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argue in these columns that mathematics and cooking are
strongly alike. I’m just getting started (this is the sixth
column), but there’s an obvious counterargument
that might be in the back of readers’ minds. There is something
exact about mathematics. There doesn’t seem to be anything
truly exact about cooking. It’s time to deal with this.

I

Inexactness in Mathematics
This is a column on mathematics and food. It’s about
similarities between the two: the surprising cultural,
structural, philosophical, and mystical features common
to mathematics and gastronomy.

I won’t deny it. There’s something about the equals sign

=
that leaves no wiggle room. And there’s something about
mathematical proof
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that seems to slam the door.
But a true picture of mathematics is more nuanced.
To begin with, approximation has always been a feature
of mathematics. Mathematics grew up dealing with
approximate quantities. Most of what we measure—length,
weight, time—can only be approximated. And even truly
exact quantities, such as pi, were and are routinely
approximated.
‘‘Still,’’ I hear someone saying, ‘‘you’re approximating
something exact. That’s different from a recipe calling for a
pinch of salt.’’
Well, yes and no. In fact, it’s not always clear that behind
physical approximations lies an exact figure. Does a bar
composed of vibrating electrons, neutrons, and unmentionable sub-sub-subatomic particles have an exact length? Does
an exact value exist, in 2014 dollars, of the goods and services,
produced by the United States in 1898? Is there is an exact
number of planets orbiting the sun?1 And in the world of
mathematics, there are some (I met one) who doubt the existence of an exact pi. That brings us to philosophy and to proof.
The discovery of non-Euclidean geometry led many to
question the necessaryness of mathematical truth. What
geometry is ‘‘true’’? Gödel’s Incompleteness Theorem, a
century later, didn’t destroy the notion of truth, but it
seriously damaged necessity. There are statements that can
neither be proved nor disproved. Do such statements have
truth-values? Mathematical proof, our sword Excalibur that
sets us above all other seekers of knowledge, is starkly
limited. Belief in mathematical truth today has been
reduced to an act of faith.

The number of planets used to be 9. It was so clearly 9 that philosophers used ‘‘9’’ and ‘‘the number of planets’’ to explain how different names could represent
identical quantities. Today the official number is 8, but some astronomers argue it should be as many as 12.
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and so on. Eventually, after a finite number of requests, it will
choose a unit interval, ½n; n þ 1, about which it has not asked. It
will then predict the values of f on this interval. The probability
that the algorithm is completely correct is greater than 1  .
Perhaps I should mention that the proof uses the Axiom of
Choice (AC). AC is responsible for some outrageous mathematical statements. I suppose this is one of them. AC is simply
the assertion that given any collection of nonempty sets it is
possible to pick one element from each set. That sounds tame.
But AC doesn’t say how you do it, only that it can be done.
Proof of the Theorem
Let’s take the simplest example, where  ¼ 12. Let A be
the set of all functions from ½0; 1 to R. A prediction of the
value of a function f on a unit interval, ½n; n þ 1, can be
thought of as an element of A. (For f ðxÞ on ½n; n þ 1, think
of f ðx  nÞ on ½0; 1.) Let S be the set of all infinite
sequences of members of A.
We define on S an equivalence relation. Two sequences
a0

a1

a2

...

b0

b1

b2

...

are said to be equivalent if they are equal from some point
on, that is, if there is an n such that ak ¼ bk for all k  n.

=

a0 a1 a2 . . . an−1 an an+1 an+2 . . .
=

Recipes vary in their precision. Authors frequently change
their minds about quantities, cooking times, and temperatures. On the face of it, there seems to be little in the way of
certainty here. And yet, there are recipes that are awfully
precise.
Anyone who has read one of Rose Baranbaum’s books
(The Cake Bible, The Bread Bible, etc.) has seen exactness
in cooking. I am, by nature, an informal cook2 but Baranbaum details recipes with such precision and with such
conviction that even I want to obey. Quantities are given by
both volume and weight. Weights are given in both ounces
and grams. One doesn’t lightly disregard the instruction to
use ‘‘2.63 ounces’’ of cake flour.
Rose leaves nothing to chance. Let’s say you’re baking a
cake. It’s time to beat the eggs. With what? Rose tells you to
use a wire whip. Of course! But what whip? There are so
many kinds. Rose instructs the reader to use a whisk with
10 loops of wire.
Most recipes are not so fussy. You can use a little more or a
little less. The oven can be a bit hotter or a bit cooler. Recipes
are usually approximations. But is there, as some expect in
mathematics, an exact recipe lurking? Is the approximate
recipe approximating something exact? That’s certainly the
impression a reader of Cook’s Illustrated might have. Cook’s
has teams systematically test alternative recipes for everything—coleslaw, macaroni and cheese, coq au vin, etc.—
looking for the best, the best recipe. You can argue that the
results are still approximations (the latest book is The New
Best Recipes, Revised Edition) but the principle is that a best
recipe does exist, even if it has yet to be found.

=

Exactness in Cooking

b0 b1 b2 . . . bn−1 bn bn+1 bn+2 . . .
It’s not difficult to see that this is an equivalence relation.
That means that all of S is divided into equivalence classes,

An Inexact Theorem
I want to tell you about a theorem that illustrates almost all
the cans of worms I’ve opened. The theorem requires an
assumption that most mathematicians grudgingly accept
but many dispute. The theorem provides a procedure, but I
can’t tell you exactly what it is. The procedure doesn’t work
all the time. But its success rate can be as high as you like.
And when it does work, it yields results of stunning
exactness. And I can prove it.
How’s that for an introduction?
The theorem is really a reworking of a puzzle. The
details of the puzzle aren’t important. I’ve been unable to
identify the author.3

where all the sequences in any one class are equivalent to
each other, and sequences in different classes are not
equivalent.
Now we use the AC to pick a representative from each
equivalence class,

THEOREM Suppose  [ 0 is given. Then there is an algorithm that successfully predicts the values of an unknown
function on a unit interval with probability greater than
1  :
Specifically, if a completely random function f : R ! R is
chosen, the algorithm will ask for the values of f on an assortment of intervals. It may then ask for more values, then more,

2
3

and we’re ready to start.

