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Techniques for Inverted 
Index Compression



Index Compressors
Many Lists Together (Whole Invertex Index)

List Compressors
Many Integers Together (Inverted List) 

Index Compressors 
A Single Integer

This is a survey paper!

+ Experiments!



Motivation: A Tour of the Terms
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Inverted Index



FIND friends with pet chickens

Motivation

FIND “chicken sandwich recipes” in DB

HUGE

MUST Compress



Well-Studied Problem

Previous 
Paper!



Integer Compressors



Inverted Index
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Goals

● Map each integer to a uniquely-decodable variable-length binary code
○ Assign the smallest codeword possible

● Prefix-Free
● Lexicographic Assignment (same lexicographic order as integers they represent, 

fast decodability)
● Shannon’s Theorem: |C(x)| = log2(1 / P(x)) where P(x) is the probability of x 

occurring



Encoding and Decoding Prefix-Free Codes

Enc(6)

4 <= 6 < 8

L = 5

Offset = 6 - First[L] = 6 - 4 = 2

Jump = (M - L) = 9 - 5 = 4

Value = (values[L] + offset * 
jump) = 96 + 2 * 4 = 104



Encoding and Decoding Prefix-Free Codes



Encodings



Unary Encoding

U(x) = 1x-10

Con: size is linear in x



Binary Encoding

B(x) = bin(x-1)

Pro: Size is log(x)

Con: NOT uniquely decodable 



Gamma Encoding U(|bin(x)|) + (|bin(x)| - 1 LSB 
of bin(x))

Pro: Size is log(x) and uniquely 
decodable

Optimal for P = 1/2x2

Con: can get big for big 
values 

Example: 3
bin(3) = 11
|bin(3)| = 2
U(2) = 10

|bin(x)|-1 LSB of bin(3) = 1
=> 10.1



Delta Encoding γ(|bin(x)|) + (|bin(x)| - 1 LSB 
of bin(x))

Pro: doesn’t grow as fast!
Optimal for P(x) = 1/(2x(log2x)2))

Example: 3
γ(x) = 100
bin(3) = 11

|bin(x)|-1 LSB of bin(3) = 1
=> 100.1



Golomb Encoding
q = floor((x-1) / b)

r = x - q*b - 1
Gb = U(q+1) | bin(r)

Example: 3
q = floor((3-1) / 2) = 1

r = 3 - 1*2 - 1 = 0
Gb = U(1+1) | bin(0) = 10.0

Pro: Optimal for P(x) = p(1-p)x-1



Rice Encoding Golomb with b = 2k, k > 0

Example: 3
q = floor((3-1) / 2) = 1

r = 3 - 1*2 - 1 = 0
Gb = U(1+1) | bin(0) = 10.0



Exponential Golomb Encoding
h = bucket index

U(h) | (bin rep of x in range 
[0, B[h+1] - B[h] - 1])

Example: 3
bucket_idx = 0

bin rep in bucket = 11
ExpG2 = 0.11

Buckets



Zeta Encoding
ExpGolomb relative to 

vector buckets [0, 2k-1, 
22k-1, 23k-1, …]

Example: 3
bucket_idx = 0

bin rep in bucket = 11
Z2 = 0.11



● Byte-aligned (simpler and faster to write into memory)
● Bin(x) is divided into the 7-bit sequences. Then you write a continuation bit (1 to 

continue, 0 to the termination of the sequence) at the start
● Nibble – 3 bits instead of 7
● Allows for more SIMD parallelism (ex: Varint-G8IU)

Variable-Byte

Example: 65790
bin(65790) = 10000000011111110

Chunk into groups of 7: 0000100 | 0000001 | 1111110
Add Control Bits: 00000100 | 10000001 | 11111110

VB(65790) = 000001001000000111111110



SC-Dense

● Variable-Byte but with generalized stoppers
● SC(s, c, x) with k(x) >= 1 such that

○ If k(x)=1, the stopper is x-1
○ y = floor((x-1) / x)
○ x’ = x - sck(x)-1 - s / (c-1)
○ Representation has k(x) -1 

continuers
○ Repeat continuers for k(x)-2

times  followed by continuer
s + ((y-1) mod c) and final
stopper (x’ - 1) mod s



Overview of the Encoders



List Compressors



Inverted Index

Term 1

Doc [1, 3]

Term 2

Doc [1, 2]

Term 3

Doc [2, 3]



Binary Packing

● Partition into blocks and encode each block separately
○ If blocks has clusters of close integers, the values in a block are likely be of similar magnitude

● Binary Packing
○ Use bit width ceil(log2(max + 1)) of the maximum element then represent all integers in the block 

with b-bit codewords

● Can also do a variable amount



Simple

● Split the sequence into fixed-memory units and ask how many integers can be 
packed in a unit
○ 4 bit selector code followed by the integers (for example, in 32-bit word)

