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Paging: Faster Translations (TLBs)

Using paging as the core mechanism to support virtual memory can lead
to high Perfunnanﬂ-: overheads. E}r chopping the address space into small,
fixed-sized units (i.e., pages), Pngmg requires a Iarge amount of mappmg
information. Ee-._uu'.:.e that mapping information is generally stored in
physical memory, paging logically requires an extra memory lookup for
each virtual address generated by the program. Going to memory for
translation information before every instruction fetch or explicit load or
store is prohibitively slow. And thus our problem:

THE CRUX:
How TO SPEED UP ADDRESS TRANSLATION
How can we speed up address translation, and generally avoid the
extra memory reference that paging seems to require? What hardware
support is required? What O5 involvement is needed?

When we want to make things fast, the 05 usually needs some help.
And help often comes from the O5's old friend: the hardware. To speed
address translation, we are going to add what is called (for historical rea-
sons [CP78]) a translation-lookaside buffer, or TLB [Cé8, (C95]. A TLB
15 part of the chip’s memory-management unit (MMU), and is simply a
hardware cache of popular virtual-to-physical address translations; thus,
a better name would be an address-translation cache. Upon each virtual
memory reference, the hardware first checks the TLB to see if the desired
translation is held therein; if so, the translation is performed (quickly)
without having to consult the page table (which has all translations). Be-
cause of their tremendous performance impact, TLBs in a real sense make
virtual memory possible [C95].

TLB Basic Algorithm

Figure 19.1 shows a rough sketch of how hardware might handle a
virtual address translation, assuming a simple linear page table (i.e., the
page table is an array) and a hardware-managed TLB (i.e., the hardware
handles much of the responsibility of page table accesses; we'll explain
more about this below).
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Figure 19.2: Example: An Array In A Tiny Address Space

Example: Accessing An Array

To make clear the operation of a TLB, let’s examine a simple virtual
address trace and see how a TLB can improve its performance. In this
example, let's assume we have an array of 10 4-byte integers in memory,
starting at virtual address 100. Assume further that we have a small 8-bit
virtual address space, with 16-byte pages; thus, a virtual address breaks
down into a 4-bit VPN (there are 16 virtual pages) and a 4-bit offset (there
are 16 bytes on each of those pages).

Figure 19.2 shows the array laid out on the 16 16-byte pages of the sys-
tem. As you can see, the array’s first entry (



