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Figure 14.6 LI page table entries.
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EFXTIX M section page translation, mmu fEAFHAT RE$0L B HEFE P BE b bk ) 3ok 72
e

14.5.] SINGLE-STEP PAGE TABLE WALK

If the MMU is searching fora | MB section page, then the hardware can find the entry in a

single-step search because 1 MB page table entries are found in the master L1 page table.
Figure 14.9 shows the table walk ofan L1 table fora | MB section page translation. The

MMU uses the base portion of the virtual address, bits [31:20], to select one of the 4096
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Figure14.9 LI Page table virtual-to-physical memory translation using 1 MB sections.
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JIERRTRATALE 36-4G {73 (A ERAS B —— Wi, T2 b A 3 k11 [0x 00,
fix_addr] (fix_addr<1GB) BRHT 2| % 2 6] iE Lk [0x00+3G, fix_addr+3G],
NEH [Fix_addr+3G, 4GIXEBZIAIRE TR Tah&mg, XA LdE S
X B R LR 7 1A A fix addr 3] 4GB B N AR B AMEKINE ?

B IRATTAR BT BRI [fix addr, 4GBIiXEEX A+ AR —BE, Rt %
SN AZ L (fix_addr+3G, 4G]H—BrZemesfth, %837 4 mmu A48 A )
TR, ViRsEa, WHHSHERS, B WX BOEHBEER R, AR s e oAt
PIIEE N A o IXFERLRT LU ZI V5 7 BT AGB IIPIEE A0 B 11,

IR N AZACES A2 Un ] i S RS R (AT ?

PAIHEE M arch/arm/mm/mmu. ¢ F1 [ create_mapping BRECK T, 1E53 4T Z Al
BAVE T arm mmu BELF I N 7E TR G5, LR R hEF  BE s hE )

14.5.2 TWO-STEP PAGE TABLE WALK

If the MMU ends its search for a page that is 1, 4, 16, or 64 KB in size, then the page

table walk will have raken two steps to find the address translation. Figure 14,10 details
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Figure 14.10 Two-level virtual-to-physical address translation using coarse page tables and 4 KB pages.

Sl FEARES (arch/arm/mm/mmu. ¢) , iZEREIThAERER 0T .

Create the page directory entries and any necessary
page tables for the mapping specified by md’ .  We
are able to cope here with varying sizes and address
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offsets, and we take full advantage of sections and
supersections.

oo stanc vorn it SEACUEI AR struct map_cesc - md, boo force_pages)
31- {
- unsigned long addr, length, end;

phys_addr_t phys;

const struct mem_type “type;

pad_t “pgd;

00737: if (md- >virtual | = vectors_base() &% md- >virtual < TASK_SIZE) {
pa738: printk{ KERN_WARNING "BUG: not creating mapping for 0x%08lIx"
30739+ " at 0x%08Ix in user region\n",

00740 (long long)__pfn_to_phys((u64)md- >pfn), md- >virtual);
00741: return;

08742: 3}

00744: if ((md- >type == MT_DEVICE | | md- >type == MT_ROM) &&

00745 md- >virtual >= PAGE_OFFSET &&

0746 (md- >virtual < VMALLOC_START || md- >virtual >= VMALLOC_END)) {
00747: printk( KERN_WARNING "BUG: mapping for 0x%08IIx"

" at 0x%:08Ix out of vmalloc space'\n”,
(long long)__pfn_to_phys{(u64)md- >pfn), md- >virtual);

type = &mem_typesimd- >type];

Sifnd(.ef CONFIG_ARM_LPAE

: Catch 36- bit addresses

if/(md- >pfn >= 0x100000)
create_36bit_mapping(md, type);

x 0 return;
307861 }
10782 #endif
764 addr = md- >virtual & PAGE_MASK;
00765 phys = __pfn_to_phys(md- >pfn);
BO7EE: length = PAGE_ALIGN(md- >length + (md- >virtual & ~PAGE_MASK));
00768+ if (type- >prot_|1 == 0 && ((addr | phys | length) & ~SECTION_MASK)) {
DO7E3: printk(KERN_WARNING "BUG: map for 0x%08lix at 0x%08Ix can not *
00770: "be mapped using pages, ignoring.\n",
DO771 (long long)__pfn_to_phys(md- >pfn), addr);
D0772: return;
00773 }
00774
00775: pad = pgd_offset_k(addr);
0O776 end = addr + length;
00777 do {
00 : unsigned long next = pgd_addr_end(addr, end);
alloc_init_pud(pgd, addr, next, phys, type, force_pages);
phys += next - addr;
addr = next;
} while (pad++, addr ¢ = end);
}TEE } * and create_mapping

