
11/09 Recitation Notes - Realities of Virtual Memory

brief re-motivation
    spar se addr ess space
    cont i guous v i r t ual  addr esses not  necessar i l y  cont i guous i n memor y
    pr ot ect i on ( OS f r om pr ocesses,  pr ocesses f r om each ot her ,
                r ed zones,  per - pr ocess PTs)
    bi gger  t han physi cal  addr ess space
      usef ul  when RAM was expensi ve,  l ess usef ul  now - -  pagi ng i s  * s l ow*
        why i s  i t  s l ow?  Ever y t i me we page t he pr ocessor  has t o wai t
          about  12ms == 6000 cycl es on a 500MHz machi ne.
    Cr ay super comput er s do not  have VM:
      onl y one pr ogr am r uns at  a t i me
      per f or mance i s cr i t i cal  - -  pagi ng i s  t oo s l ow
      MMU can s l ow down pr ocessor ,  so l eave i t  out  of  t he cr i t i cal  pat h

 what does it mean?
    Appl i cat i ons ( and ker nel ,  t o a degr ee)  deal  i n “ v i r t ual  addr esses”
      t hat  cor r espond t o “ physi cal  addr esses”
    somehow t he r ef er ences t o VA' s must  be t r ansl at ed i nt o PA' s

how do we do VM?
    i n sof t war e:
      Mac has i ndi r ect  poi nt er s,  al l owi ng t he OS t o move memor y ar ound.
      pr ot ect i on i s  har d t o do i n sof t war e - -  woul d have t o i nser t  checks
        ar ound each l oad and st or e.
        - > s l ow
        - > i nsecur e:  a pr ogr am can ski p t hese checks
    i n har dwar e:
      compl ex,  mor e expensi ve
      . . . but  * f ast * ,  and * secur e*

hardware support -- MMU
    par t  of  pr ocessor  ( used t o be separ at e)
    has enabl e swi t ch
    i ncr eases memor y over head - -  what  i s  now i nvol ved i n a s i ngl e l oad?
      must  f i nd cor r ect  addr ess somehow ( page t abl e)
      must  do t r ansl at i on
      can t hen do l oad ( access cache,  memor y)
    gr anul ar i t y
      one- t o- one VA<- >PA? not  f easi bl e
      need t o choose page s i ze
        t oo smal l  -  bad over head
        t oo l ar ge -  f r agment at i on ( uni t  of  pr ot ect i on,  shar i ng,  al l ocat i on)
    page t abl es:  bi g mappi ng of  v i r t ual  pages t o physi cal  pages
    addr ess t r ansl at i on i s  s l ow - -  how do we speed i t  up?
      l ow spat i al  l ocal i t y  - -  pages ar e t oo bi g t o deci de t hat  i f  you t ouch
        one you wi l l  t ouch i t s  nei ghbour s ( i n cont r ast  t o memor y caches)
      hi gh t empor al  l ocal i t y  - -  we al r eady know t hat  memor y accesses have
        l ocal i t y  because memor y caches wor k
      so i f  we access an addr ess,  we wi l l  l i kel y access anot her  addr ess on
        t he same page soon - -  so cr eat e a cache whi ch hol ds i t s  t r ansl at i on:  TLB
    TLB bui l t - i n



the page table
    or gani zed i n l evel s ( 1 and up) :
      s i ngl e- l evel  page t abl es ar e LARGE
         have t o al l ocat e ent r i es f or  al l  of  physi cal  memor y

exampl e:
           32 bi t  addr  space,  12 bi t s page of f set  ( 4K page) ,  4B ent r i es

     - > page t abl e s i ze = 2^20* 4 = 4MB
     t hi s was r i di cul ous when memor y was $50/ MB,  i sn’ t  i t  mor e

             r easonabl e now?
     - > Each pr ocess has i t s  own page t abl e.
     - > Do you want  ever y pr ocess t o chew up 4MB of  physi cal  RAM?
     - > My deskt op cur r ent l y  i s  r unni ng 77 pr ocesses. . .

      mul t i l evel  page t abl es:
        l et  you l eave out  par t s of  t he t abl e
        al so l et s you * page t he page t abl e* ,  meani ng t hat  onl y t he f i r s t
          l evel  has t o be i n physi cal  RAM
      exampl e:
        t wo- l evel  t abl e f or  32- bi t  addr ess space,  4K pages,  4B ent r i es
        bi t  br eakdown:  10/ 10/ 12 = i ndex/ i ndex/ of f set
        10 i ndex bi t s - > 1K ent r i es
        4B ent r i es - > 1 page/ t abl e
        l ocat i on of  t op- l evel  “ di r ect or y”  st or ed i n speci al  r egi st er
        each ent r y i n t op l evel  poi nt s t o second- l evel  page t abl e page
        second- l evel  page has 1K ent r i es;  each maps a 4KB page
        each second- l evel  page can map 4MB
        t op- l evel  page maps 4GB ( 32bi t s)
        must  al l ocat e t op- l evel  page,  second- l evel  f or  each t op- l evel  s l ot  used
    pr ot ect i on of  l owest  page f or  * ( 0)  accesses
    what  does an ent r y l ook l i ke?
      t op- l evel  has 20 bi t s t o l ocat e st ar t  of  second- l evel  page t abl e page
      second- l evel  has 20 page- f r ame bi t s
      each has 12bi t s f or  f l ags ( r ead, wr i t e, val i d, pr esent , di r t y , accessed, shar ed)
      bi t s  def i ned by har dwar e
        MMU ki cks pr ocessor  f or  f aul t s,  v i ol at i ons based on f l ag bi t s
    mor e l evel s ar e possi bl e
    compl et e page t r ansl at i ons ar e t he t hi ngs t hat  ar e cached by t he TLB

how OS’s use VM
    s t ar t up:
      MMU di sabl ed,  deal  wi t h physi cal  addr esses
      const r uct  page t abl es,  map ker nel  v i r t ual =physi cal
        have been r ef er r i ng t o ker nel  code/ dat a wi t h PA’ s;  need VA’ s t o be same
      set  r egi st er  t o poi nt  t o t op- l evel  page t abl e,  enabl e MMU
      know # of  f i r s t  f r ee physi cal  page “ hi ghwat er mar k”
    r un- t i me management :
      al l ocat i on – i ncr ease hi ghwat er mar k unt i l  memor y f ul l ,  mai nt ai n f r eel i s t
      r epl acement  – when physmem f ul l ,  choose page t o r epl ace ( i e put  on di sk)
      swappi ng – wr i t e al l  pages of  i nact i ve pr ocesses t o di sk
      wor ki ng set  – set  of  al l  pages bei ng actively used
      pagi ng – some memor y pages on di sk;  “ page f aul t ”  when a page t abl e ent r y
        i s  accessed t hat  says “ val i d addr ,  but  not  pr esent  i n memor y” ;
        OS ser vi ces page f aul t  as necessar y:  r ead page f r om di sk,  or
           l oad pr ogr am code page or  i ni t  new page)
      demand i mage l oadi ng – l oad pr ogr am- code pages onl y as needed
      l azy commi t t i ng – on mal l oc,  al l ocat e but  don’ t  commi t  ( shr i nk wor ki ngset )
      t hr ashi ng – wor ki ng set  i s  l ar ger  t han physi cal  memor y;  di sk i s  busy!


