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MiniSQL % 4R &
MiniSQL &k &
1 A%tk

1.1 SEWHMSKRIEFENK

AIH BB IF LB — MR S 7 SQL 51 #——MiniSQL-

MiniSQL SR iy AT SR SR HE SQL 155), SEHLGTEHE FE R I 2L A .
M EE. RGER N E B+ BR SILH] DL TR UF ) 208, ISR 2 AN Hf B Sk
Bl 2 A ) S5 B, ARSI SR e R g b i WA 5%

W HAE DR E T S R = PR IR KA (integers char(n). float), #% 32 NM&
MIRREE R E X, FF T 5ME—A W, I NHRFERESNEL B+ MR EHERE
JilL, RS ARVRRE E S @A AT E S X R A, SCHRER AR N S AR PR A
k.

1.2 RGRMSERELA

ALH KR IAEE TE, FEAFRE ML O AT

Disk Manager: 1 5848 B SO T8 B, SCIEE O 40 i [RIi A ise 5
o RGURHLERBRIBRIIREE, Bidx. Rl Muoidsg —F T 38— b,
TP,

Buffer Pool Manager: SZHUMEHE T Z2AAHLE], SCFF LRU U & # A5 S
WETUE B, DARRTHWAEL 1/0 203, 247 DU A/ N ERAE B T N I 8 R/ s 70 (BRI
4KB),

Record Manager: f3iicskfEA MRS ARG AEME, RHAUER (Table
Heap) ZEMfAAdddl, RAGEMRSE ViR, SRR Kl E 2.

Index Manager: #&f3T B+ WZR T, ORI, &8, MAS
MHIBRHAE, S EERE SRR T R S E S E AW, B2 s U7 1t Re .

Catalog Manager: & EEEEFHIAEAGE, QFBREW. TEREME. F#
ENHRIIKRAR, RPATESRRAEDER oEdEREE .

Planner 5 Executor: 7&K{H SQL $ATHIZOLAFE. THRIAERRS (Planner) 153
MR TE VAR A AT TR, FERE ST RS AT RS (Executor) FATTHRIR o ) &
ARG TERCSERR B E R

ERGLEMY, SQL BRI B HMRERE (Parser) HEATIEVEMHNT, A RO N ITETE
o ZIEVEMBE IS BT TR R A ECES (Planner) ## o8 3EHAT IR, A AT 2%
(Executor) 4T« PATAEIZATILFEH , RIFHAT TR B AR T K 8 Record Manager
Index Manager fl1 Catalog Manager, &R EHEEAES 0E BV
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2 FIRREERS K B S B AR, BiE I Buffer Pool Manager SZEILX B4 11 ) 2%
A, JHidt—PmHEA Disk Manager 5K EHEL LS . BN RGHATR
FRIBAE 7y 2 MR B RIS B, Sl pnvE e B EL S, BERAT
RIS RIERE . Al ST e bk

[ SQL Parser ]
Y
[ Planner and Executor ]

DB Storage Engine Instance
[ Catalog Index Record |
| Manager Manager Manager |

Y Y Y

DB Storage Engine Instance
[ Catalog Index Record |
| Manager Manager Manager |

Y Y

Buffer Pool Manager

Buffer Pool Manager

Y . . Y
Disk Manager Disk Manager
Y A 4

Database File Database File

&l 1: MiniSQL R Gu A8 Skt

1.3 EHT
A S B s IR A 5
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2 1ERIF AR
2.1 DISK AND BUFFER POOL MANAGER

2.1.1 IEHRINEEHEAR

Disk Manager 5 Buffer Pool Manager fif T 225 IK)Z . HH, Disk Manager 1t
TR B S U B, SEIREE T ey RIS & s E #:E . Buffer Pool Manager
SEIURHHE T 2 AL, SCRE LRU U B EE 5 NETUE B, DARRTHEERE 1/0 243,

Buffer Pool Manager X} £ 4t H 1 H A HEE B 1Y . HAth B J 758 12 45 v = )
Buffer Pool Manager & 3K FIT 75 11508 UL, {8 AT RO R UL N 2¥ - A0 1% 0L I OV 22 71
WAEH, Buffer Pool Manager H#2#[H]; 5, B4 M Disk Manager Kiig K.

Disk Manager i 12 %5 U1 5 5 P B 515 (1) Bl I OC 22 0€ A7 H A 08T E W 28 S0
YA E, B BN AFH, BB Buffer Pool Manager IRIEZ5 I Z L, 18T X
—HUH], RGP T JE AT, SCIL TR T U 1) S B

2.1.2 f{iIE®

AL T2 Disk Manager B ) —&845r, B8 A s id —BOES U 2 B iE oL,
& SEILRE AL U 43 i 5 RIS TAR L BTy Re A A B T 540 01 —#%, (5 PAGE_SIZE
(4KB) M2,

HNMIE T (Bitmap Page) S8 = AR RAS & .

L. bytes: — T, HTRRME; iz Eh, S Mo — . &
Ko, WXNAY 1, KRB 0.

2. page_allocated_: iti3x =4I 73 Ho i &4 TR .
3. next_free_page_: PR N R HIZE WAL E, T In = i &k

¥ B MAX_CHARS 7K bytes MUK, RIZALIE Ul A7l A 1B 15
T, HEZT - ATUEN KRN (PAGE_SIZE) 82 FH T 177 B T o Edh 11 25 1) K/

template <size_t PageSize>
class BitmapPage {
uint32_t page_allocated_;
uint32_t next_free_page_;
unsigned char bytes[MAX_CHARS];
static constexpr size_t MAX_CHARS = PageSize - 2 * sizeof (uint32_t);




MiniSQL % 4R &

Bitmap Page Meta Bitmap Content

< >

PAGE_SIZE

Bl 2: A7 B T ) A
OSSR
1. TWmE S
% PRECRR FE AL B PR R 2125 N B A B, RE 0L T 147 B DA A% i 2 i
Z 4 page_offset HHATIRIFl. PRER[A] true IR DAL

1| template <size_t PageSize>

2| bool BitmapPage<PageSize>::AllocatePage(uint32_t &page_offset) {
3 /K ELETRZE S B

4 if (page_allocated_ == MAX_CHARS * 8)

5 return false;

6 // AT AR, EFRCET THEMLE

7 page_offset = next_free_page_;

8 page_allocated_++;

9 bytes [page_offset / 8 1 |= (1 << (page_offset % 8));
10 /] FRT —ATWAE, AT EH next_free_page

11 for (size_t i = 0; i < MAX_CHARS; i++) {

12 if (bytes[i]==0xff) continue; // # 1 ] BT R A A 4 B, T Bk A x
13 for (size_t j = 0; j < 8; j++) {

14 if (IsPageFreeLow(i,j)) {

15 next_free_page_ =i * 8 + j;
16 return true;

17 }

18 }

19 }

20 return true;

21| }

2. TUE[EH
R FT RIS page_offset fRE MM . PREGR M true FAFRBEBUNLY -

1| template <size_t PageSize>

2| bool BitmapPage<PageSize>::DeAllocatePage(uint32_t page_offset) {

3 // EZT KW 4N R E false

4 if (IsPageFree(page_offset)) {return false;}

5 // EEETRFLEAE S ENEE false

6 if (page_allocated_ == 0) {return false;}

7 // E # next_free_page_ * M, BRATEMCMETEHRE, BREATE
next_free_page #¢IF 7 X &

8 next_free_page_ = page_offset;

9 page_allocated_--;

10 /I BIEE T RREERAN O
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11 bytes [page_offset / 8 1] "= (1 << (page_offset % 8));
12 return true;
13| }

3. flEiImm_RE TR
ZERE AN ST AN SE page offset FREMI T 2R TN, RIA true AR

template <size_t PageSize>

bool BitmapPage<PageSize>::IsPageFree(uint32_t page_offset) const {
return IsPageFreelow(page_offset / 8, page_offset % 8);

}

template <size_t PageSize>
bool BitmapPage<PageSize>::IsPageFreeLow(uint32_t byte_index, uint8_t bit_index) comnst {
return !(bytes[byte_index] & (1 << bit_index));

© oo ~ [=2] ot - w [N =

}

2.1.3 HEHIEINEE

T BN B TR 5 B ) B U B A IR, AR R BB S, R
FE SO R 53 A T 53 X (Extent) o BN 43 X — D047 P 00 A 2 4 i 24 T 2
B, AR TE A E BEAZ 2 XN B0 T 23 FORAS « BN e SO 2 0 TR e E BT
(Disk Meta Page), AT X RER, W XEE. &0 X0t msE.

Extent Meta Extent Meta

Disk Meta Page (Bitmap Page) Extent Pages (Bitmap Page)

Extent Pages

B 3 JofS 205 e e S o3 X B 25

2T R, JufE BTS2 X AL B DUA Sy A e P #dis, DR SEBR A 1%
e ) TR EIFAIESE. AT X EE (4 Buffer Pool Manager) BjEix —SZHL4M
W, RGEGIN TEETS 5V TS KBS . SR HZE TS, S
M E Disk Manager 7EWN #5845 6r, MIMSZIL 17 &4 B il 5 s v S5 -
R E B

EOSSW:

1. s Ee
PR BN A T AN I, JRIR [ R TR AR TS . AESEELE, fR
B 7P ECH) Extent, $REUZ Extent P47 BT, I HIAL I TURIA OC % H 3R 4T 1T
T 5 i -

1| page_id_t DiskManager::AllocatePage() {

2 /] BB TEAE, FEKMHFHN Extent

3 auto meta_data = reinterpret_cast<DiskFileMetaPage*>(meta_data_);
4 size_t extent_num = 0;

5 for (; extent_num < meta_data->num_extents_; extent_num++) {
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10
11

12

13
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15
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18

if (meta_data->extent_used_page_[extent_num] < BITMAP_SIZE) {break;}

}
// % FTH Extent > B — /] Extent
if (extent_num == meta_data->num_extents_) {

meta_data->num_extents_++;

}
// it & Extent X N E R 5, HFEBMZALER
size_t bitmap_physical_id = extent_num * (BITMAP_SIZE + 1) + 1;

char bitmap_content [PAGE_SIZE];
ReadPhysicalPage (bitmap_physical_id, bitmap_content);
BitmapPage<PAGE_SIZE>* bitmap = reinterpret_cast<BitmapPage<PAGE_SIZE>x*>(
bitmap_content) ;
/] F g B
uint32_t page_offset = 0;
if (bitmap->AllocatePage(page_offset)) {
/ / L\ \f\;‘ +

auto meta_data = reinterpret_cast<DiskFileMetaPage*>(meta_data_);

(meta_data->extent_used_page_) [extent_num]++;

(meta_data->num_allocated_pages_) ++;

/] B ETRE E
WritePhysicalPage (bitmap_physical_id, reinterpret_cast<const char *>(
bitmap));
}
else {
//
LOG(ERROR) << "Failed to Allocate Page" << std::endl;
}

return extent_num * BITMAP_SIZE + page_offset;

SUHE [EI4E

2 B HORE UG A T 2 48 TS X MY BE T, AESRBLE, 7 B B R B T T B

£ Extent FAZEITT, R AL TR R FH2EAT DL [T

void DiskManager::DeAllocatePage(page_id_t logical_page_id) {
/7 AR BOZ TR N A B T
char bitmap_content [PAGE_SIZE];
ReadPhysicalPage (MapBitmapPageId(logical_page_id), bitmap_content);

BitmapPage<PAGE_SIZE>* bitmap = reinterpret_cast<BitmapPage<PAGE_SIZE>*>(
bitmap_content);
if (bitmap->DeAllocatePage(logical_page_id % BITMAP_SIZE)) {
VARER &)
auto meta_data = reinterpret_cast<DiskFileMetaPage*>(meta_data_);
meta_data->extent_used_page_[logical_page_id / BITMAP_SIZE]--;
(meta_data->num_allocated_pages_)--;

/] AL E

=
Tt

WritePhysicalPage (MapBitmapPageId(logical_page_id), reinterpret_cast<

const char *>(bitmap));

}
else {

// Y

LOG(ERROR) << "Failed to DeAllocate Page" << std::endl;
}
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3. FIETE R A TR
2 bR K B 12 48 05 0 L ) B DR R AR . AESRBILE, R ek B N 0T
£ Extent FOZEITT, FRE AL 0RO EE FVgEAT A W o

1| bool DiskManager: IsPageFree(page id_t logical_page_id) {

2 // KRB Z TR L E W

3 char bitmap_ content[PAGE SIZE];

4 ReadPhysicalPage (MapBitmapPageId(logical_page_id), bitmap_content);

5 BitmapPage<PAGE_SIZE>* bitmap = reinterpret_cast<BitmapPage<PAGE_SIZE>*>(
bitmap_content) ;

6 /7 VR E TR % AT R B

7 bool ans = bitmap->IsPageFree(logical_page_id % BITMAP_SIZE);

8 // T % #Edelete bitmap, H 4 ¥ 1 & # L news WM

9 return ans;

