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Review: Memory Hierarchy of a Modern Computer System

* Take advantage of the principle of locality to:

- Present as much memory as in the cheapest technology
- Provide access at speed offered by the fastest techmology
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Feview: A Summary on Sources of Cache Misses
* Compuls |d start or process migration, first
‘HY E:ll!ﬂ' access To a |-[r|r.!i
- "Caold™ fact of life* not a whole lot you can do about it
- Mote* If you are going to run “billions™ of instruction,
Compulsory Misses are insignificant
* Capacity:
- Coche cannot confain all blocks access by the program
- Solrtion® increase cache size
+ Conflict (collision):

- Multiple memory locations mapped
to the same I-1.‘:”:I-|J-|:|:L1'in|m

- Solrtion 1+ increase  coche size
- Solution 2 increase associativity
* Coherence (Invalidation): other process (e.qg.. I/0)
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Review: Where does a Block Set Placed in a Cache?
* Example: Block 12 placed in & block coche
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Review: Other Caching (uestions

* What line gets replaced on cache miss?
- Easy for Direct Mapped Only one possibility
- Set Associative ar Fully Associative:
» Romdom
+ LRU (Least Recently Used)
* What happens on a write?
- Write through® The information is written to both the
cache and to the block in the lower-level memory
- Write back* The information is written only to the
block in the coche
»whﬂhc:m:ﬁ:k is written to moin memory anby
# Cuestion is block cleon or dirty?
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Eoals for Today

* Finish discussion of TLEs
* Concept of Paging to Disk
* Page Foults and TLB Faults

* Precise Interrupts
* Page Replacement Policies

Mote: Some slides ondsfor pictures in the following ore
odapted from shides @2005 Silberschaotz, &Golvim, and Sagme
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(uick Aside: Protection without Hordware

+ Does hﬂrl:hmmq.}ppﬂrl'
trans hﬂﬁﬂﬂtﬁllm for
- Mo+ Mormal hardware, but amythi da
hardware © wlﬁ:n do in software ﬂlﬂﬁﬁj’wtgqltﬂﬂﬂnil 5
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- Example languages® LTSP, Ada, Modula-3 and Jawva
* Protection "|||'.] software foult isolation:

- Language ndent ave compiler generate
nl:uz-:r code pmvmlﬁnd'}r step out of bounds
# hecks fao rous operatio
m:ﬁf‘" e e e
= Alrernotive, compiler generates “proof” that code commot
da ::tum 'I|1.|El|:.gs ﬂ"mugil: Carrying Code) ) -
- O+ use virtual machine To %LIEII‘EI.HT-EIE mfe behavior
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Caching Applied to Address Translation
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Data Reod or Write
* (Jues of Imﬁl:::.d does o
tion is one e it exist:
Insrm:hmn:tﬁmpﬁfgspenduﬂgtnfnmmthtsm
page {sinCe accesses
- Stack accesses have definite locality of reference
- Data accesses have less page locality, but still some_.
* Can we have a TLE hierarchy?
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TLB organization
* How big does TLB actually have to be?
- Usually small* 128-512 entries
- Mot very big, can support higher associativity
* TLE usually organized as fully-associative cache
- Lookup is by Virtual Address
- Returns Physical Address + other info
* What happens when fully-associative is too slow?

-Put a small (4-1& entry) direct-mapped cache in fromt
- Called a "TLE Slice™

* Example for MIFS R3000:;
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Exaample: R3I000 pipeling includes TLE "stages”
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Feducing translation time further
* As described, TLB lookup is in serial with cache loolap:
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Frveloal Addracs

+ Machines with TLBs one further: they overl
Twhnhpﬁﬁmfiﬂmcﬁgs*.ﬂp -

- Works becouse offset ovailable earby
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Cwerlapping TLE & Cache Access
* Here i

a COChe

* What if cache size is increased +o BKB?

- Owerlap not complete

- Meed to do something else. See C5152/252
* Another option: Virtual Caches

- Tags in cache are virtual oddresses

- Transhation happens on cache misses
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