Miniob Storage Overview
LATENAZEEBTE storage HRHRSASET, INRIEHET SEWMNR,
X FHERIE#HZ AT EZE observer T HE common THEHAY value SHEK

AR TEHARSH T M RAFEEOREY, MRANERERIERERFTERLENL
HaE

DB
B dbh EREEN, RE—BIEENR, WEHEE:

string name_;
string path_;

unordered_map<string, Table *> opened_tables_;
unique_ptr<BufferPoolManager> buffer_pool_manager_;
unique_ptr<LogHandler> log_handler_;

unique_ptr<TrxKit> trx_kit_;

int32_t next_table_id_ = 0;

LSN check_point_lsn_ = 0;

PR EZERYEO:

Table * (const char *table_name) const;



Table * (int32_t table_id) const;

BE—LRE create_table, drop_table ZZERYEM, AIAKEBEE, TEEHRTA
FE#ZE table X317 table EEmEAYIRIERY.

Table
ETEFE Table 3, table EEAE table_meta F[] table

ST TableMeta 3§, table_meta FE2E(EFNERUTEURE, —LEENTE=E:

int32_t table_id_ = -1;
std: :string name_;

std: :vector<FieldMeta> trx_fields_;
std: :vector<FieldMeta> fields_;

std: :vector<IndexMeta> indexes_;
StorageFormat storage_format_;

AR EEATRREE

RC (const IndexMeta &index);
int32_t () const { return table_id_; }
const char * () const;
const FieldMeta * () const;
const FieldMeta * (int index) const;
const FieldMeta * (const char *name) const;
const FieldMeta * (int offset) const;
auto () const -> const std::vector<FieldMeta>
*{ return &fields_; }
auto () const —> std::span<const FieldMeta>;
const StorageFormat () const { return storage_format_; }
int () const;

const IndexMeta =* (const char *name) const;



const IndexMeta *find_index_by_field(const char *field) const; //fl# 7
B4 Rl 1B & 51 ) oo EoiE

const IndexMeta *index(int i) const; // R Tk B & 5| 1 cH

int index_num() const; // R[IFH R NEHE

int record_size() const; //i& [\ Hid 3K KD

Bl Table 2

Db *db_ = nullptr; // f&IJTJE db KX G5

string base_dir_; // 7R & B0 E H k1, H T#E K&
A B A i AL B

TableMeta table_meta_; // it 1T fE B

DiskBufferPool xdata_buffer_pool_ = nullptr; /// f&m R EHE SCHERBER
buffer pool

RecordFileHandler *record_handler_ = nullptr; /// f&aid 86 %, H
TR PR LA . MR o TEElE, tablef Ml Br4d A\ S5 #8218 H
RecordFileHandler 4 A\ M % 5 B

vector<Index *> indexes_; // fFfERY A RN G E, H T & HMEEE
KMRI, XFREAMEANRER

AR EERYZE O RE:

RC create(Db *db, int32_t table_id, const char *path, const char *name,
const char *base_dir,

span<const AttrInfoSqlNode> attributes, StorageFormat
storage_format);
/] Bl —NFK
RC drop_table(const char *table_name) ; // M /%
RC open(Db *db, const char *meta_file, const char *base_dir); //fIJf "
%, meta_file fREFRICEIEN UM, thin table.meta, basedir & CfFHI%E H 3%
1=
RC make_record(int value_num, const Value *values, Record &record);
/] WRIBL EHFBAER—Niex, value_num FE A%, values &N FEMHE,
record A R B0 % B
RC insert_record(Record &record); // 7E4HTHIRFIHMAN—FKidxk, Rl H—IH4E
AN
RC delete_record(const Record &record); // FHHFE —%icd3t, &5l —IFH =%
RC get_record(const RID &rid, Record &record); // MW#: rid IR M)
record
RC create_index(Trx *trx, const FieldMeta *field_meta, const char
*index_name) ;



/] K EGIE—AFRRT

RC get_record_scanner(RecordFileScanner &scanner, Trx *trx, ReadWriteMode
mode); // BRECH IS HIUG A IR [B] — ANl sk AR

