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I Volatile structures to maintain

SPARES = List of cache lines that do not hold data

LBA2CL = Cache Table. Maps LBA to a cache line. LBA2CL[x] is the cache line that
holds the data for LBA x, or is -1 otherwise.

META = contains metadata for all the cache lines. META[c!] is the metadata
corresponding to cache line cl. META]cI] contains the LBA number of the cached HDD
sector, and may contain other information.

PENDING_META_WRITES = list of cache lines numbers for which the metadata has
not been written non-volatilely.

/] Layout of the data on the non-volatile media

NV_META = Non-volatile metadata. NV_META[cl] contains metadata for cachline cl.
NV_CACHE = Cache data. NV_CACHE]cl] contains the user data stored in cacheline
cl.

/! InitializeNvStructures {Done only when cache is initialized or reset)
For cl = 0 to (NumCachelines — 1)
nvmeta[cl].LBA = -1
End for
Write nvmeta to NV_META

Il InitializeVolatileStructures
/I Initializes the volatile structures from the information stored non-volatilely.
// Done on every startup (proper or improper)
SPARES = {}
PENDING_META_WRITES = {}
Read nvmeta from NV_META
For cl = 0 to NumCachelines — 1
Iba = nvmetalcl].lba
METAcl] = nvmeta]cl]
If (Iba >= Q)
LBA2CL[lba] = cl;
Else
SPARES = SPARES union { cl }
End if
End for

I/ ProperShutdown
CacheFlush
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Il Insert (LBA L, Data D, Metadata M)
Il Inserts the specified data and metadata into the cache.
/I The metadata remains volatile until a subsequent flush completes.
If SPARES is empty then
IbaList = PickLBAsToEvict () / runs the cache’s eviction policy.
Evict(IbaList) /I may call this multiple times to evict multiple
// cachelines.This adds an element to
SPARES.
Endif cl = SPARES.RemoveElement ()
Wirite D to NV_CACHEIcl]
PENDING_META_WRITES = PENDING_META_WRITES union { (cl,L) }
META[cl] =M
LBA2CL[L] = cl

Il Evict (IbaList)
I Removes the specified cachelines from the cache.
For each L in IbaList

cl = LBA2CLI[L]

Clean the cacheline cl if its dirty (i.e., if not clean, read data from cache and
write to disk).

META[cl] = zeroes

LBA2CL[L] = -1

SPARES = SPARES union { ¢l }

PENDING_META_WRITES = PENDING_META_WRITES union { (cl,L) }
End for UpdateNvMetadata ()

/I ReadFromCache (LBA L)
Il Reads data from the cache, or returns an error if it's a miss
cl = LBA2CL[L]
if (cl <0)
return NOT_IN_CACHE
end if
Read SSD data from NV_CACHE(cl], and return it.

{l CacheFlush

/I Ensures that all data and metadata in the cache is non-volatile
UpdateNvMetadata ()

Issue Flush to the SSD

I UpdateNvMeta
/! Writes any pending metadata writes to the cache
For each cl in PENDING_META_WRITES
X = SSD sector that contains NV_META|c]
Update SSD sector X with information in META[cI]
End for
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