible to conclude 
that r satisfies the following theorem: for all types A 
and A’ and every total function tz : A -V A’ we have 

a*orA =rAtoa*. 

Here o is function composition, and a* : A* + A’* is 
the function “map a” that applies a elementwise to a 
list of A yielding a list of A’, and rA : A* ---t A’ is the 
instance of r at type A. 

The intuitive expIanation of this result is that r must 
work on lists of X for any type X. Since r is provided 
with no operations on values of type X, all it can do is 

*Author’s address: Department of Computing Science, Uni- 
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rearrange such lists, independent of the values contained 
in them. Thus applying a to each element of a list and 
then rearranging yields the same result as rearranging 
and then applying a to each element. 

For instance, r may be the function reverse : 
VX. X* + X* that reverses a list, and a may be the 
function code : Char + Int that converts a character to 
its ASCII code. Then we have 

code* (reuersech,, [‘a’, ‘b’, ‘c’)) 
= (99,98,97] 
= reversel,,t (code* [‘a’, ‘b’, ‘c’]) 

which satisfies the theorem. Or r may be the function 
tail : VX. X* + X* that returns all but the first element 
of a list, and a may be the function inc : Int + Int that 
adds one to an integer. Then we have 

inc’ ( tailrat [ 1,2,3]) 

1 y 
ht (inc* [LZ 31) 

which also satisfies the theorem. 
On the other hand, say r is the function odds : Int* -+ 

Int’ that removes all odd elements from a list of inte- 
gers, and say a is inc as before. Now we have 

inc* (oddsI,,, [ 1,2,3]) 

z !:;“’ 
= odds~,~(inc* [l&3]) 

and the theorem is not satisfied. But this is not a coun- 
terexample, because odds has the wrong type: it is too 
specific, Int* -+ Int’ rather than t/X. X’ ----* X’. 

This theorem about functions of type VX. X’ -+ X* is 
pleasant but not earth-shaking. What is more exciting 
is that a similar theorem can be derived for every type. 

The result that allows theorems to be derived from 
types will be referred to as the parametricity result, be- 
cause it depends in an essential way on parametric poly- 
morphism (types of the form VX. 2’). Parametricity is 
just a reformulation of Reynolds’ abstraction theorem: 
terms evaluated in related environments yield related 
values [Rey33]. The key idea is that types may be read 
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No conclusions, it just ends

he function 

sllch that fizz f = Uj’ 1~. Parametricity holds if 
(fix, fix) E VA (A -+ A) ---) A. This will be true 
if fcr each A : A # A’ and each (j,f’) E A -+ A 
we have (fizA f,fiz..~f f’) E A. Recall that the con- 
clition on f and f’ means that if (2,~‘) E A then 
(f c, j’ 5’) E A. Now, since all relations are strict, it fol- 
lows that (IA, IA!) E A; hence (f IA, f’ 1~‘) E A; and, 
in general, (j’ IA, f” IA’) E 4. It follows, since all re- 
lations are continuous, that (Uji IA, u f” LA!) E 4, 
as required. 

Note that the restriction to strict relations here is 
similar to the restriction to strict coercion functions in 
[BCGS89], and is adopted for similar reasons. 

The requirement that relations are strict is essen- 
tial. For a counterexample, take A to be the domain 
{I, true, false}, and take A : A 4 A to be the constant 
relation such that (z, true) E A for all 5. The relation 
A is continuous but not strict. Let j be the constant 
function f z = fake and let f’ the identity function 
f’ z = z. Then A --) A relates f to f’, but A does not 
relate fixA f = f&e to fizA f’ = 1. 

The restriction to strict arrows is not to be taken 
lightly. For instance, given a function r of type 

r : VA.A’ -) A* 

parametricity implies that 

TA’ 0 a* = a* 0 TA 

for all functions a : A - A’. If the fixpoint combinator 
appears in the definition of r, then we can only conclude 
that the above holds for strict a, which is a significant 
restriction. 