10| }

4. BB TS YR 715 HORRS
SCELM A R AL, 20 K DT )32 4 05 W 38 00 B U5 AT BT AE. Exctent
INEVARIIEY/EL IRs

1| page_id_t DiskManager::MapPageld(page_id_t logical_page_id) {
2 return 2 + logical_page_id / BITMAP_SIZE * (BITMAP_SIZE + 1) + logical_page_id %
BITMAP_SIZE;

31}

4

5| page_id_t DiskManager::MapBitmapPageId(page_id_t logical_page_id) {

6 return 1 + logical_page_id / BITMAP_SIZE * (BITMAP_SIZE + 1);
7|}

2.1.4 LRU &K

7E Buffer Pool Manager 1% 11, Replacer 2:4 51 & # i i € (Pin) S8
(Unpin) RE. ML st , Replacer HE4 UL [ % 175 I H e WL 01 1 n] DAY &
e th 22 it

HAr, LRU Replacer s& Replacer B)—/NEARSZHIZE, RSO HDMEH (LRU)
T, 05 B d KIS TR) AR A U 1] HL AR [ 7 B L T

WU, Zemit A iR — AN LR A — A (frame), S (frame id) #x
W FERTHH, WA b B R L AR AT DA I3 8 bt AR — it (R, AR
TS DUTRICEAN [R] IS [6] P e 45 B S 21 5] — Mt o E Replacer B4 Lt thg—1di
i 1 A DL 5 KA PR AR AR 22 i v %) T T

(RTE:

LRU Replacer fl & —/ vector<frame id_t> RMFJK R E 1ru list , HE

XAnR

L Yru_Yist_ FF4% U5 il 1] 55 4E5 =4 0L Z2 b o R 8 € (Unpinned) A
2. HIRHR R AR WL, NAZAC S B

10
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3. HIR B HBITNIAS AR E (Unpinned) M

4. RAREE (Unpinned) fymiA 2 ISR S, A RERE e HbiigkE € (Pin)

I, HXS RS 2 MBI R PR BR

class LRUReplacer : public Replacer {

vector<frame_id_t> lru_list_;

ok

?%D SEEN -

1. mEEE

B EE T 2, (82 ANFERE Replacer &4, BIM 1ru list  HREERIZEE TG N

DT 1% bR N 247 — AN TU#; Buffer Pool Manager [ € B # 18 FH

1| void LRUReplacer::Pin(frame_id_t frame_id) {
2 // # frame_id T A &k F, WH E N7 £+ #%
3 auto it = find(lru_list_.begin(),lru_list_.end(),frame_id);
4 if (it !'= lru_list_.end())
5 lru_list_.erase(it);
6|3
2. TUERE

N

TS N ) 040 DL e 6 7 0 SIS A 5 4

PEBE TURRBR B 2, BN 1ru_list_ W1, 2 A DLZE A ZERT 4% Replacer & #ifei,
2RO, e — AN TR 5 A TR 0 B8 Buffer Pool Manager # A, {3 5T

1| void LRUReplacer::Unpin(frame_id_t frame_id) {

2 // #& frame_id FHEH EFF, NEHEFANE

3 auto it = find(lru_list_.begin(),lru_list_.end(),frame_id);
4 if (it == lru_list_.end())
5
6

lru_list_.push_back(frame_id);

3. MEE#

Br sl s DT R A UL, R UGS A E S HL frame_id % IFIR ] true,

AR 2 TS A AU e MR ] false

1| bool LRUReplacer::Victim(frame_id_t *frame_id) {

2 /] EHEREEHNE

3 if (lru_list_.empty()) {return false;}

4 /! FEEBRWAEINENE AT E, BFEREF NI EFHER
5 xframe_id = lru_list_[0];

[§ lru_list_.erase(lru_list_.begin());

7
8

return true;

11



MiniSQL # it4f &

2.1.5 ZZHithEIE
AT=:

BufferPoolManager 28458 754N ik 1 AL &

class BufferPoolManager {
private:

size_t pool_size_; // %% i Kb

e

Page *pages_; // ¥ {8 W45 4, 4§ W — # ZEBuffer Pool Manager Wit W 2 MW A &F, A T NZE

MR BE T

DiskManager *disk_manager_; // DiskManager {5 4

unordered_map<page_id_t, frame_id_t> page_table_; // T &, 10 % | )& & W 5 2| i 5 oy ik

ZAI N N

Replacer *replacer_; // Replacer g 4f

list<frame_id_t> free_list_; // = A 7 7| &

}

O :
1. SIEFRER UL SRE )20 a0
(a) 7E TR PR AFFREA) 7T

LA MET SRR Y, M Cague g rtibd, W EHGR [HHZ T

k2
LA A E TG iy, TR B A B
A EAPESN T, W E e 352 TN TR 9 2 i
B. HBEATHN, W FEEAH Replacer 84—~ il
(b) W SR et R iC M DT, 75 BERZ T 5 [ i
(c) R REU DU S B et eh, SERTAH G o, JRaR [A) 24 DU HR £

1| Page *BufferPoolManager::FetchPage(page_id_t page_id) {

2 frame_id_t frame_id ;

3 // EXZTARZEE Buffer

4 if (page_table_.find(page_id) != page_table_.end()) {

5 // % W Buffer W

6 frame_id = page_table_[page_id];

7 }

8 else {

9 // Z W T Buffer ¥, EHXRELTHFEXTHAE

10 if (free_list_.empty()) {

11 /A FERWRENE, #47 LRU &

12 if (!replacer_->Victim(&frame_id)) {

13 // BA ] LLE A

14 LOG(ERROR) << "No Space Available" << std::endl;
15 return nullptr;

16 }

17 /7 BT UL R

18 page_id_t page_to_be_victimed = pages_[frame_id].GetPageId();
19 if (pages_[frame_id].IsDirty()) {

20 [/ BER, FEE

12
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21

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

43

BwWw N

© w0 N o v

10
11
12

13

aow

(<

disk_manager_->WritePage (page_to_be_victimed, pages_[

frame_id].GetData());

}
page_table_.erase(page_to_be_victimed);
}
else {
RT3 KL
frame_id = free_list_.back();
free_list_.pop_back();
}
// E # page_id Z| frame_id HJB: A %X A

page_table_[page_id] = frame_id;
// EFH W E W T

pages_[frame_id].page_id_ = page_id;

pages_[frame_id].pin_count_ = 0;

[/ N EE N Z T R

disk_manager_->ReadPage (page_id, pages_[frame_id].GetData());
}
// Pin 3 E W #

replacer_->Pin(frame_id);
pages_[frame_id].pin_count_++;

return &pages_[frame_id];

DIk Edn

2 L JEAF S O UL s A, R DR G 1, SRR A O R A
e B (OB AR AT ) o 12 pR HICRE £ DT 58 2 OB UK DU N Replacer

T, JFNE R U is_dirty_ @i,

bool BufferPoolManager::UnpinPage(page_id_t page_id, bool is_dirty) {

// ELYERAER K+, WREE false
if (page_table_.find(page_id) == page_table_.end()) {
return false;
}
frame_id_t frame_id = page_table_[page_id]l;
if (pages_[frame_id].GetPinCount() != 0) pages_[frame_id].pin_count_--;
/] EHEREE2BHK, WHHMWAreplacer ¥
if (pages_[frame_id].GetPinCount() == 0) replacer_->Unpin(frame_id);
/] & LR K o, MK A ARD o8 BE T

pages_[frame_id].is_dirty_ = is_dirty;

return true;

TUHE 7%
SiR il Fi S UL T Aok B

bool BufferPoolManager::FlushPage(page_id_t page_id) {

// EHERAAETR K F, WEE false

if (page_table_.find(page_id) == page_table_.end()) {
return false;

}

frame_id_t frame_id = page_table_[page_id];

13




MiniSQL % 4R &

7 /] K LR T E A
8 disk_manager_->WritePage(page_id, pages_[frame_id].GetData());
9 return true;
10|}
. TUEHE

=W N

© o N o !

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

[T
T

~

EsEAip L S

R AT iR S O, A DR R S FR g

W DiskManager i AllocatePage 2 H 2Bt — AN 1
RPN T, AR R SR LT %

BEE MATMIR e EE, LR TUR AR Y BT WR A 2 52 G Ao T
AR [R] 24 iU I (14 M DU R 4R TS

*BufferPoolManager::NewPage (page_id_t &page_id) {
/] F& TR
if (free_list_.empty() && replacer_->Size() == 0) {

LOG(ERROR) << "No Space Available" << std::endl;

i } JANGY ]

return nullptr;

}
// P AllocatePage

page_id = AllocatePage(),
frame_id_t frame_id;
/I ERESHFEZRZAUENZH A
if (free_list_
/] T F A
if ('replacer —>V1ct1m(&frame id)) {
/7 B A T LA
LOG(ERROR) << "No Space Available" << std::endl;

£

# 1T LRU # #

return nullptr;
}
/7 AL
page_id_t page_to_be_victimed = pages_[frame_id].GetPageId();

if (pages_[frame_id].IsDirty()) {
/I MEH, FEHE
disk_manager_->WritePage(page_to_be_victimed, pages_[frame_id].
GetData());

}
page_table_.erase(page_to_be_victimed);
}
else {
/] FEERE
frame_id = free_list_.back();
free_list_.pop_back();
}
// E 3 page_id %| frame_id x K

page_table_ [page id] = frame_id;

// EH T EATHE, FE S
pages_[frame_id].page_id_ = page_id;
pages_[frame_id].pin_count_ = 0;

pages_[frame_id].ResetMemory () ;

14
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37 return &pages_[frame_id];

FERE A L RO 5k T

FETUR A FHRAF BRI T, 5 ANE S it U B IR

(c) # HAT TSR, WS IR

(d) K0 SO TTR AN RS, 7 22 e e I 2125 PR 5 &

(a)
(b)
)
)

1| bool BufferPoolManager::DeletePage(page_id_t page_id) {
2 DeallocatePage (page_id);

3 // ERZAAE LK Buffer ¥

4 if (page_table_.find(page_id) == page_table_.end()) {
5 // Z WA £ Buffer W

6 return true;

7 }

8 frame_id_t frame_id = page_table_[page_id];

9 if (pages_[frame_id].GetPinCount()) {

10 /] A H#HBEEMFERAZR

11 return false;

12 }

13 // E ¥ page_id #| frame_id HYBR 5 &k R

14 page_table_.erase(page_id);

15 // EH R E M T E

16 pages_[frame_id].page_id_ = INVALID_PAGE_ID;

17 // E #H free_list

18 free_list_.push_back(frame_id);

19 return true;

20| }

2.2 RECORD MANAGER
2.2.1 12RINEE

Record Manager #7157 & R FE BT A id %, Ml B3R fbdd N MHBR. SRR,

RSP b, —5Kk R HIuEdE (Table Metadata) 5#3 (Table Heap) ¥, 737 PRAF
KRB EHIENE . H, o AR (Schema) /8, BI%%1 (Column)
I L, DLRERRARR. id SEE, CHEZRSIIL; MR sebrEdziT (Row) (71
FEHER .

HER ML & R A0 . — MERHZ DN EEE T (Table Page) 41, %1
5 T 2 (B A R FREAHE, MR EER . B s, AR PSS Tk
AL G I BERAT, AEEAFIRIME (Slot) /1, &R0 iEME—RI1TS (Rowld, H
FRE TS SRS PHET D HEATAR IR

15
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Block Header Records

Size # Entries

. ... Free Space
Location

End of Free Space

B 4: HER B UK 254

R FTEHUE, EH EIEE—AEEE (Table Tterator), SCREAFEETRRMIZATE,
{0 ooy 8 S A Ty TR

2.2.2 ERMIFIIEFRFFIL
53k (Record) FHRAIMEEA LA JLA:
1. 3 (Column): HT & XAEREFERFPIHE—NTE, BFFRATFERS. F

2. #831 (Schema): HT XK MEIXRBERTIMLER, — Schema H—EZ
N Column F4 s

3. 8 (Field): XN T —2kidsk it — 7 BIBIRE S, Wfe il s 1Ko 28
RN AP EE R E S E

4. 1T (Row): FTHHICREETE, — Row H—PEEZA Field #pk.

9 B P R A ELSR, P e SR AE A B A 75 8 1 e 814k (Serializa-
tion), G EARML A RGN I EIE S, B R EEE . R Il AT
BN, BB MR U SOF P4k (Deserialization) XS B A 1E SR R DAL

N TSR EMA SR, IRATEN R F 50 5] AL MAGIC_NUM, &
FE 7 FUAI B 5N 310775 ) S8 IR AE S 7 I e st IO SO BARGIRE A B R) 0 5
BEAT RS o

O (WL Column XFTERAH):

1. 3L
R HATC R P I RIZZ R X buf .

