|1|](‘ Ij*
ape table it |
n‘};islvr; q{u‘lﬁlr' ‘IUW‘“]W with the program counter and the
Software BERALNUUEI !;rl cifies the state of a program. If we want to allow
Lo pProgram to use the CPU, we must save this state.

. L atar
Interface iter

Hardware

l:‘l‘ll li(’)l‘:f l{/\; (h: ((,:ll(;:“ I:f’ Fﬂ:ﬂi’;’:l&t:: :r(t Em Tgra M (:ian continue ex-
ot dered s i (e asme P
otherwise, it is conside en IF Is in possession of the CPU and;
Bakeia process active by I(; by itn ;al ered mcfctwe. Th‘e ()Per‘atin% system can
counter, }:\?hi(‘h will initiate execu tiot? rz;)tc i?wbesje?;ee’ ;2C1t;2]2§vt:§ pf)gl;zrrr;
counter. l‘hu p!*ocoss’s address space, and Hence ’aull thé brindl g Eccegsé m
memory, is defined by its page table’ Wthh resides 1 iyt Rath fhan
save the entire page table, the opera he R B L Ay .
register to point to the p: ;\ | perating System simply loads the p'age table
o t e page table of the process it wants to make active.

Page Faults

If the valid bit for a virtual page is off, a page fault occurs. The operating sys-
tem must be given control. This is done with the exception mechanism, the
details of which we discuss later in this section. Once the operating system
gets control, it must find the page in the next level of the hierarchy (usually

magnetic disk) and decide where to place the requested page In physical
memory. The virtual address alone does not immediately tell us where the
page is on disk. Returning to our library analogy, we cannot find the location
of a library book on the shelves just by knowing its title. Instead, we go to the
catalog and look up the book, obtaining an address for the location on the
shelves (for example, the Library of Congress number). Likewise, in a virtual
memory system, we must keep track of the location on disk of each page n
the virtual address space. Because we do not know ahead of time when a
page will be chosen to be replaced, the operating system usually creates the
space on disk for all the pages of a process when it creates the process. At tha}t
time, it also creates a data structure to record where each virtual page 1S

stored on disk. This data structure may be part of the page table, or may be an
auxiliary data structure indexed in the same way as tl}e page table?,..
Figure 7.17 shows the organization when d single table holds either the physi-

cal page number or the disk address. . pon ol s

Assuming that all the pages In physlcal memory are in use, t'e operating
system must choose a pd ge, to replace. Because we want to minimize the num-
ber of page faults, most 6perating systems try to choose a page that they hy-

hen
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,,:\mmugh ecach process has its own virtual addres«
ory is shared among muilti pl(-_-' user processes and a|
h\]11 N(\v(\r{h(\]{{isg, we (i() r‘()t Wft]nt ol l‘f‘n(‘g?l(l(' F)r_(_)(.(;e;.'r:_

Pace, the oy,
o0 With the .7

, f_ii-":

| - - ;r"{°r.f}:"__§§--' 9,
example, if the program that maintains stude

Nt gradee
machine at the same time as the programs of the
gramming course, we wouldn’t want the errant Program of . .
write over someone’s grades. We also want to prevent one D rr g
ing the data of another process. For example, we wou|dr- b
program to read the grades while they were in the Doy ™
we begin sharing physical memory, we must provide the ability for .
to protect its data both from reading and writing by another pr;”;”’ E

Remember that each process has its own virtual add re

1S ¢

L""ihj(’]r*'r,;_}

.-'. =
S -
b 11

SS Space

operating system keeps the page tables organized so that the indener |

tual pages map to disjoint physical pages, one process will not be 4k . :
another’s data. Of course, this also re

quires that a user PTrocess not he

least the three basic capabilities summarized below

1. Support at least two modes that indicate whethe

whereby the CPU can go from use!
p]ished by : Syst ;m Ca”\’eiCe Yel:8a¢ The first cdirection 1s by Qi",-ﬁ‘i#%- .
[ “ Exception, implemented as a special
struction set) that transfers control to a J
' HIe pﬂillt of the system call is saved, and the't
P0r mode. The return to user mode from the ex-ce
ate of the Process that generated the exceptiont

plgced In superyj
will restore the st

eVent a use UPErating system can change the page =
- © HS€I process from changing them, ensuring that a i<
8¢ provided to it by the operating s) ster

. r
=y
'
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A program that linke Without
sram resides in 4 fi]
the Operating sy

nng. To start 4 progr

"}.El f‘ff(%?’ 4 34 ?:/; ' " “ .