The desire to derive theorems from types therefore 
suggests that it would be valuable to explore program- 
ming languages that prohibit recursion, or allow only 
its restricted use. In theory, this is well understood; we 
have aheady noted that any computable function that is 
provably total in second-order Peano arithmetic can be 
defined in the pure polymorphic lambda calculus, with- 
out using the fixpoint as a primitive. However, practical 
languages based on this notion remain terra incognita. 
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CC Chickens: C.3.2 [Chickens]: Chicken Chickens—chicken/chicken chicken; C.3.4
[Chicken chicken]: Chicken chicken chicken—chickens; C.2.4 [Chicken-chicken
chickens]: Chicken/Chicken, chicken chickens

Chickens: chicken, chicken chicken, chicken, chicken

1 Chicken

Chicken chicken, chicken, chicken chicken chicken chicken, chic-
ken chicken chicken chicken chicken chicken [4]. Chicken chicken
chicken chicken, chicken chicken chicken: chicken chicken chic-
ken chicken chicken chicken chicken chicken chicken. (chicken
chicken chicken chicken chicken chicken, chicken chicken chicken
chicken chicken chicken chicken!)

Chicken, chicken-chicken chicken chicken—chicken chicken, chi-
cken chicken 95% chicken chicken-chicken chicken, chicken chic-
ken chicken chicken—chicken chicken chicken chicken. Chicken,
chicken chicken, chicken chicken chicken 1987. Chicken chicken
chicken chicken chicken chicken-chicken-chicken chicken chicken
chicken chicken chicken chicken, chicken chicken chicken chicken
chicken chicken chicken. Chicken chicken, chicken chicken ch-
icken chicken chicken chicken chicken (chicken chicken chicken
chicken chicken, chicken chicken chicken chicken chicken chicken
chicken chicken).

Chicken chicken chicken chicken chicken chicken, chicken chicken
(chicken chicken chicken chicken chicken chicken) chicken chic-
ken chickens chicken. Chicken chickens chicken chicken chicken
chicken chicken “chicken” chicken chickens chicken. Chicken ch-
icken, chicken-chicken chicken chickens, chicken chicken chicken
chicken chicken chicken chicken.1 Chicken chicken’s “chicken”
chicken chicken chicken chicken—chicken chicken chicken chic-
ken chicken chicken, chicken chicken chicken chicken chicken ch-
icken.

1Chicken chicken chicken chicken chicken chicken chicken; chicken
chickens. Chicken chicken Chicken [5].
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Chicken 1 Chicken chicken chicken. Chicken chicken, chicken chicken (chic-
ken chicken chicken) chicken chicken-chicken.

Chicken chicken chicken chicken chicken. Chicken-chicken chic-
ken chicken chicken chicken chicken chicken, chicken chicken chi-
cken chicken, chicken, chicken chicken chicken “chicken” chicken.
Chicken chicken chicken chicken chicken chicken chicken, chic-
ken, chicken chicken. Chicken chicken, chicken chicken chicken
chicken chicken, chicken chicken chicken chicken chicken chicken
(chicken, chicken-chicken chicken chicken chicken-chicken chic-
ken chicken-chicken chicken). Chicken, chicken chicken chicken
chicken chicken chicken chicken chicken chicken chicken chicken.
Chicken chicken chicken chicken chicken chicken, chicken chic-
ken chicken chicken chicken chicken chicken chicken chicken (ch-
icken). Chicken chicken chicken chicken chicken chicken chicken
chicken chicken chicken chicken chicken chicken, chicken chicken
chicken, chicken, chicken chicken chicken chicken.

Chicken chicken chicken, chicken chicken chicken, chicken chic-
ken chickens chicken chicken chicken chicken. Chicken, chicken
chicken chicken chicken chicken chicken chicken-chicken chicken,
chicken chicken chickens Chicken 2. Chicken chicken chicken ch-
icken chicken chicken chicken chicken chicken, chicken chicken
chicken, chicken chickens chicken. Chicken chicken chicken chic-
ken chicken chicken chicken chicken (chicken chicken Chicken 3),
chicken chickens chicken chicken chicken (Chicken 4). Chicken
chicken chicken chicken chicken, chicken chicken chickens chic-
ken, chicken chicken chickens chickens chicken. Chicken chicken
chicken chicken chicken chicken chicken.

