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Appendix - Merkle Patricia Tree
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KR T levelDB E4IE SHHIRE, T levelDB IHE A X B4 HH, FEILAK
HIEERN—LETE. XREE. MR, XIMEESIIZMETE levelDB 1, FEEBEXRER
FRMAB R BRI A AR, HXAERE XFE [corefrawdb/schema.go A,

/core/rawdb/schema.go
/! BEBIMLNER

const (
freezerHeaderTable = "headers"
freezerHashTable = "hashes"
freezerBodiesTable = "bodies"
freezerReceiptTable = "receipts"

freezerDifficultyTable = "diffs"

// levelDB ATFfEHIER
// The fields below define the low level database schema prefixing.
var (
databaseVersionKey = []byte("DatabaseVersion")
headHeaderKey = [lbyte("LastHeader")
headBlockKey = []lbyte("LastBlock")
headFastBlockKey = []byte("LastFast")
headerPrefix = [lbyte("h") // headerPrefix + num (uint64 big end

headerTDSuffix = [lbyte("t") // headerPrefix + num (uint64 big end
headerHashSuffix = []byte("n") // headerPrefix + num (uint64 big end
headerNumberPrefix = []byte("H") // headerNumberPrefix + hash —> num (1

AT ETERUKGEIEENERRN, HEETHEXEWEZENXR. BAT CGo 5= RAH
ARNEX, EMEZERERFIRE, RERMSEFRNTE, EIA UML EERRATREFE

—LE[e)R,

AKIFENX T KeyValueReader, KeyValueWriter M- MECO T EIB1ZAE1E levelDB FRIEUEE, [
B, AT7TZEHENIE. ATE%E. BMHEEEENEE, UXIFELEM FAE T io.Closer,
Batcher, Iteratee, Statee. Compactor ZiZ[fZM T KeyValueStore %[,

KeyValueStore 125 ML, BT levelDB B leveldb.Database, EE—12
A AAA A A Al NAatalhan~~ FAT ZZ 4200028 AmAianmiNanAda- AmmiandlAlibA ﬁﬁ\}%DEXT%IE?%i
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TLEUIEN A, TE ethdb.KeyValueStore BIEA A S XF MEOMAZR T AKX EERK *
ethdb.Database,

freezerTable FBF 44 headers. hashes. bodies. receipts f diffs TikE, EI1DFRE—A
Xk, freezerTable SLE T 3 FiX BRI ERLRIE,

rawdb.freezer 2 AncientStore (F AncientReader. AncientWriter #2OESFR) MM, EF
freezerTable B TEOMIEXINEE, H A freezer £FEMTM leveldb.Database HUIGXIREIESE
Z 1L E| freezerTable &, FHMIFR leveldb.Database FHIEIE.

ethdb.Database H=#3CH], Erh nofreezedb. freezedb REURERFIM, T table BERIFHS
AOESTH b 31T 7 H3R4L T table 2R3, nofreezedb SERR ERiZ— KeyValueStore , 7E3EI
AncientStore OB 5 AR, EiZRE T errNotSupport H51=. freezedb H
KeyValueStore 5 freezer ME B ST .

=. 53

1. 3BOEX

B{KEEE /core/database.go

2. KeyValueStore 3L

// leveldb.Database /ethdb/memeory/database.go
type Database struct {

db  map[string] [I1byte

lock sync.RWMutex

func (db *Database) Has(key [lbyte) (bool, error) {
db. lock.RLock()
defer db.lock.RUnlock()

if db.db == nil {
return false, errMemorydbClosed

+
_, ok := db.db[string(key)]
return ok, nil

memorydb.Database BISCELLLEEEE, EEGFIHEM key-value FUBHH—T map 1, HEES
BIERID R RIFEEE R RIZE MR, ET memeorydb.Database F 3215 . HEILE%
BRI,

// leveldb.Database /ethdb/leveldb/database.go
type Database struct {
fn string // filename for reporting
db xleveldb.DB // LevelDB instance

compTimeMeter metrics.Meter // Meter for measuring the total time
compReadMeter metrics.Meter // Meter for measuring the data read
compWriteMeter metrics.Meter // Meter for measuring the data writt
writeDelayNMeter metrics.Meter // Meter for measuring the write dela
writeDelayMeter metrics.Meter // Meter for measuring the write dela
diskSizeGauge metrics.Gauge // Gauge for tracking the size of all
diskReadMeter metrics.Meter // Meter for measuring the effective
diskWriteMeter metrics.Meter // Meter for measuring the effective
memCompGauge metrics.Gauge // Gauge for tracking the number of m

level@CompGauge metrics.Gauge // Gauge for tracking the number of t:¢
nonlevel@CompGauge metrics.Gauge // Gauge for tracking the number of t:
seekCompnGauae metrics.Gauae // Gauae for tracking the number of t:
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quitChan chan chan error // Quit channel to stop the metrics collectior ®

log log.Logger // Contextual logger tracking the database path

leveldb.Database i&@id leveldb.DB 4 APl SLE1 T KeyValueStore FI&#1E 0, EAt
leveldb.Database FIFiRE T EFhZERIA Metrics (Gauge. Counter. Meter, Histogram,
Timer) DARF NS EIEERNMEEE,

// leveldb.Database /ethdb/leveldb/database.go
func (db xDatabase) Close() error {
db.quitLock.Lock()
defer db.quitLock.Unlock()

if db.quitChan != nil {
errc := make(chan error)
db.quitChan <- errc
if err := <-errc; err '= nil {
db.log.Error("Metrics collection failed", "err", err)
}
db.quitChan = nil
+
return db.db.Close()

leveldb.Database I & 7 quitChan, 7EXAEIBER, =BT quitChan XAEFAENEFNZ
4BEARY meter goroutine,

// leveldb.Database /ethdb/leveldb/database.go

// meter periodically retrieves internal leveldb counters and reports them to
// the metrics subsystem.

