£ LevelDB H52P TTL ThEE

R RBRER
—. SERER
o f£ LevelDB sBUBE XTI TTL ThE, {455 3 10 Bod A8 i B
BNRA, FEAERE 2 M B & S B
o MBI LevelDB FUJRADS, SEEIXT TTL BISCRE, GEEIEME N, $EH
A SRR 15 B
o WEHMARAB, AL TTL ThAER IERTERIFE 2 1

= RIAR
1. #iR IG5 B
1. 1wt Ak

levelDB H, i 2 LASEAE X (077 sAFM8 0« SESRILBR BT B TTL Dhdg, ot
IS I (AR NAF i S5 A0 b o TEARSEIG A, FRATTR K B B [ B 5  — 2
A7 =

Key Value TTL B [a)#% (5 19 A7)

it A TRV S48 — 2 A7 A 1 ) SRR LU R AR A

SEHREL: JoF Y TTL ThRE v AN AR 45 48, A EAE AR R VR I ]
BRAE R, gy .

Uy )RR A7 ) B i v] DLod i A BRI i IR, AN TR SIS
WEGTHERL, $RTT 7 Hn 5 B e R
1.2 SePlid A

B, fEHDB: :Put ik, 13 ttl EASEUE

db_impl. c:



Status DB::Put(const WriteOptions& opt, const Slice& key, const Slice& value, uint64 t ttl)
WriteBatch batch;
batch.Put(key, value, ttl);
return Write(opt, &batch);

3L
J

Status DBImpl::Put st WriteOptions& o, const Slice& key, const Slice& val, uint64
return DB::Put(o, key, val, ttl);

1

write batch. h:

1 Status Put(const WriteOptions& options, const Slice& key,
const Slice& value, uint64 t ttl) = 0;

BeAr, 1B WriteBatch::Put J7ik, @ SRECH AT R INFE 2 M TTL
QS IFSEXUAR San - Sun G} S AN GREANI EIE 34 i R e s i W (il
mEEFEE
FATEH std::chrono::system clock::now() FREL G RTH (8], Ifi@
std: :chrono: :seconds (ttl) N TTL 1H.
write batch. cc:

void WriteBatch::Put(const Slice& key, const Slice& value, ui
WriteBatchInternal::SetCount(this, WriteBatchInternal: :Count

rep_.push_back(static_cast<char>(kTypeValue));
PutLengthPrefixedSlice(&rep_, key);

auto expiration_time = std::chrono::system_clock: :now()+ std::chrono::seconds(ttl);

std::time_t expiration_time_t = std::chrono::system clock::to_time_t(expiration_time);
std::stringstream ss;

ss << std::put_time(std::localtime(&expiration_time_t), "%Y-%m-%d %H:%M:%S™);
std::string expiration_time_str = ss.str();

std: :string value_with_ttl(value.data(), value.size());
value_with_ttl.append(expiration_time_str);
PutLengthPrefixedSlice(&rep_, Slice(value with_ttl.data(), value with_ttl.size()));

1.3 38 3 i e AN 1 7 56
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1E Put FVESAECRRT, R T IEA, 258 testdb FAEAAT LY
IS B (0 B3, i 2 e AR (R v A v o DAL, SRR B AT S St IR testdb.
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levelDB Hisz HUEAE X IR FE W 1 B

| DBImpl::Get ‘
—>| Fai&lookupkey |
TEmemtabledh &
>
(MemTable::Get)
{fEimmutable
—>  memtableFPETHE
(MemTable::Get)
N {EsstableEH
(Version::Get)

I

4>| Version::Get

l

Version::ForEachOverla
pping

|

| Version::Match

|

| TableCache::Get

|
|

|

| TableCache::FindTable |

| Table::InternalGet |

Block::Iter::Seek

A VRS2 T E W K B R CA memtable: :Get fll block: : Tter: :Seek,

memtable: :Get PRZLH B HFE:

1) GUEEEAR, WA skiplist &4 HAn key (internalkey)

2) R B|, ISR user key B£EMH IR user key —E

3) HY valuetype, HIH value BSZAELE, 4 value iR A

block::iter::seek PRE M E W

1) (&8 E—RERN key 4R AR5 H
2) 1 record M B, #i€ key FTTER record
3) XFT record NERH 16 4 entry, BEIELIEDRR

