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Storage M anagement

Chapter 8: Memory M anagement




Address Generation

J Address generation hasthree stages.
“*Compile: compiler
“*Link: linker or linkage editor
“*Load: loader
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Three Address Binding Schemes

d Compile Time: If the complier knowsthe
location a program will reside, the compiler

gener ates absolute code. Example: compile-go
systemsand MS-DOS . COVHformat programs.

dLoad Time: A compiler may not know the
absolute address. So, the compiler generates
relocatable code. Addressbindingisdelayed
until load time.

J Execution Time: |f the process may be moved
In memory during its execution, then address
binding must be delayed until run time. Thisis
the commonly used scheme.
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Linking and Loading

memory

executable
program

o]
)

[mndule 2

load
module
dynamically
loaded sys lik

[mndule n

-

[ library ]—




Address Generation: Static Linking
0 code 0 data

Unresolved Address Table
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Loaded Into
Memory

m:m}%gg?ﬂ JCodeand dataare
loaded into memory at

zﬂfgg;ggg;y addr esses 10000 and
20000, respectively.

JdEvery unresolved
address must be
adjusted.




Logical, Virtual, Physical Address

JLogical Address. the address generated by the
CPU.

dPhysical Address: the address seen and used by
the memory unit.

dVirtual Address. Run-time binding may
generate different logical address and physical
address. In thiscase, logical addressisalso
referred to asvirtual address. (Logical = Virtual
In this cour se)




Dynamic Loading

dSomeroutinesin a program (e.g., error handling)
may not be used frequently.

dWith dynamic loading, a routineis not loaded until
It iscalled.

dTousedynamic loading, all routines must bein a
relocatable format.

dThemain program isloaded and executes.

dWhen aroutine A callsB, A checkstoseeif Bis
loaded. If B isnot |loaded, therelocatable linking
loader iscalled to load B and updatesthe address
table. Then, control ispassed to B.




Dynamic Linking

d Dynamic loading postpones the loading of routines
until run-time. Dynamic linking postpones both
linking and loading until run-time.

A stub isadded to each reference of library routine.
A stub isa small piece of codethat indicates how to
locate and load theroutineif it iIsnot |loaded.

JdWhen aroutineiscalled, itsstub isexecuted. The
routineisloaded, the address of that routine
replacesthe stub, and executestheroutine.

d Dynamic linking usually appliesto language and
system libraries. A Windows DLL Isadynamic

linking library.



Major Memory Management Schemes

dMonoprogramming Systems. MS-DOS
dMultiprogramming Systems:

“*Fixed Partitions

*Variable Partitions

“*Paging



max

Monoprogramming Systems

OS

user prog.

max

user prog.

OS

max

OS

user prog.

devicedrivers
in ROM




Why Multiprogramming?

J Suppose a process spends a fraction of p of its
timein I/O wait state.

dThen, the probability of n processesbeingall in
wait state at thesametimeisp".

dThe CPU utilizationis1—p".

dThus, the more processesin the system, the
higher the CPU utilization.

dWeéll, since CPU power islimited, throughput
decreases when n is sufficiently large.
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Multiprogramming with Fixed Partitions

d Memory isdivided into n (possibly unequal) partitions.
U Partitioning can be done at the startup time and altered

later on.

 Each partition may have ajob queue. Or, all partitions
sharethe samejob queue.
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Relocation and Protection

OS

a user program

] Because executables
may run in any
partition, relocation
and protection are
needed.

 Recall the base/limit
register pair for
memory protection.

It could also be used
for relocation.

4 Linker generates
relocatable code
starting with 0. The
base register contains
the starting address.



Relocation and Protection
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Relocation: How does it work?

Actual address =a + x

Actual address =4+ x

memory




Multiprogramming with Variable Partitions

dThe OS maintainsa memory pool. When ajob
comesin, the OS allocates whatever ajob needs.

dThus, partition sizesare not fixed, The number
of partitionsalso varies.




Memory Allocation: 1/2

dWhen a memory reqguest comes, we must
sear ch all free spaces (i.e., holes) to find a
suitable one.

d There are some commonly seen methods:

“*First Fit: Search startsat the beginning of the set of
holes and allocate thefirst large enough hole.

“*Next Fit: Search starts from where the previousfirst-
fit search ended.

“»Best-Fit: Allocate the smallest holethat islarger
than therequest one.

*Worst-Fit: Allocatethe largest holethat islarger
than therequest one.



