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1 Introduction
Multiplying polynomials is one of the most-used operations in algebra, and the FOIL
(First, Outer, Inner, Last) method is probably the most popular technique taught in al-
gebra courses for multiplying polynomials. However, the FOIL method can only be
applied to polynomials that consist of two terms (binomials). A better, more general
way to multiply polynomials than using the FOIL method is term-by-term multiplica-
tion. This article demonstrates how to apply the term-by-term method for multiplying
polynomials. Section 2 presents examples that describe the term-by-term method. Sec-
tion 3 summarizes the advantages and disadvantages of the method. Section 4 presents
the tabular term-by-term method, which organizes the steps involved in multiplying
polynomials in a table, simplifying the required arithmetic calculations. Section 5
shows how to represent polynomials in TI-Nspire Lists and how to use list operations
to perform tabular term-by-term polynomial multiplication with the TI-Nspire.

The examples in this article can be executed in both the CAS and non-CAS versions of
the TI-Nspire.

2 Term-by-Term Method Examples
The following three examples illustrate how the term-by-term method for multiplying
polynomials is generally performed by hand.

2.1 Example 1
Multiply (x+2)(2x+4) term-by-term.

Step 1: Multiply (2x+4) by x, the first term of x+2:

x(2x+4) = 2x2 +4x

Step 2: Multiply (2x+4) by 2, the second term of x+2, and combine the result with
the product from step 1:

2x2 +4x+[2(2x+4)] = 2x2 +4x+4x+8

Step 3: Combine (add/subtract) terms in the product from step 2 that have the same
power:

2x2 +(4x+4x)+8 = 2x2 +8x+8

2.2 Example 2
Multiply (2x+4)(x2 +2x+1) term-by-term.

Step 1: Multiply (x2 +2x+1) by 2x, the first term in 2x+4:

2x(x2 +2x+1) = 2x3 +4x2 +2x
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Step 2: Multiply (x2 + 2x+ 1) by 4, the second term of 2x+ 4, and add the result to
the product from step 1:

2x3 +4x2 +2x+[4(x2 +2x+1)] = 2x3 +4x2 +2x+4x2 +8x+4

Step 3: Combine (add/subtract) terms in the product from step 2 that have the same
power:

2x3 +(4x2 +4x2)+(2x+8x)+4 = 2x3 +8x2 +10x+4

2.3 Example 3
Multiply (4x2 + x+2)(−x2 +2x−1) term-by-term:

Step 1: Multiply (−x2 +2x−1) by 4x2, the first term in 4x2 + x+2:

4x2(−x2 +2x−1) =−4x4 +8x3−4x2

Step 2: Multiply (−x2+2x−1) by x, the second term in 4x2+x+2, and add the result
to the product from step 1:

−4x4 +8x3−4x2 +[x(−x2 +2x−1)] =−4x4 +8x3−4x2 +[−x3 +2x2− x]

=−4x4 +8x3−4x2−x3 +2x2−x

Step 3: Multiply (−x2 +2x−1) by 2, the third term in 4x2 + x+2, and add the result
to the product from step 2:

−4x4 +8x3−4x2− x3 +2x2− x+[2(−x2 +2x−1)] =

−4x4 +8x3−4x2− x3 +2x2− x+[−2x2 +4x−2] =

−4x4 +8x3−4x2−x3 +2x2−x−2x2 +4x−2

Step 4: Combine (add/subtract) terms in the product from step 3 that have the same
power:

−4x4 +8x3−4x2− x3 +2x2− x−2x2 +4x−2 =

−4x4 +(8x3− x3)+(−4x2 +2x2−2x2)+(−x+4x)−2 =

−4x4 +7x3−4x2 +3x−2

3 Advantages and Disadvantages of the Term-by-Term
Method

The advantage of the term-by-term method is that it can be used to find the product of
polynomials that consist of more than two terms.

The disadvantage of the method is that it involves grouping and combining terms,
which is error-prone when there are many terms to group and combine. This step
can be simplified by organizing the results of the method in a table.
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4 The Tabular Term-by-Term Method
The tabular term-by-term method organizes the products of terms from the first poly-
nomial times the second polynomial in rows, with powers of the variable in columns.
For example, the table for the product of (x+2)(2x+4) consists of two rows, one row
for the product of x(2x+ 4) and another row for the product of 2(2x+ 4). The table
consists of three columns, one column for the x2 terms, a second column for the x1

terms, and a third column for the x0 terms. The product of the multiplication is calcu-
lated by simply adding the elements in each column. The following examples illustrate
the tabular term-by-term method for multiplying two polynomials.

