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Outline
 Cache-conscious Structure Definition, by Trishul M.

Chilimbi, Bob Davidson, and James Larus, PLDI 1999.
– Structure Splitting
– Field Reordering

 Cache-conscious Structure Layout, by Trishul M. Chilimbi,
Mark D. Hill and James Larus, PLDI 1999.
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Cache Conscious Structure Definition

group them based
on temporal affinity
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Structure Splitting
 Size of Java objects ≈ Size of a cache block
 Split java classes:

– hot (frequently accessed)
– cold (rarely accessed)
It can be done based on profiled field access

frequencies, or applied manually by the programmer
 Splitting allows more hot object instances to be

packed into a cache block and kept in the cache
at the same time.
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Size of heap allocated Java objects

 Most heap allocated Java objects are on average smaller
than a cache block (consider objects < 256 bytes)
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Live object statistics
 But small objects die fast and the technique is only

effective for longer-lived objects, which survive
scavenges.

 Table shows the # of small objects live after each
scavenge, averaged over the entire program execution
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Results
 Most java objects are small
 Average live object size is smaller than a cache

block (64 bytes)
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Hot/Cold Class Splitting Algorithm

 Hot/cold class splitting class based on field
access counts has a precise solution only if the
program is rerun on the same input data.

 Unfortunately, field access frequencies for
different program inputs are unpredictable.

 So, the class splitting algorithms uses heuristics.
(field refers to class instance variable, i.e. non-
static class variables)
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Structure Splitting
 The algorithm only considers classes that

– total field accesses exceed a specific threshold, which are called the live
classes.

– are larger than 8 bytes
– contain more than two fields.

 Label fields in the live classes as hot or cold
– See heuristics on the paper on how to determine if a field is hot or

cold.

– Notice that smaller hot partitions:
• more cache-block colocation
• but increases acces to cold fields (extra indirection)
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Program Transformation

 Cold fields are placed in a new class and contain
– cold fields, labelled with public access modifier
– constructor method

 Hot fields are in the original class
– contains an extra field which is a reference to the new

cold class
 Compiler modifies the code

– Hot class constructors need to create a cold class
instance and assign it to the class cold reference field

– Access to cold fields requires an extra indirection
through the cold class reference in the hot class
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cold fields are labelled 
with public

Program Transformation. Example

reference to the
new cold class

new cold class instance
assigned to the cold 
class reference field

acces to cold fields
require an extra

indirection
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Results for structure splitting
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Results for structure splitting
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Results for structure splitting
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Field Reordering
 Applied for large structures with many fields
 The goal is to reduce cache pressure by grouping

fields that have high temporal locality in a cache
block

 Description of bbcache
– Tool that produces structure field recommendations
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Results for field Reordering
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Cache-conscious Structure Layout. Trishul M. Chilimbi, M. D.
Hill and James R. Larus. PLDI 99.

 Locality can be improved by:
1. changing program’s data access pattern

Applied to scientific programs that manipulate dense matrices:
- uniform, random accesses of elements
- static analysis of data dependences

2. changing data organization and layout
Pointer programs have neither of these properties
They have locational transparency: elements in a structure can

be placed at different memory (and cache) locations without
chaging a program’s semantics.

Two placement techniques:
- coloring
- clustsering
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Clustering
 Packs data structure elements likely to be accessed

contemporaneously into a cache block.
 Improves spatial and temporal locality and provides implicit prefetch.
 One way to cluster a tree is to pack subrees into a cache block.
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Clustering
 Why is this clustering for binary tree good?

– Assuming random tree search, the probability of
accesing either child of a node is 1/2.

– With K nodes of a subtree clustered in a cache block,
the expected number of accesses to the block is the
height of the subtree, log2(k+1), which is greater than 2
when K >3.

 With a depht-first clustering, the expeted number
of accesses to the block is smaller.
– Of course this is only true for a random acces pattern.
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Coloring
 Coloring maps contemporaneously-accessed elements to non-conflicting

regions of the cache.

2-way cache

p

C-p

p p pC-p C-p C-p

Frequently access data
structure elements

Remaining data
structure elements
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Strategies
 Cache-conscious Data Reorganization: ccmorph
 ccmorph operates on tree-like structures without external pointer into

the middle of the structure.
 ccmorph requires the pointer to the root of the data structure, a

function to traverse the structure, and cache parameters.
 ccmorph applies coloring and clustering as explained above
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ccmalloc: cache-concious heap allocator

 Memory allocator similar to malloc
 Takes as argument an existing data structure

element likely to be accessed contemporaneously
(e.g. the parent of a tree node).

 ccmalloc tries to locate the new data item in the
same cache block as the existing item.
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