1/ uint32_t Column::SerializeTo(char *buf) const {
2 // xR REE

3 uint32_t offset = 0;

4 /1 F IR &
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MACH_WRITE_UINT32(buf + offset, COLUMN_MAGIC_NUM);
offset += sizeof (COLUMN_MAGIC_NUM) ;

/1 TP E] 4

MACH_WRITE_UINT32(buf + offset, name_.length());
MACH_WRITE_STRING (buf + offset + sizeof(uint32_t), name_);
offset += MACH_STR_SERIALIZED_SIZE (name_);

/1 JF AR A

MACH_WRITE_TO(Typeld, buf + offset, type_);

offset += sizeof (Typeld);

/] R EKE

MACH_WRITE_UINT32(buf + offset, len_);

offset += sizeof (uint32_t);

/] FAAMT F

MACH_WRITE_UINT32(buf + offset, table_ind_);
offset += sizeof (uint32_t);

// FF M null 47

MACH_WRITE_TO(bool, buf + offset, nullable_);

offset += sizeof (bool);

=9

// JFFI 4t unique #F 1
MACH_WRITE_TO(bool, buf + offset, unique_);
offset += sizeof (bool);

return offset;

KEUFFIL T
AT R SR 5L

uint32_t Column::GetSerializedSize() const {
return sizeof (COLUMN_MAGIC_NUM) + MACH_STR_SERIALIZED_SIZE(name_) + sizeof(
Typeld) + 2 * sizeof (uint32_t) + 2 * sizeof (bool);

REFFIE
Rl N X buf PP AIAL RIS E R SR LR AR ET

uint32_t Column::DeserializeFrom(char *buf, Column *&column) {

// column 374t 3 & & ¢
if (column != nullptr) {
LOG(WARNING) << "Pointer to column is not null in column deserialize."

<< std::endl;

uint32_t offset = 0;
/] K R %, FHEHETHE R
uint32_t magic_num = MACH_READ_UINT32(buf);
offset += sizeof (COLUMN_MAGIC_NUM);
if (magic_num != COLUMN_MAGIC_NUM) {
LOG(ERROR) << "Magic num incorrect." << std::endl;

uint32_t name_len = MACH_READ_FROM(uint32_t, buf + offset);
offset += sizeof (uint32_t);
std::string column_name (buf + offset, name_len);

offset += name_len;

17
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37
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39
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42

/1 ROF A A kA

Typeld type = MACH_READ_FROM(Typeld, buf + offset);
offset += 51zeof(TypeId)

/1 RF A4 N
uint32_t len = MACH_READ_FROM(uint32_t, buf + offset);

offset += sizeof (uint32_t);

/1 RFAIAG

uint32_t table_ind = MACH_READ_UINT32(buf + offset);
offset += sizeof (uint32_t);

// R FF A null 4710

bool nullable = MACH_READ_FROM(bool, buf + offset);
offset += sizeof (bool);

// B F 7 A unique #riC

bool unique = MACH_READ_FROM(bool, buf + offset);

offset += sizeof (bool);

&

// MR E R
if (type == Typeld::kTypeChar) {
column = new Column(column_name, type, len, table_ind, nullable, unique)
}
else {
column = new Column(column_name, type, table_ind, nullable, unique);
}

return offset;

BT EREEICR
J\Ei

TableHeap 8B & =AMl AR &

class TableHeap {

private:
BufferPoolManager *buffer_pool_manager_; // % /il & 7
page_id_t first_page_id_; // &k & W H W 5
Schema *schema_; // % i 7T
3
OSSR :
L BT
RATH R row FIAHER . ESCHL L, MRS N UTIITaE, IR
AU, ARREZERIEAN . 3538 P Ay DU AR PR TE i, M e — A Ui A in 21
HERARR, XA TR I B R, AR NI4T X GAE B DL
1| bool TableHeap::InsertTuple(Row &row, Txn *txn) {
2 page_id_t page_id = first_page_id_;
3 page_id_t last_page_id = INVALID_PAGE_ID; // i % & /& — > 7 # FY1ID
4
5 while (page_id != INVALID_PAGE_ ID) {
6 /[l NE—ATE T 4 i g TR, A 3 )
7 TablePage* page = reinterpret_cast<TablePage *>(buffer_pool_manager_->

FetchPage (page_id));

18
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47
48
49
50
51
52
53
54|}

/] R T A & , T Bk W 78 IR

if nullptr) {break;}

// THEZRE

if (page->InsertTuple(row, schema_, txn, lock_manager_, log_manager_)) {
// N K, B

buffer_pool_manager_->UnpinPage (page->GetTablePageId(), true);
return true;
}
/1 N KR TR
last_page_id = page_id; // 10°

page_id_t next_page_id = page->GetNextPageId();
buffer_pool_manager_->UnpinPage (page->GetTablePageId(), false);
page_id = next_page_id;

//
page_id_t new_page_id;

auto new_page = reinterpret_cast<TablePage *>(buffer_pool_manager_->NewPage (
new_page_id));
if (new_page == nullptr) {return false;}

cs

/] X ETR AT 1
new_page->Init(new_page_id, INVALID_PAGE_ID, log_manager_, txn);

/1 EFR T B R R
new_page->SetPrevPageld(last_page_id);
new_page->SetNextPageId (INVALID_PAGE_ID);

/] 3B A

buffer_pool_manager_->UnpinPage (new_page_id, true);

// EH R R
auto last_page = reinterpret_cast<TablePage *>(buffer_pool_manager_->FetchPage(

5 71 @ ¥ next_page_id

last_page_id));

if (last_page != nullptr) {
last_page->SetNextPageId(new_page_id); // )
buffer_pool_manager_->UnpinPage(last_page_id, true); //

}

/] EH R T #& )

new_page = reinterpret_cast<TablePage *>(buffer_pool_manager_->FetchPage(

new_page_id));

buffer_pool_manager_->UnpinPage(new_page_id, true);

return true;
}
buffer_pool_manager_->UnpinPage(new_page_id, false);

return false;

2. BHIT

fERUBTAT A R row B8 Rowld 4 rid AEMIATHdE . 7ESCIL b, 25 N 0T TH G

RGN R BT, PR JEAT IR A BEE B AT 05 s BN B
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bool TableHeap::UpdateTuple (Row &row, const RowId &rid, Txn *txn) {
TablePage* page = reinterpret_cast<TablePage *>(buffer_pool_manager_->FetchPage(
rid.GetPageId()));

auto old_row = new Row(rid);

// ZFRE H oA

if (page->UpdateTuple(row, old_row, schema_, txn, lock_manager_, log_manager_))

{

VARE
buffer_pool_manager_->UnpinPage(page->GetTablePageId (), true);
delete old_row;
return true;

}

/I EFHEAK, NRERTEMERERFEHNEHA

delete old_row;

page->ApplyDelete(rid, txn, log_manager_);

buffer_pool_manager_->UnpinPage (page->GetTablePageId (), true);

return InsertTuple(row, txn);

}
. REUT

KA Rowld 4 rid AERATEE, RIS ECHRMITEE row IR MIERE 4T Hod -
BRHOR A] true ARRIREUE ). ESLHLE, Joiliid Rowld SREGZATFTAERI UL, 114
P TR AR R 05 3R B R € AT 208

bool TableHeap::GetTuple(Row *row, Txn *txn) {
page_id_t page_id = row->GetRowId().GetPageId();
// KB ZTHE T E T
TablePage* page = reinterpret_cast<TablePage *>(buffer_pool_manager_->FetchPage(

page_id));
7R ST N E
bool res = page->GetTuple(row, schema_, txn, lock_manager_);

buffer_pool_manager_->UnpinPage(page_id, false);

return res;

MATHERTT

Xt Rowldrid ALMAT BAEHATMIER . fESCHL L, JEiEid Rowld SREGZAT P AL UL,
U P ECHE ORI AR ST VA AT I BR 5 JA A iA X 24T e FX) IR 1 5 s v
o

~

void TableHeap::ApplyDelete(const RowId &rid, Txn *txn) {
TablePage* page = reinterpret_cast<TablePage *>(buffer_pool_manager_->FetchPage(
rid.GetPageId()));
page->ApplyDelete(rid, txn, log_manager_);
buffer_pool_manager_->UnpinPage (page->GetTablePageId(), true);

2.2.4 HERIANKEF

=}

AR =2==R

Tablelterator ZEELE AN % 1 48 &

20
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™

class TablelIterator {
TableHeap *table_heap_; // ¥
RowId cur_rid_; // %4 7l {TRowld

O
1 ERBHEEFER

1| bool TableIterator::operator==(const Tablelterator &itr) const {

2 return table_heap_ == itr.table_heap_ && rid_.Get() == itr.rid_.Get() && txn_ ==
itr.txn_;

3|}

4

5/ bool TablelIterator::operator!=(const TableIterator &itr) comst {

6 return !operator==(itr);

7|}

8

9| const Row &Tablelterator::operator*() {

10 Row* row = new Row(rid_);

11 table_heap_->GetTuple(row, txn_);

12 row->SetRowId(rid_);

13 return *row;

14| }

16| Row *TableIterator::operator->() {

17 Row* row = new Row(rid_);

18 table_heap_->GetTuple(row, txn_);
19 row->SetRowId(rid_);

20 return row;

21] }

22

23| TableIterator &TableIterator::operator=(const TableIterator &itr) noexcept {

24 table_heap_ = itr.table_heap_;
25 rid_ = itr.rid_;

26 txn_ = itr.txn_;

27 return *this;

28| }

29

30| // ++iter
31| TableIterator &Tablelterator::operator++() {

32 rid_ = GetNextRId();
33 return *this;

34|}

35

36| // iter++

37| TableIterator TableIterator::operator++(int) {

38 RowId prev_rid = rid_;

39 Txn *prev_txn = txn_;

40 ++(*this);

41 return Tablelterator (table_heap_, prev_rid, prev_txn);
42|}

2. SREUERINERIAN S
HIEACER IR 1A 5 — A WU 2 — s A RS A . ESCHLE, WS
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TFi6, WEEERE I PR U, R A T R S S e . RISAER RIR L
ROTHRIEALS -

TableIterator TableHeap::Begin(Txn *txn) {

RowlId rid;

page_id_t page_id = first_page_id_;

while (1) {
VYN
if (page_id == INVALID_PAGE_ID) {break;}

ATEFY, BREEFHEAE, RAREREFES A T4

TablePage* page = reinterpret_cast<TablePage *>(buffer_pool_manager_->

FetchPage (page_id));
// B % T OE A 4 |
if (page == nullptr) {break;}
/] ZE R W T & T4
if (page->GetFirstTupleRid(&rid)) {

// HETA, & 2
buffer_pool_manager_->UnpinPage (page->GetTablePageId(), false);

T al

return TablelIterator(this, rid, txn);
}
/I AEREBTH, FAT—T@E
page_id = page->GetNextPageId();
buffer_pool_manager_->UnpinPage (page->GetTablePageId(), false);
}

return End();

TableIterator TableHeap::End() { return TableIterator (this, INVALID_ROWID, nullptr); }

BRI
FESCHL iter++ 5 ++iter M, U1 N B SCOLEALR N 1. LS

i’

FARM AT T AT N — el AR, R b prA 0L, KR

AT S S A . HRAR T A, WEHER F R

RowId TableIterator::GetNextRId() {

// R ECEE W

auto cur_page = reinterpret_cast<TablePage *>(table_heap_->buffer_pool_manager_
->FetchPage (rid_.GetPageId()));

/RN S W KE T A THE, NE

RowId next_rid;
if (cur_page->GetNextTupleRid(rid_, &next_rid)) {
table_heap_->buffer_pool_manager_->UnpinPage (cur_page->GetTablePageId(),
false);
return next_rid;
}
/] SRR ERAET—ATH, 2RETER
page_id_t next_page_id = cur_page->GetNextPageId();

table_heap_->buffer_pool_manager_->UnpinPage(rid_.GetPageId(), false);

while (next_page_id != INVALID_PAGE_ID) {
auto next_page = reinterpret_cast<TablePage *>(table_heap_->
buffer_pool_manager_->FetchPage (next_page_id));
if (next_page == nullptr) {
break;
}
if (next_page->GetFirstTupleRid (&next_rid)) {

22
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20 table_heap_->buffer_pool_manager_->UnpinPage(next_page_id, false
);

21 return next_rid;

22 }

23 /1 EN RS ET — T K

24 next_page_id = next_page->GetNextPageId();

25 table_heap_->buffer_pool_manager_->UnpinPage (next_page->GetTablePageId()
, false);

26 }

27 // REE AR TH

28 return INVALID_ROWID;

29 }

2.3 INDEX MANAGER
2.3.1 18R INEERTIA

Index Manager 7 TTE HE LRG| . HZOESRZLIIRZN B+ BALE,
1M EJR AR 51 3 A B AR R e . 25 F8 RIHE R R SR AL 75K, ARSI A
B+ MR SR R S AR I AR R AR . D5y
SN, R A RERIN B 2 Y A7 AT Ab B

= =
BRRTE:

BPlusTree 285 75N il i AR &

oo ~ (=2} ot - w [ -

class BPlusTree {
index_id_t index_id_; // B+# & [ H Z 5
page_id_t root_page_id_{INVALID_PAGE_ID}; // B+ /& 7l [
BufferPoolManager *buffer_pool_manager_; // % i 2 #
KeyManager processor_; // % (A L1 &
int leaf_max_size_; // *F T 77 size
int internal_max_size_; // ¥[8 7 5 5 Asize

}s

2.3.2 B+ WRIEESHER

1. B+ WRIXRAIEL
£ B+ WHIMEREF, BRFHRXT leaf max_size 5 internal max_size Z5K
FAERHATHIEASL, JEFx B+ MR ITH S (root_page_id) HEATHIMA{L.
RSPl b, MR ECERIE R 515 index_id MR SR SKEUR TTH I 0T 5 o
ARIURIME, WK AR TR 05 B Y INVALID_PAGE_ID.