● Typically good compression and decoding speed

Read: packs 28 
1-bit integers



PForDelta

● Problem with previous implementations: LOTS of wasted space if there’s one big 
value and then rest are small

● Choose k such that >= 90% of integers can be represented using k bits per 
integer
○ If they do not fit, they are exceptions and encoded using another compressor (Variable-Byte or 

Simple)



● Let S(n, U) indicate a sorted sequence S[1..n] 
● Break each S[i] into two parts

○ Low bits: L = floor(log2(U/n))
○ High bits: ceil(log2U) - L

● Low bits are encoded separately with a bit-vector L of n ceil(log2(U/n)) bits
● High bits are encoded separately with a bit-vector of <= 2n bits by setting the bit 

in position hi + i for all i = 1, …, n
● Concat these two representations

Elias-Fano



Elias-Fano



● Add auxiliary data structures to make this possible
● For Selectb(i), use a bit-vector to get the position of the ith bit set to b

○ Requires o(n) additional bits

● O(1) runtime

Elias-Fano – Random Access



● Select,b(x)
● hx = high bits of x
● Binary Search from Selectb(hx) - hx + 1 to Selectb(hx+1) - hx
● O(1 + log(U/n)) runtime

Elias-Fano – Successor Queries



● Roaring: partition U(232) into chunk spanning 216 values each
○ If a chunk is sparse (less than 212 elements), encode as a sorted array of 16-bit integers.
○ If a chunk is dense (more than 212 elements), encode as a bitmap.
○ If a chunk is full (216 elements), encode implicitly.

● Slicing: Roaring but continue encoding recursively if the chunk is sparse (at 
most 28 blocks of 28 elements each)

Elias-Fano – Partitioning by Universe



Interpolative

● Represents a sorted integer sequence without requiring the computation of its gaps
● Exploit the order of the already-encoded elements to compute the number of bits 

needed to represent the elements that will be encoded next
● Idea: recursively divide, encode middle element with minimum bits



● Representation for a list of integers that supports random access to individual 
integers
○ Problem of random access reduced to one of ranking over a bitmap

Directly-Addressable Codes



Entropy Coding

● Huffman → too large alphabet (H0 <= L <= H0 + 1 where H0 is the entropy)
● Arithmetic → takes nH0 + 2 bits to encode sequence S of length n with H0 

entropy
● Asymmetric Numeral Systems (ANS) → represent sequence of symbols with a 

natural number x



Index Compressors
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Clustered

● Idea: Group lists into clusters and encode from a reference list
● Inverted lists grouped into clusters of similar lists (sharing as many integers as 

possible)
● Reference List for each cluster → all lists in cluster encoded with respect to the 

reference list
● Improvement: each intersection can be rewritten in a much smaller universe



● Idea: Preprocessing to reduce alphabet size then apply ANS
● Option 1:

○ Preprocess with Variable-Byte to reduce input list to a sequence of bytes
○ Apply ANS

● Option 2:
○ Preprocess with Simple
○ Apply ANS

● Option 3:
○ Packed processing
○ Apply ANS

ANS Based



Dictionary Based

● Idea: gaps are repetitive, abstract it into a dictionary
● Dictionary stores the most frequent 2b patterns (b > 0)



Experiments!



Metrics

Space Effectiveness

Average number of bits 
for the representation of 

a document identifier

Time Efficiency

Time needed to perform 
sequential decoding, 

intersection, and union 
of inverted lists



Experimental Setup

64 GB RAM DDR4
Linux 5

C++, GCC 9.2.1
Indexes in internal memory, 

data structures on disk
Average across three runs

Tests random 1k of each number of 
queries per intersection/union 



Results (Space + Decoding Time)

Simpler, byte-aligned 
code, bitmaps, SIMD 

instructions



Results (Time for AND Queries)



Results (Time for OR Queries)



Results (Time/Space)



Future Directions, Strengths/Weaknesses, Questions



The Punchline: Directions for Future Work

1. Simpler compression formats that can be decoded with low-latency 
instructions (bitwise) and few branches

2. Devising dynamic and compressed representations for integer sequences that 
can support additions and deletions



Strengths/Weaknesses

● Strengths
○ Thorough description and evaluation of the different compressors

● Weakness
○ Nothing really novel contributed except maybe the comparisons(makes sense, it’s a survey 

paper!)
○ The evaluation could have explored more realistic queries instead of random queries



1. What are the benefits of these survey papers?

2. What are some trends you notice with the algorithms?
a. I’m definitely noticing (1) a shift from theoretically how small can the codes be to how can we 

make it faster (ex: byte-aligned) and (2) over time, the algorithms seems to get more complex

3. Which encoding schemes would you use in real-life scenarios (compaction vs. 
performance)? What are interesting areas these compressions schemes can be 
used beyond inverted index compression?

a. Could some reasonably be used for audio/video/image compression?

Discussion Questions