RC get_chunk_scanner(ChunkFileScanner &scanner, Trx *trx, ReadwWriteMode
mode) ;

// BRFCESYIIE AR Al — A chunk g6 48

RecordFileHandler *record_handler() const { return record_handler_; }
RC visit_record(const RID &rid, function<bool(Record &)> visitor);

// T LLUAE LI B OR3P B O U7 Tl %

RC Table::sync(); // flush

Index *find_index(const char *index_name) const;

Index *find_index_by_field(const char *field_name) const;

Field

LEREEBERT FieldMeta 3, XN EPRDFRT storage/field/field_meta.h ,
XNMEFBHNENX, 27!

string name_; // FEIAR
AttrType attr_type_; // “7H k7

int attr_offset_; // FEAE—1 tuple H i H e
int attr_len_; // FEBHMUKE

bool visible_; // FE &L

int field_id_; // FEWME—ix R4, EERREZSEILD

TEE— 1 7A:

// users ¥, FE N id,name,email,age
std: :vector<FieldMeta> fields = {
{"id", AttrType::INT, 0, sizeof(int), true, 1},
{"name", AttrType::VARCHAR, sizeof(int), 100, true, 2},
{"email", AttrType::VARCHAR, sizeof(int) + 100, 150, true, 3%,
{"age", AttrType::INT, sizeof(int) + 100 + 150, sizeof(int), true, u}
;i

P EERRYER O :

const char *name() const; // 3K FB LK
AttrType type() const; // FREHKH
int offset() const; // 3KEUm#
int len() const; // #HEKE



bool visible() const; // RHUZSAIL

int field_id() const;

void to_json(Json::Value &json_value) const; // "L MF; filed #%
He i —~ json value

static RC from_json(const Json::Value &json_value, FieldMeta &field); //
M json value fE#rlEl filed

BTRRE Field 25, ZTEA:

const Table *table_
const FieldMeta *field_

nullptr; // FEBWEERKTEE
nullptr; // FEHTESIEE

— BB ORE

const char *get_data(const Record &record); // FKRZKEUX AR P AN XA
record 15 EFEME, L char* f5% k(A

void set_int(Record &record, int value); // AT EE(E K EF record K
ETERP FERXES ﬁ“hlmA+U&h2M?ﬁd

int get_int(const Record &record); //H T M record M5 7E 7 B ik BUE & A
void set_table(const Table *table) { this—>table_ = table; 1}

void set_field(const FieldMeta *field) { this->field_ = field; }

Record

XEEE A RID 3£, EE4EF— page num FI— slot num, 7~ record XN {4
BIZETLANN page FUSETLA slot, EREUZOA:

YET:
* R [A] — AN AT R I B /N I RID
* H/Apage num OFfislot num OFSZ&HVEN, {Hitpage num O F H T 7 iimetai
W, B LUK £ 48 358 25 ok i AR 2
VLN . X B AEbplus treed A ki 2 H F.
*/
static RID *min()
{
static RID rid{0, 0};
return &rid;

YET:
* @brief iR [F|— i KHI”RID



* FAE K page numFlslot num#S A 21 F Xt W B8 28 1Y 1 B KA
*/

static RID *max()

{

static RID rid{numeric_limits<PageNum>::max(),

numeric_limits<SlotNum>::max()};

return &rid;

}

ZIETE2EE record B9458, Record 25:

ib]

RID rid_; // rid Ef:
char *data_ nullptr; // FrAefis i 28
_ 0; /// B A recordd CREH NG, XNFEARERZ L

int len

bool owner_ = false; /// owner_pk i & K46~ 20 e &5 A H A5 17 (1 28

(data_) A @y B & 3 AL

—LEERIRREL:
void set_data(char *data, int len = 0)
1
this->data_ = data;
this—->len_ = len;
}
void set_data_owner(char *data, int len)
1

