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VII Stack frames and virtual memory (12 points)

9. [12 points] Consider the following machine:

— It uses an instruction set and register names like the x86-64. It also has a special OUT instruction
that delivers its argument to the output terminal. For example, OUT 'Y’ prints Y to the screen.

— It’s byte-addressed (like the x86-64). This machine’s memory addresses are 16 bits, and there is
virtual address translation via paging. 12 bits are used for the offset, so the page size is 4 KB
(4096 bytes), as in x86-64. That leaves four bits of the address for the virtual page number, which
is used as an index directly into a single linear page table; there is no page table walking.

— A page table entry indicates that a virtual memory page is valid if the bottom bit of the entry is
set (there is no R/W or U/S memory protection).

— There is no paging to the disk: if a process references a virtual page whose corresponding page
table entry is invalid, the OS handles the corresponding page fault by ending the process.

— Every stack slot is 8 bytes.

The assembly program below (on the left) executes, during which the machine uses the page table
below, on the right (arranged from highest index to lowest).

Notice that this assembly program is recursive. Assume that the program begins with the instruction
pointer, %rip, set to the address of £ while the stack pointer, %rsp, starts out equal to Oxf££8 (this is
the address of the last 8-byte quantity in the process’s virtual memory space). Further assume that the

>< >( code lives in the virtual address space between addresses ®x(1)9®® and Ox1£fff.
— _
S{Q 'F _{\ PPN valid index
0x30 1 5
« <
—%«O N ’cs %rb @@D‘I) NFO&A
@ushq %rbp X 3=0
< C)(R’Ng movq %rsp, %rbp 0x9F .
PAL I e 0x45 ((])7 2
! J: # subtract 4080 (in decimal) from 0xB2 o
e # the stack pointer X
P\"iﬁ'——*@c’u? subq $4080, %rsp oy (Z 0x02 1
_'r\o OXE{"(\O e — 0XF8 0
OUT 'X’ <— | v 0%\ | [0x5A 1
. Oxe 0oL L~ 0xAF 1
et -addr C)ga&wk call f 0x0C 0
e
) movq %rbp, %rsp U \ Ox8E 0
\'A , /o <
O %rb 0x6B 1
Ox pobd BERP Ok OXEO 0
T0x3C 1 Noxl
‘/'rs = Oxx’ﬁlg < _/ﬁ<> p

O ot N
(/'FSV = Ox1000 ©0p 0

0 1%
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What does this program output?

A Nothing; it page faults before producing output
B Nothing; it hangs without page faulting

C Infinite sequence of X

D OneX

E TwoX

F Three X

H Five X
I Nine X
J Sixteen X