1ine737-1ine742: ZHETEER A, 2R EUAN N P 25 18] 1 R 400 b bk 78 ~7 e B 3R
GefgzmEc—mrRt4a? )
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line744-1ine750: WIHEZE iomemory, WIJHLET 1 s f st hE 75 BB S 8 T 5 N AE X
B, HTHRATX BRI memory, B type J4 MT_MEMORY, FrUiA &t Ni%4)
Yo

line775: R IZEHIL addr J& T —HUFR (L1 BRI, TEAERES
pgd offset k PREL (7€ XAF: arch/arm/include/asm/pgtable. h) , fR< K,
BATNZR L1 51 B SR #HE6 T 0xc0004000, T FRATT T A AZACRS ) A2 ik B
7£ 0xc0008000 FFEE AT B . T M 0xc0004000 £ 0xc0008000 [X [F] k72 16KB,
NIGFRt 2 L1 ORI/ CLSCEIFSLIiE) .

FEX B BRI RN T H SRR IUNTERR (¥ 00 H e R 00T, AT H
SR TFERS R GE A SRR AR AL A IR s TMRERR K 0T H R38R RE BEAEAR OC
(K1, AN HERE AT B AU H SRR, (BN EERERT N AR A% 22 8] (1 00 H =%
RARHEE —FEI . 12 TR B QR H R, Jre A s &4
BEREHS AT DAL JB T B 2 [0, 3GBI I A7 TH]

1ine778 pgd addr end () #{x [addr, next] HihE A EEEE—AS L1 3 I0 Fr BE M S
1 R A7 258 2MB CRAT 452 2MB T AN/2 IMB Fg? X AN2 1inux f)—MbEH;
5, VUEHEVERITUL)

1ine780 alloc init pud() RECNEN A L1 T H 2RI ped AT A1 HT % IT
*£(L2) FLMLGTE.

line784 pdgt+ N L1 JUH SRR pgd, BT R4~ 248 2 [] () R DL 1k %
¥ 2MB ) LA

FEX BT, Nt L1 BUHRIT ped BRSBTS 2MB 1 & bt bk =3 (A] .

LEAR ST E — DB, Al 2 arm SL8Y () mmu B ST HEZE &, (HHEAS 2 Tinux [, linux
O SR AE 242 [ 7 2 ) SR A T e AAAL

linux BT iR ™ (BU R E linux W Z:
arch/arm/include/asm/pgtable—2level. h LRI -
/%

* Hardware—wise, we have a two level page table structure, where the
first

* level has 4096 entries, and the second level has 256 entries. Each
entry

* 1s one 32-bit word. Most of the bits in the second level entry are
used

* by hardware, and there aren’t any “accessed” and “dirty” bits.
*

* Linux on the other hand has a three level page table structure, which
can
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* be wrapped to fit a two level page table structure easily — using the
PGD

* and PTE only.  However, Linux also expects one “PTE” table per page,
and

* at least a “dirty” bit.

ES

* Therefore, we tweak the implementation slightly — we tell Linux that
we

* have 2048 entries in the first level, each of which is 8 bytes (iow,
two

* hardware pointers to the second level.)  The second level contains

two
* hardware PTE tables arranged contiguously, preceded by Linux versions
* which contain the state information Linux needs. We, therefore, end
up
* with 512 entries in the "PTE” level.
*

* This leads to the page tables having the following layout:
*

Pgde
s +
Pres .0
Linux pt 0w ¥
a +
+10024+
Linux pt 1+ |¢
1 +0
+ +
: +2048+
+4 hiw ptos ¢
¥ 4
- +3072+
+8 hiwptle |@
1096+
HE U