Or, as some would say, ‘‘careless.’’
The puzzle involved 100 mathematicians and infinitely many boxes. If any reader knows who devised the puzzle I have adapted, please let me know.

THE MATHEMATICAL INTELLIGENCER

Our unknown function is f . We divide the values of f on
unit intervals into two sequences:
a : f on ½0; 1;
f on ½1; 2;
f on ½2; 3;
...
b : f on ½1; 0; f on ½2; 1; f on ½3; 2; . . .
We don’t know what a is, but it’s in one of the equivalence
classes.

a

To do this, of course, we have to know what b is and
we have to know what na is. I’ll show you how we do that.
The bottom line is that we’ll be right half the time.
We flip a coin to decide which to guess, anb or bna . Let’s
say we decide to guess bna . Then we ask for all the values
of f on ½0; 1Þ. That gives us a. Knowing a gives us a.
Knowing a and a gives us na .
Next, we ask for all the values of f on ð1; na  1.
That gives us bk for all k greater than na . That’s not all of b,
but it’s enough of b to know what equivalence class b is in.

And in that equivalence class is the special sequence we
picked using AC. Let’s call that special sequence a.
That gives us b.

a
a

We know that sequences a and a are the same after
some point, so let na be the smallest such that ak = a k for
all k  na .

a2

...

ana −1

ana ana +1 . . .

a 0  a  1 a 2

...

a na −1 ana ana +1 . . .

=

a1

=

a0

ana

ana +1
=

...

...

ana −1

a0  a1  a 2 

...

ana −1  ana  ana +1  . . .

b1

b2

...

bnb −1

bnb

bnb +1
=

a2

b0

a1

=

a0

=

Of course, at this point we don’t know a. And we don’t
know a. And we don’t know na !
Also, there’s a b corresponding to b and an nb . We don’t
know these either!
Here’s our plan. We’re going to guess f either on
½nb ; nb þ 1 (that’s anb ) or guess f on ½na  1; na  (that’s
bna ). In the first case we’ll be right if nb  na (I’ll explain in a
moment) and in the second case we’ll be right if na  nb .
We have a 50-50 chance of complete success.
Suppose, for example, na  nb .

...

b2

...

bnb −1

bnb

...

bna

...

bna 

b0  b1  b2  . . . bnb −1  bnb 
then we’ll be right!

=

=

b1

Approaching an Exact Recipe
I’m not usually precise, but this dessert is delicate. The
recipe I’m going to give you is pretty good right now. It’s
close to the exact recipe. It’s a cheesecake. The genesis is
an ice cream flavor from my youth.
I grew up enjoying ice cream from Gifford’s, a small
chain in the Washington, D.C. area. Its signature flavor was
‘‘swiss chocolate.’’ It was a very milky chocolate, on the
sweet side.
I constructed a passable recipe for swiss chocolate ice
cream, but my energies now are focused on creating a
swiss chocolate cheesecake.

For the bottom crust:

And suppose we guess that the value of bna is bna ,

b0

That’s all we need to make our prediction.
For smaller , we just divide the values of f on unit
intervals into m sequences, m1 \. We ask everything about
all the sequences except for one randomly chosen
sequence. Our guess about this sequence will be correct
unless the sequence is the one with the highest associated
n. The probability of that happening is m1 .

SWISS CHOCOLATE CHEESECAKE
This should be made a day before serving and served
chilled.

...

b0  b1  b2  . . . bnb −1  bnb  bnb +1 

b

...

1 cup plus 2 Tb flour
tsp salt
3 Tb and 2 tsp sugar
6 Tb unsalted butter
3
8

Sift together the flour, salt, and sugar. Cut in the butter.
Press into the bottom of a cake tin with removable sides, 200
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to 300 deep and 900 across. Bake at 350 degrees until the crust
is starting to become fragrant and turn color.
For the cake:
1 18 bricks cream cheese (9 oz.)
cup heavy cream
4.4 oz Swiss milk chocolate (this is the size of one Lindt
bar)
3 eggs
1 cup sugar
1 cup more cream
2 34 tsp vanilla extract
3
4

In the top of a double boiler, melt the chocolate with the 34
cup cream. Cream together the sugar and cream cheese.
Beat in the eggs, one at a time (best done in a stand mixer).
Beat in the cream and vanilla. Whisk the cream and
melted chocolate, then beat the mixture into the other
ingredients.

THE MATHEMATICAL INTELLIGENCER

When the crust is done (fragrant), pour in the mixture.
Bake at 300 degrees for about an hour and 10 minutes. It
should be almost set (the center jiggles when gently shaken). Turn off the oven, but leave the cake in with the oven
door open to let it cool slowly.

An Exact Recipe
Pound cake is exact. A pound cake is made from a
pound each of flour, sugar, butter, and eggs. If you deviate
from this by the smallest amount, you don’t have a POUND
CAKE.

Not Exactly Exact
Many cafés in Vienna serve sachertorte. Only the Hotel
Sacher serves ‘‘original recipe sachertorte.’’ This would
seem to be a candidate for an exact recipe. Unfortunately,
it’s not clear that what the hotel serves is truly the original
recipe. The same, sadly, is the case for Oysters Rockefeller
and Antoine’s Restaurant in New Orleans.