2 Chicken chicken

Chicken chicken chicken, C(n) chicken chicken chicken chicken
chicken chicken chicken [4]. Chicken chicken chicken chicken ch-
icken’s chickens Chicken [3] chicken chicken, chicken chicken ch-
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Chicken chicken chicken chicken/chicken (chicken)

Chicken 2 Chicken chicken chicken, chicken chicken, chicken chicken chicken
chicken, chicken chicken chicken chicken.

icken chicken chicken chicken chicken chicken chicken. Chicken
chickens chicken chicken chicken chicken chicken chicken-chicken
chicken chicken Chicken p. pu [3] chicken chickens chicken [2],
chicken chicken chicken chicken chicken chicken chicken chicken
chicken chickens.

Chicken chicken chicken—chicken chicken chicken chicken chi-
cken, chicken chicken chicken chicken chicken chicken chicken
chicken chicken C(log n) [2]. Chicken p. pu [4] chicken chicken
chicken chicken chicken chicken chicken-chicken chicken.

Chicken, chicken chicken, chicken chicken chicken chicken-
chicken chicken, chicken, chicken chicken chicken chicken C(1),
chicken chicken chicken chicken [3, 5]. Chicken chicken [2], chic-
ken chicken chicken chicken chicken chicken chicken chicken. Ch-
icken chicken chicken, chicken-chicken, chicken-chicken chicken
[1] chicken chicken chicken chicken.

3 Chicken

Chicken chicken chicken chicken, chicken chicken chicken chic-
ken chicken chickens chicken chicken chickens. Chicken chicken
chicken 1. Chicken chicken chicken chickens chicken; chicken ch-
icken chicken. Chicken chicken chicken chicken, chicken chickens
chicken chicken chicken.

Chicken chicken chicken chicken chicken chicken chicken chicken
chicken chicken chicken. Chicken, chicken chicken chicken chi-
cken chicken chicken chicken. Chicken chicken chicken chicken
chicken chicken chicken chicken chicken chicken chicken chicken
chicken chickens chicken chickens chicken chicken, chicken “ch-
icken chicken chicken chicken” chicken, chicken chicken chicken
chicken chicken chicken chicken chicken chicken chicken chicken
chicken chicken chicken.

Chicken, chicken chicken chicken:

K(E) = 1kc + 2kin + 3kin+1 (1)

chicken

(c, h, i) S K(c, h, i) = Ki(c, h, i)
Ke(c, h, i)
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Chicken 3 Chicken chicken chicken, chicken chicken-chicken chickens chickens.

Chicken chicken CCC chicken, chicken c c2h . Chickens
chickens chickens chickens. Chicken chicken, chickens chicken ch-
icken chicken chckens. Chicken chicken chicken chicken chicken
chicken c chicken chickens chicken, chicken chickens chickens
chickens ĥ Ei .

Chicken, chicken chicken, chicken chicken chicken

C(K) =
n

i=1

2(Ki) =
n

i=1

Ei K(Hi) 2 (2)

Chicken, chicken chicken chicken chicken chicken chicken chicken
chicken chicken chicken chicken chicken. Chicken chicken chicken
chicken chicken chicken chicken-chicken chicken chicken chicken.
Chicken, chicken chicken chicken chicken chicken chicken chic-
ken, chicken chicken chicken chicken. Chicken chicken, chicken
chicken chicken chicken chicken chicken chicken chicken chicken
chicken chicken chicken chicken, chicken chicken chicken chicken.

Chicken chicken chicken chicken, chicken chicken chicken chic-
ken chicken chickens chicken chicken chicken chicken chicken ch-
icken chicken chicken chicken chickens chicken chicken chicken
chicken. Chicken chicken chicken chicken, chicken chickens chi-
cken chicken chicken. Chicken chicken chicken chicken chicken,
chicken chicken, chicken chicken chicken chicken, chicken chic-
ken chicken chicken. Chicken, chicken chicken chicken chicken.
Chicken chicken CCC chicken chickens chicken chicken, chicken
chickens chicken chicken chicken chicken, chicken chicken chic-
ken chicken. Chicken chicken chicken chicken—chicken chicken
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was run for 30 s to get some measure of the incompleteness of the translation used
for HOL Light (Section ??). The hardware was again a 48-core AMD Opteron
6174 server at 2.2 GHz with 320 GB RAM. The systems in Table ?? are already
ordered using the greedy covering sequence. This is a sequence that starts with the
best system, and each next system in the sequence is the system that greedily adds
most solutions to the union of solutions of the previous systems in the sequence.
The joint success rate of the top two systems is 5949 (42%), and all of them prove
6142 problems (43%). The “Unique” column gives the number of theorems proved
only by the given system.

