CSI S0230A Principleof Operating Systems (ClassA)
Notesfor Tutorial 6
Page Table

In thistutorial,youwill learnhow to getpagetableinformationof a process.

1. Pagetablelevelsand linear address

In orderto supportasmary architectureaspossiblethepagedirectoryof Linuxis 3-level. Each
procesfasaPageGlobalDirectory(PGD),whichentriesarephysicaladdressesf PageMiddle
Directory(PMD), eachof whichin turnstoregphysicaladdressesf PageTables.A PGD,PMD
andpagetableentryis of typepgd_t pmd_tandpte_trespectiely.

typedef unsigned long pte_t
typedef unsigned long pmd_t
typedef unsigned long pgd_t

Thenumberof bitsof alogicaladdressisedfor indexingthesdablesarehardeodedntotheker-

nelwith “#definé in theheadeffilesasconstants.In particulaf PGDIR_SHIFT PMD_SHIFT
andPAGE_SHIFTaresetto the startingbit thatis usedfor indexing the PGD,PMD andpage
tablerespectrely. By theseboundarieshelogicaladdresss brokeninto 4 parts(thelastpartis

theoffsetwithin thepage).

Normally(i.e.,whenPAEis notin use) 80x86(i386)usesa 2-levelspagetable. A linearaddress
contains32bits,whilewehave PGDIR_SHIFEPMD_SHIFT=22andPAGE_SHIFT=12. Thus

thetop 10 bits (31-22)arefor indexing the PGD,thenext 10 bits (21-12)arefor thepagetable,

andthelast12bitsarefor thepagetable. NotethatPGDIR_SHIFEPMD_SHIFT meaninghat

thePMD hasnobit. ThePMD completelyembed#n thePGDentry Thusapmd_t entryactually

useghesamememoryasthepgd_t entry Thefollowing diagramshavstheirrelations.
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PGD and PMD are stored in
the same physical memory,
the only difference
is their type (pgd_t vs pmd_t)

2. Findinga PGD

Every processasa PGD,whichis alwaysin memory As we have learntin lasttutorial,if we
have aprocessD pid, we canfind its task_strucstructureby find_task by pifJ. Thestructure

! Startingfrom Pentium-Pro80x86 supporta modeof operationcalled PhysicalAddressExtension(PAE), where
physicaladdresss 36-bits. Thisallows physicalmemoryaslargeas64GB. However, thelogical addresss still 32-bits,
soeachprocesseeso morethan4GB memory The netresultis that eachpagetableentry mustbe at least36-bits
(actually 64-bitsareallocated). Thusa pagecanhold only 512 pageentriesanda 3-level pagedirectoryis used.
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containsa pointermmto the“memorydescriptor’of theprocessof typestruct mm_struck:

struct task_struc{
pid_tpid;
struct mm_struckmm

h

A memorydescriptorstoresall informationof the procesgelatedto memoryallocation. The
structurds definedin <linux/schedh>, andcontainsafield pgd, whichis the startingaddres®f
thePGD:

struct mm_struc{

pgd_tx pgd,

3. Using a pagedirectory

Onceyougetapageglobaldirectory youcanusefunctionsandmacrosiefinedn <asm/pageh>

and <asm/pgtableh> to accesghem. This involvesthreetasks:(1) given an upperlevel page
tableentryandalogicaladdressfind the pagetableentrythatis usedfor thelogicaladdress(2)

givenapagetableentry checkwhethertheentrypointstoavalid pagen memoryand(3) givena
pagetableentry, find theaddressf thelower-level pagetable. Thesearedoneby the XXX _ofset

XXX_pesentandXXX_pae macrogespectiely, whereXXXis oneof pgd, pmdandpte

1.

The XXX_ofse() macro. For example,if you have a memory descriptormm and a
logical addressaddr, you cangeta pointerto the PGD entryfor finding laddr by simply
pgd_ofse{mm laddr). It is definedlik e this:

#definepgd_ofse{mm addres3\
((mn)->pgd + ((addres$ >> PGDIR_SHIFT)

Soit doesexactlywhatis suggestedby the nameof themacroto goto the PGDoffsetfor
someaddressgiventhe memorydescriptor For all purposeyou cantreatit asa function
with the prototypepgd_tx pgd_ofse{struct mm_struck mm unsigned long address.

Similarly, if you have a pointerpgdto a PGD entryandwantto getthe PMD entryof an
addressddr, you canusepmd_ofse{pgd, laddr). Recallthatthe PMD is embeddednto
the PGD, so this doesnothing exceptto turn the pgd_tpointerto a pmd_tpointer It is
definedlik ethis:

extern inlinepmd_tx pmd_ofse{pgd_tx dir, unsigned long addres$ {
return (pmd_tx) dir;
}

Eachpagetableentryis a 32-bitlong-typevalue(of typeunsigned long). They areused
for storingthestartingphysicaladdressf pages.However, sincepagesliwayshase bottom
12 bits 0, the pagetable entry canusethesebits for other purpose.One particularbit is
thepresenbit, whichis setto 1if the pagetableentryis actuallyvalid. The XXX_pesent
macrocan be usedto checkthis bit. For example,if you have a PMD entry Pmd then
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pmd_pesentPmd returnsnon-zerdf thepagetableis present.lt is definedlik e this:
#definepmd_pesenfx) (pmd_valx) & _PAGE_PRESEN]

We canregardit asafunction:int pmd_pesent(pmd_tpmd.

Sometimesve wantto simply dereferencea pagetableentryratherthanto offsetit using
alogicaladdress.Thiscanbedoneby XXX_pae. For example,f youhaveaPMD entry
Pmd you cangetthe startingaddresf the pageit pointsto, by pmd_p@e(Pmd. You
cantreatit asa function of prototypeunsigned long pmd_p&@e(pmd_tpmd. Note that
theresultis an unsignedong integer, andyou have to castit to a pointerif you wantto
dereferencd. It isimplementedikethis:

#definepmd_pae(pmd \
((unsigned long) __ vgpmd_valpmd & PAGE_MASK)

4. Reading a pagetablefor a given linear address

If wearegivenaprocesandoneof itslinearaddresst requiredour stepgo find thepagetable
thatcontaingheaddress.

a.

b.

5

Findtheentryin PGDtablethatis correspondingo thelinearaddress.
CorvertthePGDentryto a PMD entry,
Testthe existenceof the pagetablepointedby PMD entry.

If thepagetableisin memorygetits baseaddresaindreadits content.

. Modules

Pleasaeadthe modulepartin thereadingmaterialof the lasttutorial,andthe samplemodule
providedin coursehomepage.



