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1.1 Ti H &R

A5 B AR SEIL R A AR R R I RE, R R E TR W .
g, BORSCI T BOEWINEE, DMERIEAF 2 7 B EdE

EERMHRIIMEG T, FindKeysByField 5% 2258 7 584 B 42 124
FA W5 B T 2 25, XA B RS A B BRI BRI, T TR T
R TERE, ASLIR SEEL R 51 1 Zh g

TR G MBI R E T BB VE R LR I S I BOR, 1S B iR A
e PRE E A B b it T 7R i 0 B s 4R . I SBl R Sl WLE
SRS E T BN ARG, AU BAR RS TERE

1.2 BiH Bx

AT H 55 AR = AN
(1) 1E LevelDB ] value 1 S2Hl B IhfE .
(2) SEIL 225,
(3) s Benchmark, M0 #rPERE

2. ZFERTIhREE
2.1 ZFB IR

2.1.1 &It Hix

#T levelDB, ¥ J& value 45, FHTTIEE ZANFE, HiEidixes
B SIS PR 5 A B DI RE
(1) FBAifs

¥ LevelDB 11 value HEFBEA, BANEHITTEN B —FE
LWL N R R, ARIGTEN LevelDB; B AT LU AT 2 45 Eh 453,
FERASTFERMEMLFFHERE;, R EERETE.
(2) EilThaE

T8 e o B S A R E A B ) DR
2.1.2 g =Rt
(D 757&2 IHEJL/Q

AT EFSEE, (HRHTFBUERAS, XIT address XK AR K
7B, RS e KR, BbE %%,
(2) HE: K, HFiexKE



TEEEHRWE, LW FaeRKE, ATLUEH] levelDB N EH
PutLengthPrefixedSlice & %(F1 GetLengthPrefixedSlice p&%5 .
(3) TTHR=: HFHRTFRIIE

FHXS 2 5y LB, B 5 B AL PR B P B B AT B L o value 75 220K
BByt R A TBAES, B MBS R M.

G i % 2K T

varint field
l |
r |
field_size field_name : field_value field_size field_name : field_value | «+eese:

value
Kl 1 Z2FB 14

2.2 BRI

%, BAVEI 7T RS R=MPE, BRI
(L TR K, FEFRKE

O XFAH 4 (db/db.h)

1. using Field = std::pair<std::string, std::string>;
2. using FieldArray = std::vector<std::pair<std::string, std::string>>;

@751k % SerializeValue (db/NewDB.cc) :

std::string NewDB::SerializeValue(const FieldArray& fields){
std::string s;
for(auto& field : fields){
PutLengthPrefixedSlice(&s, Slice(field.first));
PutLengthPrefixedSlice(&s, Slice(field.second));
}

returns;

¥

© N o 00k~ w0 DR

® 754k i % ParseValue (db/ NewDB.cc) :

FieldArray NewDB::ParseValue(const std::string& value_str){
Slice input(value_str);
Slice vi,v2;
FieldArray fields;
while(tinput.empty()){
GetLengthPrefixedSlice(&input, &v1);
GetLengthPrefixedSlice(&input, &v2);

N o o~ w DR



8. fields.push_back(std::make_pair(v1.ToString(), v2.ToString()));

9. }
10. return fields;
11. }

@FindKeysByField pfi%1
db/ NewDB.cc:

std::vector<std::string> NewDB::FindKeysByField(Field &field){
Ilget keys with field
std::vector<std::string> matching_keys;
leveldb::DB* db = data_db_.get();
matching_keys = data_db_->FindKeysByField(db, field);

return matching_keys;

N o ok~ w0 DR

db/ impl.cc:

std::vector<std::string> DB::FindKeysByField(leveldb::DB* db, Field &field) {

std::vector<std::string> matching_keys;
leveldb::Iterator* it = db->Newlterator(leveldb::ReadOptions());
for (it->SeekToFirst(); it->Valid(); it->Next()) {

std::string key = it->key(). ToString();

std::string value = it->value(). ToString();

NewDB* db;

FieldArray fields = db->ParseValue(value);

for(const auto& each_field : fields){

if(field.first == each_field.first){
if(field.second == each_field.second){

© o N o 0k~ w0 Dd -

[
[ e

matching_keys.push_back(key);
}
}
}

}
delete it;

N ==
© N o o » w

return matching_keys;

,_\
©
-

(2) HR=: HFRFHFLR

DJF 54k k% SerializeValue (db/NewDB.cc) :

1. std::string NewDB::SerializeValue(const FieldArray& fields){
2. std::string value_str;
3. for(const auto& pair : fields){



4. std::string field = pair.first + ":" + pair.second;
5. uint32_t field_size = field.size();

6. char buffer[4];

7. EncodeFixed32(buffer, field_size);

8. value_str.append(buffer, 4);

9. value_str.append(field);

10. }

11. return value_str;

12. }

@ 554k % % ParseValue (db/NewDB.cc) :

1. FieldArray NewDB::ParseValue(const std::string& value_str){
2 FieldArray fields;

3 const char* data = value_str.data();

4 size_t length = value_str.size();

5. while (length >=4) {

6 uint32_t field_size = DecodeFixed32(data);

7 if (length < 4 + field_size) {

8

9

break;
}
10. std::string field(data + 4, field_size);
11. size_t colon_pos = field.find(":");
12. std::string field_name = field.substr(0, colon_pos);
13. std::string field_value = field.substr(colon_pos + 1);
14. fields.push_back(std::make_pair(field_name,field_value));
15. data += 4 + field_size;
16. length -= 4 + field_size;
7.}
18. return fields;
19. }

%, TR EWIERERNEE, WATEE T HR= AR FRIR. Ak
(RIEHE 73 4 5 08 Uil A 4.4 Re .

2.3 ZFBIZHREAIA

(1) FEREMR
MAZFBE, Fii, RS GRS R IER LS.
(2) FindKeysByField &% %t &E M,

FEMAA B8 Z AN E XT, 36F FindKeysByField #8751 #fith 2 3k I3 [A] T
BCHOsE: i FindKeysByField &4k BUE, e 2 maetig sk B VLA B .
1. #include "gtest/gtest.h"

2.
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23
24,
25.
26.
27.
28.
29.
30.
31
32.
33.
34,
35.
36.
37.
38.
39.
40.
41,
42,
43,
44,
45.
46.

#include "leveldb/env.h"

#include "leveldb/db.h"

I 3EASK A& | EncodeFixed32
#include "util/coding.h"

using namespace leveldb;

constexpr int value_size = 2048;

constexpr int data_size = 128 << 20;

Status OpenDB(std::string dbName, DB **db) {
Options options;
options.create_if_missing = true;
return DB::Open(options, dbName, db);

}

IR 2 5B
TEST(TestSchema, Basic) {
DB *db;
if(OpenDB("testdb", &db).ok() == false) {
std::cerr << "open db failed" << std::endl;
abort();

}
std::string key = "k_1";

FieldArray fields = {
{"name", "Customer#000000001"},
{"address", "IVhzlApeRb"},
{"phone", "25-989-741-2988"}

b

db->Put_fields(WriteOptions(), key, fields);

db->Get_fields(ReadOptions(), key, &fields);

1175 BEK A
delete db;
}
113 FindKeysByField £5%1
/*

LAER A ) g 2 A E X 50 UE FindKeysByField G875 IE 7 4% 315 [l UG Bc (1 5 .
Prse i s £l UINIWiDE

2% JT] FindKeysByField &4k 7Bl A
*/



47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.

85.

86.

87.
88.

0%

0

TEST(TestSchema, FindKeysByFieldTest) {

DB *db;

if (OpenDB("testdb”, &db).ok() == false) {
std::cerr << "open db failed" << std::endl;
abort();

JUEINE 2 I=h0)

std::string keyl = "k_1";

FieldArray fieldsl = {
{"name", "Customer#000000001"},
{"address", "IVhzlApeRb"},
{"phone", "25-989-741-2988"}

3

db->Put_fields(WriteOptions(), key1, fields1);

std::string key2 = "k_2";

FieldArray fields2 = {
{"name", "Customer#000000002"},
{"address", "IVhzlApeRb"},
{"phone", "25-123-456-7890"}

3

db->Put_fields(WriteOptions(), key2, fields2);

std::string key3 = "k_3";

FieldArray fields3 = {
{"name", "Customer#000000003"},
{"address", "TXkjZEdIrZ"},
{"phone", "25-555-888-1234"}

I3

db->Put_fields(WriteOptions(), key3, fields3);

113 FindKeysByField
Field search_field = {"address", "IVhzlApeRb"};

std::vector<std::string> matching_keys = db->FindKeysByField(db, search_field);

EXPECT_EQ(matching_keys.size(), 2);

EXPECT_TRUE(std::find(matching_keys.begin(), matching_keys.end(), key1) !'= matching_keys.end

EXPECT_TRUE(std::find(matching_keys.begin(), matching_keys.end(), key2) != matching_keys.end

1 B
delete db;



89. }

90. int main(int argc, char** argv) {

91. /I All tests currently run with the same read-only file limits.
92. testing::InitGoogleTest(&argc, argv);

93. return RUN_ALL_TESTS();

4. 3

(3) WAL R

® chen@chen-None:~/leveldb_project2/build$ /home/chen/leveldb project2/build/field test
[z=========] Running 2 tests from 1 test suite.
N ] Global test environment set-up.
R ] 2 tests from TestSchema

[ RUN ] TestSchema.Basic
[ OK ] TestSchema.Basic (43 ms)
[ RUN ] TestSchema.FindKeysByFieldTest

[ 0K ] TestSchema.FindKeysByFieldTest (29 ms)
[---------- ] 2 tests from TestSchema (82 ms total)

[---------- ] Global test environment tear-down
[==========] 2 tests from 1 test suite ran. (94 ms total)
[ PASSED ] 2 tests.
chen@chen-None:~/leveldb_project2/build$

K2 27 Brillla R

3. ZR/E&5]
3.1 ZRKEFI B ETT

3.1.1 4mEgiit

(1) J5 Rk$

ROl FRIVEF R IME S, A 7 ORIER G E— A, K A B i
key BEINEZR SIS, 1A AT ARA DR B2 51 o I B I 21— SR e . AT
PUR PR BETH 5 56 -

OFF it 7B

Key: FieldName_FieldValue_Key
Value: null

AT 20E T RANR B 5 B AL A AE— A LSM tree (15 0L.
Ok T B4

Key: FieldValue_Key
Value: null

AR5 32d TR AR 1 5 B 7 R AR AE AN ] LSM tree AT L«

W FRE A [E] 7 B4 o AR AEAE AN R] LSM tree, 7] fig tHIL KB AR 7B 4, ik
IR 4E IR 2 LSM tree, 1M HAFAS LSM tree Al R AL &R K LR 51,
AR B LE AR

DR 25 e A 88 — P e T %6



(2) Thegseil
KT 2.2 ZFBRIVEEIAI AL T, A TFAERIBC T PIR Sy 5.
FHR: BK, HERKE

D3t 5] 8¢ % % ConstructindexKey (db/ NewDB.cc)

I HIEZETI key

std::string NewDB::ConstructindexKey(const Slice& key, const Field& field){
std::string s;
PutLengthPrefixedSlice(&s, Slice(field.first));
PutLengthPrefixedSlice(&s, Slice(field.second));
PutLengthPrefixedSlice(&s, key);

returns;

© N o 0ok~ 0 DR

@ffNTZ 5188 % #1 ExtractindexKey (db/ NewDB.cc)

I NE G5 b 3R U Al 1

std::string NewDB::ExtractindexKey(const Slice& key){
Slice input = key;
Slice v;
GetLengthPrefixedSlice(&input, &v);
GetLengthPrefixedSlice(&input, &v);
GetLengthPrefixedSlice(&input, &v);

return v.ToString();

© 0O N o o~ w0 DR

FR=: FARNRFERTIR
Ot & 51 4 5% %1 ConstructindexKey (db/ NewDB.cc)

1. std::string NewDB::ConstructindexKey(const Slice& key, const Field& field){
2. std::ostringstream oss;
3. o0ss << field.first << ":" << field.second << " _" << key.ToString();
4. return o0ss.str();
5}
O@fiHT % 54 % %k ExtractindexKey (db/ NewDB.cc)
1. std::string NewDB::ExtractindexKey(const Slice& key){
2. /lextract key of dataDB from key of indexDB
3. std::string fullKey(key.data(), key.size());
4. size_t posl = fullKey.find('_");
5. return fullKey.substr(posl + 1); // #£I 'Key' ¥4y
6. }



B2, TR EWIERENEE, RATEE T HR= RRRFRFIR. Ak
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3.1.2 BRI

(1) fF#J7 R T

P SR A6 E R 5 — R 51 Bdm Ak 7 2T TR KRBT L MER
PR 3

O Tt JRIEEEN R 51 2 A EPTD LevelDB £ .

QFEIHFME: RIGEHEMN R IIIFT A LevelDB K, @il
(IR Z8 X 0 H e 28 2

LR 2 PR S IR EL O AT A% -

R 1 A xS L

PFU AR D ITAE A I
NG B 2Bk S B S, AT IX 0
CERCEsL] A EE RSO, o5 TR FRANEE RO, o5 R

HPERE | SRR EWHCRES, EEEATI | RO SEARIIEE, PRI

—EHRLEY | TRESEUR RS R, ANESYEY | (M WriteBatch JR T ERE, B4k
¥

UEAk, AR B T IUA R B Bt DR & —Se s fr e A A 0 L) 1
ORIIBEERBEIE S T HEE RS HARBEBERS) -
Elasticsearch + JR4AE A% Elasticsearch H T =& 51, FEIEATF
fiifE MySQL. Cassandra %5 R H . & 5] FIERE 70 17 i DAALAL 4 SOR R 1k g
HBase + Solr: HBase M T-f7figlith%#E, Solr HTAAEFE MRS,
QEIFIHBEERIEFEAFHER — N EEE (REBESRAKBHEE) -
MySQL: MySQL 1] InnoDB f#fi#i 51 33 ez 5|, Mz 5| 74 AL
[F— AN, T B+ R ME RS .
PostgreSQL: PostgreSQL & 5| IR /- it /£ — 2, (HZR 51 7T LLEFEAFE
FZEA (i B+ B, GIN. GiST %§) .

e, BT REE R S8 E R Ia HEE RV . i R R 5] AR TR
BN, 2 FEERPERE TR, R A KEBIRMR 51 T B st . &
TP E R S FRAERE 1K 7 3

(2) 17 IS
FERfE Bl R 51 8 5 IR B 0 T4 )e . cendidig, A4 T LT
P SEEL T i
OJ7iE—: B NewDB, HA & WA NEE, — MR I 8k,
MR IR . S AR T BUE S R G, NewDB 2 #5 Jih KL
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JE1EN DataDB, Z5|HIEAEN IndexDB., [FIH ZE 3 P AN EHE e 2wk 5 50E — 3K
P55 5 M R 7 B Ay

NewDB

IndexDB

DataDB

K3 frfif i —

WABIER, RAPHER T SRR 515 EPHEONHIN K, Bl<k, "> 3
ANZRGIRP . ARSI, HF 2GRN RS BIA]

Put(k4,v4)
DataDB
e NenTabLe|
et | @) ) SSTable
Levelj | ((k2,v2)) ((kav) ()

Put(v4+k4, ')

Leveli

Level j

IndexDB

(v4+k4,'")
MemTable
SSTable

(v3+k3,'")

((v2+k2, ! ')] [(v1+k1, ! '))

Kl 4 Jd K ) s

BRGNS, {EAMBEDNRIIE, RIIRTW kLTI RER, B
PG B4 2R DURS S AT SOT Sk B BN BT AT

Get (v1)={k1,k2,k3,k4}

Get(kl,k2,k3,k4)
DataDB
(ka,v1)
MemTable
SSTable

Leveli

Level j

((ke,v1) ((k2,v1)]

Leveli

Level j

A7 W
1}~ "~_ IndexDB

N

ﬁvl+k2,")j[ﬁv1+k1,"))

K5 RS KR
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Compaction i, ANFEEARFE & HHAME, BONRSIERBI k RARFE A
MIBRARIC ISR XS PR ALY, BEHEEGHEANRI T —JZHT].

IndexDB IndexDB
:

MemTable MemTable
””””””””””” Compaction |
SSTable ,r SSTable

Levelj| |(vi+k1,' ") | |(v2+k3,'") Levelj| [Cvi+kl, ') | |C(v2+k3,'")

(v2+ka,'") (vi+k2,"'")| | (ve+k4,'")

(vi+k3,'")

6 HIFIIEDR

X REBAR B BORBIK, T E Compaction #:fE LB R 8, (HERER
RENBNRIIRBTHEEH, FHEKR.

@U7iE = KRB R B, B A SR a5 1
KRR SRR b LA B, (B AR S F AN i il o

DataDB

IndexDB

K7 At A=
AP BEI T 88— FhSE I &

3.1.3 EEOWit

(1) HIh Tt
(DNewDB 2 A8 AN S 1 K Es 2 , £445 Open. Put_fields. Get_fields.
Delete %5 /572,
@IndexDB 2&: 4k 7K LevelDB M db 35, FERIN T 5 2R 5| ThRgAH %
1) BRI 2o
(®DataDB 2&: & H 5k LevelDB 17 db 25, AT LA A db_impl.cc 1.
(2) RATTE
FEARIS S AR, AT DA = 2% 5| I D e pR 204 BB s N 7E NewDB 28
B, XA LTI IndexDB 25, 7] LLik3 51 ¥ 5 i a6 s A # 5 H
JRRI db 25, FRIUE T 25 R 1P B -
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FATIEAE NewDB SN T B A AR &, SRAr B S e 1) e — BObE
TOHE 7 AR 5t R S D RE

=]

B2, FA1HE T NewDB.h 5 NewDB.cc 30, FH52Hl 740~ NewDB 2%

it (db/NewDB.h) :

1.
2
3
4
5.
6
7
8
9

10.
11.
12.
13.
14.
15.
16.

17.

18.
19.

20.
21.
22.
23.
24.
25.

26.

27.
28.
29.
30.
31.
32.
33.
34.

namespace leveldb{

class LEVELDB_EXPORT NewDB {

public:
NewDB() = default;

NewDB(const NewDB&) = delete;
NewDB& operator=(const NewDB&) = delete;

virtual ~NewDB();

std::string SerializeValue(const FieldArray& fields);

FieldArray ParseValue(const std::string& value_str);

std::string ConstructIndexKey(const Slice& key, const Field& field);
std::string ExtractIndexKey(const Slice& key);

std::string ConstructRecoverKey(std::string UserOpID, std::string TinyOpID
std::string DBname);

std::string ConstructRecoverValue(std::string TinyOp, std::string key, std

::string value);

std::string ExtractRecoverKey(std::string s);

std::pair<std::string, std::string> ExtractRecoverValue(std::string s, std

::string* TinyOp);

std::string ConstructUserOpID(std::thread::id thread_id);
static Status Open(const Options& options, const std::string& name,
NewDB** dbptr); // vik[El NewDB* JEH!
Status Put_fields(const WriteOptions& options, const Slice& key,
const FieldArray& fields);
std::pair<FieldArray, FieldArray> UpdateIndex(const WriteOptions& options,
const Slice& key,

const FieldArray& fields, const FieldArray& current_fields);

Status Get_fields(const ReadOptions& options, const Slice& key,
FieldArray* fields);
bool Delete(const WriteOptions& options, const Slice& key);

std::vector<std::string> FindKeysByField(Field &field);
bool CreateIndexOnField(const std::string& field _name);
std::vector<std::string> QueryByIndex(Field &field);
bool DeleteIndex(const std::string& field_name);

12



35.