Table II: Epar, Vampire, and Z3 re-proving with 900 s and Paradox with 30 s (14 185 problems)

ATP Proved Unique Countersat. Greedy

Vampire 5641 218 0 5641

Epar 5595 194 0 5949

Z3 4375 193 2 6142

Paradox 5 0 2614 6142

Collectively 6142 2614

5.2 Proving Large Problems without Premise Selection

How important is the selection of a small number of relevant premises? In the
first experiments in 2003, this was investigated: For each proof attempt, SPASS
2.1 was given as premises all the theorems that were proved before. This made the
problems much larger than ATPs like SPASS were designed for. Unfortunately, the
results were invalidated by imperfections in the first MPTP translations.

In 2010, this experiment was repeated on 1000 randomly selected MML (version
1011) problems, using a sound MPTP translation. Table ?? shows the results
of evaluation of E 1.1 and Vampire 0.6 run with 30 s on Intel E7300 2.66 GHz
with 1 GB RAM. While Vampire in this version started to use SInE (Section ??)
automatically, E did not have SInE built-in yet and was instead combined with
Hoder’s first standalone filter. The problems had on average 40 898 formulas, and
the SInE selection took on average 4 s. The performance of raw E was only 2%,
increasing to 14–15% using the strictest version (-d1) of the SInE premise selector.

Table III: E and Vampire with SInE (-d1) on 1000 large MML problems in 30 s

Vampire+SInE Vampire+SInE(-d1) E E+SInE E+SInE(-d1)

84 141 21 64 153

Journal of Formalized Reasoning Vol. ?, No. ?, Month Year.
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2 chicken
4 chicken
8 chicken
16 chicken

Chicken

Chicken chicken chicken, chicken chicken

(chicken chicken)

chicken

Chicken 4 Chicken chicken 2, 4, 8, chicken 16 chicken. Chicken chicken
chicken chicken, chicken chicken (p.p., chicken-chicken) chickens chicken.

chicken, chicken’s chicken chicken chicken. Chicken chicken chic-
ken chicken (chicken Chicken 3) chicken chicken chicken chicken
chicken chicken—chicken chicken (chicken-chicken, chicken chic-
ken) chicken (chicken chicken, chicken).

Chicken chicken chicken chicken chicken chicken chicken chicken
chicken chicken chicken. Chicken, chicken chicken chicken chi-
cken chicken chicken chicken. Chicken chicken chicken chicken
chicken chicken chicken chicken chicken chicken chicken chicken
chicken chicken “chicken chicken” chicken chicken, chicken “chic-
ken chicken chicken chicken” chicken, chicken chicken chicken ch-
icken chicken chicken chicken chicken chicken chicken chicken ch-
icken chicken chicken. Chicken, chicken chicken chicken chicken
chicken chicken chicken chicken chicken chicken chicken chicken.
Chicken chicken chicken chicken chicken chicken chicken-chicken
chicken chicken chicken.

4 Chicken chicken chicken

Chicken, chicken chicken chicken chicken chicken chicken chicken
chicken chicken—chicken chicken chicken chicken chicken chic-
ken chicken chicken. Chicken chicken chicken chicken chicken ch-
icken chicken. Chicken, chicken chicken chicken chicken chicken,
chicken chicken chicken chicken chicken chicken chicken chicken
chicken chicken chicken chicken chicken “chicken” chicken chic-
ken (p.p., chicken chicken, chicken chicken!)