REMINDER: x1 = x and x0 = 1!

4.1 Example 4
Multiply (x+2)(2x+4) using the tabular term-by-term method.

Step 1: The first step in creating the table is determining how many rows and columns
the table requires. This is done by examining the terms in both polynomials to de-
termine the highest power of the independent variable in the resulting product and by
determining how many terms are in the first polynomial. For (x+2)(2x+4), the high-
est power in the product is x2: x(2x) = 2x2. The table will therefore consist of four
columns: one for row labels, one for the x2 column, one for the x1 column, and one for
the x0 column. Since (x+ 2) consists of two terms, in addition to a row with column
labels, the table will have three rows (the third row is for the sum of the column values).

Step 2: Create the empty table. The initial empty table appears as

x2 x1 x0

Row 1:

Row 2:

Total:

Step 3: Fill in rows 1 and 2 of the table by multiplying the second polynomial by the
terms of the first polynomial:
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Row 1 Entries:

Calculate x(2x+4):
x(2x+4) = 2x2 +4x

then add the terms of the product to the columns of row 1.

Place 2x2 in the column labeled x2, and place 4x, in the column labeled (x1). Since
there is no x0 term, place 0 in the column labeled x0.

At the end of this step, the table appears as

x2 x1 x0

Row 1: 2x2 4x 0

Row 2:

Total:

Row 2 Entries:

Calculate 2(2x+4):
2(2x+4) = 4x+8

then add the terms of the product to the columns of row 2.

There is no x2 term, so place 0 in the column labeled x2. Place 4x, in the column
labeled x1, and place 8 in the column labeled x0.

At the end of this step, the table appears as

x2 x1 x0

Row 1: 2x2 4x 0

Row 2: 0 4x 8

Total:

Step 4: Sum the terms in each column and place the results in row 3:

The sum of the terms in the column labeled x2: 2x2 +0 = 2x2

The sum of the terms in the column labeled x1: 4x+4x = 8x
The sum of the terms in the column labeled x0: 0+8 = 8

After placing the resulting sums in row 3, the table appears as
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x2 x1 x0

Row 1: 2x2 4x 0

Row 2: 0 4x 8

Total: 2x2 8x 8

Step 5: Add the terms in row 3 to arrive at the product:

2x2 +8x1 +8x0 = 2x2 +8x+8

4.2 Example 5
Multiply (2x+4)(x2 +2x+1) using the tabular term-by-term method.

Step 1: Determine how many rows and columns the table requires. For (2x+4)(x2 +
2x+1), the highest power in the product is x3: 2x(x2) = 2x3. The table will therefore
have five columns: one for row labels, one for x3, one for x2, one for x1, and one for x0.

Since (2x+ 4) consists of two terms, the table will have four rows: one for column
labels, one for the terms of 2x(x2 + 2x+ 1), one for the terms of 4(x2 + 2x+ 1), and
one for the column totals.

Step 2: Create the empty table. The initial empty table appears as

x3 x2 x1 x0

Row 1:

Row 2:

Total:

Step 3: Fill in each empty row of the table by multiplying the second polynomial by
the terms of the first polynomial:

Row 1 Entries:

Calculate 2x(x2 +2x+1):

2x(x2 +2x+1) = 2x3 +4x2 +2x

then add the terms of the product to the columns of row 1.

Place 2x3, in the column labeled x3, place 4x2, in the column labeled x2, and place
2x in the column labeled x1. Since there is no x0 term, place 0 in the column labeled
x0. At the end of this step, the table appears as
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x3 x2 x1 x0

Row 1: 2x3 4x2 2x 0

Row 2:

Total:

Row 2 Entries:

Calculate 4(x2 +2x+1):

4(x2 +2x+1) = 4x2 +8x+4

then add the terms of the product to the columns of row 2.

There is no x3 term, so place 0 in the column labeled x3. Place 4x2 in the column
labeled x2, place 8x in the column labeled x1, and place 4 in the column labeled x0. At
the end of this step, the table appears as

x3 x2 x1 x0

Row 1: 2x3 4x2 2x 0

Row 2: 0 4x2 8x 4

Total:

Step 4: Add the terms in each column and place the totals in the row labeled Total:.