36. // ATHECENEAERSINTERAK. RALATBRAERNMES TN, F2
f£ indexDB AR MR 515 H

37. std::unordered_set<std::string> indexed_fields_read;

38. std::unordered_set<std::string> indexed_fields_write;

39. std::unordered_set<std::string> putting_keys;

40.

41. private:

42. std::unique_ptr<DB> data_db_;

43. std::unique_ptr<DB> index_db_;

44. std::unique_ptr<DB> recover_db_;

45.  std::mutex db_mutex_; // JHITESE AR IR T

46. uint64_t TinyOpID;

47. %};

48. }

49, #tendif

3.2 EATINEE

3.2.1 R¥FEORI

(L) BE#ZR5]

PR %4 : newDB::CreatelndexOnField

PREIIRE: P E—NFEBA LR RIEFB A1 data_db_H AR
B A A7AE 1% 5 B 44 IR 6T 1) key A1 field value, SR 5 #4938 H B %% 51 B0 1 k-v
XF, R 5 a7 % F] indexDB.
(2) FHENEHE

PR : newDB:: Put_fields

PREThEE: P8 s, B eI S S LS A R RGO, 2
Fﬁ%#%i‘zﬂﬁﬁfﬁ% PALER, A PR G0 SR B B B RS AE index_db_ A
— R, SSEEERR N ERA T ARSI HE, HIER. R
v %?&%%UT dataDB A indexDB Hfdi ;s GRS, THEWA
newDB::Updatelndex pf#Ab#
(3) %

B#4: newDB::Updatelndex

PR BTN RE : 4% newDB::put_fields BRI #iE FH , b Xt 45 5887 13X 45 1 5 A1 data_db_
Y YT BRI — SR d sk, 1R R AT A BN BRI fields FETA BT 1) fields. xJ T
BRI fields, 75 index_db_H M i 1% 5% 2 51 508 s 5 T-8i3 1) fields, 7£ index_db_
HH 3 0 — 25 AH B IR 2R 51 R
(4) EHEHE

O %4 : newDB::Get_fields

13



PREL TR : F 7 key 2541 value, BL#21d F data_db_ 1) Get_fields pR£RI T

@ %4 : newDB::FindKeysByField

BRELIIRE: WA RGN MRYE B A keys, B data_db_[1)
FindKeysByField Rl ],

@ %4 : newDB::QueryBylndex

PRELINRE: ARG MRS FBE IR keys. MRIE field FFH 2 518 1Al
ZEHATIE AR, SRR B B2 51 B HL T R IR keys,  BPA matching_keys.
(5) B

O $ % : newDB::delete

BREThRE: FH P IR — SR BB, 4 BB data_db_ 158 (E XA index_db_
(12 51 i ds

@ %4 : newDB::Deletelndex

BREThRE: FH P MIBR— B B Sl . X index_db_FI 2 51 B I A
ITHE AR, SR IZFBRIGEER, HENImE.

3.2.2 EARINEESCI

(1) BIERS]

CreatelndexOnField Z%t

ZBR I DI RE A P IR B A T B R R 58, X dataDB H ELAE 1 £ s
AT, ftEAEZ BRI R 51 BdE I A 2 indexDB H .

R EE S A B, — R RS N, IR R 1
SRR, TR RS, FERE NI RG] S AN R e RS, LLgb
ftES NP RN, RmakE.

4, i 3d ] indexDB B N index_field write #5iR, ¥ AL % 5] BT R,
RPN R DI QIS R ik . #48, W) dataDB H T A IOBRE XS, bk
B, WA TFERIME. R B UTEC 7B, witaisAH R &R 5] s
HE4fi N\ indexDB .,

e NIRRT, RS A BEE X FoE A5 T BOE B O/
BATCH_SIZE_LIMIT, #id FREINSZRIHAT S5 NEAE, FEFTHOK, THIRNAF
AT SE i AR TP AR A R AR AR R, IR [ false, RN TIAIE KT
Ji o

PSR, PATHRE —MREANNE I HdE, HFH IR indexDB 5 A\
index_field_read #71H, %7 BRI EHE e M. AR H B RF81
db_mutex_#ffREFE L4, BERER GBI P R AETE KM

AR IR T RS G R s — o S e e, B fdE D iR R R AR
W, WEEETIR [ false KBTI, BEGRASIRZR S P4

1. bool NewDB::CreatelndexOnField(const std::string& field_name) {
2. RS FBOTEIE R AL E] indexDB
3. index_db_->Put(WriteOptions(), "index_field_write:" + field_name, "1");
14
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.

std::unique_lock<std::mutex> lock(db_mutex _, std::defer_lock);
lock.lock();

indexed_fields_write.insert(field_name);

lock.unlock();

const size_t BATCH_SIZE_LIMIT = 1000; // &Mk FR 1 1000 451 5%

size_t batch_count = 0;

11 3% )77 data_db_ = 1) Bir 7 S AE 6T
leveldb::ReadOptions read_options;
leveldb::WriteBatch batch;

std::unique_ptr<leveldb::lterator> it(data_db_->Newlterator(read_options));

for (it->SeekToFirst(); it->Valid(); it->Next()) {
1 30 K P ) BB 0T
std::string key = it->key().ToString();
std::string value = it->value(). ToString();

I FEHTE, BB
FieldArray fields = ParseValue(value);

Il EHRARE T B
for (const auto& field : fields) {
if (field.first == field_name) {
I HIER 5 4
std::string index_key = ConstructindexKey(key, field);

I 48N 32 51 B e
batch.Put(index_key, Slice());

batch_count++;
IR IR R S, $ATE A
if (batch_count >= BATCH_SIZE_LIMIT) {

leveldb::Status status = index_db_->Write(leveldb::WriteOptions(), &batch);

if (Istatus.ok()) {

return false;

}
batch.Clear(); // iz flbik, & F—M ik
batch_count = 0;

15



48. I QRS AR A

49. if (lit->status().ok()) {

50. I WEKTTIR AN, 7 35 A SR B AR 76

51. return false;

52. }

53. /K #=S=PN

54. leveldb::WriteOptions write_options;

55. Status status = index_db_->Write(write_options, &batch);
56. if (Istatus.ok()) {

57. return false;

58. }

59.

60. 112 5] - Boo 8l 7 AL ] indexDB

61. index_db_->Put(WriteOptions(), "index_field_read:" + field_name, "1");
62. lock.lock();

63. indexed_fields_read.insert(field_name);

64. lock.unlock();

65. return true;

66. }

(2) BAKEE

OPut_fields K%

ZERE DI RE R AEH 7 W) dataDB Hrddi N — 265 R T, IR T EE W
indexDB =4 A X 1) 2R 51 58

R NPFIESL, — MR RS L, BAN— R BRI, Z BT B
BLX A X ok AE 0L, &S dataDB IR, fn 5 W2 1] indexDB 1 AH R
PR 2 5 s, 82 R A IH 2 BE B3R key B, i 2 1] LA R 21,
XFERA R —EE T .

R ERINT key, 7t dataDB HH AR B A X PRI SR, WA,
FRUCHHE BRSO, GRS, U A B G R

YT RS EOL, W value A T A BB . RN FEROLA A, B
2t T BN A N ) indexDB 24 ) key, SR JEH key AT value i\ B HEAE
index DB ] index batch 7. [Ai 75 E4 key Al value 1 A\ F#E 45 N data DB f{)
data batch .

W R B E L, 48 Updatelndex bR

ZRER NP Field array, —/ME 41T dataDB 4 fEEY current fields,
ARG fields. #ER AN field array, 437 F R A7l 75 ZEMIBR 1
F BT B B

B 5 T fields & B WAL By 2 7E fields T f7E2E, {H2 current fields HANfE
TERT S 408 e = B gl 2 B 3 1) - B, s D 21 insert fields H . 758 & 7E current field
R R E A E 7B, A IR S 7 B BE 75 2298 in 2 insert fields 1, 2
FER N %) deleted fields . 4R 5 F3E [ Current fields, & & WL+ B A TE current

16



fields HHA77E, {HZLE fields FAFFELER), HS 4L B 7 246 A\ 2 deleted fields
H,

Sob - 58 IS, 753 insert fields 1 deleted fields 2 J& - & 563 77 Insert fields
B RN BRG], 4 75 2R index Key, FF H# key 1 value
¥ A\ F index Batch H1 . 4R 5 K4 key Al value $i A %] data batch H . #% J& 73 [ deleted
fields F 7B, WMRIENFEAAERG], AR EME index key, FFiEA
index batch 7.

BJa, AREFIGIL 2 RGN, AT ER R index batch 1 data
batch 43575 N Index DB #1 dataDB.

1 Status NewDB::Put_fields(const WriteOptions& options, const Slice& key, const FieldArray& fields){

2. FieldArray current_fields;

3. Status s = Get_fields(leveldb::ReadOptions(), key, &current_fields);

4.

5. leveldb::WriteBatch data_batch;

6. leveldb::WriteBatch index_batch;

7.

8. if(!s.ok()){

9. for (const auto& field : fields) {

10. I IR B4 TE indexed_fields_ 1, AN =K

11. if (indexed_fields_write.find(field.first) = indexed_fields_write.end()) {

12. I ¥IiEZE B K key, 45H#4: FieldName_FieldValue_Key

13. std::string index_key = ConstructindexKey(key, field);

14. index_batch.Put(index_key, Slice());

15. }

16. }

17. std::string value = SerializeValue(fields);

18. data_batch.Put(key.ToString(), value);

19. }

20.

21. else{

22. std::pair<FieldArray, FieldArray> fieldarray_pair = Updatelndex(options, key, fields, current_fields
)i

23.

24, /I put ops in indexdb

25. for (const auto& field : fieldarray_pair.first) {

26. if (indexed_fields_write.find(field.first) = indexed_fields_write.end()) {

217. // put into index_batch

28. std::string index_key = ConstructindexKey(key, field);

29. index_batch.Put(index_key, Slice());

30. }

31. }

32.

33. Il put ops in datadb

17



34. std::string value = SerializeValue(fields);

35. data_batch.Put(key.ToString(), value);

36.

37. /I delete ops in indexdb

38. for (const auto& field : fieldarray_pair.second) {

39. if (indexed_fields_write.find(field.first) = indexed_fields_write.end()) {

40. /I delete in index_batch

41. std::string index_key = ConstructindexKey(key, field);

42. index_batch.Delete(index_key);

43. }

44, }

45, 1

46.

47. /I write into indexDB

48. Status status = index_db_->Write(write_options, &index_batch);

49. if(!status.ok()){

50. return status;

51. 1

52.

53. /I write into dataDB

54. Status data_status = data_db_->Write(write_options, &data_batch);

55. if (Idata_status.ok()) {

56. return data_status; // AR5 AN KN, B[

57. }

58.

59. return Status::OK();

60. }

®@Updatelndex %L

1 std::pair<FieldArray, FieldArray> NewDB::Updatelndex(const WriteOptions& options, const Slice& ke
y, const FieldArray& fields, const FieldArray& current_fields){

2. 11 ¥y current_fields sk 5

3. std::unordered_map<std::string, std::string> current_map;

4. for (const auto& field : current_fields) {

5. current_map[field.first] = field.second,;

6. }

7.

8. 11 ¥4 fields FR M

9. std::unordered_map<std::string, std::string> fields_map;

10. for (const auto& field : fields) {

11. fields_map[field.first] = field.second,;

12. }

13.

14. 11 I3 B - B

15. FieldArray deleted_fields;

18



16. 1T R B

17. FieldArray insert_fields;
18.
19. I/ fields H ¥ 5B
20. for (const auto& field : fields) {
21. Il fields "R 77E#E{H current_fields F1ANTELE
22. if (current_map.find(field.first) == current_map.end()) {
23. insert_fields.push_back(field);
24. } else if (current_mapf[field.first] != field.second) {
25. I current_fields HF A7 7EH B R A
26. insert_fields.push_back(field);
217. deleted_fields.push_back(std::make_pair(field.first, current_map|[field.first]));
28. }
29. }
30.
31. Il current_fields w17 B
32. for (const auto& field : current_fields) {
33. if (fields_map.find(field.first) == fields_map.end()) {
34. deleted_fields.push_back(field);
35. }
36. }
37.
38. return std::make_pair(insert_fields, deleted_fields);
39. }

(3) EHHIE
Queryindex R #t

BRI Dy e AR FH P 45 tH I field #KH indexDB HH A7 £E % 7 B (1) i A7 114

key.

H e T EHIMIE AN FBOE A RAAER T, IMFAFER SIS, HiiE— A E
HIATE, AT H TR I BAEH R, R85 H— kA% [ indexDB
A A XA RIS Key, 28 J550F TR 21 key FRELH 24 1) data DB H1 i key,
FIiX /> key 3 A Fl Matching keys H.

std::vector<std::string> NewDB::QueryByIndex(Field &field){

std::vector<std::string> matching_keys;

1
2
3
4 if(indexed_fields_read.find(field.first) != indexed_fields_read.end()){
5. std::string prefix = ConstructindexKey(Slice(), field); //fi45-5 % & +F B
6 leveldb::Iterator* iter = index_db_->Newlterator(leveldb::ReadOptions());
7 for(iter->Seek(prefix); iter->Valid() && iter->key().starts_with(prefix); iter->Next()){
8 Slice index_key = iter->key();
9 std::string data_key = ExtractindexKey(index_key); //fi## 2 51 # 1 [1 key
19



10. matching_keys.push_back(data_key);

11. }
12. delete iter;
13.
14. return matching_keys;
15. }
(4) BIBREE
(ODelete RE%L

/

Z R DRSS 24 P MBS — 4% dataDB s, I 75 o 2 kg
indexDB HHAH N ¥ 2 51 54

OH) 4% T R AR 7 A i B S 5 7 datadb HHAEAE, TNRATEAERE, HiE
iR [A] false BI W] o 40 SRAFAERIE, B /eMIFR dataDB H % . S8 f5 3 )77 value H
A 7B, WREFBRAAAERT, AT EME index key 44 key F1 value
i\ indexBatch 7 . £ J5 # data batch £ index batch 43 %5 A\ dataDB £ index DB.

1 bool NewDB::Delete(const WriteOptions& options, const Slice& key){
2. leveldb::WriteBatch data_batch;

3. leveldb::WriteBatch index_batch;

4.

5. FieldArray fields;

6. Status s = data_db_->Get_fields(leveldb::ReadOptions(), key, &fields);
7.

8. if(s.ok()){

9. /I delete in datadb

10. data_batch.Delete(key.ToString());

11.

12. // delete in indexdb

13. for (const auto& field : fields) {

14. I I BB A AE indexed_fields_ H, A4HN 2% 5]

15. if (indexed_fields_write.find(field.first) = indexed_fields_write.end()) {
16. I #9351 1) key, 45#: FieldName_FieldValue_Key

17. std::string index_key = ConstructindexKey(key, field);

18. index_batch.Delete(index_key);

19. }

20. }

21.

22. I 'write dataDB

23. s = data_db_->Write(leveldb::WriteOptions(), &data_batch);

24, if(!s.ok()){

25. return false;

26. }

27.

20



28. /I write indexDB

29. s = index_db_->Write(leveldb::WriteOptions(), &index_batch);
30. if('s.ok()){

31. return false;
32. }

33. }

34. else{

35. return false;
36. }

37.

38. return true;

39. }
®@Deletelndex K%L

R DR R MR A B R T

MERRGIE, &% % T BNGEME RO MBS S H . 2R )50
FBANATBIE— IS, 4K IndexDB BT A 1T 45842 125 B 44 (1)
EXF o AN SRR B T — N, 50K S A Key I F] delete batch 7. & —4™ delete
Batch fx % GEA7fili 1000 A EEAE X, 24— delete batch i | 2 EEt =i, A
55 G R EARAEAE S T — delete batch H1. 7% delete batch % | J5 #i e #4ix
HEEE XS 5 N indexdb H .

1 bool NewDB::Deletelndex(const std::string& field_name){

2. I &R 51 FBoo B+ AL indexDB

3. index_db_->Delete(WriteOptions(), "index_field_read:" + field_name);

4. index_db_->Delete(WriteOptions(), "index_field_write:" + field_name);

5. std::unique_lock<std::mutex> lock(db_mutex_, std::defer_lock);

6. lock.lock();

7. indexed_fields_read.erase(field_name);

8. indexed_fields_write.erase(field_name);

9. lock.unlock();

10.

11. const size_t BATCH_SIZE_LIMIT = 1000; // FAME #1000 243
12. size_t batch_count = 0;

13.

14. leveldb::WriteBatch delete_batch;

15.

16. std::string prefix = field_name;

17. leveldb::Iterator* iter = index_db_->Newlterator(leveldb::ReadOptions());
18. for(iter->Seek(prefix); iter->Valid() && iter->key().starts_with(prefix); iter->Next()){
19. Slice index_key = iter->key();

20. delete_batch.Delete(index_key);

21. batch_count++;

22. if (batch_count >= BATCH_SIZE_LIMIT) {

23. leveldb::Status status = index_db_->Write(leveldb::WriteOptions(), &delete_batch);

21



24. if (!status.ok()) {

25. return false;

26. }

27. delete_batch.Clear(); // i Hlbik, #E T — Mk
28. batch_count = 0;

29. }

30. }

31. delete iter;

32.

33. Status s = index_db_->Write(leveldb::WriteOptions(), &delete_batch);
34. if('s.ok()){

35. return false;

36. }

37.

38. return true;

39. }

3.2.3 EARINEEMIR

FEFEANIR A, FRATIAE FH %6 B o % GenerateRandomString [ KL A= Bl K
2 PR HOM 4 = B BE LB S | 2 BEATL A BE AN B B 8, BT S | 2 i B AL
TEET A ET I A AE

(1) M1 CreatelndexAndQueryTest

I EIN 7 eI RG], JF B ARSI B IhEe. |6 100 545
MUAE B E i 32E N dataDB, #RJ57F address 7B AR 5] . #6560 K 2 75 IE
A, RJERIRA RG2S R S B IR R .

HARBAG SR AR AS, X T4 A/ 100 S5 B mdE 4738 7, S8 50 T8 — 250
i key K H 2 5 1E dataDB 1. 8538 PrixX 5% kv X EI A 7B RRAEDSFB
7 Bt AR BUE R 5 Sl B EHE — 2

For 56 BE 15 I 2 5| B R B0 BT, 6 T4 ) 100 &8 b i AR A
XF, A B A A BUE R field 1955 . AR5 A query by index B8 %1S 2
matching keys, FJIr matching key 25475, I BG4 Key /&5 7E matching keys
M2, E':l .