X IX PR BL R, FIWTEE I 5 15, 02 AR MR T B R g B 5 4 ) B
fift EHEAT . H AR SR 2 B T B EL N i A A5 A T IR TR value A7 A# R



[F] — B, BRI B (AR, 25 E AL S value (HEALHT value 2 HHE
BRI, BIARIS A value with_ttl) , BEEAMARUL, B2 e FIA user_key
— B key. BUHBEAEXS H Y value 3R BT A% o

T memtable 1%, memtable::Get PRELH TN HIXBRAUY, mie e E]
IR key, FFHRHAH) value BT HERIFIRME ST IR [BIE value HIACHY.

if (comparator_.comparator.user_comparator()->Compare(

Slice(key ptr, key length - 8), key.user key()) == 8) {
// Correct user key

const uint64_t tag = DecodeFixed64(key ptr + key_ length - 8);
switch (static_cast<ValueType>(tag & Oxff)) { //BUE8iz, Elvaluetype
case kTypeValue: {
Slice v = GetlLengthPrefixedSlice(key ptr + key length);
value->assign(v.data(), v.size());
return true;

I3
case kTypeDeletion: //valueB&EMi&T

*s = Status::NotFound(Slice());
return true;

sstable AN B A%, TEEKRN, GHRET 2, EF - ZRMEN (B
DD s NG AL B sstable Ji7, FXFH A index block #EAT Z 40 4K,
SEALE]—A index block &5 #If) data block; FEIX/> data block B, X}
MPAT A B, BB AN S UG PAT AR E R, &5 e A2 H AR record,
B ) value FEIR[A]

FEVL BR80T value MHRAE R SERR Dt —25, EI/EE S A
PATLRIE BT . IFE AL BB H AR record. B, FEMEIH HARBE (F
Block: :Seek MIELAH) -

// Linear search (within restart block) for first key >= target
while (true) {

if (!ParseNextKey()) { //—RIER T, parseNextKeyER#EI&iR[Eltrue, A&return
return;

}

if (Compare(key_, target) >= @) { //Hkey_ iBiJtarget, RBEHKEIT
return;

2.2 LR

1. memtable ffJiS2HY

JR AR ACIS h, fCA% Slice v = GetLengthPrefixedSlice(key ptr +
key length) B4 value B slice $&HUHSKR T, N 7 H T HE B 8] BE A,
i 2R slice ¥eHpl string 287, JF HK HAw 42 value with ttl.



5, KRR 2 )7 %Y —%m—t6d %H : %M %S” J& 19 AN, K] 75 2 2 4 iy
FRFE value with_ttl (KRB RKTET 19:
o WIRKENT 19, A2 ULEARRIEAS BAFE, SR EGIE AR
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o R value with ttl FHCEE R T4ET 19, M4 2k 2B ] B 7]
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S NPT ERBIR IR ARG 19 D FAFHITH, SR € > std:tm 454
i TN R TGS, IR strptime MRS SN 745 5 i
tr A std:ctm SRR, XS TS R
o R res=nullptr, YEHIMENT R, XAME A NEEE ALY, %
value FEINKEE LR 19 £, WAL IREME.
o HURINIAIBARNTERD, T4 SR AF IS [F Bk std: - tm Z5R IR
N time t AL, [EREML, SRIBCHATI E) I HARF N time t 888, ELAHY
(1) I =24 HIT I )
o IAETIRVECN TS T U AT R, R AU S, R R
status BN NotFound, iR[AIf) value KJEHN 0,
o WIREHRRA T, B value FEAGKE LG 19 67, TR
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case kTypeValue: {
Slice v = GetLengthPrefixedSlice(key_ptr + key_length);
// BRI HANLERAZ
std:istring value_with_ttl(v.data(), v.size());
if (value_with_ttl.size() »>= 19) {
std::string expiration_time_str = value_with_ttl.substr(value_with_ttl.size() - 19); // {EBUIHARTEIEL
std:itm tm = {};
char* res = strptime(expiration_time_str.c_str(), "%Y-%m-%d %H:%M:%S", &tm);
if (res == nullptr) { // FEtFEEIEEGM
value->assign(v.data(), v.size()-19);
return true;
} else {
std::time_t expiration_time = std::mktime(&tm);
std::time_t current_time = std::chrono::system_clock::to_time_t(std::chrono::system_clock::now());
if (expiration_time <= current_time) { // EUEISHE
//std::cerr << "notfound_mem" << std::endl;
*s = Status::NotFound(Slice());
value->assign(v.data(), @);
}
else // HUEARITHA
{
value->assign(v.data(), v.size()-19);
}
return true;
}
}else {  // HEREBAFFE
value-»>assign(v.data(), v.size());
return true;
;
}

