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Today

» Paging

« Dynamic Address Translation
« Base and Bound
« Multiple Segments
» Paging

 Midterm Review
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What is virtual memory

 Allows many processes to make use of the memory
» Gives each process the illusion that it has all the memory

« Maps virtual addresses to physical addresses



Dynamic Address Translation



Under the hood
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Base and Bound
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Multiple Segments



What are multiple segments?
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What are multiple segments?
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Changing bounds with multiple segments
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Tradeoffs of multiple segments

Pros:
1. Segments are more easily moved to avoid segmentation

2. Can share segments
- Why might this be useful?

Cons:
1. Can still only grow upwards with the bound

2. Can still have memory fragmentation



What questions can | answer?




Paging



Reminder of what paging is
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With multiple processes
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About paging
« Each page is associated with a page number

« The virtual address is the virtual page # and offset in the
Page

* The physical address is the physical page # and offset in
that page



How do we map virtual addresses to physical
addresses?



Each process has a Page Map
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How do you index into the page map?

« Assume that your pages are 4 KB

« How many bits do you need to represent 4 KB?
* You need 12 bits to represent 0-4095

unused (16 bits) Virtual page # (36 bits) Offset (12 bits) Physical page # (40 bits) Offset (12 bits)

x86-64 64-bit Virtual Address x86-64 52-bit Physical Address

x86-64 with 4KB pages has 36-bit virtual page numbers and 40-bit physical page numbers.



What questions can | answer?




How translation works in x86-64



64-bit Virtual Address
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Demand Paging



Think-Pair-Share (3-min)

« How many possible virtual pages are there in our scheme?

unused (16 bits)

Virtual page # (36 bits)

Offset (12 bits)

Physical page # (40 bits)

Offset (12 bits)

x86-64 with 4KB pages has 36-bit virtual page numbers and 40-bit physical page numbers.

« How big is the page map?

x86-64 64-bit Virtual Address

x86-64 52-bit Physical Address
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Keeping track of presence
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In lecture

We only had three physical
pages, so we had to use

this technique track which
pages were presentin our
page map




A quick review of the lecture example
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Process A Virtual
Address Space

2. Map this physical
page to the new virtual
page.
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What questions can | answer?




Kahoot time!
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