. #include "gtest/gtest.h"

#include "db/NewDB.h" // NewDB [k 3
#include "leveldb/env.h"
#include "leveldb/db.h"
#include <iostream>
#include <random>

#include <ctime>

© ® N @ oA w N e

using namespace leveldb;

=
o
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.

Status OpenDB(std::string dbName, NewDB** db) {
Options options = Options();
options.create_if_missing = true;

return NewDB::Open(options, dbName, db);

I 4Ry AR AT #5123
std::default_random_engine rng;

I B RN T
void SetGlobalSeed(unsigned seed) {
rng.seed(seed);

I A RE ML 54
std::string GenerateRandomString(size_t length) {
static const char alphanum[] =
"0123456789"
"ABCDEFGHIJKLMNOPQRSTUVWXYZ"
"abcdefghijklmnopgrstuvwxyz";

std::uniform_int_distribution<int> dist(0, sizeof(alphanum) - 2);

std::string str(length, 0);

for (size_ti=0; i< length; ++i) {
str[i] = alphanum[dist(rng)];

}

return str;

std::string testdbname = "dbtest26";

TEST(TestNewDB, CreatelndexAndQueryTest) {
/1 6% NewDB 541
NewDB* db;
ASSERT_TRUE(OpenDB(testdbname, &db).ok());

IEiia PNV
std::vector<std::pair<std::string, FieldArray>> bulk_data;

const int num_records = 100;

for (inti=0; i <num_records; ++i) {

std::string key = "k_" + GenerateRandomString(10);
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55. FieldArray fields = {

56. {"name", GenerateRandomString(5)},

57. {"address", GenerateRandomsString(15)},

58. {"phone", GenerateRandomString(11)}

59. ¥

60. bulk_data.emplace_back(key, fields);

61.

62. ASSERT_TRUE(db->Put_fields(WriteOptions(), key, fields).ok());

63. }

64.

65. IR 5] 7B

66. db->CreatelndexOnField("address");

67.

68. 11 BTN B E A F 2R 5

69. for (const auto& [key, fields] : bulk_data) {

70. 11 B FF IR IE T B4

71. FieldArray retrieved_fields;

72. ASSERT_TRUE(db->Get_fields(ReadOptions(), Slice(key), &retrieved_fields).ok());
73. EXPECT_EQ(retrieved_fields.size(), fields.size());

74.

75. I SATIR PN IRS e 2

76. for (size_ti=0;i < fields.size(); ++i) {

77. EXPECT_EQ(fields[i].first, retrieved_fields[i].first); // 7B %

78. EXPECT_EQ(fields[i].second, retrieved_fields[i].second); // 7B

79. }

80.

81. 11 B8 IE 2 5] 2 75 i IR AR B0 R

82. Field field_to_query{"address", fields[1].second}; // i J] address ¥ B34y £ ifi
83. std::vector<std::string> matching_keys = db->QueryByIndex(field_to_query);
84. EXPECT_FALSE(matching_keys.empty()); // 1% GE$& 21 5 v [

85. EXPECT_NE(std::find(matching_keys.begin(), matching_keys.end(), key), matching_keys.end());
86. }

87.

88. delete db;

89. }

(2) MR FI 1 PutFieldsAndDeletelndexTest

A 0K T AR N B SR e MIRR R S IS . B G, HEAN 100 2% BE
MLAREIEAE . R ERER S IEFEA TEdE, k2 7E address 7B I
B X B R 1 5 -

SR E IR I LA ) 20 255 EMIBR . Mk )5, [RGB A M BE, H
H query by index pR & #EAT &4k, FIWrk 21 matching keys & A2 . 285 M
Fr Address XN G|, WMk RG 25, &R H R RAEE. R
it 7 B A RN T BE 1K) field X, 4RJ5 F query by index sREGIAT AR, Ik 31K
matching keys & A& 2.
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© © N o o > w D e

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
3L
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.

TEST(TestNewDB, PutFieldsAndDeletelndexTest) {
Il €)% NewDB L4
NewDB* db;
ASSERT_TRUE(OpenDB(testdbname, &db).ok());

db->CreatelndexOnField("address");

/K PN Ve
std::vector<std::pair<std::string, FieldArray>> bulk_data;

const int num_records = 100;

for (inti=0; i <num_records; ++i) {

std::string key = "k_" + GenerateRandomString(10);

FieldArray fields = {
{"name", GenerateRandomString(5)},
{"address", GenerateRandomsString(15)},
{"phone", GenerateRandomString(11)}

b3

bulk_data.emplace_back(key, fields);

ASSERT_TRUE(db->Put_fields(WriteOptions(), key, fields).ok());

11 B8 IE N I ECHE AR 5
for (const auto& [key, fields] : bulk_data) {
11 3RBUHBAIE 7 B A
FieldArray retrieved_fields;
ASSERT_TRUE(db->Get_fields(ReadOptions(), Slice(key), &retrieved_fields).ok());
EXPECT_EQ(retrieved_fields.size(), fields.size());

I SATIR PN IRS e 2

for (size_ti=0;i < fields.size(); ++i) {
EXPECT_EQ(fields[i].first, retrieved_fields[i].first); // ¥ B %
EXPECT_EQ(fields[i].second, retrieved_fields[i].second); // "7 B f&

11 B8 E 2 5] 2 75 i IR BI6F R

Field field_to_query{"address", fields[1].second}; // {ii /| address ‘¥ B 47 &5 f)
std::vector<std::string> matching_keys = db->QueryByIndex(field_to_query);
EXPECT_FALSE(matching_keys.empty()); // 1% GEFE 2156 v [

EXPECT_NE(std::find(matching_keys.begin(), matching_keys.end(), key), matching_keys.end());
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44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.

1 R 308 23 Hidls

const int num_updates = 20;

for (inti=0; i <num_updates; ++i) {
auto& [key, fields] = bulk_data[i];
ASSERT_TRUE(db->Delete(WriteOptions(), key));
}

for (inti = 0; i < num_updates; ++i) {
Field query_field{"address", bulk_data[i].second[1].second};
std::vector<std::string> matching_keys = db->QueryBylIndex(query_field);
EXPECT_TRUE(matching_keys.empty());

}

I MkRz= 5]
ASSERT_TRUE(db->Deletelndex("address"));

1SRN R 2R 51 5 Joid A 2 5 iy 2 Hd

for (const auto& [key, fields] : bulk_data) {
Field field_to_query{"address", fields[1].second}; // fi Ff| address Bt 17 i)
std::vector<std::string> matching_keys = db->QueryBylIndex(field_to_query);
EXPECT_TRUE(matching_keys.empty()); // & 5| CUBEMHIBR,  BL1Z 4R AN 30 4T fr] DT L ) B

}

delete db;
}

(3) P A B UpdateFieldsAndQueryIndexTest

AR BN 1 ST o it SRR T BRI DL
B, MR 100 FKEENUE IR . )5 RAESIE R ST IEFIEA, LAk

indexDB H17& & IEMA A% 1 XN R 51 5dE, 2R query by index BREFk
FI| IE# 1Y) matching keys.

SRJE BRI ) 20 S8 34T 0T, A HEHT address B BUE . KR

Bra DL DB R S T AR R SE T, AR A I HT Y address FEXELE indexDB
g% I query by index BB B IE RN Key. B /mAaSe H ¥ address T2 B
C4RREEE query by index B &k 3.

©® N o kR WD RF

TEST(TestNewDB, UpdateFieldsAndQueryIndexTest) {
I B1)%& NewDB 451
NewDB* db;
ASSERT_TRUE(OpenDB(testdbname, &db).ok());

I B 5] B
ASSERT_TRUE(db->CreatelndexOnField("address"));
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
217.
28.
29.
30.
31
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.

VK n=R A AE
const int num_records = 100;

std::vector<std::pair<std::string, FieldArray>> initial_bulk_data;

for (inti=0; i <num_records; ++i) {

std::string key = "k_" + GenerateRandomString(10);

FieldArray fields = {
{"name", GenerateRandomString(5)},
{"address", GenerateRandomsString(15)},
{"phone", GenerateRandomString(11)}

3

initial_bulk_data.emplace_back(key, fields);

ASSERT_TRUE(db->Put_fields(WriteOptions(), key, fields).ok());
}

I S UER AR R 5] A

for (const auto& [key, fields] : initial_bulk_data) {
Field query_field{"address", fields[1].second}; // fi Ff| address 7Bt 17 i)
std::vector<std::string> matching_keys = db->QueryBylIndex(query_field);
ASSERT_FALSE(matching_keys.empty()); // % 1% At 4% 311 5%F W (1) 4

EXPECT_NE(std::find(matching_keys.begin(), matching_keys.end(), key), matching_keys.end());

11 S s
const int num_updates = 20;

std::vector<std::pair<std::string, FieldArray>> updated_bulk_data;

for (inti = 0; i < num_updates; ++i) {

auto& [key, fields] = initial_bulk_data[i];

FieldArray updated_fields = {
{"name", fields[0].second},
{"address", GenerateRandomString(15)}, // 5 #t address
{"phone", fields[2].second}

j3

updated_bulk_data.emplace_back(key, updated_fields);

ASSERT_TRUE(db->Put_fields(WriteOptions(), key, updated_fields).ok());
}

1 SRR BT e A B AR 5

for (const auto& [key, updated_fields] : updated_bulk_data) {
11 IRELFEBE 7 B AR
FieldArray retrieved_fields;
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53. ASSERT_TRUE(db->Get_fields(ReadOptions(), Slice(key), &retrieved_fields).ok());

54. EXPECT_EQ(retrieved_fields.size(), updated_fields.size());

55.

56. I B A N BN 7 B

57. for (size_t i =0; i <updated_fields.size(); ++i) {

58. EXPECT_EQ(updated_fields[i].first, retrieved_fields[i].first); // 7%

59. EXPECT_EQ(updated_fields[i].second, retrieved_fields[i].second); // *B{{H

60. }

61.

62. 11 BAIEHT I address FBHUEAZTE T2 51

63. Field query_field_new{"address", updated_fields[1].second};

64. std::vector<std::string> matching_keys_new = db->QueryByIndex(query_field_new);

65. ASSERT_FALSE(matching_keys_new.empty()); // 7 Huhit 3 1% GE & 1 5% 7 (1) 4

66. EXPECT_NE(std::find(matching_keys_new.begin(), matching_keys_new.end(), key), matching_ke
ys_new.end());

67. }

68. for (inti=0; i < num_updates; ++i) {

69. /I BAIEIH ) address 7 BUEAN B AFAE T2 5]

70. Field query_field_old{"address", initial_bulk_data[i].second[1].second};

71. std::vector<std::string> matching_keys_old = db->QueryByIndex(query_field_old);

72. EXPECT_TRUE(matching_keys_old.empty()); // |H kA 5 12 8 2156k 1o f1)

73. }

74.

75. delete db;

76. }

(4) Pales
FEAR TR MG A M EE RN B s

® chen@chen-None:~/leveldb_project2/build$ /home/chen/leveldb project2/build/index test random

[s=========] Running 3 tests from 1 test suite.

[ ] Global test environment set-up.

—————————— ] 3 tests from TestNewDB
] TestNewDB.CreateIndexAndQueryTest
] TestNewDB.CreateIndexAndQueryTest (2297 ms)
] TestNewDB.PutFieldsAndDeleteIndexTest
OK ] TestNewDB.PutFieldsAndDeleteIndexTest (840 ms)
] TestNewDB.UpdateFieldsAndQueryIndexTest

] TestNewDB.UpdateFieldsAndQueryIndexTest (458 ms)

[---emmeen- ] 3 tests from TestNewDB (3596 ms total)

[--mmmmmen- ] Global test environment tear-down

[s=========] 3 tests from 1 test suite ran. (3596 ms total)
[ PASSED ] 3 tests.
chen@chen-None:~/leveldb_project2/build$

K8 ZEAThREM K4S
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3.3 —& it

3.3.1 —Hiigit

BT S RRE, BATAET LT =A TR
OFFE—: HHES
7E Put_fields #fEr:
« Je¥ data_db_ A index_db_ FITEHTEREEAAR] AN FES .
s MR E R T, NIRRT E S
 MRAEE—NEERB, WERRES
QFE: KEFEIRE, HERIEEE
N T EEREEEE EN S EAEA R, ATRCRA AR ENE" RS
< HEHIEE AN data_db_.
« WMREANRY), FHEHZREGIEEE] index_db_.
« WRREGIHNRM, MIBRELE, FIEBWIEIRES .
OFR=: EIRRII FEH
U SR ST BT R G W R, T D REIR SRS . BN, KR 5] SRR
MR B 5 GRS R HAT, BN K5 5.
« JeH B HdE, data_db_ S ERAE SE RS 3L RTIR B R T
BRI BANALEHER P ERAR AT, FRAAH H ERERER R 5E I & 5]
BB

23— SR, RAVEE T LR 58 M Szl — SO 75 B R ) — L )

D%

7E levelDB HsE Bl 45 & SEUF R MERK. AL E MK mE, BIEAEE
FH = 45 (R — 8

@FH K=

BN ARAIE? 725 NS, (RAIESE 2 LR 5T R —if 8] A —
ANERFEREEPATEE 1) S #eE; 5E R batch 5B A S 15 T4, RARIE
5N — 8

IR 5 A1 put_fields AT LAFIR $AT GE RO 2 QIR 5|, i $ A % datadb
PN, BERHZEA; siE 0@ RGN, JeHEFTH 1) writebatch 4b3 58 )5 F create,
HE B LR R A

WAl AT e D Bl R 51 % Hoth k-v 5 N BHLZE? A1l R 5], 5615 datadb,
EHURAEF ], 55 indexdb.

©)iibi /3]
WREIH & BN ST ELIEEWRE, &5 EReRIEMN D EdkE % H

B2k
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3.3.2 — B4 B SE IR

(1) writebatch Fl:gE

JRA — 26505 — /> writebatch, AT fRIUE—E0ME, 72 YT R I (A
BHE, MEREEZE, BIA TS — NS A — IR PERFE BB 18], BAEFRAT]
P EAERERKEN—A (B2 ) writebatch 5\ .

XA (R Rolms, —REHmANEIEERTREIER, A~ T #E—20
DX AR ZE AR, R — B N =R, # writebatch 4%
AN, XHE AT BAD B writebatch &5 A BRI ]

L) Createlndex 5% 91 -

I F N B2 5] B
batch.Put(index_key, Slice());

1

2

3

4, batch_count++;

5. ISR BN R, AT E AN
6 if (batch_count >= BATCH_SIZE_LIMIT) {

7 leveldb::Status status = index_db_->Write(leveldb::WriteOptions(), &batch);
8 if (Istatus.ok()) {

9

return false;

10. }

11. batch.Clear(); // &bk, & T — Mk
12. batch_count = 0;
13. }

(2) BFBARNFRI IR

createindex & #7E 5 N indexDB Ji ] indexed_fields HF4f N\ 7Bt 4 , deleteindex

7E5 N indexDB fij [ indexed_fields Hifi N 7B 44, XFEA 2 FEL queryindex 1]
Ei%, i FL#ES T createindex 4. deleteindex A 5¢ 4= BH ZE HABHERAE

{HI21E createindex I, R HAHEAT put, IBAFEANFECHF RN TIX
A put AAT A, AR put Je52 k. createindex JEse R, AB4 put FIX S EdEAR 1R
7% A M) indexDB Hli AR 51 £dis . i 2 i, fE createindex WfiEAT put, Wi
PRAEFHE AR R fl i &= 5l .

N T RRPGXA R, NAZW TN S, 4l indexed_fields_read 1
indexed_fields_write, Fi# 7E createindex 45 W IN 5 . 7E deleteindex JTHAHT ', J&
H1E createindex JFUAIT 'S . 7 deleteindex JFAANT 5 o #H4 T1EGIE R 5| IEI1E
SRR, XANRIGIHEAT L. EXNESEE LT, mxrFmREsImns, X4
R 0] LEEM BR TR LG5 A T WL ANE XA R 51 H %A MR .

ORI RE G .

1. bool NewDB::CreatelndexOnField(const std::string& field_name) {
2. 1% % 5] Bt BdE#8 AL 2] indexDB
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3 index_db_->Put(WriteOptions(), "index_field_write:" + field_name, "1");
4 std::unique_lock<std::mutex> lock(db_mutex_, std::defer_lock);

5 lock.lock();

6. indexed_fields_write.insert(field_name);

7

8

9

lock.unlock();

11. 114 % 5 FBoo B #: AL 3] indexDB

12. index_db_->Put(WriteOptions(), "index_field_read:" + field_name, "1");
13. lock.lock();

14. indexed_fields_read.insert(field_name);

15. lock.unlock();

16. return true;

17. 3%

@MIERR S R E GRS -
bool NewDB::Deletelndex(const std::string& field_name){

I &R 51 FBoo B+ AL ] indexDB
index_db_->Delete(WriteOptions(), "index_field_read:" + field_name);
index_db_->Delete(WriteOptions(), "index_field_write:" + field_name);
std::unique_lock<std::mutex> lock(db_mutex_, std::defer_lock);
lock.lock();
indexed_fields_read.erase(field_name);

indexed_fields_write.erase(field_name);

©ooN s WDdDE

lock.unlock();

(3) FRITFHMBRE T

B, FEEAE Put_fields 2, H & 17— Querylndex HIIF L. EIXFf
EHOLT, Wi dataDB PAR G T 40d . 1H indexDB & H AN, 42 S HEEE
FIf) key Hrb

R, 78 Put_fields 52 5 0L T, indexDB 1112 51 $#E R 6% T dataDB

W21 keys B BRI L, RefRuESEEUIERAYE) , (HEARDT
dataDB, KIAILIYES indexDB, Fi'5 dataDB, IX#HEERE(RAEAE S ()i FE A it
BURS U . O 55 LR 5 (P 72 v 58 4 PH ZE s B A, 78— BRI PR e 2 TR AT
DA — /B

2 Put_fields IEH 52 R 5, T REPRIE R4 — 3k

@Put_fields %%t :
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s BLAE AR AN RO A . X TR AdE, S N indexDB, FEE A
dataDB, {#ilF dataDB H7E7E ZHHRERS indexDB H— & fEAE AN R 51 B . %ot
THEFHAE, [FFH, %5 N indexDB, 5 A dataDB, /&M% indexDB.

Put_fields p& &350 o ARRS 40 T

1. Status NewDB::Put_fields(const WriteOptions& options, const Slice& key, const FieldArray& fields){
2.

3.

4. // write into indexDB

5. Status status = index_db_->Write(write_options, &index_batch);
6. if(!status.ok()){

7. return status;

8. }

9.

10. // write into dataDB

11. Status data_status = data_db_->Write(write_options, &data_batch);
12. if (1data_status.ok()) {

13. return data_status; // 5 5 N KM, EERR[E]

14. }

15.