2. sstable JiEEHL

Block: :Seek HAZEILIEIA A ParseNextKey pREUSLILE 5 m N 5 11 £k 14
Ak, BOCKRTRE p FALER S E T —A entry IRk, X T8 —4 entry (EJ
record) , FRHUCYHT entry FH] key 1 value.

key .resize(shared); //Bfkey_F9&Bilentryfdshared+non_shared&Bss
key_.append(p, non_shared);
value_ = Slice(p + non_shared, value_length); //1BZ|valueNE

Block: :Seek R LLEAF R key Fl user key, WIHAHZENIR[A] (SZFx_EAR
R K TET, N key RS, BRIEE key M/NBIRIIIRRE, A4 F 0
R key #iid T user_key, UEHIHEIT) o

// Linear search (within restart block) for first key >= target
while (true) {

if (!ParseNextKey()) { //—REEIR T, parseNextKeyBRE=iR([Etrue, A=return
return;

}

if (Compare(key , target) >= 8) { //Zkey jBittarget, 1RBHHEIT
return;

PRAE, FATTE EEAE IR B 2 B 75 201 value BEAT A6 OR: 2 H A A I TR1EO -



FEAMCISZ A memtable PR IGARIE, FEEAIAIELET, memtable: :Get
PRELIY) value I status J& H3AE MR BUEIR B 2] | —Z B0, 110 Block: : Seek
PR HIREME, value f status sfKEEIEREAL R R - — 2R A,

if (Compare(key_, target) >= 8) {
// fEtfvalue
std::string value_with_ttl(value_.data(), value_.size());
if (value_with_ttl.size() »>= 19) {
std::string expiration_time_str = value_with_ttl.substr(value_with_ttl.size() - 19); // IZEUIEAIEIEL
std::tm tm = {};
char* res = strptime(expiration_time_str.c_str(), "%Y-%m-%d %H:%M:%S", &tm);
if (res == nullptr) { // FEAFTESEIBESCNN
value_ = Slice(value_.data(), value_.size()-19);
} else {
std::time_t expiration_time = std::mktime(&tm);
std::time_t current_time = std::chrono::system_clock::to_time_t(std::chrono::system_clock: :now());
if (expiration_time <= current_time) { // Z0ETH]
//std::cerr << "notfound_sst" << std::endl;
status_ = Status::NotFound(Slice());
value_ = Slice(value_.data(), ©);

}
else // #EFIZHA

{
value_ = Slice(value_.data(), value_.size()-19);
¥
}
} else {  // REBHEEATE
value_ = Slice(value_.data(), value_.size());
¥
return;

i

2. 3 B H [ Ia] AR R TT 5
1. miERT#R4E: “uint64 t” has not been declared
figpe: BFRTERIRIL, uint6d t 2ERIE C99 btk & SCIIE] 52 v 52 4K
HAY, GCC CHF C99 hnifh, HFEFEM: J—MI7 ZEmhe BRIk
f# stdint. ho
IS )G, IRIEAS R ES -
v €+ write_batch.cc leveldb_base/db (1
v (® no declaration matches ‘void leveldb::WriteBatch::Put(const leveldb::Slice&, const leveldb::Slice&, uint64_t)' GCC [Ln 109, Col 6]
write_batch.h[Ln 53, Col 8]: candidates are: ‘void leveldb::WriteBatch::Put(const leveldb::Slice&, const leveldb::Slice&, int)’
write_batch.cc[Ln 102, Col 6]: ‘void leveldb::WriteBatch::Put(const leveldb::Slice&, const leveldb::Slice&)’
write_batch.h[Ln 33, Col 22]: ‘class leveldb::WriteBatch’ defined here

v C write_batch.h leveldb_base/include/leveldb (1
® ‘uint64_t’ has not been declared GCC [Ln 53, Col 50]
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JA3) ttl test J5, ReadITL MBI R failed, Zidtads, KILFHER
BEHLRRT I8, RN srand BERIBENLFE T2 static cast<unsigned
int> (time (0)) , tHmH R HRHE 24 wir o 1] Fr B 1R 8RAE BRBEATLEL, 1X#F InsertData
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fiick: WBENLURD T Ep 0, B srand (0), [EEEFRMIFIT, XFHHAR
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3. Open DB failed %%

ReadTTL FH#Ii#id 2 J5, CompactionTTL i&AJT44, E#HEEIR open DB
failed, K55 KIFAESR ReadTTL PMXH 4T IT (1) DB A THR, FHEE
AR TC AT I

