HBase Prefix Compression Trie Overview, v1

HBASE-4676: https://issues.apache.org/jira/browse/HBASE-4676
3/13/2012, Matt Corgan, mcorgan@hotpads.com

This following illustrates what a set of KeyValues looks like in encoded form

1) Figure 1: unencoded input KeyValues

A) key length often uses 1 of 4 bytes

B) value length often uses 1 of 4 bytes

C) row key length often uses 1 of 2 bytes

D) row key bytes repeat for every cell in the row
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E) family is always the same in an HFile and repeats in full in every cell

F) qualifiers often repeat between row
G) 8 byte timestamp is often the same for adjacent cells, and often close within a block
H) KeyValue$Type is one byte per cell and is often 100% type=Put in a given block

1) values are arbitrary byte[], which are all “VvvV” in this example. i do not aim to compress them
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2) Figure 2: PtBlock meta

* the leading bytes of the class
* specify section widths inside block (row key section, qualifier section, value section, etc)
* mostly Vints
* parsed at beginning of each block access
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variable description

transient variable used if block data doesn't begin at byte[0]
transient variable used if accessing through a ByteBuffer (off heap cache)
num meta bytes at beginning of block (these variables)

num bytes if encoded in standard KeyValue format

after meta bytes, num bytes occupied by row key trie

then num bytes for family trie

then num bytes for qualifier trie

num bytes for timestamp deltas

num bytes for memstore timestamp deltas

num bytes for all values concatenated at end of block

row key trie inter-node pointer width

family trie inter-node pointer width

qualifier trie inter-node pointer width

Fint width of index entries at beginning of timestamp section

Fint width of index entries at beginning of memstoreTS section
Fint width of FInts specifying value offsets

Fint width of FInts specifying value lengths

max depth of row key trie, used by reader (possibly unnecessary)
used to allocate reader buffer (possibly unnecessary)

used to allocate reader buffer (possibly unnecessary)

other timestamps stored as delta from this one

Fint width of max delta

other memstoreTs's stored as delta from this one

Fint width of max memstoreTS delta

true/false, are all KeyValuefTypes the same in the block

value of all KeyValueFTypes if all the same

unigue row keys in block (possibly unused)

unique families in block (always 1 in current HFile) (possibly unused)
unigue qualifiers in block (possibly unused)



3) Figure 3: Qualifer trie section of block
* trie nodes encoded as [tokenLength,token,parentOffset]
* where parentOffset is offset from beginning of qualifier section
* readers:
* start with the end node offset
* copy the current token to a buffer
* move backwards to the parent until parentOffset=0 signifying the root node
* uses this reverse-style trie becase:
* we need random access to a qualifier pointed to by a row node
* a qualifier can be referenced by multiple row nodes in the block, so a normal forward-trie doesn’t quite work
* a normal trie would have to have a qualifier trie for each row which wouldn’t compress qualifiers between rows
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4) Figure 4: Row Trie section of the example block
* row key trie comes after block meta and is generally the biggest of the non-value sections of the block
* example has 7 nodes: 2 branch nodes (including the “com.” root), 1 nub, and 3 leaves
* a Branch node is internal to the tree, has no cell occurrences, and only points at other “child” nodes
* a Leaf node has no children, only cells
* a Nub node has both children but also cells
* branches and nubs have a “fan” which contains the first byte of each child node’s token
* the child therefore does not hold the first byte of its token
* nubs and leaves have a numOccurrences variable (the number of cells)
* for each occurrence there is a range of bytes with offsets/lengths of the cell info
* these are all FInts so we can access them randomly
* if the block meta indicates so, then they may be empty and not use any bytes, for example if all timestamps are the same, or all qualifiers

or all operationTypes

* individual fields:
* familyOffset: the offset of the last family token in the family section of the block

* qualifierOffset: the offset of the last qualifier token in the qualifier section of the block
* timestamplndex: index of the delta value in the timestamp section
* memstoreTsIndex: index of the delta value in the memstoreTS section
* operationType: the byte value of the KeyValue$Type for this cell
* valueOffset: offset of value in the values section of the block
* valueLength: length of value
* the 6 nodes are encoded as bytes and concatenated to make the row key section
* columns D through P illustrate the pre-serialized data, and Q illustrates the serialized version
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5) Figure 5: all sections of block combined
* example is simplified to eliminate the following sections
* family section contains only family name: “hits”
* timestamp section empty because all input timestamps were the same
* memstoreTS section empty because the encoder set includeMemstoreTS to false
* operation types section is empty because all operations were “Put’
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6) Figure 6: raw input bytes
* approximate visualization of input vs output bytes
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