16. return Status::OK();

17. }

@Delete %

FEJ 5 N dataDB, FE A indexDB, {fiif dataDB H FI%# C& Mk, 7
FRIN U AT MIER indexDB 7] LUIE I 75 Bk AN 72 dataDB 1) key SR AR UE A EI1E
watE (R Z8 8L Queryindex HIZ4E)

Delete o £ A #E-AAS 40T -

1. bool NewDB::Delete(const WriteOptions& options, const Slice& key){
2. leveldb::WriteBatch data_batch;

3. leveldb::WriteBatch index_batch;

4, ..

5.

6. I/ write dataDB

7. s = data_db_->Write(leveldb::WriteOptions(), &data_batch);
8. if(1s.0k0){

9. return false;

10. }

11.

12. I/ write indexDB

13. s = index_db_->Write(leveldb::WriteOptions(), &index_batch);
14, if(1s.0k(){

15. return false;

16. }

17.

18. return true;
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19. }

®Querylndex pF %

FEA 4R 3 matching_keys J5, 367 Z0f keys BEATH#1%, ¥ dataDB 11 AN fEFE
() key LAK key X R[] value HHANAELE 1% 7 BB K] key fHI S

1. std::vector<std::string> NewDB::QueryByIndex(Field &field){

2. std::vector<std::string> matching_keys;

3.

4, if(indexed_fields_read.find(field.first) != indexed_fields_read.end()){

5. std::string prefix = ConstructindexKey(Slice(), field); //Hi%%-7 B4+ 7 BE

6. leveldb::Iterator* iter = index_db_->Newlterator(leveldb::ReadOptions());

1. for(iter->Seek(prefix); iter->Valid() && iter->key().starts_with(prefix); iter->Next()){

8. Slice index_key = iter->key();

9. std::string data_key = ExtractindexKey(index_key); //fi##T 2518 1) key

10. matching_keys.push_back(data_key);

11. }

12. delete iter;

13.

14. /I check these matching_keys and remove keys not in datadb

15. for (auto& key:matching_keys) {

16. FieldArray fields;

17. Status s = data_db_->Get_fields(leveldb::ReadOptions(), key, &fields);

18.

19. 1 if field not in this k-v?

20. int tag = 0;

21. if(s.ok())}{

22. for(auto& each_field : fields){

23. if(each_field.first == field.first){

24. if(each_field.second == field.second){

25. tag = 1;

26. }

27. }

28. }

29. }

30. if(tag == 0){

31. matching_keys.erase(std::remove(matching_keys.begin(),matching_keys.end(),key),matching_
keys.end());

32. }

33. 11 if(1s.ok()){

34. /I matching_keys.erase(std::remove(matching_keys.begin(),matching_keys.end(),key),matchin
g_keys.end());

35. I}

36. }

37. }

38.
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39.
40.

return matching_keys;

}

DA B 98E Queryindex 245 ANRF& 26 AT key 95 -
A B ookt — 2R BEHLZE M Bl 4di A\ dataDB. LI, Put fields pfi %

L% AR AE indexDB Tl A — 2% 315U . 445 5 97 4 Ml address 5

By Bl . feJa a6 e B I 2 BT address 7 BUE AR BIFIN A key .

1
2
3
4.
S.
6
7
8
9

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

TEST(TestNewDB, QuerylIndexTest) {
/1 117 NewDB =L
NewDB* db;
ASSERT_TRUE(OpenNewDB(testdbname, &db).ok());

db->CreatelndexOnField(*"address");

std::string key = "k_" + GenerateRandomString(10);
FieldArray fields = {
{"name", GenerateRandomString(5)},
{"address", GenerateRandomString(15)},
{"phone", GenerateRandomString(11)}
I3
ASSERT_TRUE(db->Put_fields(WriteOptions(), key, fields).ok());

delete db;

/1 6% DB 541
DB* data_db;
ASSERT_TRUE(OpenDB(testdbname + "_data", &data_db).ok());
/l update the address
FieldArray fields_new = {
{"name", fields[0].second},
{"address", GenerateRandomString(15)},
{"phone", fields[2].second}
I3
ASSERT_TRUE(data_db->Put_fields(WriteOptions(), key, fields_new).ok());
delete data_db;

11 1% NewDB 524
NewDB* db_2;
ASSERT_TRUE(OpenNewDB(testdbname, &db_2).0k());

I BSAIEZR 51 72 75 g TR A4 2100 B (1 g

Field field_to_query{"address", fields[1].second}; // {8 [T] address 7Bt f7 A if)
std::vector<std::string> matching_keys = db_2->QueryByIndex(field_to_query);
EXPECT_TRUE(matching_keys.empty());
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39. delete db_2;
40. 3

Hig, MW FFRMLREFRBEL put fields £ 4E 5 0UR —A key FIERT,
DL b7 sUASRE PR e 4 — Ui

B Ll N5t (name FE EA RS -

thread A: PUT (k1, “name=Bob”)
thread B: PUT (k1, “name=John”)

A: PUT index (name_Bob_k1, )

B: PUT index (hame John k1, “”)

B: PUTdata (k1, name_John)

A: PUTdata (k1, name_Bob)

Kl 9 4l AFHIE key B B A — 207 5
x# dataDB H' k1 %J B [F){E 2 Bob, {H,2& name=Bob X~ B {E indexDB
AR R T HHE, BN B 2R 5 A indexDB I .4 name_Bob_k1 iX 2%
= BARMIRR T .
BRI, TE A ITERRIE R EA R key H) put_fields & HAGEI 4,
WAERF P — NPT TS, B DA B EIAT .
B ARSI 1 <47 80 AL -
covE—NRMAE, HTERENPEG.
e m 2 —NEFB, SRR ready 17
- ready KR HA key A&7 EL T LA VT )
* putting keys 77l 1 24 F 754 HADZAZERAE 1 keys.
std::condition_variable cv;
std::mutex m;

bool ready = false;

gk ownE

std::unordered_set<std::string> putting_keys;
2—A~ put field BREFFIRPATING, ek d— T putting keys G H G C
2 40 key. IR R, AT EER, HEIEFERAE ZHT key HIZLAESS
WHAT, # key M putting keys HFEER, 4 ready i true, - H. cv i@ A H AN ZE
o
1. Status NewDB::Put_fields(const WriteOptions& options, const Slice& key, const FieldArray& fields){
std::string UserOpID = ConstructUserOplD(std::this_thread::get_id());

/I row lock

ok~ w

std::unique_lock<std::mutex> lock(db_mutex_, std::defer_lock);
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ex

std::unique_lock<std::mutex> row_lock(m, std::defer_lock);

7. ready = (putting_keys.find(key.ToString()) == putting_keys.end()); // no another thread putting the sa
me key

8.

9. if (Iready) {

10. cv.wait(row_lock, [[{return ready;});

11. }

12.

13. lock.lock();

14. putting_keys.insert(key.ToString());

15. lock.unlock();

16. 1 row lock

17. ..

18.

19. 1 row lock

20. lock.lock();

21. putting_keys.erase(key. ToString());

22. lock.unlock();

23.

24. ready = true;

25. cv.notify_all();

26. 1 row lock

217.

28. return Status::OK();

29. 3}

(4) FBRKE

DT H AR

N T B AN BE A H B Z TBAS— S iR 3, 7E newDB ZHT 61—
AMHE, WREANEIEER log, FETHMURBIKE

&4 newDB::open HI 48, FEFTHF—/MNMEdE ER e Iin b — A~ H &

B4 put_fields 1324, ST B RERAE, KrE FEAIR RG] 1T
BURI R 51 A E R B AR, RE 5 H &, /55 N indexDB Al dataDB.

WA I 3T newDB K log 7k E A log, 1H & 752 newDB ) log L4 RE X
IRFFAC TS B T WA db, PRI & 3 log W EFIZEFI AT, 1 H. log 24P A7AE
I AR AT log_num Z5(5 K., WERLEWR E I AN AR AL E 2 2 HI48P log, 7T RE
SAE Ja SR YR I B R R (AT e R EE L BN (R BN log_num 2545 B X log
HATIRIE) .

QBT e 1

T LA B HERS A W B SAAS 2, T RE S SRS & Je MR E a4
e I ] 8
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No obh e

ook wdpE

B LA e T — R i & B 7 2 B T 28 =4 db, fir %N RecoverDB,
CLBEEL T 7 XA At 1 B i Pk = 488 o

1A e UserOP AT TinyOP: — AN F#AE (UserOP) A3 & 45 M/
fE (TinyOP) , Bl P Al —ANES, X MEEREE T 1 indexDB 4+
put FIHEAE .

AR ARG T KR T EE NPT RTAERAE, R R A R A

FBAH ER R, EHAT A UserOP A TinyOP (4404517 indexDB
N 10 2% . FiIn) dataDB #fi N — 263D 217, 7F RecoverDB Hifi ATy
BB

U UserOP FThIAT 58 58, A4 M 12 500 2 7R BT @ T 24 1 UserOP
AET

R UserOP I FEH R A2 ot , 7R BN Es 2 8 R I, 3% FEOZ 20000 2 R 1)
e3¢ replay R )& & #4E

RecoverDB 88 {E X 4% 20 A -

Key: UserOpID_TinyOpID_DBname
Value: TinyOp_key value

UserOpID Hi UserOp F4f 1R [a] AT 2417 F 7 2R F2 11 thread_id ZH A%, FRIE
LB ME— . LRI ARG A T 2 ERRIEOLR, fEMKE I 427k 2 2 A
UserOp. thread_id /&4 1 Bj kI8 1A [F] S 20l % 7 RecoverDB H HoAth UserOp
(RIEHE (RN BRI & L UserOplD KR HIAS[E] UserOp HI%E) «

FEANNEVE (140 put_K1_nameAlice) —> TinyOplID, FF{#iF & i
[d]—~ UserOp W &K & BT -

DBname B[l Jyi%#/E 5 44l % (dataDB E¢ indexDB)

TinyOp_key_value: EARFIERIENZY, #i40 put_K1_nameAlice.

— LB 1) R
ConstructRecoverKey pi#: 14id& recoverDB [¥] key.
std::string NewDB::ConstructRecoverKey(std::string UserOplD, std::string TinyOpID, std::string DBna
me){
std::string s;
PutLengthPrefixedSlice(&s, Slice(UserOplD));
PutLengthPrefixedSlice(&s, Slice(TinyOplID));
PutLengthPrefixedSlice(&s, Slice(DBname));

returns;

ConstructRecoverValue PR #: #4i& recoverDB [} value.
std::string NewDB::ConstructRecoverValue(std::string TinyOp, std::string key, std::string value){
std::string s;
PutLengthPrefixedSlice(&s, Slice(TinyOp));
PutLengthPrefixedSlice(&s, Slice(key));
PutLengthPrefixedSlice(&s, Slice(value));
returns;
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©ooNo s WD

N
= o

©ooNoGaRWDdDE

ExtractRecoverKey pR#: M recoverDB ] key =4+ & B H #508 e 44 Bk
(dataDB/indexDB)
std::string NewDB::ExtractRecoverKey(std::string s){

Slice input(s);

Slice v;
GetLengthPrefixedSlice(&input, &v);
GetLengthPrefixedSlice(&input, &v);
GetLengthPrefixedSlice(&input, &v);

return v.ToString();

ExtractRecoverValue i&i%: M recoverDB ] value S 42 B HH #:1E 4 FR
(PUT/DELETE) . FB#%. FB/H.
std::pair<std::string, std::string> NewDB::ExtractRecoverValue(std::string s, std::string* TinyOp){

Slice input(s);

Slice v;
GetLengthPrefixedSlice(&input, &v);
*TinyOp = v.ToString();
GetLengthPrefixedSlice(&input, &v);
std::string key = v.ToString();
GetLengthPrefixedSlice(&input, &v);
std::string value = v.ToString();

return std::make_pair(key, value);

ConstructUserOpID ki F] FH IR AR AN 2 72 5 #4)3& UserOplD.
std::string NewDB::ConstructUserOplD(std::thread::id thread_id){

auto now = std::chrono::system_clock::now();
std::time_t now_t = std::chrono::system_clock::to_time_t(now);

std::ostringstream 0ss;

0ss << thread_id;

std::string UserOpID = std::to_string(now _t) + oss.str();
return UserOplID;

recoverDB 1k, HiAth g HM I R A leveldb 1) H B AL I AT E

Put_fields &

TEFTA newDB 504 4, WA put_fields 1 delete PiA R A 355H
dataDB #il indexDB WA 22 1) 5 N HeAE, Rt H A X A o8 807 2
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JeAe it 2 m F P #E R userOplID, 4R 5 7E#iE index batch A1 data batch ff]
B, 435 #iE H recoverDB [IEEAELXT, [] recover batch A4 AFH R £ -

437 recover batch Hif A\ — 2 %#E, BLELK tinyOpID J—.

*4 data batch. index batch FI recover batch #3#4i& 525, EIE S A=A
B ER, 258 5 N recoverDB, 5 A IndexDB, # )5 5 A\ dataDB.

W5 NBHRES TN 3E, LM recoverDB Hr 531X AN P /R AH 55 16 e
BEHE e IE— AN ETZE userOpID, 2R J5 B — AN 1%L A48 , 38 /) recover DB
BTG BT 28 93X AN userOpID FI%E, 35K oM %

recover DB

[ (timestamp0_1 indexDB, PUT K1 nameAlice) ]

[ (timestampl_2_indexDB, PUT_K2_nameBob) ]
[ (timestamp0_3 dataDB, PUT namealicekK1 )

(timestampl 4 dataDB, PUT nameBobK2 )

L

index DB

[ (nameAlicek1, “’) }

[ (nameBobK2, “”) ]

L

data DB

[ (K1, nameAlice) J

[ (K2, nameBob) ]

P 10 Put_fields B8 #5486 N IRAE

1.Status NewDB::Put_fields(const WriteOptions& options, const Slice& key, const FieldArray& fields){

2
3
4
5
6.
7
8
9

10.
11.

. std::string UserOpID = ConstructUserOplD(std::this_thread::get_id());
. Il row lock
. std::unique_lock<std::mutex> lock(db_mutex_, std::defer_lock);

std::unique_lock<std::mutex> row_lock(m, std::defer_lock);

ready = (putting_keys.find(key.ToString()) == putting_keys.end()); // no another thread putting the same key

if ('ready) {

cv.wait(row_lock, [[{return ready;});
}

12.
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.

lock.lock();
putting_keys.insert(key.ToString());
lock.unlock();

/I row lock

FieldArray current_fields;
Status s = Get_fields(leveldb::ReadOptions(), key, &current_fields);

leveldb::WriteBatch data_batch;
leveldb::WriteBatch index_batch;

leveldb::WriteBatch recover_batch;

/[ uint64_t TinyOpID =0;

if(!s.ok()){
for (const auto& field : fields) {

I TR B 42 78 indexed fields o, A4HAN 2% 5]

if (indexed_fields_write.find(field.first) != indexed_fields_write.end()) {
I K3 511 key, 45K): FieldName_FieldValue Key
std::string index_key = ConstructindexKey(key, field);
index_batch.Put(index_key, Slice());
/I prepare recover_batch
std::string Recover_key = ConstructRecoverKey(UserOplD, std::to_string(TinyOpID), "indexDB");
std::string Recover_value = ConstructRecoverValue("PUT", index_key, "™);
recover_batch.Put(Recover_key, Recover_value);

TinyOpID = TinyOpID + 1;

}

std::string value = SerializeValue(fields);
data_batch.Put(key.ToString(), value);

/l put dataDB's k-v into recover_batch

std::string Recover_key = ConstructRecoverKey(UserOplD, std::to_string(TinyOplID), "dataDB");
std::string Recover_value = ConstructRecoverValue("PUT", key.ToString(), value);
recover_batch.Put(Recover_key, Recover_value);

TinyOpID = TinyOpID + 1;

else{

std::pair<FieldArray, FieldArray> fieldarray_pair = Updatelndex(options, key, fields, current_fields);

/I put ops in indexdb
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57. for (const auto& field : fieldarray_pair.first) {

58. if (indexed_fields_write.find(field.first) != indexed_fields_write.end()) {

59. /l put into index_batch

60. std::string index_key = ConstructindexKey(key, field);

61. index_batch.Put(index_key, Slice());

62. /I put into recover_batch

63. std::string Recover_key = ConstructRecoverKey(UserOplID, std::to_string(TinyOpID), "indexDB");
64. std::string Recover_value = ConstructRecoverValue("PUT", index_key, "™;
65. recover_batch.Put(Recover_key, Recover_value);

66.

67. TinyOpID = TinyOpID + 1;

68. }

69. }

70.

71. /I put ops in datadb

72. std::string value = SerializeValue(fields);

73. data_batch.Put(key.ToString(), value);

74.

75. /I put dataDB's k-v into recover_batch

76. std::string Recover_key = ConstructRecoverKey(UserOplID, std::to_string(TinyOplID), "dataDB");
77. std::string Recover_value = ConstructRecoverValue("PUT", key.ToString(), value);

78. recover_batch.Put(Recover_key, Recover_value);
79. TinyOpID = TinyOpID + 1;
80.

81. /I delete ops in indexdb
82. for (const auto& field : fieldarray_pair.second) {

83. if (indexed_fields_write.find(field.first) != indexed_fields_write.end()) {

84. /I delete in index_batch

85. std::string index_key = ConstructindexKey(key, field);

86. index_batch.Delete(index_key);

87. /I delete in recover_batch

88. std::string Recover_key = ConstructRecoverKey(UserOplD, std::to_string(TinyOpID), "indexDB");
89. std::string Recover_value = ConstructRecoverValue("DELETE", index_key, ");
90. recover_batch.Put(Recover_key, Recover_value);

91.

92. TinyOpID = TinyOpID + 1;

93. }

94, }

9. }

96.

