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Résumé

L’organisation de [’antémémoire associative brouiliée a été définie précédemment dans le rapport IRISA 645.
Nous présentons ici deux notes complémentaires sur la mise cn ceuvre d’une antémémoire associative

brouillee.

Abstract

The organization of the skewed-associative cache has been presented in the IRISA report 645.
We present here two complementary notes on the implementation of a skewed-associative cache.
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FAX : (33) 99 38 38 32
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June 30, 1992

In this short note, we focuss on defining skewing functions for two-way skewed associative
caches [1]. Our basic goals are here to obtain a minimum hardware implementation cost and
a minimum extra delay on cache hit time.

An example

Let us consider the particular case of 64 bytes lines and 4096 bytes cache banks. An orga-
nization of a two-way skewed associative cache is illustrated in fig 3.

The skewing functions used in this example clearly verify the criterions for “good” skewing
functions cited in [1].

On this example, only three XOR gates are added to a classical cache bank. It appears
in the proposed design that the access time to the cache bank shall not be lenghtened a lot
by the skewing functions: at most the delay for crossing a XOR gate.

We think that the access time may even be exactly the same as in a classical two-way
set-associative cache:

1. In a microprocessor, when using a one-cycle access cache, the access cache time gen-
erally determines the machine cycle. The address computation is performed in a less
critical stage: the XOR gates may be added at the end of the stage.

o

When using a pipelined cache, row selection may be done on the second cycle.
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A formal description of the family of skewing functions

Let 2¢ be the size of the line.

Let 2" be the number of cache lines in a cache bank.

Let us consider the decomposition of a binary representation of an address A in bit
substrings A = (A3z ,A2, A1, Ao), Ao is a ¢ bits string: the displacement in the line. A, and
A, are two n bits strings and Aj is the string of the ¢ — (2 * n + ¢) most significant bits.

Let us consider T an integer such that 0 < T < 2" and T its binary opposite,(T =
2" —1-T)..

Let ¢ be a Bit Permute Permutation on the set {0,..,2" — 1} (e.g. Identity, Perferct
Shuffle, Bit Reversal).

We consider the mapping functions defined respectively by

Fg®: s — {0,..,2" -1}
(A3,A2,A1,A0) — Al)@(¢(A2)oT)

FI¢. g — {0,.,2"—1}
(A37 AZ,AlaAO) — Al @ (¢(A2)’T)

@ is the exclusive OR and . is the bitwise product.

These functions satisfy the criterions for "good” skewing functions defined in the paper
(Equitability, inter-bank dispersion and local dispersion).

Each bit of the FI"®(A) or FI*(A) is either directly a bit of the binary decomposition of
address A or the XOR of two bits of this binary decomposition.

T may be chosen in order to allow symmetric design of the two cache banks: when n is
even, having the same number of bits equal to one and zero seems an interesting approach.

In the previous example in figure 3, T= 44 (binary decomposition 101010) and the Bit
Permute Permutation is the identity.

First simulations results show that when using these particular skewing functions, the
two-way skewed-associative caches exhibit approximatively the same behavior as when using
the skewing functions described in [1].
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la line in main memory is represented by the address of its first byte
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Introduction

In RISC and superscalar microprocessors, cache access is often the critical path in the
pipeline. In this short note, we present a page mapping in physical memory which allow
to execute translation from virtual to physical addres in parallel with cache access, where
using skewed-associative caches [1].

Virtual caching or physical caching

Two types of addressing may be used for caches in microprocéssors:

1. Virtual addressing: the virtual address is used for indexing the cache. Tags allowing
to reconstruct the whole virtual address of a word stored in the cache are stored with
the cache line. Virtual address is checked against these virtual tags.

)

Physical address: the physical address is used for indexing cache. Tags allowing to
reconstruct the physical address of a word stored in the cache. Physical address is
checked against these physical tags.

Notice that in this case the physical address is needed for this checking: translation
from virtual address to physical address must be done “before” the checking.

\
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Physical addressing is desirable

When sharing pages between processes, physical addressing of the cache allows to avoid
multiple copies of the same line of data in the cache and then the data in the cache always
remain coherent.

Parallel address translation and cache access

From now, we consider only physical caching.

When the whole physical address is needed for indexing the cache, the address translation
and the cache access must be sequentialized; for example, these two steps may be executed
in two consecutive pipeline stages, this solution was adopted in the MIPS R3000.

But this sequentialization introduced some performance loss by delaying the availability
of data and instructions.

Set-associative caches: page size > cache bank size

To avoid this sequentiality, an artifice is used in many microprocessor designs:

When the minimum size of a page is 2° bytes, the address translation do not
affect the ¢ lowest significant bits.

When the size of a cache bank is smaller than or equal to 27 bytes, the g lowest
significant bits are used for indexing the caches: address translation and cache
access may begin at the same time.

It has to be pointed out that such an approach leads to increase the minimum page
size when the size of cache grows. This will soon become unacceptable: using pages of size
32Kbytes in place of 4Kbytes pages leads to a significant increase of the working set size of
an application needed in memory [2] (sometimes 60%).

Case of skewed-associative caches

Unfortunately an adaptation of the previous artifice can not be used directly when using
skewed-associative caches, it would lead to unrealistic minimum size of the page.
Nevertheless, we propose skewing on virtual addresses:

When the size of the line is 2¢ bytes, and the number of lines per cache bank is
2", the skewing functions proposed in [1, 4] use the ¢ + 2n lowest significant bits
of the address.

We may impose that address translation does not affect these ¢ + 2n bits:

Let us assume for example that the page size is 2n + ¢ bytes, virtual page begin-
ning at address X3 * 22"+ 4+ X2 x 2"*° can only be mapped on a physical page
beginning at Y3 * 227%¢ 4+ X2 x 2n+¢,
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This limitation is not a major restriction, as shown below:

Let us consider the case of a cache bank of 4096 bLiytes and a cache line of 64
bytes:
in order to allow parallel address translation and cache access in a skewed-

associative caches, we impose the virtual address and the physical address to
correspond on the 18 lowest bits (i.e modulo 256K).

If we consider a 8 Megabytes physical memory, then each virtual page of 4K bytes
may be mapped in anyone of the physical pages in a set of 32 physical pages:

The physical memory may be considered as a 32-way set-associative cache of
2048 lines of 4096 bytes. It is well known that the behavior of such a cache is
approximately the same as a the behavior of a fully-associative cache!

Physical page allocations procedure will have to be rewritten with this particular con-
straint.

Notice that a similar solution will certainly also be adopted in near future irn micro-
processors using classical set-associative caches or direct-mapped caches in order to keep a
reasonable minimum page size and has already be envisaged [3].
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