rr s _. -'F.t Tlf?i [i{'i’“r i!'(i.- i" f’? P :
S 994 U ETURE DEINE U, the e
€ ON ey ONdd g run, the PO

q. Aty stora %€, Stich ag
Stem Kernel |

. 48 3 cisk Ow | Ni¥ sygterna
rINg« | -
am, the

eTNory and atarte

f’(ng—-grf} ;ﬂ--,;.}?,—h..!frﬂL,_f gg,“, f:;f'a”r’v“;";f!“'? g Shoreve

1. Reads the executable file’« header I

to f-’]r'hf'fﬁr’rn INE the daire ~f e s
-y ~ ki oo ' o ¥ 3§ 28 L o I G :,:F{,I Eyr ¥ e i ¥T 3rive
da{ﬂ segments. ne ext and

o Program inte 22

( ﬂ It run-

2. Creates a new address Space for the program. This address
large enough to hold the text and data segments
ment (see section A.5).

-f:. g:}jf" = 18

along with a stack e

3. Copies instructions and d

ata from the executable file inte #
address Space.

Ui TIewW

4. Coples arguments passed to the Program onto the stack.

5. Initializes the machine re
but the stack pointer mus
location (see section A.5).

gisters. In general, most registers are cleared,
t be assigned the address of the f rst free stack

6. Jumps to a start-up routine that copies the
the stack to registers and calls the
routine returns, the start-up routi
exit system call.

program’s arguments from
program’s main routine. If the ma
ne terminates the program with the

Memory Usage

T'he next few sections elaborate the description of the MIPS arc Nite
sented earlier in the book. Earlier chapters focused primari
and its relationship with low-level software. These
on how assembly language programmers use MIPS hardware. These sections
describe a set of conventions followed on many MIPS systems. For the m
part, the hardware does not impose these conventions. Instead, they represent
an agreement among programmers to follow the sa e set of rules so that soft-
ware written by different people can work together and make effective
MIPS hardware.

bystems based on MIPS processors typically divide memory into three

parts (see Figure A8). The first part, near the bottom of the address space

Cture pre-
ly on hardware
seCtions rocus primariiy

(Osg

use ot
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A Assomblers, Linkers, and the SPIM Sielatoy

Appendix

; R
. e St o 4 R oriT "

Most of the I.u'ﬂ)kk‘:“--’f’i”}% associated with a call 18 cortor.. i v,
d a procedure call frame. This memory is el ¢

of memory calle i,
pu P ISCS.

m To hold values passed to a procedure as argurments

m To save registers that a procedure may modify, by
dure’s caller does not want changed.

B
....

m To provide space for variables local to a procedure

In most programming languages, procedure calls and ses..,
strict last-in, first-out (LIFO) order so this memory can be 2]l .

located on a stack, which is why these blocks of memory zre worrn
stack frames.

Elaboration: A programming language that does not permit recursive <ol
procedures that call themselves either directly or indirectly througr po
need not allocate frames on a stack. In a nonrecursive langusz
frame may be statically allocated since only one invocation of
active at a time. Older versions of Fortran prohibited recursion
cated frames produced faster code on some older machines. Hew
architectures like MIPS, stack frames may be just as fast becai<«

ks

Ister points directly to the active stack frame, which permit

B

m:struction o access values in the frame. In addition, recursion i< JJ
ming technique.

>
~

(LA

Figure A.10 shows a typical stack frame. The frame consists of the men

between the frame pointer ($fp), which points to the first word the frame
and the stack pointer ($sp), wh er the fra

ich points to the first stack word after the fras
rst stack word after the frame
The stack grows down from

nigher memory addresses, so the frame poInter
r The executing procedure uses the frame point
Its stack frame. For example, an argument in |

i | i '
LL'L.'»..'\I‘I"- —;

he seqt iy dlfferent ways, however, the caller 1.1:’2'..1
convention uge : qte&%?)gce of Steps. The steps below describe the callins
three points dupine < .. ° machines, This convention comes into play !

- flng a procedu " ; ' _ . P

‘ ’ | u re Cill] ’ lm med : # : 3 1 ._ 2 : \ }L\Llﬁ J

sa . v v | lately before the caller vt
5 the callee starts exe y before t 3

cuting, and immediately before the calle€
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fact (9

fact (8

Stack grows

lact (/

main

Stack grows

frame pointer, S

10se stack frame is
€8 fact to compute
JFO order of these calls.

\e

er and the gcc compiler is that
o this register is available as
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