97. I/ write into RocoverDB

98. leveldb::WriteOptions write_options;

99. s=recover_db_->Write(write_options, &recover_batch);
100. if(!s.ok()){
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101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114,
115.
116.
117.
118.
119.
120.
121.
122.
123,
124,
125.
126.
127.
128.
129.
130.
131.
132.
133,
134.
135.
136.
137.
138}

returns;

[/ write into indexDB
Status status = index_db_->Write(write_options, &index_batch);
if(!status.ok()){

return status;

[l write into dataDB

Status data_status = data_db_->Write(write_options, &data_batch);

if (Idata_status.ok()) {
return data_status; // EEdE 5 AR, HAEER [

/ldelete TinyOps of this UserOp in RecoverDB
leveldb::WriteBatch batch;

std::string prefix;

PutLengthPrefixedSlice(&prefix, Slice(UserOplD));

leveldb::Iterator™ iter = recover_db_->Newlterator(leveldb::ReadOptions());
for(iter->Seek(prefix); iter->Valid() && iter->key().starts_with(prefix); iter->Next()){

Slice Recover_key = iter->key();
batch.Delete(Recover_key);
}
delete iter;
recover_db_->Write(leveldb::WriteOptions(), &batch);

/I row lock

lock.lock();
putting_keys.erase(key.ToString());
lock.unlock();

ready = true;
cv.notify_all();

/I row lock

return Status::OK();

Delete %5
F1 put_fields & HH) 2 FEAR L, AFETET K2 data batch. index batch £
recover batch #B I 5€ 55 » 50 5 N = AN E088 PER, IR A& 55 5 N recoverDB,
5 A\ dataDB, #: )55 A IndexDB.
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® N o Ry W

R B AR
7 newDB 2£1) open B ¥, 4 IT— B AU
FAIGT38 57 recoverDB H 1 AT $4R , SIS N 044 e 46 L 1 7
B B B AR AL (3 AT S0 9 SR L 9652 52 PR A B4 recoverDB
AR

yOp);

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

/I recover dataDB&indexDB using recoverDB
leveldb::Iterator* iter = recoverDB->Newlterator(leveldb::ReadOptions());
Slice recover_key;
for(iter->SeekToFirst(); iter->Valid(); iter->Next()){
recover_key = iter->key();
std::string DBname = (*dbptr)->ExtractRecoverKey(recover_key.ToString());
std::string TinyOp;
std::pair<std::string, std::string> k_v = (*dbptr)->ExtractRecoverValue(iter->value(). ToString(), &Tin

if(DBname == "dataDB"){
if(TinyOp == "PUT"){
dataDB->Put(leveldb::WriteOptions(), k_v.first, k_v.second);
}
else{
dataDB->Delete(leveldb::WriteOptions(), k_v.first);
}
}
else{
if(TinyOp == "PUT"){
indexDB->Put(leveldb::WriteOptions(), k_v.first, k_v.second);
}
else{
indexDB->Delete(leveldb::WriteOptions(), k_v.first);
}
}
recoverDB->Delete(leveldb::WriteOptions(), recover_key);
}
/I std::cout << "recover " << i << " rows, end key is " << keystr << std::endl;

delete iter;

3.3.3 —E MR

(1) FBRKERIIA (consistency_test.cc)

@i H %] PUTRecoveryTest

A K T B B B S AU B, AR R AT IR R S L. B, R
i 100 ZKBEHLAE B s, Address FBUA R 5l . SRS BALEE A, 7E
dataDB 1 indexDB H 73 Jll il 5 43 &5 4
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BAEAR B fa, B — new DB f84t, BT EEEE. W)
100 SFAGAKIEAE, Kk dataDB H1 /2 15 AH N I B A7 AE . B M Bl 2
B —5. B indexDB H 2 13 AH M. 1 2R 51 50
TEST(TestNewDB, PUTRecoveryTest) {
I put_fields-3r 1
11 8% NewDB 524
NewDB* db;
ASSERT_TRUE(OpenNewDB(testdbname, &db).ok());

db->CreatelndexOnField("address");
1 At Al AN Eds
std::vector<std::pair<std::string, FieldArray>> bulk_data;
std::vector<std::string> bulk_index;
int num_records = 100;
for (inti = 0; i <num_records; ++i) {
std::string key = "k_" + GenerateRandomString(10);
FieldArray fields = {
{"name", GenerateRandomString(5)},
{"address", GenerateRandomsString(15)},
{"phone", GenerateRandomString(11)}
b3
bulk_data.emplace_back(key, fields);
bulk_index.emplace_back(db->ConstructindexKey(key, fields[1]));

/I std::cout << key << "..." << db->SerializeValue(fields) << std::endl;

ASSERT_TRUE(db->Put_fields(WriteOptions(), key, fields).ok());
}
/I for(auto& key:bulk_index){
/I std::cout << key << std::endl;
I}
delete db;

IS 35

/1 6% DB 541

DB* data_db;

ASSERT_TRUE(OpenDB(testdbname + "_data", &data_db).ok());

11 W3 43 Hctim

int num_updates = 20;

for (inti = 0; i < num_updates; ++i) {
auto& [key, fields] = bulk_data[i];
ASSERT_TRUE(data_db->Delete(WriteOptions(), key).ok());

}
delete data_db;

44



42.
43.
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47.
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49.
50.
51.
52.
53.
54.
55.
56.
57.
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60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

11 6% DB 51471
DB* index_db;
ASSERT_TRUE(OpenDB(testdbname + "_index", &index_db).ok());
for (inti = 0; i < num_updates; ++i) {
auto& key = bulk_index([il;
ASSERT_TRUE(index_db->Delete(WriteOptions(), key).ok());

}
delete index_db;

1R 75 fEE I recoverDB Pk &

11 8% NewDB 51245
NewDB* db_2;
ASSERT_TRUE(OpenNewDB(testdbname, &db_2).0k());

11 BTN B E A F1 2R 5]
for (const auto& [key, fields] : bulk_data) {
11 ARELFEE 7 B A
FieldArray retrieved_fields;
ASSERT_TRUE(db_2->Get_fields(ReadOptions(), Slice(key), &retrieved_fields).ok());

11 AT BB B

for (size_ti=0;i < fields.size(); ++i) {
EXPECT_EQ(fields[i].first, retrieved_fields[i].first); // B %
EXPECT_EQ(fields[i].second, retrieved_fields[i].second); // ‘7B f&

}
delete db_2;

/1 6% DB 541
DB* index_db_2;
ASSERT_TRUE(OpenDB(testdbname + "_index", &index_db_2).0k());
for (const auto& key : bulk_index) {
11 3B BAIE 7 B A
std::string value;
ASSERT_TRUE(index_db_2->Get(ReadOptions(), Slice(key), &value).ok());

}
delete index_db_2;

@R 5] UpdateRecoveryTest

I 1 S e AR AU J5 A e 7R RERS R AT L RIS

HEEFEH N 100 2 BENLA AR - S8 )5 S H A 20 2511 address 7Bt R A AR AL
B AR i, B dataDB 1 indexDB #3554 54 .
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TERAU IR 2 J5, BT T8 A . K364 A 100 2% #dfs /2 15 7F dataDB
FAEAE, I HAGIK: indexDB H = 75 A7 AEAH N 2R 51 8l

TEST(TestNewDB, UpdateRecoveryTest) {
1 put_fields- 5 37

11 8% NewDB 51245
NewDB* db_3;
ASSERT_TRUE(OpenNewDB(testdbname, &db_3).0k());

db_3->CreatelndexOnField("address");
1 At Al A\ Eds
std::vector<std::pair<std::string, FieldArray>> bulk_data;
std::vector<std::string> bulk_index;
int num_records = 100;
for (inti = 0; i < num_records; ++i) {
std::string key = "k_" + GenerateRandomString(10);
FieldArray fields = {
{"name", GenerateRandomString(5)},
{"address", GenerateRandomsString(15)},
{"phone", GenerateRandomString(11)}
b3
bulk_data.emplace_back(key, fields);
bulk_index.emplace_back(db_3->ConstructindexKey(key, fields[1]));

/I std::cout << key << "..." << db->SerializeValue(fields) << std::endl;

ASSERT_TRUE(db_3->Put_fields(WriteOptions(), key, fields).ok());
}

1 S
std::vector<std::pair<std::string, FieldArray>> bulk_data_update;
std::vector<std::string> bulk_index_update;
num_records = 20;
for (inti = 0; i <num_records; ++i) {
auto& [key, fields] = bulk_data[i];
FieldArray fields_update = {
{"name", fields[0].second},
{"address", GenerateRandomString(15)},
{"phone", fields[2].second}
j3
bulk_data_update.emplace_back(key, fields_update);

bulk_index_update.emplace_back(db_3->ConstructindexKey(key, fields_update[1]));

ASSERT_TRUE(db_3->Put_fields(WriteOptions(), key, fields_update).ok());
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43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.

delete db_3;

IR 35

I 6% DB 51471

DB* data_db_2;

ASSERT_TRUE(OpenDB(testdbname + "_data", &data_db_2).0k());

11 T30 o i HfR

int num_updates = 10;

for (inti = 0; i < num_updates; ++i) {
auto& [key, fields] = bulk_data_update[i];
ASSERT_TRUE(data_db_2->Delete(WriteOptions(), key).ok());

}
delete data_db_2;

I 6% DB 51471
DB* index_db_3;
ASSERT_TRUE(OpenDB(testdbname + "_index", &index_db_3).0k());
for (inti = 0; i < num_updates; ++i) {
auto& key = bulk_index_update[i];
ASSERT_TRUE(index_db_3->Delete(WriteOptions(), key).ok());

}
delete index_db_3;

11 ARE A5 R il I recoverDB R K
/1 6% NewDB 541
NewDB* db_4;
ASSERT_TRUE(OpenNewDB(testdbname, &db_4).0k());

RS PN A€ e
for (const auto& [key, fields] : bulk_data_update) {
11 FRELFEE 7 B A
FieldArray retrieved_fields;
ASSERT_TRUE(db_4->Get_fields(ReadOptions(), Slice(key), &retrieved_fields).ok());

AR YNGR S 2

for (size_ti=0;i < fields.size(); ++i) {
EXPECT_EQ(fields[i].first, retrieved_fields[i].first); // ¥ B %
EXPECT_EQ(fields[i].second, retrieved_fields[i].second); // 7 Bt{&

}
delete db_4;
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87.
88.
89.
90.
91.
92.
93.
94.
95.
96.

}

11 6%k DB 51471
DB* index_db_4;
ASSERT_TRUE(OpenDB(testdbname + "_index", &index_db_4).0k());
for (const auto& key : bulk_index_update) {
11 ARELFEE 7 B A
std::string value;

ASSERT_TRUE(index_db_4->Get(ReadOptions(), Slice(key), &value).ok());

}
delete index_db_4;

@il H %] DeleteRecoveryTest
il A T W B B e AU e, SR SRR A T R IR ARV B IS L
R RS N\ 100 26 BEATLAE B EE , S8 5 MR 20 %% dataDB HH i %4 «

PRSI, K dataDB Al indexDB i 7 Bl 5. A BRI
e fa, MRS 5 RE8 IR IR, R8s IEm MR : K238 dataDB A1 )%k
PE N indexDB H FHHE A2 15 #8 IE AR -

TEST(TestNewDB, DeleteRecoveryTest) {

11 )% NewDB 5124
NewDB* db_3;
ASSERT_TRUE(OpenNewDB(testdbname, &db_3).0k());

db_3->CreatelndexOnField("address");
KRS PN E
std::vector<std::pair<std::string, FieldArray>> bulk_data;
std::vector<std::string> bulk_index;
int num_records = 100;
for (inti=0; i <num_records; ++i) {
std::string key = "k_" + GenerateRandomString(10);
FieldArray fields = {
{"name", GenerateRandomString(5)},
{"address", GenerateRandomString(15)},
{"phone", GenerateRandomString(11)}
j3
bulk_data.emplace_back(key, fields);
bulk_index.emplace_back(db_3->ConstructindexKey(key, fields[1]));

ASSERT_TRUE(db_3->Put_fields(WriteOptions(), key, fields).ok());

1 4

std::vector<std::pair<std::string, FieldArray>> bulk_data_delete;
std::vector<std::string> bulk_index_delete;

num_records = 20;

for (inti=0; i <num_records; ++i) {
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29.
30.
3L
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.

auto& [key, fields] = bulk_data[i];
bulk_data_delete.emplace_back(key, fields);

bulk_index_delete.emplace_back(db_3->ConstructindexKey(key, fields[1]));

ASSERT_TRUE(db_3->Delete(WriteOptions(), key));
}

delete db_3;

URCE YRR

I 6%k DB 51471

DB* data_db_2;

ASSERT_TRUE(OpenDB(testdbname + "_data", &data_db_2).0k());

11 VRSZ 53 Kt

int num_updates = 10;

for (inti = 0; i < num_updates; ++i) {
auto& [key, fields] = bulk_data_delete[i];
ASSERT_TRUE(data_db_2->Put_fields(WriteOptions(), key, fields).ok());

}

delete data_db_2;

I 6% DB 51471
DB* index_db_3;
ASSERT_TRUE(OpenDB(testdbname + "_index", &index_db_3).o0k());
for (inti = 0; i < num_updates; ++i) {
auto& key = bulk_index_delete[i];
ASSERT_TRUE(index_db_3->Put(WriteOptions(), key, ").ok());

}
delete index_db_3;

1A 75 BEE I recoverDB Pk E

11 1% NewDB 5124
NewDB* db_4;
ASSERT_TRUE(OpenNewDB(testdbname, &db_4).0k());

11 BTN R E R F 2R 5]

for (const auto& [key, fields] : bulk_data_delete) {
11 FRELFEBE 7 B 4
FieldArray retrieved_fields;

ASSERT_FALSE(db_4->Get_fields(ReadOptions(), Slice(key), &retrieved_fields).ok());

}
delete db_4;

11 €)% DB 3451
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73.
74.
75.
76.
77.
78.
79.
80.
81.

DB* index_db_4;
ASSERT_TRUE(OpenDB(testdbname + "_index", &index_db_4).0k());
for (const auto& key : bulk_index_delete) {
11 3RBUHBAIE 7 B i
std::string value;
ASSERT_FALSE(index_db_4->Get(ReadOptions(), Slice(key), &value).ok());

}
delete index_db_4;

}
@it4s R
AT I R0

e chen@chen-None:~/leveldb_project2/build$ /home/chen/leveldb project2/build/consistency test
[==========] Running 4 tests from 1 test suite.
[------n--- ] Global test environment set-up.
[---------- ] 4 tests from TestNewDB

[ RUN ] TestNewDB.PUTRecoveryTest

[ OK ] TestNewDB.PUTRecoveryTest (229 ms)

[ RUN ] TestNewDB.UpdateRecoveryTest

[ 0K ] TestNewDB.UpdateRecoveryTest (250 ms)
[ RUN ] TestNewDB.DeleteRecoveryTest

[ OK ] TestNewDB.DeleteRecoveryTest (233 ms)
[ RUN ] TestNewDB.QueryIndexTest

[ 0K ] TestNewDB.QueryIndexTest (109 ms)

[

---------- ] 4 tests from TestNewDB (822 ms total)

[---------- ] Global test environment tear-down
[s=========] 4 tests from 1 test suite ran. (822 ms total)
[ PASSED ] 4 tests.

chen@chen-None:~/leveldb project2/build$ []

11 R E MR 4h

(2) FEHWR (Concurrency_test.cc)

O3 %1 Concurrency ALL Test
ZIE B TR 2 put delete pR &, AIEE BN ER 2R 51 9 KN BE 5 R IIE
A ET I AR KGN ] 12 38
n] dataDB Hidi A\ 1 5 25 BEALAE O3, R 618 —M1n & threads, FHT-fr
1A AR EESATHI AR . B0, B — DI R 5 ARG A 2 threads 241,
HHAEEIRIE T TR, EOERTINARBITHFEIE, Kk 100 NI,
FEANFRBEHLAHEAT put B3 delete AERTE
TERARFER NS, X T E0d 2 75 IEAf O 3 N SO SR AT R 56, A 06 O &5
BLAHENF| AN A results 247 (55545 true or false) . Z54% Frfg () 100 2%
FE5ERE, AR results A IR — AR, ARG ERDY false, AR
MARAS 2 -
TR 2R 51 A1 100 AN SR8 B R 2 FAL I 7 v
TEST(TestNewDB, ConcurrencyALLTest) {
Il €)% NewDB 25|
NewDB* db;
ASSERT_TRUE(OpenNewDB(testdbname, &db).ok());
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I HEEAR A E
const int num_records = 10000;

for (inti = 0; i < num_records; ++i) {
Il std::string key = "k_" + GenerateRandomString(20);
std::string key = "k_" + std::to_string(i);
FieldArray fields = {
{"name", GenerateRandomString(5)},
{"address", GenerateRandomsString(15)},
{"phone", GenerateRandomString(11)}
¥
ASSERT_TRUE(db->Put_fields(WriteOptions(), key, fields).ok());
}

11 B LR AR I 5 TR AR T B R FEXT S
std::vector<std::thread> threads;
std::vector<std::thread> threads2;

threads.emplace_back([=]() { thread_task_createindex(db, 0); });

I JA 7)) 100 NkAE, RFNERFEHSIZAT thread_task bR %L
int thread_num = 100;
for (inti=1;i<=thread_num; ++i) {

I BIERENL B T AT

std::random_device rd;

11 A58 BE AL 4 ) e — N 35 &) 40 AT ) BEATL A0 AE kit
std::uniform_int_distribution<int> dist(0, 1);

1 AR HEBERL B PR AT IR AR B
if (dist(rd) == 0) {
threads.emplace_back([=]() { thread_task_delete(db, i); });

}else {
threads.emplace_back([=]() { thread_task_put(db, i); });

}
/I threads.emplace_back([=]() { thread_task_put(db, i); });

I 45 T A R S K
for (auto& th : threads) {
if (th.joinable()) {
th.join();
}
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49.
50.
5l.
52.
53.
54.
55.
56.
S7.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.

/I check if all the results are true
for(const auto& result : results){
EXPECT_EQ(result, true);

}

threads2.emplace_back([=]() { thread_task_deleteindex(db, 200); });

I 350 100 NNEEFE, BEANEEFEHERIZ AT thread_task Rk
for (int i = 201; i <= thread_num+200; ++i) {

11 QR & T+

std::random_device rd;

I 18 F B L 4 G 28— N850 40 A I BE D LERCAE s
std::uniform_int_distribution<int> dist(0, 1);

I AR HEBEAL B AT IS B
if (dist(rd) == 0) {
threads2.emplace_back([=]() { thread_task_delete(db, i); });

Yelse {
threads2.emplace_back([=]() { thread_task_put(db, i); });

}
/I threads2.emplace_back([=]() { thread_task put(db, i); });

}

I 45 T A LR S Ik
for (auto& th : threads2) {
if (th.joinable()) {
th.join();
}
}

/I check if all the results are true
for(const auto& result : results){
EXPECT_EQ(result, true);

}

delete db;

B8 2% 5] (2R FE R 5L thread_task_createindex:

1.
2.

void thread_task_createindex(NewDB* db, int thread_id) {
db->CreatelndexOnField("address");
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JIH 42 2% 5] Y 2R FE BRI 2 thread_task_deleteindex:

1.
2.
3.

void thread_task_deleteindex(NewDB* db, int thread_id) {

db->Deletelndex("address");

T NEE 1 LA 2R 2L thread_task_put:

ZBRECE S BEN LG IE — DME X dataDB HY, SR JE AR IR S H i 2 5 K

Di#i N\ dataDB, Ff H#Ji& H IndexDB A 7B 4 F BB, FIRXA™ field Xk
4L IndexDB H I G XTI key . K562 75 B9 IR, I EHASLE RN
(1) key /&A A& matching keys A — .

