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2 GB 61,902,809
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1.4 4340.665 339725 96.629% 599837
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AgetE AE WS, 'mfence’ WHOE WHAEY ATA MAHOoZRE ZIZAMAE HoeE HEE FH
g ojolrt.
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#£ 3
Input:
memtablelter : key-value iterator from immutable memtable
Output:

fileMetadata : metadata including new output number. smallest/largest key. filesize
/* Step 1. Iteration about all data in memtable */
buf < [] // append all Kv-pair, then memcpy at a time
pBuf € create new persistent buffer
startOffset € get new start offset from persistent buffer
pos € 0 // relative position from start_offset
pSkiplist €& create new persistent skip list with new ID
/* Step 2. Iteration about all data in memtable */
for KV-pair in memtablelter do
(key, value) € Encode(KV-pair)
entryLength € key.length + value.length
Append(buf € key. value)
/* Insertion into skip list node through the relative position of pBuf */
10: | pSkiplist.current € Node(startOffset + pos. pSkiplist.prev)
11: | Persist(pSkiplist.current)
12: | pSkiplist.current.next € pSkiplist.prev.next
13: | Persist(pSkiphst.current.next)
14: | pSkiplist.prev.next € pSkiplist.current
15: | Persist(pSkiplist.prev.next)
16: | pSkiplist.current € pSkiplist.current.next
7: | Persist(pSkiplist.current)
18: | Update(pos € pos + entrvLength)
19: end
/* Step 3. Finally, add null node for recovery */
20: pSkiplist.current € NullNode()
21: Persist(pSkiplist.current)
/* Step 4. For persistent buffer, bulk copy */
22: Copy(pBuf € buf until bufsize)
23: Persist(pBuf)
24; Update(fileMetadata)

b

N e L
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[0070]
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¥ 4
Input:
mergelter : merge and sorted iterater from skip list IDs to be compacted
Output:

fileMetadataList: list of metadata including new output number.
smallest/largest key. filesize

1: for KV-pair in mergelter do

/* Step 1. Get key-value entry by buffer pointer*/

2: | if not KV-pair.isBufterPointerValid() then
3: | break // end of iteration or invalid status
4: | else
) I bufPtr € KV-pair.GetBufferPointer()
/* Step 2. Check whether the persistent skip list is valid */
6: | if pSkiplist is Nul/l then
7: pSkiplist € CreatePersistentSkiplist(new ID)

8 Insert(pSkiplist.metadata < inputIDs) // for recovery
/* Step 3. Failure-atomic pointing operation with persistent buffer */
9: | pSkiplist.current € Node(bufPtr, pSkiplist.prev)

10: | Persist(pSkiplist.current)

11: | pSkiplist.current.next € pSkiplist.prev.next

12: | Persist(pSkiplist.current.next)

13: | pSkiplist.prev.next € pSkiplist.current

14: | Persist(pSkiplist. prev.next)

15: | pSkiplist.current € pSkiplist.current next

16: | Persist(pSkiplist.current)

/¥ Step 4. Check whether persistent skiplist is full */

17: | if pSkiplist.isFull() then

18: pSkiplist.curent € NullNode()

15 Persist(pSkiplist.current)

20: Insert(fileMetadataList € new metadata)

21: pSkiplist € Null

22: end
AAME F2e, H3E wEYo AR Y2RE FRE S AEZE ZRE FE7)F o)A ZRE FFI
&3t 9543 WY SxAS ¥gsitt, AAH 548 3T o, &5 HFH= 7] dol, 7], 7 Hol,
2 gholl diE] 271S S3skA] k=t NWell thaiA 'cflush' 2 'mfence’ WIS Alg3lo] d&5AS R
o 95 WE e SST ¥ g Qldx E53 FE E5S XA ferh. 54 HHY LZAS F3
dolg A des A, HIAAES 3517 dell 27 g 2EL Holel d¥e s wHEAES s
L, HRolE o= AW PAA wHEAE gEteit),

dloe] Wlolx~E A4 A (Storage Tiering)E 3}, dlojy Holxs EF =golBE Eﬂfﬂu}. Eﬂ
olg Wlol2ae M3 Wxd AGE dolert 7] AAE &% WHE IS, wst AA
Policy)ol wat dlolg] wjo]xe] B2 tglolB® 3 (Eviction)3dtc}.

At AL, (1) 54 g & dHeoldE MEste &5 =etolBel AAsts All WA A4 (Leveled
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2 A449 5 v, 54 g2 FAEE Al wel SAAQ B g AbEFe] dA"H 4 i),
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[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

SES0dl 10-2287774

Input: None
Output:
fileMetadataList: list of metadata including new output number.
smallest/largest key. filesize
/* Step 1. Get persistent pointer from NVM pool*/
: pools € GetPoolsInDirectory()
: persistentPirs € GetPersistentPointers(pools)
. logFiles € GetLogFilesInDirectory()
/* Step 2. Restore metadata of persistent skip list from persistent pointer */
: for pptr in persistentPtrs do
5: | restoredSkiplist € pptr.GetSkiplist()
;| last € restoredSkiplist.SeekToLastNode()
/* Detect system failure occurs */
7. | if last.isNullNode() then

L 1) =

b

/* Failure when flush data into skip list at LO */
8: if restoredSkiplist.ID = logFiles.ID then
9: Reset(restoredSkiplist)
10: memtablelter € logFiles.createlteratorAboutID()
1 Flush(memtablelter)
/* Failure when byte-addressable compaction at lower levels */
2% else
13: IDs € restoredSkiplist.metadata.IDs // Get IDs to be compacted
14: mergelter € Iterator(IDs)
15; while mergelter key <= restoredSkiplist.cuurent key do
16: | mergelter € mergelternext // pass already inserted data
i 57 2 end
18: ByteAddressableCompaction(mergelter) // resume for remaining mergelter

19: | metadata < restoredSkiplist.generateMetadata()
20: | Imsert(fileMetadata € metadata)
21:end
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[0079]

[0080]

[0081]

[0082]

[0083]
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7bs3t Alo]E  oj#|o](Field Programmable Gate Array, FPGA), %3 WF=A(Application Specific
Integrated Circuit, ASIC) & ol&3te] Fdd F U, E, FX|& st oo Z=AA % HEEHE
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