ASSERT(len != 0, "the len of data should not be 0");
this—->~Record();

this->data_ = data;

this->len_ = len;

this—>owner_ = true;
}
RC copy_data(const char *data, int 1len)
i

ASSERT(len!= 0, "the len of data should not be 0");
char *tmp = (char *)malloc(len);
if (nullptr == tmp) {
LOG_WARN("failed to allocate memory. size=%d", len);
return RC::NOMEM,

¥
memcpy(tmp, data, len);



set_data_owner(tmp, len);
return RC::SUCCESS;
}
RC new_record(int 1len)
1
ASSERT(len!= 0, "the len of data should not be 0");
char *tmp = (char *)malloc(len);
if Cnullptr == tmp) {
LOG_WARN("failed to allocate memory. size=%d", len);
return RC::NOMEM,;
¥
set_data_owner(tmp, len);
return RC: :SUCCESS;
¥
RC set_field(int field_offset, int field_len, char *data)
1
if (lowner.) {
LOG_ERROR("cannot set field when record does not own the memory");
return RC::INTERNAL;
¥
if (field_offset + field_len > 1len_) {
LOG_ERROR("invalid offset or length. offset=%d, length=%d, total
length=%d", field_offset, field_len, len_);
return RC::INVALID_ARGUMENT;
¥
memcpy(data_ + field_offset, data, field_len);
return RC: :SUCCESS;

}

void set_rid(const RID &rid) { this—->rid_ = rid; }
char xdata() { return this->data_; }

RID &rid() { return rid_; }

KR record manager M EEIEN, BFt=BH#EFRT paged 25, &—
A page BY header, 52 PageHeader 35:

struct PageHeader

{
int32_t record_num; ///< 70U id SR AN 2
int32_t column_num; ///< 47T TS 1 5 B
int32_t record_real_size; ///< ®:%kic 5L kR K/
int32_t record_size; ///< 8GR  FH SE bR A TR R/ (AT BE XY 5%)
int32_t record_capacity; ///< i
51

Rid x4
.
%’

2
int32_t col_idx_offset; ///< 51w #% &



int32_t data_offset; ///< F—KLEx N E

string to_string() const;

b

ZIEEHB—" RecordPagelterator 25, XEiEA— 1 REDERICRA iterator, TEEZR
EENTENEN

RecordPageHandler *record_page_handler_
FEE, thmmdmA e MR R el HE ARl %

nullptr; //#4t5tAb B —A T b &

PageNum page_num_ = BP_INVALID_PAGE_NUM;
common : :Bitmap bitmap_; ///< bitmap A KAE BRI LS5
RecordPageHandler i
SlotNum next_slot_num_ = 0; ///< H4ui# ;3] 7 #H—slot
BERRE:

void init(RecordPageHandler *record_page_handler, SlotNum start_slot_num
0);

[/ WaaA, R NFEATUE RS i T a4, BKIAN 0

bool has_next(); //AWiZEEHEH T —Mid=x

RC next(Record &record); // iZHU T — ik #|record BFHRIDF £ H, HE#H T —
Md kAL B next_slot_num_

bool is_valid() const { return record_page_handler_ != nullptr; } // #l

= 7 SNPASNE
ﬂC‘II\H{»),\

ZEF 2 RecordPageHandler 38, 2— 1M &2, THEREEEMNEN:

DiskBufferPool =disk_buffer_pool_ = nullptr; ///< 4ili#{: [ buffer
pool(3C14)

RecordLogHandler log_handler_; ///< BRTHRAER H G AP 25

Frame *frame_ = nullptr; ///< Zu7#HAF 0 SEH frame (frameft) 5 2 M & 7] LA
%z % buffer poolflframe)

ReadWriteMode rw_mode_

RS H0 R RN

ReadWriteMode: :READ_WRITE; ///< i

PageHeader *page_header_ = nullptr; ///< HRiim b
0L T 3k
char *xbitmap_ = nullptr; ///< 4§ iH Erecords FREAE B

bitmap i £ 2 4h fir B
StorageFormat storage_format_; // {75l



HEEENERL, PHELBFETR.

