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Data size = Accumulated write stalls on SSD(us)

2 GB 61,902,809
4 GB 310,872,755
6 GB 569,200,925
8 GB 901,254,333
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[3£2]
Average lifetime of  The number of The ratio of The ftmsmnt of \nirlte
Level during compaction
SST files compacted files  compacted files (MB)
L0 4.498 35434 99.989% 113230
L1 10.679 118038 99.986% 196361
L2 51.163 379120 99.961% 511559
L3 403.795 481843 99.728% 650031
L4 4340.665 339725 96.629% 599837
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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 */
6: for KV-pair in memtablelter do
7: | (key. value) € Encode(KV-pair)
8: | entryLength € key.length + value.length
9: | 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(pSkiplist.current.next)
14: | pSkiplist.prev.next € pSkiplist.current
15: | Persist(pSkiplist.prev.next)
16: | pSkiplist.current € pSkiplist.current.next
17: | Persist(pSkiplist.current)
18: | Update(pos € pos + entryLength)
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 buf size)
23: Persist(pBuf)
24: Update(fileMetadata)
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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.isBufferPointerValid() then
3: break // end of iteration or invalid status
4: | else
5: bufPtr € KV-pair.GetBufferPointer()
/¥ Step 2. Check whether the persistent skip list is valid */
6: | if pSkiplist is Nu/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.current € NullNode()

19: Persist(pSkiplist.current)

20: Insert(fileMetadataList € new metadata)

21: | | pSkiplist € Null

AN %z}g, H| 3| A] m| 2 a]of] |28 2 AE 725 WA A =2F
Z7bold B 2E Fxo g o}t FEAE Mo QA
gt A sAs AT w, g5 M= 7] dol, 7], g Aol 3



10

o} NVvMel] th3l A 'cflush’ 2 'mfence' & & o] =

4 ¥ 3= SST 33 gda) eldx~ B=23)

S W] QI AS E3) HolH AM s

A7t A A S ngé}ﬂ Aol 2=7] g ~E 9 JOPH g ol of &

WHEAL S-S A kAL, vho]| E o =l A Aol A wEAE B E et
dlo] g Ho] 2= A %A A 3H(Storage Tiering) & =34 3o}, tj o] E w|o] A~

HE Z3HE} o] B Ho] 2= B9 w e A dE

ZF W E 295, @A 8F 4 2 (Tiering Policy)ll w2}

E %

=
=2
=
2
¥
N
L
-
091'4
QL
2
52
O.u.; [‘H‘

o X

y 52

Lol
£ -
of

il

o o 1w

ALY
N

)

[
i—ﬁ_ﬁ‘i
o N O

g}o] B 2 "= (Bviction) $HT}

o g o) = vlo]H & A ste] 5 =efo] B

%ﬁ]ﬁr “J A (Leveled Tiering), (ii) Bl o] H 5 o] L. H dHo|HE

B A5t A2 GAISE A A(LRU Tiering), (iii) =+

w1 @) o] 443k A3 A 3 A W (No Tiering), =+ 0] 5]

ULt 54 Wl FAE = Aol et TA A HA o=
=l

[>

o

N
_llTI -ﬂ‘m ofo ™

g
X
o
2y
rl

¢
N

q

et

S R S
« O
1—4_4
é_
i

M o

oo o o ok
2 Kot & or
oZioZ‘Lj(L{‘_ll-m

o T

in)
o
o
)
o
[>
Ll
I
4
_O‘L
rlr
offl

X,
=
[ o
2
k7
Rl
G
a|N
rlo
E
)]
fo
)
Au



=

e

=
o
9

S ooz B of

11

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()
. persistentPtrs € GetPersistentPointers(pools)
. logFiles € GetLogFilesInDirectory()
/* Step 2. Restore metadata of persistent skip list from persistent pointer */
4: for pptr in persistentPtrs do
5. | restoredSkiplist € pptr.GetSkiplist()
6: | last € restoredSkiplist.SeekToLastNode()
/* Detect system failure occurs */
7: | if last.isNullNode() then
/* Failure when flush data into skip list at LO */
8: if restoredSkiplist.ID = logFiles.ID then

il

9: Reset(restoredSkiplist)
10: memtablelter € logFiles.createlteratorAboutID()
11: Flush(memtablelter)

/* Failure when byte-addressable compaction at lower levels */
12: else

13: IDs € restoredSkiplist.metadata.IDs // Get IDs to be compacted
14: mergelter € Iterator(IDs)

15: while mergelterkey <= restoredSkiplist.current. key do

16: | mergelter € mergelter.next // pass already inserted data

17: end

18: ByteAddressableCompaction(mergelter) // resume for remaining mergelter

19: | metadata € restoredSkiplist.generateMetadata()
20: | Insert(fileMetadata € metadata)
21:end
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