1| BPlusTree: :BPlusTree(index_id_t index_id, BufferPoolManager *buffer_pool_manager, const
KeyManager &KM,

int leaf_max_size, int internal_max_size)

: index_id_(index_id),

buffer_pool_manager_(buffer_pool_manager),

processor_(KM),

leaf_max_size_(leaf_max_size),

N O o A WoN

internal_max_size_(internal_max_size) {

23
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root_page_id_ = INVALID_PAGE_ID;
// =i &
Page *page = buffer_pool_manager->FetchPage (INDEX_ROOTS_PAGE_ID);

M T3k Bl E.H M root_page_id

auto roots_page = reinterpret_cast<IndexRootsPage *>(page->GetData());

page_id_t root_page_id;
[/ W REET Y
if (roots_page->GetRootId(index_id, &root_page_id)) {

5] froot page id, | ¥ # root_page_id_

root_page_id_ = root_page_id;
}
buffer_pool_manager->UnpinPage (INDEX_ROOTS_PAGE_ID, false);

B+ a8l

A HHT B+ AR TUTE, AT R F B+ AR 2% H IERE I F R 34 pa
ZERECY B+ I — NIRRT s, AR RIS R SR TUEAT T

void BPlusTree
N
page_id_t new_page_id;

:StartNewTree (GenericKey *key, const RowId &value) {

A

WHEBR—NFREEHN

Page *root_page = buffer_pool_manager_->NewPage(new_page_id);
if (root_page == nullptr) {

throw std::runtime_error("out of memory");

/AR TR R

auto *root = reinterpret_cast<LeafPage *>(root_page->GetData());

root->Init (new_page_id, INVALID_PAGE_ID, processor_.GetKeySize(), leaf_max_size_

)
/] NGRS
root->Insert (key, value, processor_);
// EH R T EID
root_page_id_ = new_page_id;
/] EHERIRR
UpdateRootPageId(1);
// f&pin

buffer_pool_manager_->UnpinPage(new_page_id, true);

B+ RAVEHER

1Z R EUY H BPlusTreelndex ZEH) Destroy J7iE A, 8k AR 5038 5 A R R

B AHIET, SEIEBA B+ WA

void BPlusTree::Destroy(page_id_t current_page_id) {

// W R Y E W EIDE A= H, HELE
if (current_page_id == INVALID_PAGE_ID || IsEmpty()) {
return;
}
// KRB LA E
Page *page = buffer_pool_manager_->FetchPage(current_page_id);
if (page == nullptr) {
return;
}

auto *node = reinterpret_cast<BPlusTreePage *>(page->GetData());
/] R E N 5, 4 it

BV B pE A T
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30| >

if (!node->IsLeafPage()) {
auto *internal_page = reinterpret_cast<InternalPage *>(node);
/1 %IRRT

for (int i = 0; i < internal_page->GetSize(); i++) {

= &

page_id_t child_page_id = internal_page->ValueAt(i);
Destroy(child_page_id);

}
}
// fE & pin
buffer_pool_manager_->UnpinPage(current_page_id, true);
/7 MBS E |
buffer_pool_manager_->DeletePage(current_page_id);
// wRERTE, £EMRTEID
if (current_page_id == root_page_id_) {

root_page_id_ = INVALID_PAGE_ID;

UpdateRootPageId(0);

2.3.3

B+ VBRI

FESEIL b, FREVjE B+ B, K BAR key A1 B+ B &A1 S key BEATECEL B
JEIA T HEHERHRT A, R EX BT S Rowld.

bool BPlusTree::GetValue(const GenericKey *key, std::vector<RowId> &result, Txn *transaction)

{

/] R A E, HHEREfalse
if (IsEmpty()) {

return false;

}
// EHEAE
Page *page = FindLeafPage(key, root_page_id_, false);

L

S key#y ot T X

if (page == nullptr) {
return false;

}

//

auto *leaf = reinterpret_cast<LeafPage *>(page->GetData());

RowId row_id;

// E T AP E Kkey

bool found = leaf->Lookup(key, row_id, processor_);
// R K F key, 3| % F
if (found) {

v E| 4

result.push_back(row_id);
}
// f# % pin
buffer_pool_manager_->UnpinPage(leaf->GetPageId(), false);

return found;

234

B+ HEVENIRIE

B+ Wl AR RAZ IR
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1. B H bR 5
2. FE A AN 715 & (InsertIntoLeaf)

3. A NG A RN FR S, W2 Y m T A (Split), FHOEEXT MY key 4
AN _FJET5 5 (InsertIntoParent)

4. 5 ERW RS, WA B R E R A

5. R RN AT IR B R 5

-

BRI SE I -
1. Insert
1| bool BPlusTree::Insert(GenericKey *key, const RowId &value, Txn *transaction) {
2 /l #E 4 J =, B
3 if (IsEmpty()) {
4 StartNewTree (key, value);
5 return true;
6 }
7 // &N, =3
8 return InsertIntolLeaf (key, value, transaction);
9|}

2. InsertIntoLeaf

[
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bool BPlusTree::InsertIntolLeaf (GenericKey *key, const RowId &value, Txn *transaction) {

ot T A

/] E R
Page *page = FindLeafPage(key, root_page_id_, false);

if (page == nullptr) {

return false;
}
auto *leaf = reinterpret_cast<LeafPage *>(page->GetData());
/] tEkey R T EF
RowId tmp_value;

if (leaf->Lookup(key, tmp_value, processor_)) {
// key B F £, fEFrpinif & Efalse
buffer_pool_manager_->UnpinPage(leaf->GetPageId(), false);

return false;

}
// ¥ Nkey-value X

int size_after_insertion = leaf->Insert(key, value, processor_);
if (size_after_insertion > leaf->GetMaxSize()) {

/] AR TFEA

auto *new_leaf = Split(leaf, transaction);

// 3B P |8 g

GenericKey *middle_key = new_leaf->KeyAt (0);

/B EEAHT TR EAEANERT R

InsertIntoParent (leaf, middle_key, new_leaf, transaction);

// 7 b fE Mrpin#Tt F W &, [F 4 InsertIntoParent 77 ik & A B X 4% X
}
// fEFRpintt F WA

26
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buffer_pool_manager_->UnpinPage(leaf->GetPageId(), true);

return true;

Split

BPlusTreeInternalPage *BPlusTree::Split(InternalPage *node, Txn *transaction) {
/7 &l W
page_id_t new_page_id;

Page *new_page = buffer_pool_manager_->NewPage (new_page_id);
if (new_page == nullptr) {
throw std::runtime_error ("out of memory");
}
// ¢ A
auto *new_node = reinterpret_cast<InternalPage *>(new_page->GetData());

new_node->Init(new_page_id, node->GetParentPageId(), processor_.GetKeySize(),
internal_max_size_);
VAR ok &

node->MoveHalfTo (new_node, buffer_pool_manager_);

return new_node;

BPlusTreeLeafPage *BPlusTree::Split(LeafPage *node, Txn *transaction) {
ARE-% O
page_id_t new_page_id;

Page *new_page = buffer_pool_manager_->NewPage(new_page_id);
if (new_page == nullptr) {
throw std::runtime_error("out of memory");
}
/] WA T A
auto *new_node = reinterpret_cast<LeafPage *>(new_page->GetData());

new_node->Init (new_page_id, node->GetParentPageId(), processor_.GetKeySize(),

leaf_max_size_);

/] B — A | 3 g
node->MoveHalfTo (new_node) ;
[ BEHH TR ANT AT E 4 4
new_node->SetNextPageId(node->GetNextPageId());
node->SetNextPageId(new_page_id);
return new_node;

}

InsertIntoParent

void BPlusTree::InsertIntoParent (BPlusTreePage *old_node, GenericKey *key, BPlusTreePage
*new_node, Txn *transaction) {
if (old_node->IsRootPage()) {
/] B ERE
page_id_t new_page_id;

Page *page = buffer_pool_manager_->NewPage (new_page_id);
if (page == nullptr) {

throw std::runtime_error("out of memory");

}
/] A e AR R TR
auto *new_root = reinterpret_cast<InternalPage *>(page->GetData());
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new_root->Init (new_page_id, INVALID_PAGE_ID, processor_.GetKeySize(),

internal_max_size_);

//

new_root->PopulateNewRoot (0old_node->GetPageId(), key, new_node->
GetPageId());

// EH R T OA 54

old_node->SetParentPageld(new_page_id);

new_node->SetParentPageld(new_page_id);

// E R TUEID

root_page_id_ = new_page_id;

UpdateRootPageId(0);

// Erpind R T A

buffer_pool_manager_->UnpinPage(new_page_id, true);
return;
}
page_id_t parent_page_id = old_node->GetParentPageId();
Page *parent_page = buffer_pool_manager_->FetchPage(parent_page_id);

if (parent_page == nullptr) {
throw std::runtime_error ("out of memory");
}
auto *parent = reinterpret_cast<InternalPage *>(parent_page->GetData());

new_node->SetParentPageld(parent_page_id);

int size_after_insertion = parent->InsertNodeAfter(old_node->GetPageId(), key,
new_node->GetPageId());

// R TN ORI Nkey E ] 2

int new_index = parent->ValuelIndex(new_node->GetPageId());

UpdateParentKeyAfterChange (parent, new_index);

if (size_after_insertion > parent->GetMaxSize()) {
auto *new_parent = Split(parent, transaction);
GenericKey #*middle_key = parent->KeyAt(parent->GetSize());
InsertIntoParent (parent, middle_key, new_parent, transaction);

}

buffer_pool_manager_->UnpinPage(parent_page_id, true);

UpdateParentKeyAfterChange

void BPlusTree::UpdateParentKeyAfterChange(InternalPage *parent, int index) {
if (index < parent->GetSize()) {
page_id_t right_child = parent->ValueAt (index);
Page *right_page = buffer_pool_manager_->FetchPage(right_child);
if (right_page) {
BPlusTreePage *right_node = reinterpret_cast<BPlusTreePage *>(
right_page->GetData());
GenericKey *min_key = nullptr;
if (right_node->IsLeafPage()) {
auto *leaf = reinterpret_cast<LeafPage *>(right_node);
if (leaf->GetSize() > 0) min_key = leaf->KeyAt(0);
} else {
auto *internal = reinterpret_cast<InternalPage *>(
right_node);
page_id_t leftmost = internal->ValueAt(0);
Page *leftmost_leaf_page = FindLeafPage(nullptr,
leftmost, true);
if (leftmost_leaf_page) {

auto *leaf = reinterpret_cast<LeafPage *>(
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leftmost_leaf_page->GetData());

17 if (leaf->GetSize() > 0) min_key = leaf->KeyAt
0);

18 buffer_pool_manager_->UnpinPage(leaf->GetPageld
(), false);

19 }

20 }

21 if (min_key) parent->SetKeyAt(index, min_key);

22 buffer_pool_manager_->UnpinPage(right_child, false);

23 }

24 }

25| }

2.3.5 B+ HEIMIPRIEIE
B+ H4 I B AR AR R
1. B HARH 74 5 (Remove)
2. KR I 1 A B
3. B MBI F5 SN TR, ARYEE LR (CoalesceOrRedistribute) M

4. $ATHEHAF (Redistribute) &I (Coalesce)
5. XTI AL MRAT A (AdjustRoot)
R H ST

1. Remove

1| void BPlusTree::Remove(const GenericKey #*key, Txn *transaction) {

2 /[l wmRRAE, AERE

3 if (IsEmpty()) {

4 return;

5 }

6 /] ERME A rey® T H K

7 Page *page = FindLeafPage(key, root_page_id_, false);

8 if (page == nullptr) {

9 return;

10 }

11 auto *leaf = reinterpret_cast<LeafPage *>(page->GetData());

12 /7 3K BUM R R R N

13 int size_before_deletion = leaf->GetSize();

14 /) ZRMBEMEXN, BEMBEH AN

15 int size_after_deletion = leaf->RemoveAndDeleteRecord(key, processor_);
16 /] wmRKRNEAEETANA, WHAkey N FE, HERHE

17 if (size_before_deletion == size_after_deletion) {

18 buffer_pool_manager_->UnpinPage(leaf->GetPageId(), false);
19 return;

20 }
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/I EET T A I BCEH
bool should_delete = CoalesceOrRedistribute(leaf, transaction);
// fpintt T &

buffer_pool_manager_->UnpinPage(leaf->GetPageId(), true);
// R EEM R A
if (should_delete) {

buffer_pool_manager_->DeletePage(leaf->GetPageId());

CoalesceOrRedistribute

template <typename N>
bool BPlusTree::CoalesceOrRedistribute (N *&node, Txn *transaction) {
/) mRERT A, BHRAE
if (node->IsRootPage()) {
return AdjustRoot (node);
}
/] R R RNKRT % T HFEBIFRES

if (node->GetSize() >= node->GetMinSize()) {

ANy

return false;
¥
AR
page_id_t parent_page_id = node->GetParentPageld();