Total for column labeled x3: 2x3 +0 = 2x3

Total for column labeled x2: 4x2 +4x2 = 8x2

Total for column labeled x1: 2x+8x = 10x
Total for column labeled x0: 0+4 = 4

The table at the end of this step appears as

x3 x2 x1 x0

Row 1: 2x3 4x2 2x 0

Row 2: 0 4x2 8x 4

Total: 2x3 8x2 10x 4

Step 5: Sum the terms in the row labeled Total: to arrive at the product:

2x3 +8x2 +10x1 +4x0 = 2x3 +8x2 +10x+4
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4.3 Example 6
Multiply (4x2 + x+2)(−x2 +2x−1) using the tabular term-by-term method.

Step 1: Determine how many rows and columns the table requires. For (4x2 + x+
2)(−x2 +2x−1), the highest power in the product is x4: 4x2(−x2) =−4x4. The table
will therefore have six columns: one for row labels, one for x4, one for x3, one for x2,
one for x1, and one for x0.

Since (4x2 + x+ 2) consists of three terms, the table will have four rows in addition
to a row for the column titles: one for the terms of 4x2(−x2+2x−1), one for the terms
of 2x(−x2+2x−1), one for the terms of 2(−x2+2x−1), and one for the column totals.

Step 2: Create the empty table. The initial empty table appears as

x4 x3 x2 x1 x0

Row 1:

Row 2

Row 3:

Total::

Step 3: Fill in each empty row of the table by multiplying the second polynomial by
the terms of the first polynomial:

Row 1 Entries:

Calculate 4x2(−x2 +2x−1):

4x2(−x2 +2x−1) =−4x4 +8x3−4x2

then add the terms of the product to the columns of row 1.

Place−4x4 in the column labeled x4, place 8x3 in the column labeled x3, place−4x2 in
the column labeled x2. There is no x1 term, so place 0 in the column labeled x1. There
is also no x0 term, so place 0 in the column labeled x0. At the end of this step, the table
appears as

x4 x3 x2 x1 x0

Row 1: −4x4 8x3 −4x2 0 0

Row 2:

Row 3:

Total:
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Row 2 Entries:

Calculate x(−x2 +2x−1):

x(−x2 +2x−1) =−x3 +2x2− x

then add the terms of the product to the columns of row 2.

There is no x4 term, so place 0 in the column labeled x4. Place −x3, in the column
labeled x3, place 2x2 in the column labeled x2, and place −x in the column labeled x1.
Since there is no x0 term, place 0 in the column labeled x0. At the end of this step, the
table appears as

x4 x3 x2 x1 x0

Row 1: −4x3 8x3 −4x2 0 0

Row 2: 0 −x3 2x2 −x 0

Row 3:

Total:

Row 3 Entries:

Calculate 2(−x2 +2x−1):

2(−x2 +2x−1) =−2x2 +4x−2

then add the terms of the product to the columns of row 3.

There is no x4 or x3 term, so place 0 in the columns labeled x4 and x3. Place −2x2, in
the column labeled x2, place 4x in the column labeled x1, and place −2 in the column
labeled x0. At the end of this step, the table appears as

x4 x3 x2 x1 x0

Row 1: −4x4 8x3 −4x2 0 0

Row2: 0 −x3 2x2 −x 0

Row 3: 0 0 −2x2 4x −2

Total:

Step 4: Add the terms in each column and place the totals in the row labeled Total::

Total for column x4: −4x4 +0+0 =−4x4

Total for column x3: 8x3− x3 +0 = 7x3

Total for column x2: −4x2 +2x−2x =−4x2
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Total for column x1: 0− x+4x = 3x
Total for column x0: 0+0−2 =−2

At the end of this step, the table appears as

x4 x3 x2 x1 x0

Row 1: −4x4 8x3 −4x2 0 0

Row2: 0 −x3 2x2 −x 0

Row 3: 0 0 −2x2 4x −2

Total: −4x4 7x3 −4x2 3x −2

Step 5: Sum the column totals in the last row to arrive at the product:

−4x4 +7x3−4x2 +3x1−2x0 =−4x4 +7x3−4x2 +3x−2

5 Polynomial Multiplication with TI-Nspire
Defining and multiplying polynomials in CAS versions of TI-Nspire is straight-forward.
Here is how two polynomials are defined and multiplied together in a Calculator page
with TI-Nspire CAS:

Since non-CAS versions of TI-Nspire do not allow symbolic variables (except for a few
built-in exceptions), defining polynomials as illustrated above is not possible. There is
also no built-in functionality in non-CAS versions of TI-Nspire for multiplying poly-
nomials. Nevertheless, the step-by-step tabular method described in section 4 can be
implemented in non-CAS versions of TI-Nspire using lists, row vectors, or matrices.