E1#E1XFG RowRecordPageHandler 2, 2 RecordPageHandler FUIR&EZE, HiETE,
RTRNTEE, TEZHI TR, BIESCIT insert, delete, update LAK get_record

EBERERLE PAX FFERZIRIRE S SFHR(ERY, (BRBRIAEERAXE Row #1777,

ZJ5H2 record_log.h, tHBHL2Z RecordLogHandler 2&:

LogHandler  *log_handler_ = nullptr;
int32_t buffer_pool_id_ = -1;
int32_t record_size_ = -1;

StorageFormat storage_format_ = StorageFormat::ROW_FORMAT;

— LB I R ERAS T,

Common
E5E7 ConDesc %, FIFA— MELH IS 2 AT

struct

{
bool is_attr;
int attr_length;
int attr_offset;
Value value;

};
DefaultConditionFilter:

ConDesc left_;
ConDesc right_;

AttrType attr_type_
CompOp comp_op_

AttrType: :UNDEFINED,;
NO_OP;

BEREEEOR filter, BALFIKT— record EBRFEXNEME, HEMAIEANE
E=—"MEEREZ .

virtual bool (const Record &rec) const;



CompositeConditionFilter {H2TF 221N FRIES FIRT:

const ConditionFilter **filters_ = nullptr;
int filter_num_ = 0;
bool memory_owner_ = false;

XEERY filter AJLA—RIEFIMFSZ NG, ERATN—F,

meta_util jZTARNRE, X—3DE2ERKEHERER, tbal8msEri—
/.table,/.data XFHEY

ZER THEABY column 38# chunk 2§, column FIRFEENX, AXEFEE—FERAER.

chunk Ft2—1 column 2BA%, FEHR column BY size FEEMRRE, MNXNMNBEXRE,
chunk 22— record FMIIZRSIFAIA .

BEEMREEEO, chunk BE:

Column =* (size_t idx)
{
(idx < columns_. (), "invalid column index");
return & (idx);
}
int (size_t i)
{
(i < column_ids_. (), "invalid column index");
return column_ids_[i];
}
Value (int col_idx, int row_idx) const { return
columns_[col_idx]—> (row_idx); }
column EB[H]:
Value (int index) const;
RC (char *data, int count);

Buffer



BT RMBILERKRERY, BHE buffer

EMEBETEX,

Page

struct Page

{

iy

LSN 1sn; // log sequence number
CheckSum check_sum;

char data[BP_PAGE_DATA_SIZE];

// data FHFRIET— #2714k © BPFILEHEADER £5#4, J&

Frame

*/

friend class BufferPool;

bool dirty_ = false; // HIWi 2% WAL

atomic<int>  pin_count_{0}; // A\Jﬁﬁé&,fWTmﬁ;%?EFﬂMUﬁEP?kF'
FAE B3t = A 4

unsigned long acc_time_ = @; // ik UL (1) U5 [ B[R],
FrameId frame_id_; /*

buffer_pool_id

page_num

Page page_;

/1] FEAEF R G VERS, I A B B A K A A F A
common: :RecursiveSharedMutex lock_;

[/ AEFH— 28 T BORASINGC, B2 A A I H Sk A i SE A i) R
/77 05 G I R A BN T, X e AR A 4 A i

common: : DebugMutex debug_lock_;
intptr_t write_locker_
int write_recursive_count_

unordered_map<intptr_t, int> read_lockers_;

AR RO :

IS lru

il A T B

Seo0: LVl



int buffer_pool_id() const { return frame_id_.buffer_pool_id(); }
void set_buffer_pool_id(int id) { frame_id_.set_buffer_pool_id(id); }
Page &page() { return page_; }

PageNum page_num() const { return frame_id_.page_num(); }

void access(); //%E ¥ 2l W AF UL BV ) B [H]