Page *parent_page = buffer_pool_manager_->FetchPage(parent_page_id);

if (parent_page == nullptr) {
return false;
}

auto *parent = reinterpret_cast<InternalPage *>(parent_page->GetData());
// F Blnode® X A HF W EF
int node_index = parent->ValueIndex(node->GetPageId());
/] Sl
int sibling_index;
if (node_index == 0) {
/] R L E TR
sibling_index = 1;
} else {
/] &N

sibling_index = node_index - 1;

g b
NS A -

}

// KB 3

page_id_t sibling_page_id = parent->ValueAt(sibling_index);

Page *sibling_page = buffer_pool_manager_->FetchPage(sibling_page_id);

if (sibling_page == nullptr) {
buffer_pool_manager_->UnpinPage(parent_page_id, false);

return false;

}
N *sibling = reinterpret_cast<N *>(sibling_page->GetData());
// FlErEE F I TR A

bool should_delete = false;
if (sibling->GetSize() + node->GetSize() > node->GetMaxSize()) {
// 4 B

if (node_index == 0)

{
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1, transaction);

node_index,

} else {
/7 &N
// index=17i 7/~ L Cl
Redistribute(sibling, node, 1);
}
}
else {
/1 &3
if (node_index
/] o 54 R A
/] "
//
/7 Tl
should_delete = Coalesce(node, sibling, parent,
} else {
/7 &N
/] EA [sibling] [key at index=node_index] [node]
// > index=node_index ® %, ¥ 4 B
should_delete = Coalesce(sibling, node, parent,
transaction);
}
}
// Fpin X T =
buffer_pool_manager_->UnpinPage (parent_page_id, true);
buffer_pool_manager_->UnpinPage(sibling_page_id, true);
return should_delete;
}

Coalesce

bool BPlusTree::Coalesce(LeafPage *&neighbor_node, LeafPage *&node, InternalPage *&

parent, int index,

Txn *transaction) {

// AL B K 5
// int original_neighbor_size = neighbor_node->GetSize();
// ) BT 4% @ 4 Zlneighbor_node
node->MoveAllTo (neighbor_node) ;
// ¥ # nextPageldis 4
neighbor_node->SetNextPageId(node->GetNextPageId());
/7 KA M TR xR B G X
parent->Remove (index) ;
/e E R T W E A ol
bool parent_should_delete = false;
if (parent->GetSize() < parent->GetMinSize()) {
parent_should_delete = CoalesceOrRedistribute(parent, transaction);
}
/1 H i /Nkey &
UpdateParentKeyAfterChange (parent, index - 1);
return parent_should_delete;
}
bool BPlusTree::Coalesce(InternalPage *&neighbor_node, InternalPage *&node, InternalPage

*&parent, int index,
Txn *transaction) {

/1 E
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GenericKey *middle_key = parent->KeyAt(index);

// %P 4 A F|neighbor_node

node->MoveAllTo (neighbor_node, middle_key, buffer_pool_manager_);
/1R B L B %

parent->Remove (index) ;

/] RERFERTE

bool parent_should_delete = false;

if (parent->GetSize() < parent->GetMinSize()) {

parent_should_delete = CoalesceOrRedistribute(parent, transaction);
}
// § ]
UpdateParentKeyAfterChange (parent, index - 1);

1 &% /Nkey B

return parent_should_delete;

Redistribute

void BPlusTree::Redistribute(InternalPage *neighbor_node, InternalPage *node, int index)

{

// 3R
page_id_t parent_page_id = node->GetParentPagelId();
Page *parent_page = buffer_pool_manager_->FetchPage(parent_page_id);

if (parent_page == nullptr) {
throw std::runtime_error("out of memory");
}

auto *parent = reinterpret_cast<InternalPage #*>(parent_page->GetData());
// % BlnodeZE X 1 &+ H 7

int node_index = parent->Valuelndex(node->GetPageId());

int neighbor_index = parent->ValueIndex(neighbor_node->GetPageId());

if (index == 0) {
/KU E R B
GenericKey *middle_key = parent->KeyAt(node_index + 1);

neighbor_node->MoveFirstToEndOf (node, middle_key, buffer_pool_manager_);
UpdateParentKeyAfterChange (parent, neighbor_index);

}

else {
/1 KR EF B A :
GenericKey *middle_key = parent->KeyAt(node_index);
neighbor_node->MoveLastToFrontOf (node, middle_key, buffer_pool_manager_)
UpdateParentKeyAfterChange (parent, node_index);

}

// R pin R K

buffer_pool_manager_->UnpinPage(parent_page_id, true);

void BPlusTree::Redistribute(LeafPage *neighbor_node, LeafPage #*node, int index) {

// R
page_id_t parent_page_id = node->GetParentPageld();
Page *parent_page = buffer_pool_manager_->FetchPage(parent_page_id);
if (parent_page == nullptr) {
throw std::runtime_error("out of memory");
}
auto *parent = reinterpret_cast<InternalPage *>(parent_page->GetData());
// 3% Blnode & X 1 & + 7|
int node_index = parent->ValueIndex(node->GetPageId());
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int neighbor_index = parent->Valuelndex(neighbor_node->GetPageId());

if (index == 0) {
/] NI E T ENE A Zlnode ¥y & J —
neighbor_node->MoveFirstToEndOf (node) ;
UpdateParentKeyAfterChange (parent, neighbor_index);

}

else {
// — & Zlnode 1y -
neighbor_node->MoveLastToFrontOf (node) ;
UpdateParentKeyAfterChange (parent, node_index);

}

// fEPrpin X T &

buffer_pool_manager_->UnpinPage (parent_page_id, true);

}

5. AdjustRoot
1| bool BPlusTree::AdjustRoot (BPlusTreePage *old_root_node) {
2 /) B ER ERN#ITEHERE —AFH A
3 if (lold_root_node->IsLeafPage() && old_root_node->GetSize() == 1) {
4 auto *root = reinterpret_cast<InternalPage *>(old_root_node);
5 /] FKEBE TN
6 page_id_t child_page_id = root->RemoveAndReturnOnlyChild();
7 Page *child_page = buffer_pool_manager_->FetchPage(child_page_id);
8 if (child_page == nullptr) {
9 return false;
10 }
11 auto *child = reinterpret_cast<BPlusTreePage *>(child_page->GetData());
12 // EH FW OEH X & 4 INVALID_PAGE_ID (FH X F 7 & K & 4 # & )
13 child->SetParentPageId (INVALID_PAGE_ID);
14 // E ¥R TUEID
15 root_page_id_ = child_page_id;
16 UpdateRootPageId(0);
17 // #EWpinF F A&
18 buffer_pool_manager_->UnpinPage(child_page_id, true);
19 return true;
20 }
21 /B2 X ] S =R
22 if (old_root_node->IsLeafPage() && old_root_node->GetSize() == 0) {
23 /WA ERE
24 root_page_id_ = INVALID_PAGE_ID;
25 UpdateRootPageId(0);
26 return true;
27 }
28 return false;
29| }
2.3.6 ER3lAKH
EOSI:
1. BEFF * WER

1

std::pair<GenericKey *, RowId> IndexIterator::operator*() {
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// R WE A KT
if (current_page_id == INVALID_PAGE_ID || item_index < 0 ||
page == nullptr || item_index >= page->GetSize()) {
throw std::runtime_error("Invalid Iterator");
}
// &Y X

return page->GetItem(item_index);

BEM ++ NEH

IndexIterator &IndexIterator::operator++() {

// [ C

if (current_page_id == INVALID_PAGE_ID ||

page == nullptr || item_index < O || item_index >= page->GetSize()) {
return *this;

}

// | T — T &

item_index++;

/) WmREBZYMTENRE, FRAHE | T—A T @

if (item_index >= page->GetSize()) {
page_id_t next_page_id = page->GetNextPageId();

/] WmEEAET—ATE, BREHNLK
if (next_page_id == INVALID_PAGE_ID) {
A - i Bl T E B pin
buffer_pool_manager->UnpinPage(current_page_id, false);
current_page_id = INVALID_PAGE_ID;
page = nullptr;
item_index = 0;
return *this;
}
// FRECT —A-TUE R AR 7 B pin
buffer_pool_manager->UnpinPage (current_page_id, false);
// KRBT — AT E
current_page_id = next_page_id;

Page *next_page = buffer_pool_manager->FetchPage(next_page_id);

if (next_page == nullptr) {
/] WmERBMAR, BEHNLK
current_page_id = INVALID_PAGE_ID;

page = nullptr;
item_index = 0;
return *this;

}

VAR S i

page = reinterpret_cast<LeafPage *>(next_page->GetData());

item_index = 0;
}

return *this;
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2.4 CATALOG MANAGER
2.4.1 FRIRINEEWEIAR

Catalog Manager #1578 BEEE E P TG o8R8, R 4EHIRER “HiR 7
W, e E R TR RElL ISR E LMEEHIE R . SPATRFE TR
F. R A e B s R M E(E B, #i<xm Catalog Manager K HE K.

FAKTM S, Catalog Manager HIAZ 0D EEf45:

o REOEHE: Q¥R WROAR. FRIEREE (R4, R ID. &K Schema.
RAHRALRAT LA IR TS 55)

. BIMEE: EHEEEOEHED . MROAES. FREIEE (REE
4. %31 ID. FilRFedk. Bk, HoIRWE),

o UHERAN: KA 8l E SR AN RIE T, IFEREE R sl N
R, DRUERRE I E R R o e A k.

N T mERE R cHE, Catalog Manager WHEBZEY | 2 DB R R, IXLEMUN 13
Catalog Manager BEWS PRIEE LAY 1] B O oo 8dfs . Bl
o RALFNIFEID WIS :table_names_ (std::unordered map<std::string, table_id_t>)

o K ID BRAEEXNZAIMLY] :tables_ (std::unordered map<table id_t, TableInfo
*>)

o WO ZRNRT|ID WL (KAL) index_names_ (std::unordered_map<std::string,

std: :unordered_map<std::string, index_id_t>>)

o %5 ID BZREGEEX ZAIWLST: indexes_ (std::unordered map<index_id_t,
IndexInfo *>)

4k, Catalog Manager S AKH T — MR CatalogMeta i G R H 7T HdE 711
57t CatalogMeta 13K | PrA R IGHIE AR 5l uids B 5, FEMTTH SN
PSS T 540, B IR o P RE AT .

2.4.2 THIEBFALSINE

Catalog Manager HJ—/NICHEHR 5T & W0 R T BHE I FEATE . X2 CatalogMeta
Xt % 1 Buffer Pool Manager SZHLH .

CatalogMeta 3% :

CatalogMeta K%L [THI T HAFF A H XK ILE R

o table meta_pages_: —7|> std::map<table_id_t, page_id_t>, fF-fiff 1~ ID
X N R TG A8 DR TS
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e index_meta_pages_: —/ std: :map<index_id_t, page_id_t>, Ve AN ]
ID X BL ) e T 75

CatalogMeta X RA G 24 )7 14k H A7 £ — A il %€ 1) 7G4 U (i CATALOG_META_PAGE_ID
EX, BINNZETTS 0 L.

class CatalogMeta {

friend class CatalogManager;

public:

void SerializeTo(char *buf) const;

static CatalogMeta *DeserializeFrom(char xbuf);

uint32_t GetSerializedSize() const;

inline table_id_t GetNextTableId() const;

inline index_id_t GetNextIndexId() const;

static CatalogMeta *NewInstance();

inline std::map<table_id_t, page_id_t> *GetTableMetaPages();

inline std::map<index_id_t, page_id_t> *GetIndexMetaPages();

bool DeleteIndexMetaPage (BufferPoolManager *bpm, index_id_t index_id);

private:

CatalogMeta () ;

private:
static constexpr uint32_t CATALOG_METADATA_MAGIC_NUM = 89849;
std::map<table_id_t, page_id_t> table_meta_pages_;

std::map<index_id_t, page_id_t> index_meta_pages_;

I S eIz :
1. MG (init=true): R F ROV BT ZE Y4610 B X, Catalog Man-

ager 2B —NFTH CatalogMeta X4, 4 H 54143 CATALOG_META_PAGE_ID
feEMI UM . LK, table meta_pages_ Al index meta_pages ¥ HN=Z.

. Jn#EL (init=false) : 4% % )5 3B , Catalog Manager 23 )\ CATALOG_META_PAGE_ID
BT T AL CatalogMeta PO ) SIS )] catalog _meta_->table_meta_pages_

F catalog meta ->index meta_pages_, i/ LoadTable Al LoadIndex Jji%, M
WA NN R R 5 IRl o B, JFEENFH N tables_. table_names -

indexes_ Ml index names ZEHLUS KR,

RIFTTEE: B ERGEERAEEN (bR, MPErETI%), Catalog Manager
2> f] FlushCatalogMetaPage () J7i%. 715K 4 EI1 catalog_meta_ XTRFHILIF
5 [ 4% ) CATALOG_META PAGE_ID, Hfifi 5 Bt il Fr Ak .