5.1 Defining Polynomials
The traditional definition of a polynomial is

a0 +a1x+a2x2 + · · ·+anxn = a0x0 +a1x1 +a2x2 + · · ·+anxn

where the constants a0,a1, · · · ,an are called coefficients, the degree of the polynomial
is n, and the number of terms is n+1.
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The conventional definition of polynomials in mathematics texts reverses the order
of the terms:

anxn +an−1xn−1 + · · ·+a1x+a0

Since the exponent of the variable is implied by the position of the term containing the
variable, the variable can be omitted from the representation without losing information
about the polynomial. Thus, polynomials can be completely represented as lists con-
taining only the constant terms and their positions, as long as the constant terms equal
to zero are included. As examples, the first-degree polynomial 2x+ 1 can be repre-
sented by the list {2,1} and the third-degree polynomial 5x3 +2x = 5x3 +0x2 +2x+0
can be represented by the list {5,0,2,0}.

5.2 The Tabular Method with TI-Nspire
Multiplying polynomials using the term-by-term tabular method with TI-Nspire is per-
formed using the same steps described Section 4. The steps to multiply x+2 and 2x+4
in a Calculator page are

Step 1: Define the polynomials by adding the coefficients to lists:

Step 2: Determine the number of rows and columns for the table:

Since the first polynomial (lpoly1) has two terms, the number of table rows is 2. The
product of the leading terms of the two polynomials 2x2, a second degree polynomial,
so the number of terms in the resulting product is 2+1 = 3. Thus the number of table
columns is 3.

Step 3: Create the two three-column table rows as lists:

Step 4: Multiply the two coefficients of the second polynomial by the first coefficient
of the first polynomial and place the result in the first and second positions of row1.

Step 5: Multiply the two coefficients of the second polynomial by the second coef-
ficient of the first polynomial and place the result in the second and third positions of
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row2.

Step 6: Add the rows to each other to calculate the coefficients of the product:

Final Step: Interpret the result by including the variable and adding the terms. Since
the result has three terms, the result is a second degree polynomial: 2x2 +8x+8.

5.3 Implementing the Tabular Method as a TI-Nspire Function
Because the steps involved in finding the product of two polynomials using the term-
by-term tabular method are well-defined, creating a user-defined function to perform
the process is straight-forward. This section shows how to implement two functions to
do this:

The first function, polymult em(), emulates the process as performed by hand as de-
scribed in section 4 and illustrated in section 5.2. This function illustrates the method
in detail, but is not efficient from a programming perspective.

The second function, polymult(), is an efficient implementation of the process. It re-
duces the number of arithmetic operations involved and reduces the amount of memory
required by the first function.

The key to implementing both functions is the pattern visible in the rows of the ta-
ble. The degree of the product, the number of terms, and the starting column in the
rows follow a pattern:

The Row 1 product is of degree n, consists of n+1 terms, and begins in column 1;
The Row 2 product is of degree n−1, consists of n terms, and begins in column 2;
The Row 3 product is of degree n−2, consists of n−1 terms, and begins in column 3;
· · ·
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This pattern implies calculating the products in a double-loop:

Calculating Table Rows

loop for each term in the first polynomial,
set the starting column for the product equal to the row number,
loop for each term in the second polynomial,

calculate the product of the term and place it in the current column,
increment the column number,

end inner loop,
end outer loop

The same code is used in both functions to initialize the number of table rows and
columns and to initialize the degree of the product. These values are calculated from
the number of terms (polynomial coefficients) in the input lists of coefficients. The
code is

Initialization Code for Polynomial Multiplication Functions

© set mult1 to the polynomial with least number of coefficients
If dim(poly1) ≤ dim(poly2) Then

mult1:=poly1
mult2:=poly2

Else
mult1:=poly2
mult2:=poly1

EndIf
ncoeffs1:=dim(mult1)
ncoeffs2:=dim(mult2)
© calculate the degree of the product
deg:=ncoeffs1+ncoeffs2-2
© calculate the number of table rows and columns
nrows:=ncoeffs1
ncols:=deg+1

