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Pamět’ jinak I.

LDD3 kap. 15 (zastaralá)

I. (dnes): Mapovánı́ paměti jádra (mmap)
II. (přı́ště): Přı́mý přı́stup do paměti (DMA)
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Mapovánı́ paměti jádra

Předánı́ dat do/z procesu
Známe: read, write, ioctl, . . .
U všeho nutné kopı́rovánı́ dat

copy {from,to} user apod.

Mapovánı́ paměti
Namapovánı́ stránek do procesu
Proces použı́vá kus stejné paměti jako jádro
Syscall: mmap
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mmap

V userspace volánı́ mmap
void *mmap(void *addr, size t len, int prot, int flags,

int fd, off t off)

V jádře jeden člen v struct file operations
int mmap(struct file *filp, struct vm area struct *vma)

Parametry jsou v struct vm area struct
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Úkol

Alokace pomocı́ mmap (uživatelský prostor)
1 Anonymnı́ pamět’

void *mmap(void *addr, size t len, int prot, int flags,

int fd, off t off)

len . . . 20M
prot . . . PROT READ a PROT WRITE
flags . . . MAP PRIVATE a MAP ANONYMOUS
fd . . . -1

2 Mapovánı́ /dev/zero
flags . . . MAP PRIVATE
fd . . . deskriptor otevřeného /dev/zero
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Parametry mmap

Prototyp (znovu):
void *mmap(void *addr, size t len, int prot, int flags, int fd,

off t off)

Jsou v jádře uloženy v struct vm area struct

struct vm area s t ruc t {
unsigned long vm sta r t ; /∗ addr or random when addr i s NULL ∗ /
unsigned long vm end ; /∗ vm end = vm sta r t+ len ∗ /
unsigned long vm pgoff ; /∗ vm pgoff = o f f / PAGE SIZE ∗ /
unsigned long vm f lags ; /∗ vm f lags = encoded ( f l a g s | p ro t ) ∗ /
p g p r o t t vm page prot ; /∗ only f o r remap ∗ f u nc t i o ns ∗ /
. . .
const struct vm opera t i ons s t ruc t ∗vm ops ; /∗ l a t e r . . . ∗ /
void ∗ vm pr iva te da ta ;

}

Je třeba namapovat stránky mezi vm start a vm end.
Ale také ověřit privilegia (čtenı́, zápis, spuštěnı́).
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Základnı́ mmap funkce

API
linux/mm.h, struct vm area struct

get free page/pages⇒ remap pfn range

vmalloc user⇒ remap vmalloc range

i n t m y i n i t ( void )
{

mem = ge t f r ee pages (GFP KERNEL, 2) ;
/∗ mem = vmal loc user (PAGE SIZE) ; ∗ /

}
. . .
i n t my mmap( struct f i l e ∗ f i l p , struct vm area s t ruc t ∗vma)
{

i f ( ( vma−>vm f lags & (VM WRITE | VM READ) ) != VM READ)
return −EINVAL ;

return remap pfn range (vma, vma−>vm star t , v i r t t o p h y s (mem) >>
PAGE SHIFT , 4 ∗ PAGE SIZE , vma−>vm page prot ) ;

/∗ r e t u r n remap vmalloc range (vma, mem, 0) ; ∗ /
}

J. Slaby (ITI) PB173/06 29. 11. 2012 7 / 12



Úkol

Přemapovánı́ prostorů
1 Alokovat 2stránku (vmalloc) a 2stránku (page alokátory)
2 Zapsat na všechny 4 stránky libovolný, ale různý řetězec
3 Přemapovat stránky v mmap

Prvnı́ dvojice RO, druhá R/W
0 ≤ pgoff < 2⇒ jedno mapovánı́
2 ≤ pgoff < 4⇒ druhé mapovánı́

4 Z userspace 2× mmap s off 0 a 2*4096
Již hotovo v pb173/09

API znovu
linux/mm.h, struct vm area struct

int mmap(struct file *filp, struct vm area struct *vma)

get free page*⇒ remap pfn range

vmalloc user⇒ remap vmalloc range
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mmap po stránkách

Přemapovánı́ roztroušených stránek
Přes remap pfn range obtı́žně
Při výpadcı́ch stránek se mapujı́ tyto stránky jednotlivě

Každý ovladač má „page fault handler”
Stará jádra: nopage
Nová jádra: fault

V mmap/nopage/fault je třeba zkontrolovat rozsahy a velikosti
Před tı́m to dělaly remap * range funkce

vma->vm ops
Struktura ukazujı́cı́ na háčky (včetně nopage/fault)

vma->vm private data
Pro naše potřeby
K předánı́ informacı́ z mmap do vm ops
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mmap po stránkách (ponovu)

Nové API
struct vm opera t i ons s t ruc t {

void (∗open ) ( struct vm area s t ruc t ∗vma) ;
void (∗ c lose ) ( struct vm area s t ruc t ∗vma) ;
i n t (∗ f a u l t ) ( struct vm area s t ruc t ∗vma, struct vm fau l t ∗vmf ) ;

}
i n t my fau l t ( struct vm area s t ruc t ∗vma, struct vm fau l t ∗vmf )
{ /∗ my data == vma−>vm pr iva te da ta ; ∗ /

unsigned long o f f s e t = vmf−>pgo f f << PAGE SHIFT ;
struct page ∗page ;
page = my f ind page ( o f f s e t ) ;
i f ( ! page )

return VM FAULT SIGBUS ;
get page ( page ) ;
vmf−>page = page ;
return 0;

}
i n t my mmap( struct f i l e ∗ f i l p , struct vm area s t ruc t ∗vma)
{ /∗ don ’ t f o r g e t to check ranges ∗ /

vma−>vm ops = &my vm ops ;
vma−>vm pr iva te da ta = my data ;
return 0;

}
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mmap po stránkách (postaru)

Staré API
struct vm opera t i ons s t ruc t {

. . .
struct page (∗nopage ) ( struct vm area s t ruc t ∗vma, unsigned long

address , i n t ∗ type )
}
struct page ∗my nopage ( struct vm area s t ruc t ∗vma, unsigned long

address , i n t ∗ type )
{ /∗ my data = vma−>vm pr iva te da ta ; ∗ /

unsigned long o f f s e t = vma−>pgo f f << PAGE SHIFT ;
struct page ∗page ;

o f f s e t += address − vma−>vm sta r t ;
page = my f ind page ( o f f s e t ) ;
i f ( ! page )

return NOPAGE SIGBUS;
get page ( page ) ;

i f ( type )
∗ type = VM FAULT MINOR;

return page ;
}
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Úkol

Mapovánı́ roztroušených stránek (domácı́)
1 Předchozı́ přı́klad rozšiřte
2 Mı́sto alokacı́ 2stránek alokovat 4 samostatné stránky
3 Přemapovat stránky v mmap

Změna remap pfn range na vma->vm ops->nopage

4 Userspace program stejný (funkčnost navenek stejná)

Potřebné podkroky
Definice int fault(struct vm area struct *vma, struct

vm fault *vmf);

Popř. staré struct page *nopage(struct vm area struct

*vma, unsigned long address, int *type)

Kontrola rozsahů v mmap (end-start < 2*PAGE SIZE apod.)
Definice vm ops a přiřazenı́ do vma->vm ops
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