2.4.3 ®EOSE

el
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class CatalogManager {

};

private:

[[maybe_unused]] BufferPoolManager *buffer_pool_manager_;

[[maybe_unused]] LockManager *lock_manager_;

[[maybe_unused]] LogManager #*log_manager_;

CatalogMeta *catalog_meta_;

std::atomic<table_id_t> next_table_id_;

std::atomic<index_id_t> next_index_id_;

// map for tables

std::unordered_map<std::string, table_id_t> table_names_;

std::unordered_map<table_id_t, TableInfo *> tables_;

// map for indexes: table_name->index_name->indexes

std::unordered_map<std::string, std::unordered_map<std::string, index_id_t>>
index_names_;

std::unordered_map<index_id_t, IndexInfo *> indexes_;

EOSEI
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elfEs

dberr_t CatalogManager::CreateTable(const string &table_name, TableSchema *schema, Txn *
txn, TableInfo *&table_info) {
/] BEREEOLRFE
if (table_names_.find(table_name) != table_names_.end()) {
return DB_TABLE_ALREADY_EXIST;

}

// A& T E W

page_id_t table_meta_page_id;

Page *table_meta_page = buffer_pool_manager_->NewPage(table_meta_page_id);

if (table_meta_page == nullptr) {
return DB_FAILED;

}

// gl 5 (% o A I Bt 7 @ ID)

table_id_t table_id = next_table_id_++;

// | Schema

TableSchema *schema_copy = Schema::DeepCopySchema(schema);

if (schema_copy == nullptr) {
buffer_pool_manager_->DeletePage(table_meta_page_id);
return DB_FAILED;

}

/] %R kB H % — M ID

TableHeap *table_heap = TableHeap::Create(buffer_pool_manager_, schema_copy, txzn
, log_manager_, lock_manager_);
if (table_heap == nullptr) {
delete schema_copy;
buffer_pool_manager_->DeletePage(table_meta_page_id);
return DB_FAILED;
}
/] ER
TableMetadata *table_meta = TableMetadata::Create(table_id, table_name,

table_heap->GetFirstPageId(), schema_copy);
if (table_meta == nullptr) {
delete schema_copy;
delete table_heap;
buffer_pool_manager_->DeletePage(table_meta_page_id);
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return DB_FAILED;
}
VAN K &
table_meta->SerializeTo(table_meta_page->GetData());
buffer_pool_manager_->UnpinPage(table_meta_page_id, true);
/7 gl S
table_info = TablelInfo::Create();
if (table_info == nullptr) {
delete table_meta;
delete table_heap;
buffer_pool_manager_->DeletePage(table_meta_page_id);
return DB_FAILED;
}
table_info->Init(table_meta, table_heap);
// o B & oT H B
catalog_meta_->table_meta_pages_[table_id] = table_meta_page_id;
table_names_[table_name] = table_id;
tables_[table_id] = table_info;
/7 Rl E FoTEE R
FlushCatalogMetaPage () ;
return DB_SUCCESS;
}
SRENFR

dberr_t CatalogManager::GetTable(const string &table_name, TableInfo *&table_info) {
auto iter = table_names_.find(table_name);
if (iter == table_names_.end()) {
return DB_TABLE_NOT_EXIST;
}
table_id_t table_id = iter->second;
auto table_iter = tables_.find(table_id);
if (table_iter == tables_.end()) {
// This case should ideally not happen if table_names_ is consistent
// It implies an internal inconsistency, possibly after loading.
// For robustness, try loading the table if not found in memory.
page_id_t table_meta_page_id;
if (catalog_meta_->table_meta_pages_.count(table_id)) {
table_meta_page_id = catalog_meta_->table_meta_pages_[table_id];
if (LoadTable(table_id, table_meta_page_id) == DB_SUCCESS) {
table_iter = tables_.find(table_id);
if (table_iter != tables_.end()) {
table_info = table_iter->second;
return DB_SUCCESS;

}
}
}
return DB_FAILED; // Or a more specific error like DB_TABLE_NOT_LOADED
}
table_info = table_iter->second;

return DB_SUCCESS;

BZ &S|
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dberr_t CatalogManager::CreateIndex(const std::string &table_name, const string &

index_name,

const std::vector<std::string> &index_keys, Txn *txn, IndexInfo *&index_info,

const string &index_type) {

/Il RERXEZLFE

TableInfo *table_info = nullptr;

if (GetTable(table_name, table_info) != DB_SUCCESS) {
return DB_TABLE_NOT_EXIST;

}
/]
if (index_names_.count(table_name) && index_names_[table_name].count(index_name)
) {
return DB_INDEX_ALREADY_EXIST;
}
// gl
page_id_t index_meta_page_id;
Page *index_meta_page = buffer_pool_manager_->NewPage(index_meta_page_id);
if (index_meta_page == nullptr) {
return DB_FAILED;
}
/7 3k | % w9 %\

std::vector<uint32_t> key_map;
const Schema *schema = table_info->GetSchema();
for (const auto &key : index_keys) {
uint32_t col_idx;
if (schema->GetColumnIndex(key, col_idx) == DB_COLUMN_NAME_NOT_EXIST) {
buffer_pool_manager_—>De1etePage(index_meta_page_id);
// buffer_pool_manager_->DeletePage(index_root_page_id); // No
longer needed

return DB_COLUMN_NAME_NOT_EXIST;

}
key_map.push_back(col_idx);
}
// Al
index_id_t index_id = next_index_id_++;
IndexMetadata *index_meta = IndexMetadata::Create(index_id, index_name,
table_info->GetTableId (), key_map);
if (index_meta == nullptr) {
buffer_pool_manager_->DeletePage(index_meta_page_id);
// buffer_pool_manager_->DeletePage(index_root_page_id); // No longer
needed
return DB_FAILED;
}
/1A #

index_meta->SerializeTo(index_meta_page->GetData());
buffer_pool_manager_->UnpinPage(index_meta_page_id, true);

// buffer_pool_manager_->UnpinPage(index_root_page_id, true); // No longer

needed
// G #E
index_info = IndexInfo::Create();
if (index_info == nullptr) {

delete index_meta;

buffer_pool_manager_—>De1etePage(index_meta_page_id);

// buffer_pool_manager_->DeletePage(index_root_page_id); // No longer
needed

return DB_FAILED;
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}
// The Init function for IndexInfo will internally create the BPlusTreeIndex,
// which handles its own root page creation.
index_info->Init(index_meta, table_info, buffer_pool_manager_);
// EFE
catalog_meta_->index_meta_pages_[index_id] = index_meta_page_id;
index_names_[table_name] [index_name] = index_id;
indexes_[index_id] = index_info;
/] A EREE R
TableHeap *table_heap = table_info->GetTableHeap();
for (auto iter = table_heap->Begin(txn); iter != table_heap->End(); ++iter) {
Row index_key_row; // Renamed from 'Row index_key' to avoid conflict
iter->GetKeyFromRow (table_info->GetSchema(), index_info->
GetIndexKeySchema (), index_key_row);
index_info->GetIndex () ->InsertEntry(index_key_row, iter->GetRowId(), txn
);
}
// T H X 7T 4K il
FlushCatalogMetaPage () ;
return DB_SUCCESS;
}
]
dberr_t CatalogManager::GetIndex(const std::string &table_name, const std::string &
index_name,
IndexInfo *&index_info) const {
/] EREE F &5l 4 #owk g+
auto table_iter = index_names_.find(table_name);
if (table_iter == index_names_.end()) {
return DB_INDEX_NOT_FOUND;
}
/@
auto index_iter = table_iter->second.find(index_name);
if (index_iter == table_iter->second.end()) {
return DB_INDEX_NOT_FOUND;
}
index_id_t index_id = index_iter->second;
auto index_info_iter = indexes_.find(index_id);
if (index_info_iter == indexes_.end()) {
page_id_t index_meta_page_id;
CatalogManager* self = const_cast<CatalogManager*>(this);
if (self->catalog_meta_->index_meta_pages_.count(index_id)) {
index_meta_page_id = self->catalog_meta_->index_meta_pages_[
index_id];
if (self->LoadIndex(index_id, index_meta_page_id) == DB_SUCCESS)
{
index_info_iter = indexes_.find(index_id);
if (index_info_iter != indexes_.end()) {
index_info = index_info_iter->second;
return DB_SUCCESS;
¥
}
}
return DB_FAILED;
}
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11

index_info = index_info_iter->second;

return DB_SUCCESS;

flBR ==

dberr_t

CatalogManager::DropTable(const string &table_name) {

/l EREEFRE

TableInfo *table_info = nullptr;

if (GetTable(table_name, table_info) != DB_SUCCESS) {
return DB_TABLE_NOT_EXIST;

}

/] M FRBTART

std::vector<IndexInfo *> table_indexes;

GetTableIndexes (table_name, table_indexes);
for (auto index_info_ptr : table_indexes) {

DropIndex(table_name, index_info_ptr->GetIndexName());

// KB

table_id_t table_id = table_info->GetTableId();

page_id_t table_meta_page_id = catalog_meta_->table_meta_pages_[table_id];

/7 E AT A &4 )

if (table_info->GetTableHeap()) {
table_info->GetTableHeap () ->Destroy(buffer_pool_manager_); // This

method needs to be implemented in TableHeap
}
/7 M
buffer_pool_manager_->DeletePage(table_meta_page_id);
7RS-ELE

catalog_meta_->table_meta_pages_.erase(table_id);

table_names_.erase(table_name) ;

// R E tables_ Mt & # Jt Ml Bx TableInfo if X
auto it = tables_.find(table_id);
if (it != tables_.end()) {

delete it->second; // This should also delete TableMetadata and Schema
via TableInfo's destructor
tables_.erase(it);
}
// RI# B % U4 4
FlushCatalogMetaPage () ;
return DB_SUCCESS;

K

Z

L

fBRZR 3|

dberr_t

CatalogManager::DropIndex(const string &table_name, const string &index_name) {

/] &

IndexInfo *index_info = nullptr;

if (GetIndex(table_name, index_name, index_info) != DB_SUCCESS) {
return DB_INDEX_NOT_FOUND;

}

/] 3k 1D

auto table_iter = index_names_.find(table_name);

// table_iter is guaranteed to be valid here due to successful GetIndex call
auto index_iter = table_iter->second.find(index_name);

// index_iter is guaranteed to be valid here
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12 index_id_t index_id = index_iter->second;

13 /7 MR AR & B BT R HE T

14 if (index_info->GetIndex()) {

15 index_info->GetIndex () ->Destroy () ;

16 }

17 /] MR THER

18 page_id_t index_meta_page_id = catalog_meta_->index_meta_pages_[index_id];
19 buffer_pool_manager_—>DeletePage(index_meta_page_id);
20 /] B E THAEF BB %K

21 catalog_meta_->index_meta_pages_.erase(index_id);

22 // MWHHFHE index_names_ B F EL X7

23 table_iter->second.erase(index_name) ;

24 if (table_iter->second.empty()) {

25 index_names_.erase(table_name);

26 }

27 // P FF FE indexes_ BEA F R I Ml % IndexInfo X X
28 auto it = indexes_.find(index_id);

29 if (it != indexes_.end()) {

30 delete it->second;

31 indexes_.erase(it);

32 }

33 // Rl B X THEN

34 FlushCatalogMetaPage () ;

35 return DB_SUCCESS;

36| }

2.5 PLANNER AND EXECUTOR
2.5.1 #1ELRINEEREIA

AREH A SQL $AT IR GUEE. THRIA A (Planner) 71 T3 AR IEE 1M A2 ik
TR, FEXE SCHATRR G, BT 4y (Executor) HFAT RIS A AGEANT &, SERCSERR
AR AT

ERGEEM Y, SQL iEA) e HREss (Parser) BEATIEVEMENT, Az O N )15
o AZIEVE B S AT TR A B (Planner) ¥ # @ AT TR, 38 AT 2%
(Executor) AT o PATARAEIZATIEFEH , RIFAT TR B AR TR K Record Manager
Index Manager A1 Catalog Manager, 5¢/&EHE#EE S ofE B Ui .

