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Notes
In this worksheet, you will practice calculating the cost of an algorithm within the I/O model. In each
question, you are provided with the pseudocode for an algorithm and important statistics. You should

determine the number of blocks input and output by the algorithm. If relevant, distinguish between the
best and worst case. The first question has been answered already as an exemplar.
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Questions
1. Assume that a block is 4KB and that you have 4MB available in main memory. You are given a

relation R that contains ten thousand contiguously-stored tuples that each require 92B. What is the
cost of the algorithm below, which performs a selection on R?

1 . f o r each b l o c k b \ i n R :
2 . f o r each t u p l e t \ i n b :
3 . i f t . x < 100 :
4 . add t t o o u t p u t b u f f e r , o
5 . i f o i s f u l l :
6 . o u t p u t o
7 . i f o i s n o t empty :
8 . o u t p u t o

Solution: This is a single-pass, tuple-at-a-time algorithm; so, the size of main memory is only
important to establish that there is space to read in one block and maintain one block for an output
buffer.

Because tuples should not be split across blocks and because blocks are atomically input and output,
we need to be careful when calculating the number of blocks occupied by R, B(R):

𝐵(𝑅) = ⌈ 𝑇 (𝑅)
⌊ 4𝐾𝐵

92𝐵 ⌋
⌉ = ⌈10000

44
⌉ = ⌈ 𝑇 (𝑅)

⌊ 4096
92 ⌋

⌉ = 228

We see that Line 1 is the only line that inputs data from disk and it reads each block of R exactly
once. Therefore, the total number of input blocks for this algorithm is exactly B(R)=228.

We see that Line 6 and Line 8 are the only lines that output data to disk. Line 6 outputs each full
block of output and Line 8 outputs the partially-full block at the end of the of the algorithm, if there
is one. We see that each tuple of R is added to one of these buffers either zero or one time(s) and
the entire 92B tuple is output. Therefore, the total number of output blocks, B(O), for this algorithm
ranges from a minimum of zero blocks to a maximum of B(R)=228 blocks.
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2. Assume that a block is 4KB and that you have 4MB available in main memory. You are given a
relation R that contains ten thousand contiguously-stored tuples that each require 92B, including the
4B attribute x. What is the cost of the algorithm below, which performs a selection and a projection
on R?

1 . f o r each b l o c k b \ i n R :
2 . f o r each t u p l e t \ i n b :
3 . i f t . x < 100 :
4 . add t . x t o o u t p u t b u f f e r , o
5 . i f o i s f u l l :
6 . o u t p u t o
7 . i f o i s n o t empty :
8 . o u t p u t o

Solution:
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3. Assume that a block is 4KB and that you have 4MB available in main memory. You are given a
relation R that contains ten thousand contiguously-stored tuples that each require 92B. What is the
cost of the algorithm below, which performs a simplistic duplicate elimination on R? What if you
only have 400KB available in main memory?

1 . f o r each b l o c k b i \ i n R :
2 . f o r each t u p l e t j \ i n b :
3 . s ave t j i n main memory a r r a y i n d e x a [44 i + j ]
4 . f o r each t u p l e t i i n a :
5 . i f \ n e x i s t s t j such t h a t j < i and t i = t j :
6 . add t i t o o u t p u t b u f f e r , o
7 . i f o i s f u l l :
8 . o u t p u t o
9 . i f o i s n o t empty :
A. o u t p u t o

Solution:
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4. Assume that a block is 4KB and that you have 4MB available in main memory. You are given a
relation R that contains ten thousand contiguously-stored tuples that each require 92B. You are also
given a relation S that contains one hundred contiguously-stored tuples that each require 48B. What
is the cost of the algorithm below, which performs a cross product between R and S?

1 . f o r each b l o c k bs \ i n S :
2 . f o r each b l o c k b r \ i n R :
3 . f o r each t u p l e t s \ i n bs :
4 . f o r each t u p l e t r \ i n b r :
5 . add t s \ bo wt i e t r t o o u t p u t b u f f e r , o
6 . i f o i s f u l l :
7 . o u t p u t o
8 . i f o i s n o t empty :
9 . o u t p u t o

Solution:
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Solutions

Question 1
This is a single-pass, tuple-at-a-time algorithm; so, the size of main memory is only important to establish
that there is space to read in one block and maintain one block for an output buffer.

Because tuples should not be split across blocks and because blocks are atomically input and output, we
need to be careful when calculating the number of blocks occupied by R, B(R):

𝐵(𝑅) = ⌈ 𝑇 (𝑅)
⌊ 4𝐾𝐵

92𝐵 ⌋
⌉ = ⌈10000

44
⌉ = ⌈ 𝑇 (𝑅)

⌊ 4096
92 ⌋

⌉ = 228

We see that Line 1 is the only line that inputs data from disk and it reads each block of R exactly once.
Therefore, the total number of input blocks for this algorithm is exactly B(R)=228.