Memory Allocation: 2/2

dIf theholeislarger than therequested size, it Is cut
Into two. Theoneof therequested sizeisgiven to
the process, the remaining one becomes a new hole.

dWhen a processreturnsa memory block, it becomes
a hole and must be combined with its neighbors.

before X isfreed after X isfreed
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Fragmentation

1 Processes are loaded and removed from memory,
eventually the memory will be cut into small holes
that are not large enough to run any incoming
pr ocess.

J Free memory holes between allocated onesare
called external fragmentation.

It isunwiseto allocate exactly the requested
amount of memory to a process, because of
address boundary alignment requirementsor the
minimum requirement for memory management.

dThus, memory that isallocated to a partition, but is
not used, are called internal fragmentation.
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Compaction for External Fragmentation

If processes arerelocatable, we may move used
memory blockstogether to makealarger free
memory block.
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Paging: 1/2

dThe physical memory isdivided into fixed-sized
page frames, or frames.

dThevirtual address spaceisalso divided into
blocks of the same size, called pages.

JdWhen a processruns, its pages areloaded into
page frames.

A pagetable storesthe page numbers and their
cor responding page frame numbers.

JdThevirtual addressisdivided into two fields:
page number and offset (with that page).




Paging: 2/2 physical
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Address Translation
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Address Translation: Example
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15000 (virtual address).

15000/4096:
quotient = 3 (page #)
remainder = 2712 (offset)

From page table,
page #3 is in frame #6

Real address
= (frame# )*4096+offset
= 6%4096 + 2712 = 27288

10000 (virtual address):

10000/4096:
quotient = 2 (page #)
remainder = 1808 (offset)

4 bits

12 bits

From page table:
page 2 not in memory

16 bit address

a page fault occurs



Hardware Support

dPagetable may be stored in special registersif the
number of pagesissmall.

d Pagetable may be stored in physical memory, and a
special register, page-table baseregister, pointsto
the pagetable.

dUsetranslation look-aside buffer (TLB). TLB stores
recently used pairs (page #, frame#). It compares
theinput page # against the stored ones. |f a match
Isfound, the corresponding frame # isthe output.
Thus, no physical memory accessisrequired.

dThecomparison iscarried out in parallel and isfast.
JdTLB normally has 64 to 1,024 entries.




Translation Look-Aside Buffer

p (page #)

>

page# frame#
1 Y| 123 79
1 Y| 374 199
| N| 906 3
1Y| 767 100
1 N[ 222 | 999
Y| 23| 946

If page # = 767,
Output frame # = 100

|f the TLB reports no hit, then we go for a page table look up!



Fragmentation in a Paging System

d Does a paging system have fragmentation?

1 Paging systems do not have external
fragmentation, because un-used page frames
can be used by the next process.

d Paging systems do have inter nal fragmentation.

JBecause the address spaceisdivided into equal
size pages, all but the last one will befilled
completely. Thus, thelast page contains
Internal fragmentation and may be 50% full.




Protection in a Paging System

dIsit required to protect among usersin apaging
system? No, because different processes use
different pagetables.

JHowever, we can use a pagetablelength register
that storesthelength of a process spagetable. In
thisway, a process cannot accessthe memory
beyond itsregion. Comparethiswith the
base/limit register pair.

JWe can also add read-only, read-write, or execute
bitsin pagetableto enforcer-w-e permission.

dWe can also add a valid/invalid bit to each page
entry to indicateif the pageisin memory.




Shared Pages

 Pages may be shared by multiple processes.

4 If thecodeisare-entrant (or pure) one, a program does
not modify itself, routines can also be shared!
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Multi-Level Page Table

virtual address

index 1 index 2 index 3 offset ‘
page table 8 6 6 12
base register memory

g
1
level 1 ‘ ]\
page table level 2
page table level 3

page table
d Thereare 256, 64 and 64 entriesin level 1, 2 and 3

pagetables.
O Pagesizeis4K = 4,096 bytes.
A Virtual space size = (28* 25* 2° pages)* 4K = 2%2 bytes




Inverted Page Table: 1/2

In apaging system, each process has its own page
table, which usually has many entries.

1 To save space, we can build a page table which has
one entry for each page frame. Thus, the size of this
Inverted page tableis equal to the number of page
frames.

dEach entry in an inverted page table hastwo items:

“*Process | D: the owner of thisframe
“*Page Number: the page number in thisframe
J Each virtual address hasthree sections:

<process-id, page #, offset>



Inverted Page Table: 2/2

memory

logical address physical address
CPU | pid| p#| d k d
inverted page table .
K
pid |page#

This search can be
Implemented with
hashing