Hr, Parser. Planner 5 Executer f[f] SeqScan. Insert Update. Delete IndexScan
FAFE T HAEZESIHL . Executer FLER 1 A% b E0AE A SZIE Hh SE I

2.5.2 HEEMCIE. BEE. IHRSHERBERITS

1. BUREEROIE
FESHL L, o BRI R 4, SRR FEAE N Executor M)
dbs_ Bt O AR, WO,

1| dberr_t ExecuteEngine::ExecuteCreateDatabase(pSyntaxNode ast, ExecuteContext *context) {

2 string db_name = ast->child_->val_;
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3 if (dbs_.find(db_name) != dbs_.end()) {

4 return DB_ALREADY_EXIST;

5 }

6 dbs_.insert (make_pair(db_name, new DBStorageEngine (db_name, true)));
7 cout << "Database "<< db_name <<" created successfully." << endl;

8 return DB_SUCCESS;

9|}

2. WIEENEE
FESEHLE, V71 Executor XM dbs_ BT ASRECEE B33, #5808 A5 B A
AT AT T ER

1| dberr_t ExecuteEngine::ExecuteShowDatabases(pSyntaxNode ast, ExecuteContext *context) {

2 if (dbs_.empty()) {

3 return DB_NOT_EXIST;

4 }

5 int max_width = 8;

6 for (comnst auto &itr : dbs_) {

7 if (itr.first.length() > max_width) max_width = itr.first.length(Q);

8 }

9 cout << "+" << setfill('-') << setw(max_width + 2) << "" << "+4" << endl;

10 cout << "| " << std::left << setfill(' ') << setw(max_width) << "Database" << "
|" << endl;

11 cout << "+" << setfill('-') << setw(max_width + 2) << "" << "+" << endl;

12 for (const auto &itr : dbs_) {

13 cout << "| " << std::left << setfill(' ') << setw(max_width) << itr.

first << " |" << endl;

14 }

15 cout << "+" << setfill('-') << setw(max_width + 2) << "" << "+" << endl;

16 return DB_SUCCESS;

17|}

3. BEEERIMIRR
ELHLE, BSEHIREN TR A, IR R IR EE 2 N Executor XA
(K] dbs_ BT REER, FFAESCIE R ST MR X R (0 K e SO

1| dberr_t ExecuteEngine::ExecuteDropDatabase(pSyntaxNode ast, ExecuteContext *context) {
2 string db_name = ast->child_->val_;

3 if (dbs_.find(db_name) == dbs_.end()) {

4 return DB_NOT_EXIST;

5 }

6 remove (("./databases/" + db_name).c_str());

7 delete dbs_[db_name];

8 dbs_.erase(db_name) ;

9 if (db_name == current_db_)

10 current_db_ = "";

11 cout << "Database "<< db_name <<" droped successfully." << endl;
12 return DB_SUCCESS;

13| }

4. BEREERI IR
FESCHL b, B 56 e VR A A A e 44 A I e e A7 AEVE R BB 2L Executor
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X% ) current_db_ J¥ .

1| dberr_t ExecuteEngine::ExecuteUseDatabase(pSyntaxNode ast, ExecuteContext *context) {
2 string db_name = ast->child_->val_;

3 if (dbs_.find(db_name) != dbs_.end()) {

4 current_db_ = db_name;

5 cout << "Database changed to "<< db_name <<"." << endl;

6 return DB_SUCCESS;

7 }

8 return DB_NOT_EXIST;

9|}

2.5.3 FRMEE. EESHIBRFERITS

1. RAEIE
FESEIL b, 5 VAR AT 21 e S RS ME— BRI, AR A AR A i A S
W FH IE A R E s £ B Column X4, FFHH vector<Column*> X 4% Schema
X5, FIMA Catalog Manager $E4LHA) 2R N SEERFIANE . thak, #RA
BT, BN EEAME A RAER .

1| dberr_t ExecuteEngine::ExecuteCreateTable(pSyntaxNode ast, ExecuteContext *context) {

2 if (current_db_.empty()) {

3 cout << "No database selected." << endl;

4 return DB_FAILED;

5 }

6 string table_name = ast->child_->val_;

7 /] FEANT £

8 vector<string> primary_keys;

9 pSyntaxNode column_list = ast->child_->next_;

10 pSyntaxNode column = column_list->child_;

11 for (; column !'= nullptr && column->type_ != kNodeColumnList; column = column->
next_) {}

12 if (column !'= nullptr && column->type_ == kNodeColumnList) {

13 for (column = column->child_; column != nullptr; column = column->next_)

{

14 primary_keys.push_back(column->val_);

15 }

16 }

17 /] AT E X

18 vector<Column *> columns;

19 column = column_list->child_;

20 int index = O0;

21 for (; column !'= nullptr && column->type_ != kNodeColumnList; column = column->
next_) {

22 bool is_unique = false;

23 if (column->val_!=nullptr) is_unique = string(column->val_) == "unique";

24 string column_name = column->child_->val_;

25 string type_name = column->child_->next_->val_;

26 Typeld type;

27 uint32_t length = 0;

28 /] AT HAE KA

29 if (type_name == "int") {

30 type = Typeld::kTypelnt;

31 } else if (type_name == "float") {

44




MiniSQL % 4R &

32
33
34
35
36
37

38
39
40
41
42
43
44
45
46
47
48
49
50
51

52

53
54

ot
o

57
58
59
60
61
62
63
64
65
66
67
68
69

70
71

72
73
74
75
76
77
78

79
80

type = Typeld::kTypeFloat;
} else if (type_name == "char") {
type = Typeld::kTypeChar;
length = atoi(column->child_->next_->child_->val_);
if (length <= 0) {
cout << column_name <<"'s length is illegal, failed to
create table."<<endl;
return DB_FAILED;

}
} else {
return DB_FAILED;
}
/] FlWr £ #
bool is_primary = false;

for (auto& primary_key : primary_keys) {

if (column_name == primary_key) {
is_primary = true;
break;
}
}
if (type == Typeld::kTypeChar)

columns.push_back(new Column(column_name, type, length, index++, !
is_primary, is_unique));

else

columns.push_back(new Column(column_name, type, index++, !is_primary,

is_unique));

// K
TableInfo *table_info = nullptr;
dberr_t res = dbs_[current_db_]->catalog_mgr_->CreateTable(table_name,

new Schema(columns),

nullptr,

table_info);

/] R RUERS, B

if (res == DB_SUCCESS) {
/] AR EREST

if (!primary_keys.empty()) {
IndexInfo *pk_index_info = nullptr;
string pk_index_name = table_name + "_pk_index";
dberr_t pk_res = dbs_[current_db_J]->catalog_mgr_->CreateIndex(
table_name, pk_index_name, primary_keys, nullptr, pk_index_info,
"bptree");
if (pk_res != DB_SUCCESS) {
cout << "Warning: Failed to create primary key index for
table " << table_name <<"."<< endl;

}
// Hunique?| €| # &7
for (size_t i = 0; i < columns.size(); i++) {
if (columns[i]->IsUnique()) {
IndexInfo *unique_index_info = nullptr;
string unique_index_name = table_name + "_" + columns[i
]->GetName () + "_unique_index";
vector<string> unique_keys = {columns([i]->GetName()};
dberr_t unique_res = dbs_[current_db_]l->catalog_mgr_->

CreateIndex(
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}
cout << "Table
}
/] EEARE
for (auto column
delete column;
}

return res;

columns) {

table_name,

if (unique_res

unique_index_name, unique_keys, nullptr,

unique_index_info, "bptree");

!'= DB_SUCCESS) {

cout << "Warning: Failed to create unique index
for column " << columns[i]->GetName ()
<< in table " << table_name << "." <<endl;

"<< table_name <<" created successfully." << endl;

RNEE

LBl E, M Catalog Manager $2{[FIFRENR S D58 R RN, 28R K& A5

S VAR AL 7 AT AT B

dberr_t ExecuteEngine::ExecuteShowTables(pSyntaxNode ast, ExecuteContext *context) {

if (current_db_.empty()) {
cout << "No database selected." << endl;
return DB_FAILED;
}
vector<TableInfo *> tables;
if (dbs_[current_db_]->catalog_mgr_->GetTables(tables) == DB_FAILED || tables.
size() == 0) {
return DB_TABLE_NOT_EXIST;
}
string table_in_db("Tables in " + current_db_);
uint max_width = table_in_db.length();
tables) {
if (itr->GetTableName().length() > max_width) max_width = itr->
GetTableName () .length () ;

for (const auto &itr

}

cout << "+" << setfill('-') << setw(max_width + 2) << ""

<< "+" << endl;

cout << "| " << std::left << setfill(' ') << setw(max_width) << table_in_db << "
|" << endl;

cout << "+" << setfill('-') << setw(max_width + 2) << "'

<< "+" << endl;

for (const auto &itr tables) {
cout << "| " << std::left << setfill(' ') << setw(max_width) << itr->
GetTableName () << " |" << endl;

}
cout << "+" << setfill('-') << setw(max_width + 2) << ""
<< "4+" << endl;

return DB_SUCCESS;

3. FRAIMIER
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ESEEL E, M Catalog Manager H4t i ix 2422 101 5¢ a3 O H B

1| dberr_t ExecuteEngine::ExecuteDropTable(pSyntaxNode ast, ExecuteContext *context) {
2 if (current_db_.empty()) {

3 cout << "No database selected." << endl;

4 return DB_FAILED;

5 }

6 string table_name = ast->child_->val_;

7 dberr_t res = dbs_[current_db_]->catalog_mgr_->DropTable(table_name);

8 if (res == DB_SUCCESS) {

9 cout << "Table "<< table_name <<" droped successfully." << endl;
10 }

11 return res;

12|}

2.5.4 R3|EIE. EFSMERIRIERITES

1. R3IHelE
LI L, HemEEM g R 51504, )51 Catalog Manager $2AtHIE%
RGO SE R 5 B

1| dberr_t ExecuteEngine::ExecuteCreateIndex(pSyntaxNode ast, ExecuteContext *context) {

2 if (current_db_.empty()) {

3 cout << "No database selected." << endl;

4 return DB_FAILED;

5 }

6 string index_name = ast->child_->val_;

7 string table_name = ast->child_->next_->val_;

8 vector<string> column_names;

9 pSyntaxNode column_syntax_node = ast->child_->next_->next_->child_;

10 while (column_syntax_node != nullptr) {

11 column_names.push_back(column_syntax_node->val_);

12 column_syntax_node = column_syntax_node->next_;

13 }

14 /1 41 %3

15 IndexInfo *index_info = nullptr;

16 dberr_t res = dbs_[current_db_]->catalog_mgr_->CreateIndex(table_name,
index_name,

17 column_names, nullptr, index_info,"");

18 if (res == DB_SUCCESS) {

19 cout << "Index "<< index_name <<" created successfully." << endl;

20 }

21 return res;

22|

2. R3IWEF
TESEIL L, A Catalog Manager $2AEISRENZR B T 5E BT A R IWZREL, R 5 Xt
FARZENHH Catalog Manager $#24EFIIRENER 5142 1 58 R 51 ZREL, KR 5
& 5 DA AR 7 AT T ER

1| dberr_t ExecuteEngine::ExecuteShowIndexes (pSyntaxNode ast, ExecuteContext *context) {
2 if (current_db_.empty()) {
3 cout << "No database selected." << endl;
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(3]

return DB_FAILED;

vector<TableInfo *> tables;
if (dbs_[current_db_J]->catalog_mgr_->GetTables(tables) == DB_FAILED) {
return DB_INDEX_NOT_FOUND;

bool has_index = false;
for (comnst auto &table : tables) {
vector<IndexInfo *> indexes;
if (dbs_[current_db_]->catalog_mgr_->GetTableIndexes(table->GetTableName
(), indexes) == DB_SUCCESS) {
if (!indexes.empty()) {

has_index = true;

string reminder = "Indexes in table " + table->
GetTableName () ;

uint max_width = reminder.length();

for (const auto &index : indexes) {

if (index->GetIndexName ().length() > max_width)
max_width = index->GetIndexName ().length();
}
cout << "+" << setfill('-') << setw(max_width + 2) << ""
<< "+" << endl;

cout << "| " << std::left << setfill(' ') << setw(
max_width) << reminder << " |" << endl;

cout << "+" << setfill('-') << setw(max_width + 2) << ""

<< "+" << endl;

for (const auto &index : indexes) {
cout << "| " << std::left << setfill(' ') <<
setw(max_width) << index->GetIndexName () <<
" |"<< endl;
}

cout << "+" << setfill('-') << setw(max_width + 2) << ""

<< "+" << endl;

if ('has_index) {

return DB_INDEX_NOT_FOUND;
}
return DB_SUCCESS;

25| A9 MBR
fESEE ., MM Catalog Manager $& 4t B FR 2R 5142 11 5€ iR 51 MR

dberr_t ExecuteEngine::ExecuteDropIndex (pSyntaxNode ast, ExecuteContext *context) {

if (current_db_.empty()) {
cout << "No database selected." << endl;
return DB_FAILED;
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7 string index_name = ast->child_->val_;

8 string table_name = ast->child_->next_->val_;

9

10 dberr_t res = dbs_[current_db_J]->catalog_mgr_->DropIndex(table_name, index_name)
11 if (res == DB_SUCCESS) {

12 cout << "Index "<< index_name <<" droped successfully." << endl;

13 }

14 return res;

15| }

2.5.5 SQL HEHITRIERITE

ESEHLE, HEATIHEE N SQL S, AR HA SANEAMAT B, LR
), BHJERHEAEA BT yyparse () A B IFHEATHAT . TESCHF R T 1B )
SERPITIE it A AT B T

dberr_t ExecuteEngine::ExecuteExecfile(pSyntaxNode ast, ExecuteContext *context) {
string filename = ast->child_->val_;
ifstream file(filename);
if (!file.is_open()) {
cout << "Cannot open file " << filename << "." << endl;
return DB_FAILED;
}
string line;

string sql;

auto start_time = std::chrono::system_clock::now();
while (getline(file, line)) {
while (line[line.length() - 1] !'= ';') {

string nextline;
getline(file, nextline);
line += nextline;