LSN 1sn() const { return page_.lsn; }

void set_1sn(LSN lsn) { page_.lsn = 1lsn; }

void mark_dirty() { dirty_ = true; }

void clear_dirty() { dirty_ = false; }

bool dirty() const { return dirty_; }

char *data() { return page_.data; }

bool can_purge() { return pin_count_.load() == 0; }

void pin();

int unpin(Q);

void write_latch(); //3RHUE 8, #h{RA & U5

void write_unlatch(Q); //FBE8, RV HAMLIED

void read_latch(Q); // 3RECESL, T2 A 2HE A I 52 HX

void read_unlatch(); // s, 5o H A4 FE s

LruCache

EHERAIFERRY Iru, BefiJAY BPFrameManager FREITUEEBSCAN [RIHEZRAG b IATHE
BHERECSR,

EXT:

using SearchType = unordered_set<ListNode *, PListNodeHasher,
PListNodePredicator>;

SearchType searcher_;

ListNode xlru_front_ = nullptr; //3L77/4

ListNode *1lru_tail_ nullptr; //ET 5

void lru_touch(ListNode *node) // EWkZE Uy inl 15 &

void lru_push(ListNode *node) // i it FIJF k

void lru_remove(ListNode *node) //# [k — A~

void foreach (function<bool(const Key &, const Value &> func) // £ AN —"
X PSR PR K, AR I e U A

void remove(const Key &key)

void put(const Key &key, const Value &value)

bool get(const Key &key, Value &value)



Mempool

& MemPoolSimple, —f&FRFE Frame, EXH:

list<T *> pools;
set<T *> used;
list<T *> frees;
int item_num_per_pool;

XER—MERE, TSR EHUEERINR,
£

EEHE MemPoolltem, EX:

pthread_mutex_t mutex;

string name;

bool dynamic;

int size;

int item_size;

int item_num_per_pool;

list<void *> pools;
set<void *> used;
list<void *> frees;

B MBERNAFEE, EENERRATR, MAREFIIIR.

Ml
MemPoolSimple<MyObject> ("MyObjectPool");
myPool. (true, 5, 100);
MyObject *obj = myPool. Q;
myPool. (obj);
MemPoolItem ("MyMemoryPool");
myPool. (32, true, 5, 100);
void *mem = myPool. Q;
myPool. (mem) ;

FEHANREIEOEARS, #E alloc), LK free(sth)

BPFrameManager



using FrameLruCache = common::LruCache<FrameId, Frame *,
BPFrameIdHasher>;
using FrameAllocator = common::MemPoolSimple<Frame>;

mutex lock_;
FrameLruCache frames_;
FrameAllocator allocator_;

= R
Frame *get(int buffer_pool_id, PageNum page_num);
list<Frame *> (int buffer_pool_id);
Frame =* (int buffer_pool_id, PageNum page_num);
RC (int buffer_pool_id, PageNum page_num, Frame *frame);
int (int count, function<RC(Frame *frame)> purger);

DiskBufferpool

— M ERE D RS T RRA/NINE, FAEFELENIR, SAHENEIRES,
DiskBufferPool BifASR EIRHE XM, IARGREEREENHSAFHRIRCE, thalisE
B, 5la.

private:
BufferPoolManager &bp_manager_;
BPFrameManager &frame_manager_;
DoubleWriteBuffer &dblwr_manager_;
BufferPoolLogHandler log_handler_;

int file_desc_ = -1;

int32_t buffer_pool_id_ = -1;
Frame *hdr_frame_ = nullptr;
BPFileHeader *file_header_ = nullptr;

set<PageNum> disposed_pages_;

string file_name_;



common: :Mutex lock_;
common: :Mutex wr_lock_;

private:
friend class BufferPoolIterator; ///HiKJt, BufferPoollterator wn]ijjn ik
M) private &

EIREEEO:

RC open_file(const char *file_name); //R#E L4+ — 30 fF

RC close_file(); //2%MCtF

RC get_this_page(PageNum page_num, Frame **frame); //HRE {4 IDF 71 5 3K HL 45
JE UTH B 22 ¢ [X, 3 [ T TH] A AR 45 .