©ooN s WD

WWWNMNNNONMNNRNOMNRNNONMNRNNREPERRERERERRER R
NP OWOOWwNOE WNRE OOONOUAWDNDERO

void thread_task_put(NewDB* db, int thread_id) {

std::string key = "k_" + GenerateRandomString(20);
FieldArray fields = {
{"name", GenerateRandomString(5)},
{"address", GenerateRandomString(15)},
{"phone”, GenerateRandomString(11)}

h

/I while (db->indexed_fields_write.find("address") == db->indexed_fields_write.end()) {
/I std::this_thread::sleep_for(std::chrono::milliseconds(1));

I}
db->Put_fields(WriteOptions(), key, fields):

/I check the consistency

FieldArray retrieved_fields;
if(!db->Get_fields(ReadOptions(), Slice(key), &retrieved_fields).ok()){
InsertResult(false);

return;

}

Field field_to_query{"address", fields[1].second}; // field_value of field address

if (db->indexed_fields_read.find("address") == db->indexed_fields_read.end()) { // index not ready
/1 std::this_thread::sleep_for(std::chrono::milliseconds(1));
std::vector<std::string> matching_keys = db->QueryByIndex(field_to_query);
if(matching_keys.empty()){
InsertResult(true);
return;
}
}

/ index ready
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33. std::vector<std::string> matching_keys = db->QueryByIndex(field_to_query);

34. if(matching_keys.empty()){

35. /1 std::cout << thread_id << std::endl;
36. InsertResult(false);

37. return;

38. }

39.

40. int tag = 0;

41. for(auto& matching_key : matching_keys){
42. if(key == matching_key){

43. tag = 1;

44, break;

45, }

46. }

47. if(tag 1= 1){

48. InsertResult(false);

49, return;

50. }

51.

52. InsertResult(true);

53. }

T i ) 2872 bR 2L thread_task_delete:

XA BRACE Je5E M 0~9999 AL FE— BT §h IR A EEMIRR ()
key. MiB% Data DB HHIXAMEENT o SRS [FIRE I BTN B 2 J5 A& 75 3 R 4R 21X A
AN, LA indexDB H & f ik A AH I (1) 2R 51 H k.

1. void thread_task_delete(NewDB* db, int thread_id) {

2. int i = getRandomInRange(0,9999);

3.

4, std::string key = "k_" + std::to_string(i);

5. std::string fieldvalue;

6.

7. FieldArray retrieved_fields;

8. if(db->Get_fields(ReadOptions(), Slice(key), &retrieved_fields).ok()){
9. fieldvalue = retrieved_fields[1].second;

10. }

11.

12. I/ while (db->indexed_fields_write.find("address") == db->indexed_fields_write.end()) {
13. /I std::this_thread::sleep_for(std::chrono::milliseconds(1));

14, I}

15. db->Delete(WriteOptions(), key);

16.

17. /I check the consistency

18. if(db->Get_fields(ReadOptions(), Slice(key), &retrieved_fields).ok()){
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19. InsertResult(false);

20. return;

21. }

22.

23. Field field_to_query{"address", fieldvalue}; // field_value of field address
24. if (db->indexed_fields_read.find("address") == db->indexed_fields_read.end()) { // index not ready
25. /1 std::this_thread::sleep_for(std::chrono::milliseconds(1));

26. std::vector<std::string> matching_keys = db->QueryByIndex(field_to_query);
27. if(matching_keys.empty()){

28. InsertResult(true);

29. return;

30. }

31. }

32.

33. Il index ready

34. std::vector<std::string> matching_keys = db->QueryByIndex(field_to_query);
35. if(Imatching_keys.empty()){

36. /1 std::cout << thread_id << std::endl;

37. InsertResult(false);

38. return;

39. }

40.

41. InsertResult(true);

42. }

@i A %1 ConcurrencyPutSameKeyTest:

ZMAA IR T PSR A 0] Bt P b i AR — A key HITE L

%61 dataDB il A — s, AR5 MR name BRG], W ORIIARS
Bift 4%, SRJ51E name FB FOIER G JFEMALIE, 70504 name B )
{H 5% Bob 1 John, 1EIXM AR IR . S84 N B REHAT TE B

RO WI A key A& 5 77E dataDB 241, XFF-iX A~ key X[ value, #HHE
b address B ()7 BAE , SR 5 6 — A5 Braa A Befi 1Y field % - A query by
index PREULE index DB A £ $8.%F B Y matching keys, JIWTHIA ) key & BAFET
matching keys 247,

1 TEST(TestNewDB, ConcurrencyPutSameKeyTest) {

2, I B3 NewDB L1

3. NewDB* db;

4, ASSERT_TRUE(OpenNewDB(testdbname, &db).ok());
5.

6. KRS PN AE

7. const int num_records = 1;

8.

9. for (inti=0; i <num_records; ++i) {

10. /] std::string key = "k_" + GenerateRandomString(20);
11. std::string key = "k_" + std::to_string(i);
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
3L
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49.
50.
51.
52.
53.

54.

d0);

FieldArray fields = {
{"name", GenerateRandomString(5)},
{"address", GenerateRandomsString(15)},
{"phone", GenerateRandomString(11)}
b3
ASSERT_TRUE(db->Put_fields(WriteOptions(), key, fields).ok());

db->Deletelndex("name");

db->CreatelndexOnField("name");

I B2 RE ) B T ORAE T AT AR R

std::vector<std::thread> threads;

std::string name;

for (inti=1;i<=1;++i) {

std::string ikey = "k_" + std::to_string(i);

name = "bob";
threads.emplace_back([=]() { thread_task_put_key(db, i, ikey, name); });
name = "john";

threads.emplace_back([=]() { thread_task_put_key(db, i, ikey, name); });

11 5555 T 2R 58 B
for (auto& th : threads) {
if (th.joinable()) {
th.join();

/ check data and index

FieldArray retrieved_fields;

Status s = db->Get_fields(ReadOptions(), Slice(ikey), &retrieved_fields);
ASSERT_TRUE(s.0k();

std::string fieldvalue = retrieved_fields[0].second;
Field field_to_query{"name", fieldvalue};

/I fieldvalue should be found by index
std::vector<std::string> matching_keys = db->QueryByIndex(field_to_query);
ASSERT_FALSE(matching_keys.empty());

ASSERT_TRUE(std::find(matching_keys.begin(), matching_keys.end(), ikey) != matching_keys.en
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55.
56. delete db;
57. }

FHTRA key BIEHE I 265 PR 28 thread _task_put_key:
void thread_task_put_key(NewDB* db, int thread_id, std::string key, std::string name) {
FieldArray fields = {
{"name", name},
{"address", GenerateRandomString(15)},
{"phone", GenerateRandomString(11)}

I3

db->Put_fields(WriteOptions(), key, fields);
- }
@45
H AR A 5 R T

® chen@chen-None:~/leveldb_project2/build$ /home/chen/leveldb project2/build/concurrency test
[==========] Running 2 tests from 1 test suite.
[---------- ] Global test environment set-up.
[--mmmmemm ] 2 tests from TestNewDB

©ooNo Ak wDdDE

[ RUN ] TestNewDB.ConcurrencyALLTest
[ 0K ] TestNewDB.ConcurrencyALLTest (6390 ms)
[ RUN ] TestNewDB.ConcurrencyPutSameKeyTest

[ 0K ] TestNewDB.ConcurrencyPutSameKeyTest (580 ms)
e ] 2 tests from TestNewDB (6971 ms total)

[----nnen-- ] Global test environment tear-down
[==========] 2 tests from 1 test suite ran. (6972 ms total)

[ PASSED ] 2 tests.
chen@chen-None:~/leveldb_project2/build$

K 12 FF R FEmmt s R

4. MBI

AT, VERERIMTEARIRA LT =Fh: HFrtE. @B, HHCK.
SEIGIAEEAN R : Intel(R) Core(TM) i7-10875H CPU @ 2.30GHz and 32.0 GB of
RAM, an NVIDIA GeForce RTX 2080 Super with 8 GB of dedicated GPU memory

4.1 EWMERKIMR S 2T

4.1.1 BRZRFRSIHEAMEELLR

Bl B A S B AL AR Bt B 4R . 2R 5 WK FindKeysByField  #H
QueryBylndex #fh 77 A BEAER, IR EHH18 10%, 104, 10°%
(1) WL H %1 FindkeysByFieldPerformance
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TEST(TestNewDB, FindKeysByFieldPerformance) {

/1 117 NewDB =41
NewDB* db;
ASSERT_TRUE(OpenDB(testdbname, &db).ok());

/K PNV
std::vector<std::pair<std::string, FieldArray>> bulk_data;

const int num_records = 100000;

for (inti = 0; i <num_records; ++i) {

std::string key = "k_" + GenerateRandomString(10);

FieldArray fields = {
{"name", GenerateRandomString(10)},
{"address", GenerateRandomsString(25)},
{"phone", GenerateRandomsString(11)}

b3

bulk_data.emplace_back(key, fields);

ASSERT_TRUE(db->Put_fields(WriteOptions(), key, fields).ok());

I BRG] 7B
db->CreatelndexOnField("address");
11 MR W 18R
auto start_time = std::chrono::high_resolution_clock::now(); // i3I 4f i [A]
11 B8 IE N I ECHE AR 5
for (const auto& [key, fields] : bulk_data) {
11 3R BAIE 7 B A
FieldArray retrieved_fields;
ASSERT_TRUE(db->Get_fields(ReadOptions(), Slice(key), &retrieved_fields).ok());
EXPECT_EQ(retrieved_fields.size(), fields.size());

11 35 0E 2R 51 52 15 BE TR R 20 7 11 B
Field field_to_query{"address", fields[1].second}; // {ii /| address ‘¥ Bt 47 &5 f)
std::vector<std::string> matching_keys = db->FindKeysByField(field_to_query);

EXPECT_FALSE(matching_keys.empty()); // 5. i% BEF& 2156 b [
EXPECT_NE(std::find(matching_keys.begin(), matching_keys.end(), key), matching_keys.end());
}
auto end_time = std::chrono::high_resolution_clock::now(); // it 3% 45 5 I 7]
auto duration = std::chrono::duration_cast<std::chrono::milliseconds>(end_time - start_time).count();
cout << "Throughput: " << num_records * 1000 / duration << " OPS" << endl;
cout << "Total Latency " << duration << " ms" << endl,
delete db;
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45, }

(2) P A% QueryByindexPerformance

1. TEST(TestNewDB, QueryBylIndexPerformance) {

2, I )% NewDB 5L

3. NewDB* db;

4. ASSERT_TRUE(OpenDB(testdbname, &db).ok());

5.

6. 11 e BAm N EE

7. std::vector<std::pair<std::string, FieldArray>> bulk_data;

8. const int num_records = 100000;

9.

10. for (inti = 0; i < num_records; ++i) {

11. std::string key = "k_" + GenerateRandomString(10);

12. FieldArray fields = {

13. {"name", GenerateRandomString(10)},

14. {"address", GenerateRandomsString(25)},

15. {"phone", GenerateRandomsString(11)}

16. +

17. bulk_data.emplace_back(key, fields);

18.

19. ASSERT_TRUE(db->Put_fields(WriteOptions(), key, fields).ok());

20. }

21.

22. I B R 5 7B

23. db->CreatelndexOnField("address");

24, 1A E IR

25. auto start_time = std::chrono::high_resolution_clock::now(); // i3 T 41 A]
26. I BAESR N I E A F 2 5

27. for (const auto& [key, fields] : bulk_data) {

28. 11 3RETF B UE - B s

29. FieldArray retrieved_fields;

30. ASSERT_TRUE(db->Get_fields(ReadOptions(), Slice(key), &retrieved_fields).ok());
31. EXPECT_EQ(retrieved_fields.size(), fields.size());

32.

33. 11 B6IE 2R 5 52 75 B8 TR R 20 % . 1)

34, Field field_to_query{"address", fields[1].second}; // {di il address 7 B¢ ilE47 75 iy
35. std::vector<std::string> matching_keys = db->QueryByIndex(field_to_query);
36.

37. EXPECT_FALSE(matching_keys.empty()); // 1% fig $k 25} 5 [ 4

38. EXPECT_NE(std::find(matching_keys.begin(), matching_keys.end(), key), matching_keys.end());
39. }

40. auto end_time = std::chrono::high_resolution_clock::now(); // ic\ 5545 ik [)
41, auto duration = std::chrono::duration_cast<std::chrono::milliseconds>(end_time - start_time).count();
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42.
43.
44
45.

cout << "Throughput: " << num_records * 1000 / duration << " OPS" << endl;
cout << "Total Latency " << duration << " ms" << endl;
delete db;

(3) AL
FEAS LG ST =0, BRRCER AR B RS B, IRIEEdE R — 2 JFEL

FEME DR TR T . IO R 1A

FindKeysByField

devcontainers@LAPTOP-6C5UATQP: $ /mnt/ef/leveldb project2/build/index test_random
==========| Running 1 test from 1 test suite.
—————————— ] Global test environment set-up.
----] 1 test from TestNewDB
I | TestNewDB.BulkCreateIndexAndQueryTest
Throughput: 78 OPS
Total Latency 141998 ms

] TestNewDB.BulkCreateIndexAndQueryTest (143300 ms)
7777777777 ] 1 test from TestNewDB (1433@@ ms total)

—————————— ] Global test environment tear-down
1 test from 1 test suite ran. (143300 ms total)
] 1 test.

$ /mnt/e/leveldb project2/build/index test random

] Running 1 test from 1 test suite.
] Global test environment set-up.
----] 1 test from TesthNewDB
[ RUN ] TestNewDB.FindKeysByFieldPerformance
Throughput: 6 OPS
Total Latency 15311621 ms
[ ] TestNewDB.FindKeysByFieldPerformance (15326064 ms)
] 1 test from TestNewDB (15326064 ms total)

] Global test environment tear-down
1 test from 1 test suite ran. (15326064 ms total)
] 1 test.

K 13 FindKeysByField iR 4% 5
QueryBylIndex- 5 & —: 4K, HicwKE

devcontainers@LAPTOP-6C5U4ATQP:
rformance_test
] Running 1 test from 1 test suite.
| Global test environment set-up.
] 1 test from TestNewDB
[ RUN | TestNewDB.QueryByIndexPerformance
Throughput: 47 OPS

Total Latency 2085368 ms
| TestNewDB.QueryByIndexPerformance (2119732 ms)
] 1 test from TestNewDB (2119732 ms total)

| Global test environment tear-down
1 test from 1 test suite ran. (2119732 ms total)
] 1 test.

K 14 QueryBylndex-J7 % iR 45
QueryBylIndex- % = HHFFIA R 7 [
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devcontainers@LAPTOP-6C5U4TQP: $ /mnt/e/leveldb project2/build/index test random
——e ] Running 1 test from 1 test suite.
| Global test environment set-up.
] 1 test from TestNewDB
] TestNewDB.BulkCreateIndexAndQueryTest
Throughput: 133333 OPS
Total Latency 75 ms

[ TesthNewDB.BulkCreateIndexAndQueryTest (1289 ms)
] 1 test from TestNewDB (1289 ms total)

] Global test environment tear-down
1 test from 1 test suite ran. (1289 ms total)
] 1 test.

& 15 QueryBylIndex-J7 & = iR 45
FindKeysByField F1#Fh 77 2 1 QueryBylIndex 177 i 5 A1 ZE IR 1A 45 5 .

% 2 FindKeysByField F1 QueryByIndex [ % i & Al ZE R B R 45 5

Method Throughput/OPS Total Latency/ms
Data Size 10° 10 10° | 10° 10 10°
FindKeysByField 672 70 6 1486 141998 15311021
QueryBylIndex_2 6651 678 43 152 14742 2125267
QueryByIndex_3 | 166666 126082 45673 6 86 253
i
Throughput Comparison Latency Comparison
o FindKeysByField (Throughput) 10 '
AN *~ QueryByindex_2 (Throughput)
6000 N
AN
5000 \\ 107
_ \ 2
g N E
S 4000 AN >10°
i N\ g
% 3000 S 5
A N B e ”
2 \ £10¢
" 2000 N
\\
1000 \ 10°
o — e 102
10300 10325 10350 103.75 104.00 104.25 10450 10475 105.00 " 10300 10325 10350 10375 10400 104.25 10450 10475 10500
ot s Data Size (10~x)
5 > . =5 > N
16 QueryBylIndex 77 ¢ — A 5 AT AE IR [ 45
TRE=:
Throughput Comparison - QueryByIndex vs FindKeysByField L g1e7._ Latency Comparison - QueryBylndex vs FindKeysByField
QueryByindex - Throughput QueryByindex - Latency
i indKeysByField - Throughput s indKeysByField - Latency
12
125000
g 100000 ig:l'o
3 208
S 75000 L]
g F06
- 50000 e
0.4
25000
0.2
o 0.0
0 uatlan‘;xza o w0 10! 1or

Data Size

17 QueryByIndex 77 & = [ Ik s A GEIR (1 45

FindKeysByField F1#Fh 77 211 QueryBylIndex HI1ERETR T -
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FindKeysByField ZLiR — QueryByIndex ZEiR

Y A A —
PERERT = FindKeysByField 268 x 100
TTHE:
% 3 QueryBylndex J5 % (M REIRTF
Data Size | QueryBylIndex %EiE(ms) | FindKeysByField %EiE(ms) | PEEEFETH(%)
10° 152 1486 89.7%
10°* 14742 141998 89.61%
10° 2125267 15311021 86.119%
HE=
3 4 QueryByIndex J5 & = I REFETH
Data Size | QueryBylIndex %EiE(ms) | FindKeysByField %EiE(ms) | THEAEIETH(%)
10° 6 1486 99.6%
10* 86 141998 99.94%
10° 253 15311021 99.998%

(4) TERE T

TN 2% 51 &) )5 , QueryBylndex 7E % & J5

N

12 1y

7+ FindKeysByField,

It HAER LT FindKeysByField, JUH7ZE KHBIEHRE . Hep, FE=
PERESRTH L 7 R = R R

223 S SR 5 9, T TR A RE ) P i 2 5 5 o b 2 A 2 DA
5%, FUREBLAE QueryBylindex % (13X BUAAY :

TR

for(iter->Seek(prefix); iter->Valid();iter->Next()){

std::string key = iter->key(). ToString();
I 7755 key LA prefix Jf3k

Slice index_key = iter->key();

std::string data_key = ExtractindexKey(index_key); //fi# & 51 # 41 1) key
matching_keys.push_back(data_key);

N o ok~ 0D

std::vector<std::string> NewDB::QueryByIndex(Field &field){
for(iter->Seek(prefix); iter->Valid() && iter->key().starts_with(prefix); iter->Next()){
Slice index_key = iter->key();
std::string data_key = ExtractindexKey(index_key); //f#412 514k 1 # key
matching_keys.push_back(data_key);

1
2
3
4
5. if(prefix.size() <= key.size() && memcmp(key.data(), prefix.data(), prefix.size()-1) == 0) {
6
7
8
9
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77 R = HFHEAE ] levelDB P B [ starts_with BR ¥ HLES key 275 LA prefix JF
3k, M5 % 414 1] PutLengthPrefixedSlice B3N, B& TAETEF 1T Ef N A4, b
AT R . B, 4— DB 7B 4 2 “address”, T-BE &2
“Mmvr8FrMNJazOhd” i :

TR =27 “addressMmvr8FrMNJazOhd”,

M5 % 447 4%: “\aaddress\017Mmvr8FrMNJaz0Ohd”.

T starts_with LR b6 7T, KBTS 2 AT 4 457 o AN SR A
AR X FEA e B starts_with %, 1075 B F-shiR A
memcmp ERE, BN T EATERR IS, g2 T A TERE .