We see that Line 6 and Line 8 are the only lines that output data to disk. Line 6 outputs each full block
of output and Line 8 outputs the partially-full block at the end of the of the algorithm, if there is one. We
see that each tuple of R is added to one of these buffers either zero or one time(s) and the entire 92B tuple
is output. Therefore, the total number of output blocks, B(O), for this algorithm ranges from a minimum
of zero blocks to a maximum of B(R)=228 blocks.
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Question 2
This is also a single-pass, tuple-at-a-time algorithm; so, the size of main memory is only important to
establish that there is space to read in one block and maintain one block for an output buffer.

As in question 1, because tuples should not be split across blocks and because blocks are atomically input
and output, we need to be careful when calculating the number of blocks occupied by R, B(R):

𝐵(𝑅) = ⌈ 𝑇 (𝑅)
⌊ 4𝐾𝐵

92𝐵 ⌋
⌉ = ⌈10000

44
⌉ = ⌈ 𝑇 (𝑅)

⌊ 4096
92 ⌋

⌉ = 228

We see that Line 1 is the only line that inputs data from disk and it reads each block of R exactly once.
Therefore, the total number of input blocks for this algorithm, like in Question 1, is exactly B(R)=228.

We see that Line 6 and Line 8 are the only lines that output data to disk. However, we do not need to copy
entire tuples to the output buffer, only the 4B attribute x. Therefore, we can fit

⌊4𝐾𝐵
4𝐵

⌋ = 1034

output tuples on each output block. Since each tuple appears exactly zero or one time(s) in the output, the
number of output blocks ranges from a minimum of zero to a maximum of

⌈𝑇 (𝑅)
1024

⌉ = ⌈10000
1024

⌉ = 10

blocks.
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Question 3
This is also a dual-pass algorithm, but the second pass over the data occurs in main memory; so, the
response critically depends on whether the relation fits in memory or not. We can calculate that main
memory has a capacity for

⌊4𝑀𝐵
4𝐾𝐵

⌋ = 1024

blocks. We now from the previous two questions that B(R) = 228; so, R fits in main memory.

As before, we see that Line 1 is the only line that inputs data from disk and it reads each block of R
exactly once. Although the data is read multiple times, it is only once input from disk. Therefore, the
total number of input blocks for this algorithm, like in Question 1 and Question2, is exactly B(R)=228.

Moreover, the output tuples are identical to the tuples in R. The duplicate elimination operator could, in
principle, return as few as 1 tuple or as many as T(R) tuples. Therefore, the output size, B(O), is between
a minimum of 1 and a maximum of B(R) = 228.

In the case that main memory has only 400KB available, it only has capacity for 10 blocks. Therefore,
the array a will not fit in memory. A basic solution is to remark that this algorithm will fail. An advanced
solution could assume virtual memory and paging, in which case the writes on line 3 are additional output
blocks and the reads on lines 4 and 5 are additional input blocks. Hence, there would be an additional
B(R) blocks of output and an additional

𝐵(𝑅) +
𝑇 (𝑅)−1∑︁
𝑖=1

⌈ 𝑖
44
𝑟𝑐𝑒𝑖𝑙

blocks of input. Clearly, we can see that we would want a different (disk-aware) algorithm if B(R) exceeds
the capacity of main memory.
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Question 4
This is also a block-nested loop algorithm, i.e., it iterates two relations in a nested loop that jumps one
block at a time. It treats each pair of tuples independently; so, the size of main memory is only important
to establish that there is space to read in one block of R, read in one block of S, and maintain one block
for an output buffer.

As in previous questions, because tuples should not be split across blocks and because blocks are atomically
input and output, we need to be careful when calculating the number of blocks occupied by R, B(R):

𝐵(𝑅) = ⌈ 𝑇 (𝑅)
⌊ 4𝐾𝐵

92𝐵 ⌋
⌉ = ⌈10000

44
⌉ = ⌈ 𝑇 (𝑅)

⌊ 4096
92 ⌋

⌉ = 228

.

Similarly, we can calculate B(S):

𝐵(𝑆) = ⌈ 𝑇 (𝑆)
⌊ 4𝐾𝐵

48𝐵 ⌋
⌉ = ⌈100

85
⌉ = 2

.

We can therefore calculate that Lines 1 and 2 together input 2(228) = 456 blocks.

We see that Line 6 and Line 8 are the only lines that output data to disk. However, we need to copy
concatenated tuples to the output buffer, which will have size 92B+48B. Therefore, we can fit

⌊ 4096
(92 + 48) ⌋ = 29

output tuples on each output block. Since each tuple of R appears exactly once with every tuple of R in
the output, the number of output blocks is exactly

𝐵(𝑂) = ⌈𝑇 (𝑅) ∗ 𝑇 (𝑆)
29

⌉ = ⌈10000 ∗ 100
29

⌉ = 34483

blocks.
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