[ 0K ] TestTTL.ReadTTL (30037 ms)
[ RUN ] TestTTL.CompactionTTL
open db failed

BERFE (BLEHME)

il yk: 7E ReadTTL WIS AN F “delete db” , FRJE SR, M

s,
for (int i = 0; i < 100; i++) {
int key = rand() % key num+1;

std::string key = std::to_string(key_);
std::string value;
status = db->Get(readOptions, key, &value);
ASSERT_FALSE(status.ok());

}

delete db;

}

TEST(TestTTL, CompactionTTL) {
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3.1 Wit iig

TR EIT, RBBIE WG I EF . 8IS T, MR I %
1o

LevelDB H1, &IFAAWIT

B RTE#EE  — ~
\
R+ IsTrivialMove
7 ~. \"'-.
d ~=5— REEETE  — .\
yd ~N
/ \\
S
4 Ay
/ 4 el
/ N P
Vd {&%2.1—»  GetOverlappinglnputs —
Vd o ‘l‘
FF& ——»  MaybeScheduleCompaction e BackgroundCompaction {Em2 > PickCompaction ',/j'
/
\ H‘-ﬁ.‘-ﬂZJ —  SetupOtherinputs — ,,-"I
\\ /
/
. yd
{&%1—>  CompactMemTable ——»  Writelevel0Table ~————#  BuildTable —

RAEMRBIA, Fahfmk & IEMREGE CompactRange. T34 IF 1] LA &
FIRVEHE, WARRZ nullptr, BWREZESIFIAEE . XS
TEST CompactMemTable, RGBT /NG IF. SRJ5 Pl 75 225 3 1) Tevel, JFiE
JZ i ] TEST CompactRange, #ET& FF.
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BackgroundCall, F#47HIEM)&Hfid#E: BackgroundCompactions,
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FamRAH
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CompactRange

l

TEST_CompactMemTable

l

MaybeScheduleCompaction

l

BackgroundCall

l

BackgroundCompaction

H¥kcase EMAH
IsTrivialMove DoCompactionWork

3.2 sEPlidfE

FAN I A DoCompactionWork 2% & #2{E[1) drop A8 & KAric HdE 2 5 id . 1
S NI N 1) value FBURARIUHAT tt] RISe B 775 8, Lo m] AL PR
std::string 28R EAL B AT N, SRICH b i SIS [ BG4 (5 19 60D,
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Status DBImpl: :DoCompactionWork(CompactionState* compact) {
while (input->Valid() && !shutting_down_.load(std::memory_order_acquire)) {

ool drop = false;

Slice value = input->value();
std: :string value_with_ttl(value.data(), value.size());
if (value_with_ttl.size() >= 19) {
std: :string expiration_time_str = value_with_ttl.substr(value with_ttl.size
std::tm tm = {};
char* res = strptime(expiration_time_str.c_str(), "%Y-%m-%d %H:%M:%S", &tm);
if (res == nullpt
std::cerr << iled to parse expiration time: " << expiration_time_str << std::endl
drop False;
std: e_t expiration_time = std::mktime(&tm);
std: t current_time = std::chrono::system clock::to_time_t(std::chrono::
if (expiration_time <= current_time
drop = true;

} else {
std::cerr << "Invalid value length for expiration time extraction.™ << std::endl;
drop = false;

}

3.3 BB i) B i vy R
1. FE G I RIERIES A EEE, SHI0EE L7 e
fiftdk: {224 CompactRange B4, HilR&FHTA HHE .
it gdb WX, FATKIWFIZEE level < max_level with files, %I
BRIGR2ARE_ZN A AR E I HENEHFERIERKE leveli ZEEK
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KONTET G, level2 BRI LA S T .



DBImpl: :CompactRange(const Slice* begin,
- max_level with_files = 1;

MutexLock 1(&mutex_ );
Version* base = versions_->current();
for (int level = 1; level < config::kNumLevels; level++) {
if (base->OverlapInlLevel(level, begin, end))
max_level with_files = level;

X

TEST_CompactMemTable( ) ; TODO(sanjay): Skip if memtable doe

for (int level = 0@; level <= max_level with_files; level++) {
TEST_CompactRange(level, begin, end);




=. WAAHFRE R
3.1 PMAFH (ttl_test.ce)

#include "gtest/gtest.h"

-

#include "leveldb/env.h"
#include "leveldb/db.h"

using namespace leveldb;