Bbah, PEAEZE B A RERIAT GetLengthPrefixedSlice of 30 B 7 7F
B2 ZESR, BATSEH IR LA RE:

OW AV ) 77 2 7

7 % —.: GetLengthPrefixedSlice 7% ZEAWrHENT I F B, RN

2 memepy, FENEIR VRGN T N AT R ZEIR

FEAT K B 7 B ) S AR 2 s 2RI SR

HRE=: BENFRRITHHERES, find(:) 1 substr() #1ERTRE
FEREEEI S R AR, BN B 47 et d i LR E N A7

2 4 FHKEMT (DecodeFixed32) 4 1AM BREERA, WD
TR
@R 5| g IE FE LT 2 5

J7Z& . £ ConstructindexKey #1 ExtractindexKey 18 FH 4 5 i 25 4 i,

FILZ YA GetLengthPrefixedSlice, f#fT & 24 & &,

HRER=: EH _ A SRR, Bl RS find() B

B, ax Fh 77 0 B

@ A7 5 B A DL 22 57

TR (BT E R & stdistring 5 Slice < [A] )54,

ToString() W REZ FEHIMNNAETTL S5 L,

HR=: HERETFTE, LHRASMIERSHE L
i, BATRLERRHMEREE I I REM gm0 .

4.1.2 FERENKNTHEEMEEELE:

I B A 1 5 0 AN [R] B0 B 6 DR 0N, BEATL AR Rl At B A, AR S R
QueryBylIndex ()75 BEAGEIR, X A/MISEL D518 10, 107, 10%.
(1) #1345 QueryBylndexPerformance

MRS &2 QueryByIndexPerformance, AR -

(2) Mg R
ARG RN R B RS IR 45 R R .
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devcontainers@LAPTOP-6CEU4TQP:

| Running 1 test from 1 test suite.

] Global test environment set-up.

| 1 test from TestNewDB

| TestNewDB.QueryByIndexPerformance
Throughput: 59880 OPS
Total Latency 167 ms

OK ] TestNewDB.QueryByIndexPerformance (6832 ms)
] 1 test from TestNewDB (6832 ms total)

| Global test environment tear-down
===] 1 test from 1 test suite ran. (6832 ms total)
) ] 1 test.

18 AR ELXT KN I i P RE A1k 45

R 5 ANFEIHEERT R/ T A2 1 RE It 45 2R

Method Throughput/OPS Total Latency/ms

KV Size 10 10? 108 |10 10® 10°

QueryBylIndex_3 | 166666 58029 2780 | 6 172 3692

(3) SR

BE & B /N BT, AT RE RS T B

O MERAEF I LB F BT, FBAKEBA, M FER s .

INEEAE IS, BRAE MR AP, Slice A EERT S MRAT T RSN, BlERR
B, RGP 5 B R AR AT K B AT SRR AT A B IE n, S 8 AN CPU T
HAEAER .

QAT BRI R, KREEE N VT B EZ MR HEEL 110, HE— D FRARERE .

NS W SE A RAFAE CPU L1/L2 2247, 5 il JEIRBRAR s 1 KB X iR
AR E, TAEYIR NI, SIRE S 110 1R, BuEHuE R, %
WERNAZFR DAL, S8 CPU AR h R LT, #t— SR MrE .
(4) AT7 )

OREEAAENT

T ORBEXT, HREREEMIT RIS, — MRS 2 N K AT 4 FRAT f T,
P IBA AR BINER s 5] N 2 R8RS TS, FIH CPU 24K
IEET AR o

@5 JE AT

TEB W RGN, SRR A GTEAEXT, WD U7 n) KBRS 4002 firh i N A7 B
WA 1/O; EFXT REEX AT 2 REAT, ST ITS 7B, &R IED IEE R
P, B G — U R K B R
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4.2 BEeeriRE 2

4.2.1 BiEgEaylit

A A e LA Ot R4, 285 M4t Put_fields. updatelndex.
deletelndex =Rkt &, R, ik, BIEES BN 10°, 10%, 10°.
(1) 3R %1 PutFieldsThroughputTest

1. TEST(TestNewDB, PutFieldsThroughputTest) {

2. I B3 NewDB L1

3. NewDB* db;

4, ASSERT_TRUE(OpenDB(testdbname, &db).ok());

S

6. KN GIE3E

7. db->CreatelndexOnField("address");

8.

9. 11 ZEFR P

10. vector<int64_t> latencies; // 77t FE N ZEIR

11. int num_inserts = 1000; // 4fi A\ (1) 46 %

12.

13. 11 D0 N\ A

14. auto start_time = std::chrono::high_resolution_clock::now(); // i34 (A
15. for (inti=0; i <num_inserts; ++i) {

16. std::string key = "k_" + std::to_string(i);

17.

18. I BERLAE e Be N 2

19. FieldArray fields = {

20. {"name", "Customer#" + std::to_string(i)},

21. {"address", GenerateRandomString(10)}, // BEHLA sl ik

22. {"phone", GenerateRandomString(12)}  // FEHLA= i FE 3G 515

23. }

24,

25. db->Put_fields(WriteOptions(), key, fields);

26. }

27.

28. 1 SEIR P

29. TestLatency(num_inserts, latencies);

30. auto end_time = std::chrono::high_resolution_clock::now(); // it\s% 45 5 I 7]
31. auto duration = std::chrono::duration_cast<std::chrono::milliseconds>(end_time - start_time).count();
32.

33. I VS B I A

34. cout << "Throughput: * << num_inserts * 1000 / duration << " OPS" << endl;
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35.
36.

37.
38.
398

cout << "Latency for operation " << latencies.size()-1 << ": " << latencies[latencies.size()-1] << " ms"

<<endl;

I 375 B 12
delete db;

(2) 51 BulkPutFieldsAndDeletelndexPerformance

© o N o 0k~ 0w DR

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.
34.
35.
36.

TEST(TestNewDB, BulkPutFieldsAndDeletelndexPerformance) {

/1 817 NewDB =41
NewDB* db;
ASSERT_TRUE(OpenDB(testdbname, &db).ok());

db->CreatelndexOnField("address");

/RN €
std::vector<std::pair<std::string, FieldArray>> bulk_data;
const int num_records = 150000;

for (inti = 0; i < num_records; ++i) {

std::string key = "k_" + GenerateRandomString(10);

FieldArray fields = {
{"name", GenerateRandomString(10)},
{"address", GenerateRandomsString(25)},
{"phone", GenerateRandomsString(11)}

Y

bulk_data.emplace_back(key, fields);

ASSERT_TRUE(db->Put_fields(WriteOptions(), key, fields).ok());

11 BAESR N B F 2 5
for (const auto& [key, fields] : bulk_data) {
11 3RETF B UE - B s
FieldArray retrieved_fields;
ASSERT_TRUE(db->Get_fields(ReadOptions(), Slice(key), &retrieved_fields).ok());
EXPECT_EQ(retrieved_fields.size(), fields.size());

11 BRI REAS  B

for (size_ti=0;i < fields.size(); ++i) {
EXPECT_EQ(fields[i].first, retrieved_fields[i].first); // 7 F %

EXPECT_EQ(fields[i].second, retrieved_fields[i].second); // 7Bt 1H

}
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37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.

11 B6AIE 2R 5 52 75 RE IE AR B 0T )

Field field_to_query{"address", fields[1].second}; // f# J{] address “7-BiE4T i)
std::vector<std::string> matching_keys = db->QueryBylIndex(field_to_query);
EXPECT_FALSE(matching_keys.empty()); // 1% fig $k 25} 5 [ 4

EXPECT_NE(std::find(matching_keys.begin(), matching_keys.end(), key), matching_keys.end());

}

11

auto start_time = std::chrono::high_resolution_clock::now(); // ic.3% JF- 4[]
113350 70 et

const int num_updates = 100000;

for (inti = 0; i < num_updates; ++i) {
auto& [key, fields] = bulk_data[i];
ASSERT_TRUE(db->Delete(WriteOptions(), key));

IRz 5]
ASSERT_TRUE(db->Deletelndex("address"));
auto end_time = std::chrono::high_resolution_clock::now(); // it\s45 B[]
auto duration = std::chrono::duration_cast<std::chrono::milliseconds>(end_time - start_time).count();

IS B

cout << "Throughput: " << num_updates * 1000 / duration << " OPS" << endl;
cout << "Total Latency " << duration << " ms" << endl;

delete db;

(3) P A B UpdateFieldsAndQueryIndexPerformance

© o N o 0k~ 0w DR

11.
12.
13.
14.
15.
16.

TEST(TestNewDB, UpdateFieldsAndQueryIndexPerformance) {
Il €)% NewDB L4
NewDB* db;
ASSERT_TRUE(OpenDB(testdbname, &db).ok());

I B2 5] B
ASSERT_TRUE(db->CreatelndexOnField("address"));

I B AE A HE
const int num_records = 200000;
std::vector<std::pair<std::string, FieldArray>> initial_bulk_data;

for (inti=0; i <num_records; ++i) {
std::string key = "k_" + GenerateRandomString(10);
FieldArray fields = {
{"name", GenerateRandomString(10)},
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17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34,
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.

51.
52.
53.
54.
55.
56.
57.
58.
59.

{"address", GenerateRandomsString(25)},
{"phone", GenerateRandomsString(11)}
3
initial_bulk_data.emplace_back(key, fields);

ASSERT_TRUE(db->Put_fields(WriteOptions(), key, fields).ok());

IS ERI AR R 5] A
for (const auto& [key, fields] : initial_bulk_data) {
Field query_field{"address", fields[1].second}; // f# Ff| address Bt 17 i)
std::vector<std::string> matching_keys = db->QueryBylIndex(query_field);
ASSERT_FALSE(matching_keys.empty()); // N 1% GEF8 21 5 b [ g
EXPECT_NE(std::find(matching_keys.begin(), matching_keys.end(), key), matching_keys.end());
}

11 SE TS Kt
const int num_updates = 100000;
std::vector<std::pair<std::string, FieldArray>> updated_bulk_data;
11 D0 A\ A
auto start_time = std::chrono::high_resolution_clock::now(); // ic.3% JF- 4[]
for (inti = 0; i < num_updates; ++i) {
auto& [key, fields] = initial_bulk_data[i];
FieldArray updated_fields = {
{"name", fields[0].second},
{"address", GenerateRandomString(15)}, // 5 3#t address
{"phone", fields[2].second}
3
updated_bulk_data.emplace_back(key, updated_fields);

ASSERT_TRUE(db->Put_fields(WriteOptions(), key, updated_fields).ok());
}
auto end_time = std::chrono::high_resolution_clock::now(); // it\ 3545 5 I 7]
auto duration = std::chrono::duration_cast<std::chrono::milliseconds>(end_time - start_time).count();

I THE A 2 I
cout << "Throughput: " << num_updates * 1000 / duration << " OPS" << endl;
cout << "Total Latency " << duration << " ms" << endl;

11 560 S e 1 B AR 5

for (const auto& [key, updated_fields] : updated_bulk_data) {

1 BB H AL 7 B A
FieldArray retrieved_fields;
ASSERT_TRUE(db->Get_fields(ReadOptions(), Slice(key), &retrieved_fields).ok());
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60. EXPECT_EQ(retrieved_fields.size(), updated_fields.size());

61.

62. R AN PN RS 2

63. for (size_t i =0; i< updated_fields.size(); ++i) {

64. EXPECT _EQ(updated_fields[i].first, retrieved_fields[i].first); // 7 Et 4

65. EXPECT_EQ(updated_fields[i].second, retrieved_fields[i].second); // ‘7-B{&

66. }

67.

68. 11 B EF (1) address 7 BUEAEE T &R 5]

69. Field query_field_new{"address", updated_fields[1].second};

70. std::vector<std::string> matching_keys_new = db->QueryByIndex(query_field_new);

71. ASSERT_FALSE(matching_keys_new.empty()); // #rith il 7 1% GE£& 21155 7 1

72. EXPECT_NE(std::find(matching_keys_new.begin(), matching_keys_new.end(), key), matching_ke
ys_new.end());

73. }

74. for (inti = 0; i < num_updates; ++i) {

75. I BAE IR 1) address 7B A BHARAE TR 5]

76. Field query_field_old{"address", initial_bulk_data[i].second[1].second};

77. std::vector<std::string> matching_keys_old = db->QueryByIndex(query_field_old);

78. EXPECT_TRUE(matching_keys_old.empty()); // |H kA 5 12 FE8 21 56k 1w f1 e

79. }

80.

81. delete db;

82. }

(4) M4s
B S S SEREAT =K, BERSEIS AR B TR b, RESEE 2L BOT
SO [ENTRA e i i AP N T G N
OF &
] Running 1 test from 1 test suite.
] Global test environment set-up.
] 1 test from TestNewDB
] TestNewDB.PutFieldsThroughputTest
Throughput: 2185 OPS
[ 0K | TestNewDB.PutFieldsThroughputTest (4672 ms)
] 1 test from TestNewDB (4672 ms total)

] Global test environment tear-down
] 1 test from 1 test suite ran. (4673 ms total)
] 1 test.

B 19 Bt s

@4%’\@3‘5
Put_fields
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devcontainers@LAPTOP-6C5UATQR : $ /mnt/efleveldb project2/build/throughput test
= ] Running 1 test from 1 test suite.
] Global test environment set-up.
] 1 test from TestNewDB
| TestNewDB.PutFieldsThroughputTest
Throughput: 3855 0PS
Total Latency 25949 ms

OK ] TestNewDB.PutFieldsThroughputTest (26150 ms)
] 1 test from TestNewDB (26150 ms total)

] Global test environment tear-down
] 1 test from 1 test suite ran. (26150 ms total)
] 1 test.

I 20 Put_fields &1 238 45 4
updatelndex/deleteIndex

devcontainers@LAPTOP-6C5U4TQP $ /mnt/e/leveldb project2/build/index test_random
[ ] Running 3 tests from 1 test suite.

| Global test environment set-up.

] 3 tests from TesthewDB

| TestNewDB.BulkCreateIndexAndQueryTest

OK | TestNewDB.BulkCreateIndexAndQueryTest (67 ms)

] TestNewDB.BulkPutFieldsAndDeleteIndexTest
Throughput: 2416 OPS
Total Latency 2069 ms

[ OK | TestNewDB.BulkPutFieldsAndDeleteIndexTest (24647 ms)
[ RUN ] TestNewDB.UpdateFieldsAndQueryIndexTest
Throughput: 2696 OPS
Total Latency 1854 ms
[ ] TestNewDB.UpdateFieldsAndQueryIndexTest (4933 ms)
] 3 tests from TestNewDB (29648 ms total)

] Global test environment tear-down
] 3 tests from 1 test suite ran. (29648 ms total)
| 3 tests.

21 updatelndex/deletelndex F = ZE IR MR 45

BGEHUK:
Put_fields

2024/12/12-13:46:40.783645 139700275656256 Compac'ti-ng 1@0 + 1@1 files
2024/12/12-13:46:40.927910 139700275656256 Generated table #13@0: 26312 keys, 2113962
bytes

2024/12/12-13:46:40.989882 139700275656256 Generated table #14@0: 12630 keys, 1007175
bytes

2024/12/12-13:46:40.989993 139700275656256 Compacted 1@0 + 1@1 files => 3121137 bytes
2024/12/12-13:46:40.991900 139700275656256 compacted to: filesI0200000]

22 Put_fields )5k

updatelndex/deletelndex
2024/12/17-20:37:35.300531 140189890303552 Compacting 2@0 + 0@1 files
2024/12/17-20:37:35.326179 140189890303552 Generated table #10@0: 5100 keys, 396562 bytes
2024/12/17-20:37:35.326316 140189890303552 Compacted 2@0 + 0@1 files => 396562 bytes
2024/12/17-20:37:35.328317 140189890303552 compacted to: files{ 0100000 ]
2024/12/17-20:37:35.329482 140189890303552 Delete type=2 #5
2024/12/17-20:37:35.329889 140189890303552 Delete type=2 #8

23 Put_fields 15 ik

Put_fields. Deletelndex 11 Updatelndex [¥)5 14 Ak 45 4k
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% 6 Put_fields. Deletelndex F1 Updatelndex ft1 5 P4 A iR 45 5

Method Throughput/OPS Total Latency/ms Write Amplification/bytes
Data Size 10* 10  10° | 10° 10° 10° | 10° 10 10°
Put_fields 4310 3650 3855 | 232 2739 25940 - - 3121137

Deletelndex | 1210 3443 3967 | 826 2532 19391
Updatelndex | 2770 2842 2378 | 361 3518 42051 - - 15389973

Throughput Comparison - Put, Delete, Update

Latency Comparison - Put, Delete, Update

4000

3500

ut (OPS)

= 3000

ghp
|

2 2500 - —

Th

2000

1500

P 24 Put_fields. Deletelndex 1 Updatelndex 1’5 14 B Ml i 45 SR

4.2.2 BYERERISHT

(D HFHES

Put_fields 7£ A Bk =5 T ERI I m A& Bl

By EoNy 1000 B, FHREEAR T 4310 OPS, iz T Deletelndex (1210
OPS) #1 Updatelndex (2770 OPS).

R 75 £ 45 59 100000 f1&E# R, Put_fields (3855 OPS) k4R &4 T
Deletelndex (434 OPS) #1 Updatelndex (2378 OPS).

@Deletelndex 7E£#E &R /NN Frmt AR, FEAE SR ESE N, MEEeT M
NEZE.
(2) FEIR5HT

Put_fields 7EEFEE/NT 10000 I ZER oK. Hn:

7E 1000 BHE =T, MAER{AN 232 ms, 1 Deletelndex A 826 ms,
Updatelndex >4 361 ms.

285 B 3G N % 100000 B, Put fields (25940 ms) K ZE B 75 SR 1% T
Updatelndex (42051 ms) .

@Updatelndex 7EH 2% 4 N B IRAIXT R, JUHAE 100000 id & 2%
i, ZEIR RN,
(3) FHKHT

(DPut_fields 1 Updatelndex 7E 100000 ¥#EE2% F =4 7 KESHOK.
Put fields 5 i Ki& 3| 7 3121137 bytes. Updatelndex 5 jft K ¥ &, ik 5
15389973 bytes.

@Deletelndex HT&MIBREAE, Ak &I, PAESBOK.
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423 GERRLGE

Put_fields 7E#+m: EAIEIR T H 4 ML T Deletelndex 1 Updatelndex, ¥ 5!
FEERE BN RPN

Updatelndex #£ 45t &7 KT Put_fields, (HILERAK NEE, FIREAE
RIS EG i BB s 17 RS M (R R B T

Deletelndex it &%, HIERE R, &M T &R/ 8 i iEmE
BARKI 5.

4.2.4 HALFE

Put_fields: HEAREHCKNEAL, HMELHIEEIE M, HALREH L7+, Al LA
% B — I E B AMLE], D IER

Updatelndex: SHCKREECNR S, 7 DLEERAA R 516 I 5K 57
F e 1P Q) U PNGE

Deletelndex: % #¢ ik FAR Y 1 @, 7] PAYRZR 2 26 A2 A ok Bl th & A Br S B
DL TH AL BRI .