Chicken chicken chicken chicken Chicken 4. Chicken chicken chi-
cken chicken chicken chicken chicken chicken chicken chicken ch-
icken chicken chicken chicken, chicken chicken chicken chicken
chicken chicken chicken chicken chicken chicken chicken chicken.
Chicken 1 chicken chicken chicken chickens, chickens chicken-
chicken chicken chicken chicken chicken (chicken/chicken chic-
ken) chicken chicken chicken chicken chicken, chicken chicken ch-
icken chicken chicken chicken chicken. Chicken chicken chicken
chicken chicken chicken chicken chicken chicken chicken chicken,
chicken chicken chicken chicken chicken. Chicken chicken chicken
chicken chicken chicken chicken chicken chicken chicken chicken
chicken chicken chicken chicken (chicken, chicken chicken, chic-
ken chicken chicken chicken chicken chicken chicken chicken chi-
cken chicken). Chicken chicken, chicken chicken chicken chicken

Chicken CH116 CH116c CH132
Chicken 57,600 57,600 68,700

Ch. Chicken 2 16 2 16 2 32
Chicken 113:1 113:1 28:1
Ch CCC 0.3463 0.3855 0.3818
chicken -0.039 0.0050 -0.0015

Ch Ch Chick. 20.91 24.32 24.38
CC 9.08ch 13.30ch 13.40ch

Chicken 1 Chicken chicken chicken. Chicken-chicken chicken chicken chicken
chicken chicken chicken, chicken chicken chicken chicken, chicken, chicken
chicken chicken “chicken” chicken.

chicken chicken chicken chicken, chicken chicken chicken chicken
chicken chicken chicken chicken chicken chicken chicken.

Chicken chicken chicken; chicken chickens chicken:

Chicken chicken chicken. Chicken chicken chicken, chicken
chicken, chicken chicken. Chicken, chicken chickens chic-
ken.

Chicken. Chickens chickens chickens; chicken chicken ch-
icken chicken [4]. Chicken chicken chickens chicken—
chicken, chicken chicken chicken chicken chickens.

Chicken chicken chicken. Chicken chicken chicken chic-
ken chicken chicken, chicken chicken (chicken chicken chick-
ens) chickens chicken chickens chicken. Chicken chickens
chicken chicken chicken chicken chicken “chicken” chicken
chickens chicken. Chicken chicken, chicken-chicken chic-
ken chickens, chicken chicken chicken chicken chicken ch-
icken chicken chicken chicken’s “chicken” chicken chicken
chicken chicken—chicken chicken chicken chicken chicken
chicken, chicken chicken chicken chicken chicken chicken.

Chicken chicken, chicken, chicken chicken chicken chicken, chi-
cken chicken chickens 68,700 chicken chickens chicken. Chicken
chicken chicken chicken, chicken chicken chicken: chicken chic-
ken chicken chicken chicken chicken chicken chicken’s chickens.
(Chicken chicken.) Chicken chicken chicken chicken, chicken chi-
cken chicken chicken; chicken chicken-chicken chicken.

Chickens

[1] Chicken. Chicken chicken chicken chicken chicken chicken.
Chicken, 10(3):307–314, 2000.

[2] Chicken Chicken. Chicken chicken chicken chicken. Chicken
Chicken Chicken, 12(7):629–639, 1990.

[3] Chicken Chicken. Chicken: Chicken chicken chicken. C. Chi-
cken Chicken, 32(35):7164–7169, 1993.

[4] C. Chicken chicken Chicken Chicken. Chicken chicken chic-
ken. Chicken Chicken Chicken Chicken, 4(12):67–74, 1995.

[5] Chicken chicken Chicken Chicken. Chicken chicken chicken.
Chicken Chicken Chicken Chicken, 15(1):542–546, 1990.
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PA was proved decidable in [17] whose algorithm was 
improved in [5]. In [12] this procedure was implemented in 
HOL Light. The general issue of reflection in LCF-like 
theorem provers is studied in [10].

Not this

Presburger [17] proved PA decidable, and Cooper [5]  
improved his algorithm. Harrison [12] implemented this 
algorithm in HOL Light; he has also studied [10] the general 
issue of reflection in LCF-like theorem provers.

But this

Refer to people by name, not by reference number! Those numbers aren’t words.

Be careful with the passive voice! Things are not simply done; people do them.



“I” vs “We”

The problem with “I” is that it makes the paper 
about yourself rather than about your work.

Switching to “we” simply turns you into a 
megalomaniac with delusions of royalty.

“We” can refer to “you and I”, but otherwise 
keep the focus on objective findings.



Summary

❖ The traditional paper structure helps readers navigate. 

[They may have to read many papers quickly.]

❖ Watch for boilerplate such as "outline of the paper", 
"future work” and long lists of definitions. Don’t try to 
sound “academic”!

❖ If you want to be recognised, you need to be understood! 