}

/7 REAT I AT SQLE A

YY_BUFFER_STATE bp = yy_scan_string(line.c_str());

if (bp == nullptr) {
cout << "Failed to scan SQL string." << endl;
return DB_FAILED;

}
yy_switch_to_buffer (bp);
yyparse () ;
if (MinisqlParserGetError()) {
// error
printf ("%s\n", MinisqlParserGetErrorMessage());
}
auto result = Execute(MinisqlGetParserRootNode());
ExecuteInformation(result);
// clean memory after parse
MinisqlParserFinish();
yy_delete_buffer (bp);
yylex_destroy () ;
}
file.close();

auto stop_time = std::chrono::system_clock::now();
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double duration_time =

double ((std::chrono::duration_cast<std::chrono::milliseconds>(stop_time - start_time))
.count ());

cout << "File executes finished(" << fixed << setprecision(4) << duration_time / 1000
<< " sec)." << std::endl;

return DB_SUCCESS;
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3 RS

3.1 IEFEMEMIR

AE A I IR T P B EAT VPR AR, R O SRR ) 4 T N 1K
FIB, Sk 1 DRI IR f P .t TASEIRON B NSER, TR, O F300RE, R
e B AT B AR X IE R AT I, BB BhZCE I E

P2y 38 I A ] 471 3% -

DISK AND BUFFER POOL MANAGER:

1. TEST(BufferPoolManagerTest, BinaryDataTest)

2. TEST(LRUReplacerTest, SampleTest)

3. TEST(DiskManagerTest, BitMapPageTest)

4. TEST(DiskManagerTest, FreePageAllocationTest)
RECORD MANAGER:

1. TEST(TableHeapTest, TableHeapSampleTest)

2. TEST(TupleTest, FieldSerializeDeserializeTest)

3. TEST(TupleTest, RowTest)
INDEX MANAGER:

1. TEST(BPlusTreeTests, BPlusTreeIndexGenericKeyTest)

2. TEST(BPlusTreeTests, BPlusTreeIndexSimpleTest)

3. TEST(BPlusTreeTests, SampleTest)

4. TEST(BPlusTreeTests, IndexIteratorTest)
CATALOG MANAGER:

1. TEST(CatalogTest, CatalogMetaTest)

2. TEST(CatalogTest, CatalogTableTest)

3. TEST(CatalogTest, CatalogIndexTest)
PLANNER AND EXECUTOR:

1. TEST_ F(ExecutorTest, SimpleSeqScanTest)
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2. TEST F(ExecutorTest, SimpleDeleteTest)
3. TEST F(ExecutorTest, SimpleRawInsertTest)

4. TEST F(ExecutorTest, SimpleUpdateTest)

3.2 Ingettmliz
3.2.1 MiXs: BIBEMCIE. &F. VRSHkkRiEE
1. }W4THEF) show databases;, /N ARIAALEMRIUN T EHE E

minisql > show databases;

minisql > |

2. PUUTIEH] create database test_2;, GIE—NHHIEIEZE, RAEHATIER] show
databases;, FJPAEFRZHIEINE test 2.

minisql > create database test_2;
Database test_2 created successfully.
minisql > show databases;

| test_2

| test

| db_70000_copy |
[

minisql > ]

3. YATHEHR] drop database test_2;, MBRMINIAIEEMEHEZE, SREHATIER] show
databases;, FJPAEFIEIEE test 2 AHEIRESILS.

minisql > show databases;

| test_2

| test

| db_70000_copy |
|

minisql > drop database test_2;

Database test_2 droped successfully.
minisql > show databases;

4. PATIER] use test;, HFHIIEIEETIHE test.
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minisql > use test;
Database changed to test.
minisql [test] > ]

3.2.2 Midm: RWEE. EFSMBREE
L YT FIRER), B DHR, RJEIATIER) show tables;, W LAEA FIHTH

X account.

create table account(
id int,

name char(16) unique,
balance float,
primary key(id)

)

o kR W =

name char(16) unique,
balance float,
primary key(id)

).

i
Table account created successfully.

minisql [test] > show tables;

minisql [test] > I

2. #4715 H) drop table account;,MIBRMINIGEIE IR, R 5 HATiES] show tables;,
A EF|E account N EIRTEFERF

minisql [test] > show tables;

minisql [test] > drop table account;
Table account droped successfully.
minisql [test] > show tables;

Table not exists.

minisql [test] > ]

3.2.3 Midm: R3IWEE. EFSMERIRIE
L YT FIRER), B DHR, RJEIATIER show tables;, W LAEA FIHTH

% accounto.

create table account(
id int,

name char(16) unique,
balance float,
primary key(id)

)

o kR W N =
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minisql [test] > create table account
id int,
name char(16) unique,
balance float,
primary key(id)

).

P
Table account created successfully.

minisql [test] > show tables;

minisql [test] > I

2. PUTIES] show indexes;, AR account HAMNEHBNEIZEM RG], 75Xt
N A R A @M name AUME—PELITR .

minisql [test] > show indexes;

| account_name_unique_index |
| account_pk_index

minisql [test] > I

3. $A4TiEH) drop index account name unique index on account;, MR NJEME
name HENBIEM RG], SR)/5HATIER] show indexes;, A] AEAHF|K account H]
=y account_name_unique_index A ERESIR ST

minisql [test] > drop index account_name_unique_index on account;
Index account_name_unique_index droped successfully.
minisql [test] > show indexes;

4. 1 AT1EH) create index idx01 on account(name);, NJEE name HEHO|E R
51, SRGHATIER) show indexes;, BHF|EK account LHEIEAIZEG] 1dx01.
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minisql [test] > show indexes;

minisql [test] > create index idx01 on account(name);
Index idx01 created successfully.
minisql [test] > show indexes;

p
| idxe1i
| account_pk_index

minisql [test] > I

3.2.4 X SQL HtEMITEEIBBENIRIE

1. 285K Python IA, AR account A% 100000 LM% HE, FHOLREEME id
1 name FJME—E,

1| # generate_test_data.py

2| import random

3| import string

4

5| def generate_unique_strings(n, length=8):

6 seen = set()

7 while len(seen) < n:

8 s = ''.join(random.choices(string.ascii_letters + string.digits, k=
length))

9 if s not in seen:

10 seen.add(s)

11 yield s

12

13| total = 100_000

14| with open("test_data.sql", "w", encoding="utf-8") as f:

15 unique_strings = generate_unique_strings(total)

16 for i, rand_str in enumerate(unique_strings, start=1):

17 rand_float = round(random.uniform(0, 10000), 2)

18 f.write(f"insert into account values({i},\"{rand_str}\",{rand_float});\n
"

2. FAE R 100000 254 718 10 MSCASCAE, kg "test_data_i.sql",
Hreb i R 0-9 WEBE. Hd, "test_data_0.sql" FINFEU FFis:

1| insert into account values(1,"s4rw7AKJ",4010.54);

2| insert into account values(2,"vnwjLIEQ",9055.97);

3| insert into account values(3,"80l1lxBxsQ",62.5);

4

5| insert into account values(9998,"CbolVVu7",1650.74) ;

6| insert into account values (9999, "pTLsyeny" ,3552.99);
7| insert into account values(10000,"1c8al1GPZ" ,6837.89);

3. T EZRPATIER] execfile "test data_i.sql";,fEMIAH, 4 7 R MFE account
AT 70000 2 EHE . T B BoR AR AT 10000 25435 KRN Y 18.6370s.
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row sec).
row affected(0.0030 sec).
Query OK, 1 row affected(0.0030 sec).
Query OK, 1 row affected(0.0070 sec).
Query OK, 1 row affected(0.0030 sec).
File executes finished(18.6370 sec).
minisql [test] > i

Query OK:
Query OK,

1
1
1
1

4. PATEREHIER) select * from account where id > 0;, ‘mzsgrifl ] 70000
A, UE I B FE N I R

.659912
.140137
.870117
.680054

ck5FYLQR |

52vyCe68 |

cLJDIR2a |

BpWYNBkj |

CXNbHas7 | .810059

QjlMvavs | .109985

mFUCrwGl | .680054

TeQRJYro | .770020

YmmOsobF | .1899u1

1ExATKjz | .729980

wbWdLAes | 632.520020
+:

in set(13.5710 sec).
minisql [db] > [

3.2.5 Midm: mEif, FUHETHSRFRE
1. PUT EEHIER] select * from account where id = 32768;, £ i 2 X M E s .

minisql [db] > select * from account where id = 32768;
A g g +

| name | balance
e e e +

| 32768 | ViqdAsoA | 73u6.5u40039 |
F—————— g . +
1 row in set(0.0210 sec).

minisql [db] > ]

2. AT & 1H1ET) select * from account where balance = 1260.680054;, £
T N HE -
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minisql [db] > select * from account where balance = 1260.680054;
- F—————— —m +
| name | balance |

F———— o ——— e +

| 69993 | BpWYNBkj | 1260.680054 |
——— . e +
1 row in set(0.8370 sec).

minisql [db] > i

3. PUT A HIER] select * from account where name = "ck5FYLQR";, ZrifiZl
Xt N H 8 o

minisql [db] > select * from account where name = "ck5FYLQR";
F——————— . e +
| name | balance |
+————— . o ——— +
| 69990 | cK5FYLQR | 2573.659912 |
- . p—————— +
1 row in set(0.0060 sec).
minisql [db] > ]

4. PATZ F BB ER] select id, name from account where id > 10000 and
id < 20000 and name < "01234";, AN EIE .

minisql [db] > select id, name from account where id > 10000 and id < 20000 and name < "©123u4";
o e +
| name

1 row in set(2.0240 sec).
minisql [db] > I

3.2.6 Midm: REFERIEFSMIBRERE

1. $ATREPEE HiEH) update account set id = 70001, balance = 99999 where
name = "00Vnp3C6"; SR /5 HATHK T HIEF] select * from account where name
= "00Vnp3C6";, MLEEEINH N HHE # hl o 53
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minisql [db] > update account set id = 70001, balance = 99999 where name = "00Vnp3C6";
Query OK, 1 row affected(15.3010 sec).

minisql [db] > select * from account where name = "00Vnp3C6";
F——————— . e +

| name | balance |

+———— —————————— e +
| 70001 | 00Vnp3C6 | 99999.000000 |

1 row in set(15 3160 sec).
minisql [db] > ]

2. PATREIEM FR1E ) delete from account where balance < 100;, R/GHAT

FKEWIEH) select * from account where balance < 100;, NZLFINF N H P
B 15 I 5% o

minisql [db] > delete from account where balance < 100;
Query OK, 697 row affected(18.0250 sec).
minisql [db] > select * from account where balance < 100;

Empty set(16.2670 sec).
minisql [db] > ]

3.2.7 Wik FEEAMME—MELRNIT

1. PATHREIEFEANER]) insert into account values(65535, "lhyn", 525.525);,
HTJEME id AEH, H id = 65535 MR DA, FIIRRIAT R,

minisql [db] > insert into account values(65535, "lhyn", 525.525);
Violating primary key or unique key constraints, failed to insert tuples

Query OK, 0 row affected(0.0010 sec).
minisql [db] > I

2. PUTREIEIENTES) insert into account values (80000, "s4rw7AKJ", 525.525);,
T @t name HAME—Z %W, H name = "s4rw7AKJ" HIEHE S LAFAE, Kt
FERPAT I
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minisql [db_70000] > insert into account values(80000, "suUrw7AKJ", 525.525);
Violating primary key or unique key constraints, failed to insert tuples.

Query OK, 0 row affected(0.0000 sec).
minisql [db_7ee00] > [

3.2.8 Mikm: RIBERIEEMIT

1. FEE S AR SR 5 BUAS R U B 0 il P AT R B & 15 7) select * from
account where name = "s4rw7AKJ";. MBS EEZRGIR EE RN
0.0090s, fEAREZRGIFIER EAEMHBA 0.7300s, UEBHRFI/EE M RIEER

minisql [db_70000] > select * from account where name = "sUrw7AKJ";
o o —— +

| id | name | balance

1 row in set(0.7300 sec).

minisql [db_70000] > use db_70000_copy;

Database changed to db_70000_copy.

minisql [db_70000_copy] > select * from account where name = "sUrw7AKJ";

. — +
1 row in set(0.0090 sec).
minisql [db_70000_copy]l > [l

2. EFE LR SR 51 AN R B B i 3T R B i1 5] select id, name
from account where id > 10000 and id < 20000 and name < "01234"; .M %Z
3 fEESLRGIMR EE WA 0.7980s, fEARE RG] R EEW BN
0.8950s, UEMAZR FIFERT ) AHEAEH] -

minisql [db_70000] > select id, name from account where id > 10000 and id < 20000 and name < "01234";
+——— o +
| name

1 row in set(0.8950 sec).

minisql [db_70000] > use db_70000_copy;

Database changed to db_70000_copy.

inisql [db_70000_copy] > select id, name from account where id > 10000 and id < 20000 and name < "01234";
+

m
O T

| name |
. e +
| 18950 | @8Vnp3cs |
O o +
1 row in set(0.7980 sec).
minisql [db_70000_copy]l > [l
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