4.3 FRVERKMRS 25

4.3.1 A BR

AR B A2 PPE NewDB  udfs P £ 2 28R iRy I A A5 N (A ik B A 45
TESEIR o B K B LRRE HAT AR, WS EE A A AR T Pk RE
RIL, b HAE v 78N (1 AR B RE 7 AN BN ] o

4.3.2 MK FRI2

(L JAshfe e BE LR, AT IUE EHE A RAE.
(2) I SAEPAT UG, FREAE G I (oind , BHERATE 1l AL 55 52
(3) Grit It LA fa b5

SBRVERSEL (Total Operations)

SR AERT (Total Duration)

7+t & (Throughput)

«F¥4EIR (Average Latency)

<M ZEIR (Total Latency)
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4.3.3 MR R

I B R .

devcontainers@LAPTOP-6C5UATQP:
erformance_test
] Running 1 test from 1 test suite.
--] Global test environment set-up.
] 1 test from NewDBTest
| NewDBTest.ConcurrencyTest
Total Operations: 10060
Throughput (ops/sec): 9469.7
Average Latency (us): 1.5927
Total Latency (ms): 15.927
[ OK | NewDBTest.ConcurrencyTest (1118 ms)

] 1 test from NewDBTest (1118 ms total)

| Global test environment tear-down
] 1 test from 1 test suite ran. (1118 ms total)
] 1 test.

K25 (a) JFAIITERENIRES AR 6

RT I REITERENRSE R

Method Throughput/OPS Total Latency/ms

Data Size 10* 10° 10* 10°

Thread_num 20 100 200 20 100 200 | 20 100 200 | 20 100 200

Put_fields 9537 14907 16554 | 8382 13365 13730 | 16 59 106 | 188 692 1398

Total Latency vs Thread Number
Throughput vs Thread Number 1400

16000 ] ~* Dt Size 105 - Throughpur 1300
15000

1000
_ 14000

2
2

13000

12000

Throughput (0PS)
Total Latency {ms)

11000 400

10000

9000

o 20 100 200 20 100
Thread Number Thread Number

K25 (b) JFARIPERENI R4S

4.3.4 GERSHT:

(1) &

MR A, SBIE RN N 100 1), ZRFEE 20 42713 100, BT
56%. ZRFEEaka g 200, $THL 11%, SRS RS MERE OB
TR, BIRERT LATE 100 /N A2 P I+ 2% B AN BT 5 TH FE P10 15

HoE AN 10°, FABARL, BRI, LR, i8R ERT,
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1B B S R TR 2%
FEHCHE KN 10% 0 10° 2 18], Kot K/ oh 7 i B K B R B3
(2) BIER
KGEIR B A R FEHOE I R A, R ERREEGT R T R RGN
TELRFER R BOR, 20 B, RIEIREUK, MEREERE.
LRFEIEINE] 200 J5, SACR 2RI, FOR RGFWEITIEE K, FELFEH
B B SESER 1/0 AN,

4.4 5| 50 AR X R Ia e B AR KRS o
B

4.4.1 ik BER

AR B )RR TE NewDB U4 22 Fh $0AT 20 2% 51 AH 5 1 5 3 A0 A o 45
YRS, STRIGEEE S NTERERSE . 38 A FHAT PUT. DELETE il UPDATE #
VB, AP (IR AR AR B, 0 R 51 AR X B P2 1 B I 52

4.4.2 RIE

AW T Je = A
OPUT #4E: M EMERARLAG —HE I BRIl
(2DELETE #:1E: FALMIER CAFERICR .
(®UPDATE #:/F: X8 e id 31 R 5] 7BUEATE H# o
A A [F BB I 2 R4 44T PUT. DELETE 1 UPDATE #:4E, % 3fi0
SEAFE R R ), BELSEPRIAEE I K5
MRS ARG, Gt R EN LR SRR, HHEAFME (ops/sec)
sl PUT. DELETE 1 UPDATE #AE ) S GE IR FEIY IR, DUAE X EEAS[A]
EEAEXT I RE RSN

4.4.3 MAER

T g = 51
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Throughput (OPS)

devcontainers@LAPTOP-6C5U4TQP
ncurrency performance test
] Running 1 test from 1 test suite.
] Global test environment set-up.
] 1 test from NewDBTest
[ RU | NewDBTest.ConcurrencyTest mul
Total Operations: 120
Total Duration: 15 ms
Throughput (ops/sec): 8000

PUT Operations:

Total Latency (ms): 141.678
Average Latency (us): 1416.78

DELETE Operations:
Total Latency (ms): ©.022
Average Latency (us): 2.2

UPDATE Operations:
Total Latency (ms): 14.255
Average Latency (us): 1425.5
[ OK ] NewDBTest.ConcurrencyTest mul (76 ms)

26 (&) 2R 5| Hodhs 5B/ xS 4 Kedie 5 N A RE S M R0 X 4 SR s 1

2R 51 R ST aoxt TR ot O BE RS X A S R
48 3 4 LRI X AR 5 AP RS R 5

Method Throughput/OPS Total Latency/ms

Operation | Put Update | Put Update | Put Update | Put Update | Put Update | Put Update
Data_size | 100 0 100 10 10 50 100 0 100 10 10 50

Result 7142 7463 4758 131 - 141 14 135 31

Operation | Put Delete | Put Delete | Put Delete | Put Delete | Put Delete | Put Delete

Data_size | 100 0 100 10 10 50 100 0 100 10 10 50

Result 7142 7854 10714 131 - 131 0.06 133 0.07

Throughput Comparison (OPS) Total Latency Comparison (ms)

11000 bt -
Put-Update Throughput - :}ut ;m‘isleLLstlenLy
-~ —e— Put-Delet y
-+ Put-Delete Throughput _ 140+ ut-Delete Latency

10000 o

-
W
@

9000

Total Latency (ms)
—
w
=

8000 ——

7000f
134

6000 _—»
132+ —

5000 —

10040 100+10 10450 100+0 100+10 10+50
Data Size (Put-Update/Delete) Data Size (Put-Update/Delete)

26 (b) 251 ot ST/ M B ot S K 5 N AR BE R I F) i a0
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4.4.4 RO

(1) #FrEE (Throughput) 434T

Put BREMH Nk ER AR S, JUHAHE RSN 100 B, FHESIA
7142-10714 OPS. Delete #AE/EEHE BRI FIERE G, (EES =18 i,
ol N
(2) KHEIR (Total Latency) 4347

Update #4F 0 B8 B & T H AR, EHURES 50 MIAH] 141 ms.
Put #E/EIEIRIAK, JEHAE 0.06-31 ms 2|0, £IHFaE. Delete FEAELHE
RN IER AR (£ 0.07 ms) , {EAERE mIG N IR LT

KU, R G R e R SR 5N AR, SEEE N,
SIERIE . BRI RIS A X BN, Ak B eV N R R, AEIRHE
B, Put FEEMIN AR E, EIRMAEN BENEEEE NRI 5%, IR
a5 NANK ST, A5 R 5 R,

5. BEREIEFIRRRTT R
5.1 RE|FBREFF A H

PRt A, BATTHS 2 R 51 T Be A R fili A7 £E indexed_fields %
A XA B NewDB R HE, /& private L&, HFASHBITERIA 1, FTLA
SITHIE R AR RABE A, RO T BN AR AT
FFEHE PERT, A BETE indexed_fields_3REL B REEST I R 5145 B

1L ITHTAMEE NIRRT NFREH. RAANFRAEXANESPIN, 447 indexDB H14d
AX R GI%H
2. std::unordered_set<std::string> indexed_fields_;

DRI, FRATT 75 E244 indexed_fields_ A4 AT RE 7 17 LA =&
(L) BRIEE SN A e E R S

Mg ERARESTIRE, Ao ddE SO A i R G FBAER
In# 2| indexed_fields_ . 7EAVESMMERZER SIS, EHAZ M

M X R THFERAME KR € R, B2 U ERRER, ok
RBIR, AEIHE.
(2) FIHA Manifest HLIH#EE AL TCHHRE

. A LevelDB [1) Manifest XAFid xR 5| FBOtHdE . BRI 7B
£ Manifest SCHECETTMECE R F, wH flush.

ST XMITRER T levelDB JRAR Manifest AL, Manifest A B &
LevelDB stk R ML —H 5, R R 5 FBE B SN Manifest 7] LR
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FEALL, B RG A a E R IR B A S ERRLIZREE . S Manifest
MEAERINT S, FtHACSR NN, X RE i T H

B2, XFh AR RS BR R 5 F B, [ Manifest SCHFBAN—4%HE
AR, RN R R 5 T B fERIEE R S, AT Manifest S,
WA indexed_fields_.

7t LevelDB ', Manifest ==L T 5504 ot bhan$idis SCfF )
FA . HE. XHREIZEE. #@%, Manifest HT LevelDB A& H, 41
BRSO E B BRI TRIBEEERAE . X T HERDIRE, THZRA
PN B E e SOeEdE (g 51 7B, AR EREEER API HTEH
I FH 2 ) e E 8 o

DAL, FRATDRE BB 3 AN, B R i S A7t R 5 - Boo s
(3) BRIMEEEEMAN index_do_

. 7E index_db_ AEFMRLIFBREL, (AR E M
("index_field:<field_name>") RAFER I FBIMEE . S RXHEIER, =T
TR EF AT index_do_ H, FEHEEFT LSRR ER, "L index_db_
IR E R EE R

AV I A e R =R T R .

HARSZH A IR

O R 5| FBIFREAME] index_db_

7t CreatelndexOnField 77749, MM R 7| FBAGAZ] index_db_ H.

1. void NewDB::CreatelndexOnField(const std::string& field) {

2 IR 51 T Boo Bl #F AL ] indexDB

3. index_db_->Put(WriteOptions(), "index_field:" + field_name, "1");
4 indexed_fields_.insert(field_name);

5

}

OMIBER 5 7B IFEEH index_db_
7f DeletelndexOnField 777k, BMlkRR 51 FEBRIE5%.

void NewDB::DeleteIndexOnField(const std::string& field) {
indexed_fields_.erase(field_name);
/1 1£ index_db_ " HIBR 2R 51 T B i id sk
index_db_->Delete(WriteOptions(), “index_field:" + field_name);
}

a &~ w0 D

@B R TBELR
£ Open JiEH sk E &R 51 7B 4 index_db_, & FTH LA
index_field: NFTZE A4, FHRXEFRBAKE F indexed_fields_ .

1. bool NewDB::Open(const std::string& name) {
2 Iterator* it = (*dbptr)->index_db_->Newlterator(ReadOptions());
3. for (it->SeekToFirst(); it->Valid(); it->Next()) {
4 11 e L tindexfield:" A HT 4% 1) gt
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5. if (it->key().starts_with("index_field:")) {

6. std::string field = it->key(). ToString().substr(12); // #: B B 4
7. (*dbptr)->indexed_fields_.insert(field);

8. }

9. }

10. delete it;

11. }

@3 %1 PersistentindexTest

1. TEST(TestNewDB, PersistentindexTest) {

2, I )% NewDB 5

3. NewDB* db;

4. ASSERT_TRUE(OpenDB(testdbname, &db).ok());

5.

6. 11k EAm N EE

7. std::vector<std::pair<std::string, FieldArray>> bulk_data;
8. const int num_records = 1000;

9. for (inti = 0; i < num_records; ++i) {

10. std::string key = "k_" + GenerateRandomString(10);
11. FieldArray fields = {

12. {"name", GenerateRandomString(10)},

13. {"address", GenerateRandomsString(25)},

14, {"phone", GenerateRandomString(11)}

15. }

16. bulk_data.emplace_back(key, fields);

17.

18. ASSERT_TRUE(db->Put_fields(WriteOptions(), key, fields).ok());
19. }

20.

21 NI BIERFIFR
22.  db->CreatelndexOnField("address");

23.

24, ] FPAEHE
25. delete db;

26.

27. I EHAT I EE P
28.  ASSERT_TRUE(OpenDB(testdbname, &db).ok());

30. N BAER ST BUE B ARAFAE
31.  for (const auto& [key, fields] : bulk_data) {

32. 11 3RBUHBAIE 7 B i
33. FieldArray retrieved_fields;
34, ASSERT_TRUE(db->Get_fields(ReadOptions(), Slice(key), &retrieved_fields).ok());

35. EXPECT_EQ(retrieved_fields.size(), fields.size());



36.
37. 11 58 UEZR 51 & 75 BE E AR 20 X6 o7 1) Bt

38. Field field_to_query{"address", fields[1].second}; // {di il address 7 E¢ilt47 75 iy
39. std::vector<std::string> matching_keys = db->QueryBylIndex(field_to_query);
40.
41. EXPECT_FALSE(matching_keys.empty()); // 1% fig $& 25} 5 [ 4
42. EXPECT_NE(std::find(matching_keys.begin(), matching_keys.end(), key), matching_keys.end());
43.  }
44,
45. I KRR E
46. delete db;
47. }
@M LE R

devcontainers@LAPTOP-6C5U4TQP: $ /mnt/e/leveldb project2/build/index test_random
] Running 1 test from 1 test suite.
-] Global test environment set-up.
] 1 test from TesthNewDB
] TestNewDB.PersistentIndexTest
OK ] TestNewDB.PersistentIndexTest (4223 ms)

] 1 test from TestNewDB (4223 ms total)

--] Global test environment tear-down
] 1 test from 1 test suite ran. (4223 ms total)
] 1 test.

K27 Fr AL,

5.2 fTYIM— ik

B, EAFE IR SN, N T RIE dataDB 1 indexDB %0 —FE,
BATEAENEIE S N FE DL, — Mg s s ol, Aoh—ME i rE . 2
BT DAL [X 33X P RS I, & KON 837 dataDB ey, 405 X & 1] indexDB
AN I8 N BT 2R 51 500, A0 MR A IR 7 BUE B &K key I, 1827 LA
I, XA BT .

BRI, EFE RS, AMYUELE indexDB HHHE AT BTG R 51 885, &
FLEAE indexDB HHIHIBR IH H 2R 51 Bk

TEORUEFH RGO T I —BUERy,  FRATTE W) B AR 2

WA AN EE (dataDB 1 indexDB #<x 4l N& T8 ) IR FE AT,
FHR A CH field &4k keys) MIZFE, 4 dataDB 25 A {H indexDB
MARGN, 2iEREHREIN keys S HI-

T FRPRIE AN [, B A mT AR B 5 St R A SN 58 4 1 BH 2 s HU AR
{HAR X P 1R R AR IR 2

BRI, AT T —FhLE], {RIF indexDB W 51 BB th & HAe 2 T (8]
24T )dataDB A - 7546 AN B L F2 4, 65 N indexDB. 5 A dataDB.
FEREXT T Bk 5, AR BN keys R& L IRt E 2, I8 %F T2 FIH keys
AT IR IERI AT
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AL, FEIEWIB T CRHBEHR) , s fRERA —SE, Y
—MEAN (EUHERD) BRAEERUE dataDB A1 indexDB H##E — .

BR, HWANIHFRLREFRREY put_fields #4E 8 I E—> key HIER,
PA_E T SA RE PR fe 28— STk

Bl bl Fi%5 (name #B EHRED -

thread A: PUT (k1, “name=Bob”)
thread B: PUT (k1, “name=John”)

A: PUT index (name_Bob_k1, )

B: PUT index (hame John k1, “”)

B: PUTdata (k1, name_John)

A: PUTdata (k1, name_Bob)

K 28 fili NAHTF key FOECRE I HIA—2d7 5%

x# dataDB ' k1 %J B [F){E 2 Bob, {H,& name=Bob X~ B {E indexDB
FEAEX MR G EHE, BN B k25 A indexDB B name_Bob_k1 1X 4% 5l
BE LM T .

PRI, #5 NI ERORIE P N RAE A E] key 1 put_fields BECANRE T
WIERFH AP — AN HAT5E, B— DA BT HAT « MERAIEAF] key FIZAEZ [AIA
BH %€ .

Fr LA 7 AT 80 AL o AT 80 AT 58 R R iAT 8L, 7R
leveldb H, “AT81° 8 B2 XT— key o,
cv e — Nk R, H T EARRIPEE .

m e —NEFB, HRST ready I ] .
ready R~ FA key f& 75 EL4 0] IBE U 1A
putting keys f7fif 7 4T 7L 4% HAB LR HAE R keys.
std::condition_variable cv;
std::mutex m;

bool ready = false;

ok~ 0w e

std::unordered_set<std::string> putting_keys;
24— put field RETFIEHATING, 226 & —F putting keys &G H 25 E
20 4010 key. R R, AT EER, HEIEFERAE ZHT key HIZLTESS
WHAT, F key M putting keys 25, K ready UM true, FH cv i A1 HAth 2k
o
1. Status NewDB::Put_fields(const WriteOptions& options, const Slice& key, const FieldArray& fields){
2. std::string UserOpID = ConstructUserOplD(std::this_thread::get_id());
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I row lock
std::unique_lock<std::mutex> lock(db_mutex_, std::defer_lock);

std::unique_lock<std::mutex> row_lock(m, std::defer_lock);

N o o > ow

ready = (putting_keys.find(key.ToString()) == putting_keys.end()); // no another thread putting the sa

me key
8.
9. if (Iready) {
10. cv.wait(row_lock, [J{return ready;});
11. 1
12.
13. lock.lock();
14. putting_keys.insert(key.ToString());
15. lock.unlock();
16. Il row lock
7. ...
18.
19. Il row lock
20. lock.lock();
21. putting_keys.erase(key.ToString());
22. lock.unlock();
23.
24. ready = true;
25. cv.notify_all();
26. I row lock
27.
28. return Status::OK();
29. }

X H 1 ConcurrencyPutSameKeyTest:
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Fr B WA 1) key &3 A7AE dataDB 491, X T-iX 4> key X[ value, i E
rh address - B )7 BUE, SR JE G — A7 B A BoE 1 field . A query by
index PRELE index DB A £ $8.%F B Y matching keys, JIWTHIA ) key & BAFET
matching keys 247,

WA FACES R 3.3.3 (2) IR (Concurrency_test.cc)
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® chen@chen-None:~/leveldb_project2/build$ /home/chen/leveldb project2/build/concurrency test
[s=========] Running 2 tests from 1 test suite.
[---------- ] Global test environment set-up.

[---------- ] 2 tests from TestNewDB

[ RUN ] TestNewDB.ConcurrencyALLTest

[ OK ] TestNewDB.ConcurrencyALLTest (6390 ms)
[ RUN ] TestNewDB.ConcurrencyPutSameKeyTest

[ 0K ] TestNewDB.ConcurrencyPutSameKeyTest

[---------- ] 2 tests from TestNewDB (6971 ms total)

e ] Global test environment tear-down
(6972 ms total)

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

[ PASSED ] 2 tests.

chen@chen-None:~/leveldb_project2/build$

(580 ms)

P 29 A key ) put_fields F 5 K R 25
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