ONOWVLE WN =

9 constexpr int value size = 2048;
10  constexpr int data size = 128 << 20;

11

12 Status OpenDB(std::string dbName, DB **db) {
13 Options options;

14 options.create if missing = true;

15 return DB::Open(options, dbName, db);

16 ¥

17

18 void InsertData(DB *db, uint64 t ttl/* second */) {
19 WriteOptions writeOptions;

20 int key num = data size / value size;

21 //srand(static cast<unsigned int>(time(0)));
22 srand(0);

23 for (int i = 0; i < key num; i++) {

24 int key = rand() % key num+1;

25| //int key =1i + 1;

26 std::string key = std::to_string(key );
27 std::string value(value size, 'a');

28 db->Put(writeOptions, key, value, ttl);
29 }

30 }

31

32 void GetData(DB *db, int size = (1 << 30)) {
33 ReadOptions readOptions;

34 int key num = data size / value size;

35

36 /] RE

37 //srand(static_cast<unsigned int>(time(0)));
38 srand(0);

39 for (int i = 0; i < 100; i++) {

40 int key_ = rand() % key_num+l;

41 std::string key = std::to string(key );
42 std::string value;

43 db->Get(readOptions, key, &value);

44 }

45 }



47  TEST(TestTTL, ReadTTL) {

48 DB *db;
49 if(OpenDB("testdb", &db).ok() == false) {
50 std::cerr << "open db failed" << std::endl;
51 abort();
52 }
53
54 uint64 t ttl = 20;
55
56 InsertData(db, ttl);
57
58 ReadOptions readOptions;
59 Status status;
60 int key num = data_size / value_size;
61% //srand(static_cast<unsigned int>(time(0)));
62i srand(0);
63 for (int i = 0; i < 100; i++) {
64 int key_ = rand() % key num+1;
65 std::string key = std::to_string(key_);
66 std::string value;
67 status = db->Get(readOptions, key, &value);
68 ASSERT_TRUE(status.ok());
69 }
70
71 Env::Default()->SleepForMicroseconds(ttl * 1000000);
72%
73‘ for (int 1 = 0; 1 < 100; i++) {
74 int key = rand() % key num+l;
75 std::string key = std::to_string(key );
76 std::string value;
77§ status = db->Get(readOptions, key, &value);
78 ASSERT_FALSE(status.ok());
79 }
80 | delete db;
81 3}
84  TEST(TestTTL, CompactionTTL) {
85 DB *db;
86
87 if (OpenDB("testdb", &db).ok() == false) {
88 std::cerr << "open db failed" << std::endl;
89 abort();
90 }
91
92 uint64 t ttl = 20;
93 InsertData(db, ttl);
94% [ IZBRAFAEEXF T ranges1? -KEE
95 leveldb: :Range ranges[1];
96 ranges[@] = leveldb::Range("-", "A");
97 uint64 t sizes[1];
98 db->GetApproximateSizes(ranges, 1, sizes);
99 | // printf("partl\n");
100 ASSERT GT(sizes[0], 0);
101
102 Env::Default()->SleepForMicroseconds(ttl * 1000000);
103
104 db->CompactRange (nullptr, nullptr);
105 /7 FEEREEEE N - KRR
106 // leveldb::Range ranges[1];
107 ranges[8] = leveldb::Range("-", "A");
108§ // uint64 t sizes[1];
109 db->GetApproximateSizes(ranges, 1, sizes);
110 ASSERT EQ(sizes[@], 0);
111 }
112
113
114  int main(int argc, char** argv) {
115 // All tests currently run with the same read-only file limits.
116 testing::InitGoogleTest(&argc, argv);
117 return RUN_ALL TESTS();

118}



3.2 WAGR

® chen@chen-None:~/leveldb_base-i¥id read ttl/build$ "/home/chen/leveldb base-i#id read ttl/build/ttl test"

[==========] Running 2 tests from 1 test suite.

[--eaceeaaa ] Global test environment set-up.

[---------- ] 2 tests from TestTTL

[ RUN ] TestTTL.ReadTTL

[ 0K ] TestTTL.ReadTTL (30900 ms)

[ RUN ] TestTTL.CompactionTTL

[ 0K ] TestTTL.CompactionTTL (31922 ms)

[---------- ] 2 tests from TestTTL (62824 ms total)
[ ] Global test environment tear-down

[s==========] 2 tests from 1 test suite ran. (62828 ms total)

[ PASSED ] 2 tests.
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