RC allocate_page(Frame **frame); // fE48 & /b /3Bl — B 0TI, JF5 H BN
Zz X

RC dispose_page(PageNum page_num); // FEBCEA GO, K1 GUIENE Y AR 70 BoR A&
RC purge_page(PageNum page_num); //HJ8H5E € SO RBRHI A N A7, Wil HT 45 5 T2 T )
AL (Flush), I HOBEOOCHK i Frame

RC flush_page(Frame &frame); // il ##%%|double write buffer

RC unpin_page(Frame *frame); // unpin

RC write_page(PageNum page_num, Page &page) //il i 24k 2 7 4k

RC recover_page(PageNum page_num); //[21j% H &I 4k 2 page® &4 A & NANFELE K]
page

RC redo_allocate_page(LSN 1sn, PageNum page_num);

RC redo_deallocate_page(LSN lsn, PageNum page_num);

Bufferpoolmanager

class BufferPoolManager final
{
public:
BufferPoolManager(int memory_size = 0);
~BufferPoolManager();
[/ VIS 52 v X
// @param dblwr_buffer X5 %% [X X%
// @return #1455 KA
RC init(unique_ptr<DoubleWriteBuffer> dblwr_buffer);
[/ GV —AE SO, I OCHEK 3] — 4> BufferPool
// @param file_name X 1f#
// @return #:{E45 R
RC create_file(const char *file_name);
[/ T = e AR 3, JF 5 B — 1> DiskBufferPoolsE /i



// @param log_handler H&EAbFEZEX %R, M Tk E#HE

// @param file_name % §TJTH /4

// @param bp i% A ff)DiskBufferPoolif 4l

// @return #{F 45 KA

RC open_file(LogHandler &log_handler, const char *file_name,
DiskBufferPool *&bp);

[/ KRUFFRETNS %4 € XA 4 R EX ) DiskBufferPool

// @param file_name %3¢ ) 4

// @return #:{F 45 RACS

RC close_file(const char *file_name);

[/ ¥FE TE W AR R 2 e A

// @param frame 13 Kud i i

// @return #{E 45 R A

RC flush_page(Frame &frame);

[/ FREUWUE BRAS N, FH T BRI BE 4% A b ) i

BPFrameManager &get_frame_manager() { return frame_manager_; }

/] FFRBORE 2 v XA R

DoubleWriteBuffer *get_dblwr_buffer() { return dblwr_buffer_.get(); }

[**

* @brief R IDZKEUN M [ BufferPoolXf 4

* @details 7Ef#iredoitt, % E M4 IDFE BN I i BufferPoo Lt %, 4RJ5ik

bufferPoolX} % H C.fiiredo

* @param id buffer pool id

* @param bp buffer pool Xf%

*/
RC get_buffer_pool(int32_t id, DiskBufferPool *&bp);

private:
[/ WUE B ES, F T BRGAE B BT A ot
BPFrameManager frame_manager_{"BufPool"};
[/ BEEMX R, T 52 m O A AT
unique_ptr<DoubleWriteBuffer> dblwr_buffer_;
[/ BB T ORI 3L 5 BT A 32 22 SRR JF AU I B 5
common: : Mutex lock_;
// 14t 301 4 B DiskBufferPoo Ll B 58 R (A 75 &
unordered_map<string, DiskBufferPool *> buffer_pools_;
// 17122 v IDF DiskBufferPoo Lk i 5¢ & i 14 7 3=
unordered_map<int32_t, DiskBufferPool *> id_to_buffer_pools_;
[/ BFETF =N HPZMPIID, JET R IRERE %<4
atomic<int32_t> next_buffer_pool_id_{1}; // #
GRS, SITARR, IS LAE ST R AR KKIDEZ > [
b



AB—" double_write_buffer,
Trx
before, BRZEIRFAXT insert, delete ZZH

Index

/3 index_meta, index, bplustreeindex, bplustree, bplustree_log,bplustree log_entry,
latch_memo,

Index EXMOT:

IndexMeta index_meta_;
FieldMeta field_meta_;

latch_memo BIEN

DiskBufferPool *buffer_pool_ = nullptr;

deque<LatchMemoItem> items_;

vector<PageNum> disposed_pages_;
Persist

FRsREBISUtE B E 321y, AMILhrz AR, (BRE L XEERRGERY.
multi-index

index_scan operator FEE(&K