5.3.1 Function polymult em()

After local variables are initialized, the code for polymult em() creates the table of
rows and columns as a matrix, then calculates the column values for the table rows
as described above in Section 5.3. After the table values are calculated, the product
is calculated by adding the table rows to the last row in the table using the TI-Nspire
function rowAdd(). Finally, the last table row is converted to a list and returned as the
function value. The code is
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Calculating the Product in polymult em()

© create the empty table
prodrow:=nrows+1
tbl:=newMat(prodrow,ncols)
© iterate over the terms in the multiplier polynomial
For i,1,nrows

mult:=mult1[i]
If mult=0 Then

Disp ”Multiplier for row ”,i,” equals 0.”
Else © no need to multiply by zero

© the product terms begin in the column with same number as the row
col:=i

© iterate over the terms in the second polynomial,
© multiplying each term by the multiplier

Disp ”Calculating table row ”,i
For j,1,ncoeffs2

Disp ” Multiplying ”,mult,” times ”,mult2[j]
tbl[i,col]:=mult*mult2[j]
col:=col+1

EndFor
EndIf
Disp ”Table after row ”,i,” calculated:”
Disp tbl

EndFor
© calculate the product coefficients as the sum of the rows
Disp ”Calculating the product as the sum of the table columns”
For i,1,nrows

tbl:=rowAdd(tbl,i,prodrow)
EndFor
Disp ”Table after sum of columns calculated:”
Disp tbl
© return the product row as a list
Return matIlist(tbl[prodrow])

5.3.2 Function polymult()

The function polymult() is an efficient implementation of the term-by-term method for
calculating the product of two polynomials. The implementation reduces the amount
of memory required by not using a matrix to store intermediate results in table rows.
Instead, the column totals are accumulated ”on the fly” during iteration in a single list.
Doing this also avoids calculating column totals by adding the rows in a separate loop
after the values for the row columns are calculated. The code is
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Calculating the Product in polymult()

© create the empty list to accumulate the product
prod:=newList(ncols)
© iterate over the terms in the multiplier polynomial
For i,1,nrows

mult:=mult1[i]
If mult=0 Then

Cycle © no need to multiply by zero
EndIf
col:=i

© calculate the product of the multiplier and each term in the
© second polynomial, accumulating the sum of the column terms

For j,1,ncoeffs2
prod[col]:=prod[col]+mult*mult2[j]
col:=col+1

EndFor
EndFor
© return the product list
Return prod

5.4 Using the Functions to Multiply Polynomials
The following examples depict multiplying polynomials with the two functions, poly-
mult() and polymult em() in a Calculator page.

Example 7. Calculate (x+2)(2x+4).

The polynomial x+ 2 can be represented with coefficients in a list as {1,2} and the
polynomial 2x+4 can be represented as {2,4}. The product of the polynomials is cal-
culated with polymult() as

The steps to calculate the product are displayed by executing polymult em():
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For both functions, the returned list of product coefficients is {2,8,8}. The number
of coefficients is 3, so the degree of the product is 3− 1 = 2. The product is thus the
polynomial 2x2 +8x+8.

Example 8. Calculate (3x2 +2)(−2x2 +3).

The x term in both these polynomials is missing, so the coefficient of the x terms is
0. The polynomial 3x2 +2 can be represented with coefficients in a list as {3,0,2} and
the polynomial −2x2 +3 can be represented as {−2,0,3}. The product of the polyno-
mials is calculated with polymult() as

The steps to calculate the product are displayed by executing polymult em():
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The returned list of product coefficients from the functions is {−6,0,5,0,6}. The
number of coefficients is 5, so the degree of the product is 5− 1 = 4. The product is
thus the polynomial −6x4 +0x3 +5x2 +0x+6 =−6x4 +5x2 +6.
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6 Conclusion
Unlike the FOIL method, which is limited to multiplying polynomials consisting of
only two terms, the tabular term-by-term method for finding the product of two poly-
nomials can be applied to polynomials containing any number of terms. Additionally,
as shown by examples 4-6, the method is easy to understand, simple to use by hand, and
reduces the occurrence of arithmetic errors. Finally, the method can be implemented
with TI Basic, extending the functionality of non-CAS versions of TI-Nspire to include
polynomial multiplication.
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