L1 TR M 4096 4 item 25K 2048 4 item, (HEA item HIA/NMIESRETT 4 7755
A5 K 8 N

— page 1, JUE 2 L2 TR, FAERE 256 T, U 4 7Y, Frelsdt
JT 256%2%4=2KB, JHELE page JLH T, W B BEXRH) 1inux NAEE
HAGMHHP TR, mmu A2 AL, TP S page T
KN (4KB) , XFEFEANR PR 2510 T
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BT LA, B AT BL ER 1ine780 HIK%L alloc_init pud, 1%
R =R A alloc init pte FREL:
)594 - static void __init anoc_ll'IIt_pte(pmd_t *pmd, unsigned long addr,

unsigned long end, unsigned long pfn,
const struct mem_type *type)

pte_t *start_pte = AL ls(pmd);

pte_t *pte = start_pte + pte_index(addr);

=

/ * If replacing a section mapping, the whole section must be replaced */
BUG_ON(pmd_bad{*pmd) a& ((addr | end) & ~PMD_MASK));

do {
set_pte_ext(pte, pfn_pte(pfn, __pgprot(type- =prot_pte)), o);
pfn++;
} while (pte++, addr += PAGE_SIZE, addr ! = end);
early_pte_install(pmd, start_pte, type- =prot_|1);

line598 early pte_alloc BRECHIWIXS i) pmd AT 4 M) L2 TURE BAFAE, W

RAAE I L2 VR, WERAFAERLIR ] L2 VR PTAE page DU REMLAE .
00570: static pte_t = __init @arly_pte_alloC(pmd_t ~pmd)

if (pmd_none(*pmd) || pmd_bad(*pmd))
return early_alloc(PTE_HWTABLE_OFF + PTE_HWTABLE_SIZE);
return pmd_page_vaddr{*pmd);

line572 FIWf pmd P L2 TURZBAFAE, AMFAENEL early alloc BR%K
4-BC PTE_HWTABLE OFF (512%4=2KB) +PTE_HWTABLE SIZE (512%4=2KB) %4l 4KB

H—MNEE TR 2 A 1inuxpet T1ER+2 /> hwpte T1K.

line574 IR [AIIX AN EE UL By 78 Rz 0L bk
[F1%] alloc init pte EREH 1ineb99,

linel83 pte index F KA iZEIIMNEAE L2 TR K mEL & . RNk
bit[12 211384 9 A bit, WA T FHEEA L2 TR (it 512 T .

A %] alloc_init_pte pREL, A 1ine605 1T, RWE L2 TR addr Frefi 2
TR (Bl pte) , FETAERZHE TN MYy EEshhl, LLgE mmu i 4F
St S b ik i B9 PR .

1ine604" 1ine607 JEIAIEFE5EH S hwpte TUFK, FERL—A™ 2M PBE A7 A i 36
HIEE ST

1ine608 KA AU N k% static inline void  pmd populate (pmd t
*pmdp, phys addr t pte, pmdval t prot)
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00129- static inline void olgg(e Mool o lVIENC (Dmd_t “pmdp, phys_addr_t pte,

00130 pmdval_t prot)

3
L

pmdval_t pmdval = (pte + PTE_HWTABLE_OFF) | prot;

pmdp[0] = __pmd(pmdval);
#ifndef CONFIG_ARM_LPAE
}135: pmdp[1] = __pmd(pmdval + 25& * sizecf(pte_t));
10135: #endif

0013 flush_pmd_entry(pmdp);

FEHATZAN KB R, 24> L2 WROEEN, ZRBIIER-M 2 BE L1 TURE
XTI, AR A NI AL 2 > L2 TR (hwpteO, hwptel) , IEHTFTIRIFT UL,

BT linux (1) L1 JURIE 8 N5 KAN, bl

1inel33 3k 4 NFF748 17 hwpteO TL 3K,

linel35 HfJ5 4 N-54E1] hwptel TUFR, £k L1-—) L2 TUERHREKC A .

linel37 AMIHr TLB Z2nf, ARG cpu H R LG WAzt 321k

F MM struct map_desc *md L5 BT8R 1 K UL bk 21 B Ik g A G

AN, ABUE A mmu SR B 2530 AU 2P0 2R Uk R

PLEIERE, A B (R R Le g 45 0 1, BRI 0E, AR B 7 XA i,
RANFTHIAT LA A CEB RN B BT set_pte_ext BEL AL

Y PRECKR ST pte RINIBEE