//

// This is how a LevelDB stats table looks like (currently):

//  Compactions

// Level | Tables | Size(MB) | Time(sec) | Read(MB) | w
// + + + ; '

// 0 | 0 | 0.00000 | 1.27969 | 0.00000 |

// 1 | 85 | 109.27913 | 28.09293 | 213.92493 |

// 2| 523 | 1000.37159 | 7.26059 | 66.86342 |

// 30 570 |  1113.18458 | 0.00000 | 0.00000 |

//

// This is how the write delay look like (currently):
// DelayN:5 Delay:406.604657ms Paused: false

//

// This is how the iostats look like (currently):

// Read(MB):3895.04860 Write(MB):3654.64712

func (db xDatabase) meter(refresh time.Duration) {

leveldb.Database #J meter /5347t Database #iAfLAT, EEEmH— E.%HP\]??, F B ER i
FA db.db.GetProperty("leveldb.stats") SRIERKEER (AERATR) , HEBIFZFHEEHBIREH
EBEHETE Metric /1,

3. AncientStore LI

// rawdb.freezerTable /core/rawdb/freezer_table.go
type freezerTable struct {
items uint64 // Number of items stored in the table (including items r¢

noCompression bool // if true, disables snappy compression. Note: do
maxFileSize uint32 // Max file size for data-files
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head *o0s.File // File descriptor for the data head of the
files mapluint32]xos.File // open files

headId uint32 // number of the currently active head file
tailld uint32 // number of the earliest file

index =*os.File // File descriptor for the indexEntry file

itemOffset uint32 // Offset (number of discarded items)

headBytes uint32 // Number of bytes written to the head file

readMeter metrics.Meter // Meter for measuring the effective amount o-
writeMeter metrics.Meter // Meter for measuring the effective amount o-
sizeGauge metrics.Gauge // Gauge for tracking the combined size of al

logger log.Logger // Logger with database path and table name ambedd

lock sync.RWMutex // Mutex protecting the data file descriptors

type indexEntry struct {
filenum uint32 // stored as uintl6 ( 2 bytes)
offset wuint32 // stored as uint32 ( 4 bytes)

const indexEntrySize = 6

FEFEMRINEEFAMMNE KRB IE— freezerTable, XFFE— freezerTable RIRIERE
EABIKRNDRZ DN, freezerTable @it EIRIX A H5TR retrive. release. append.
sync. truncate XEEEARINEE, JEE: freezerTable [f T FEEUIBIST R 1T 2 A L EEAT# 1T truncate
AR SEEMIFRATE 2B release 5b, BARMMENH LEUEN, XS Ancient IENXT .

freezerTable AR AE D FEREN TR TRIIXMH, HP index BIERSIXHHIXHER
fF, RABSHITH R, 7 index PENXXHERA— indexEntry (RTF T XM HE (85F)

XK, files BEXHREXHHRTTAMEY, REXURAIMERE— I XHH#ER (FiEs, B
£/E) , headld, tailld ZHEXTR. BRPRHXMHS, itemOffset IEREFNHHE, items
BUARPELEFMENEEE (BEMEIBRIBREHE)

// rawdb.freezerTable /core/rawdb/freezer_table.go
func openFreezerFileForAppend(filename string) (xos.File, error) {
file, err := os.OpenFile(filename, os.0_RDWR|os.O0_CREATE, 0644)
if err != nil {
return nil, err

b

// Seek to end for append

if _, err = file.Seek(®, io.SeekEnd); err != nil {
return nil, err

}

return file, nil

func openFreezerFileForReadOnly(filename string) (xos.File, error) {}

func openFreezerFileTruncated(filename string) (xos.File, error) {}

freezerTable TEFTFF XY, RIFEHRMINEENPR, ARESRBERTF append 3 truncate.

// rawdb.freezerTable /core/rawdb/freezer_table.go
func newCustomTable(path string, name string, readMeter metrics.Meter, writeMe
if err := os.MkdirAll(path, 0755); err != nil {
return nil, err
}
var idxName string
if noCompression {
idxName = fmt.Sprintf("%s.ridx", name)
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+
offsets, err := openFreezerFileForAppend(filepath.Join(path, idxName))
if err !'= nil {
return nil, err
}
tab := &freezerTable{
index: offsets,
files: make (map [uint32]xo0s.File),
readMeter: readMeter,
writeMeter: writeMeter,
sizeGauge: sizeGauge,
name: name,
path: path,
logger: log.New('"database", path, '"table", name),
noCompression: noCompression,
maxFileSize: maxFilesize,
}
if err := tab.repair(); err !'= nil {
tab.Close()
return nil, err
+
size, err := tab.sizeNolock()
if err !'= nil {
tab.Close()
return nil, err
¥

tab.sizeGauge.Inc(int64(size))

return tab, nil

freezerTable fEBIZAYTEISTE X M43 T BIERFHHTFFAERI KRR indexEntry X4, HEh index B35 =iA]
REFTERIX M,

// rawdb.freezerTable /core/rawdb/freezer_table.go
func (t xfreezerTable) repair() error {

buffer := make([]lbyte, indexEntrySize)
stat, err := t.index.Stat()

if err != nil {
return err
+
if stat.Size() == 0 {
if _, err := t.index.Write(buffer); err != nil {
return err
}
H

if overflow := stat.Size() % indexEntrySize; overflow != 0 {
truncateFreezerFile(t.index, stat.Size()-overflow) // New file

+

if stat, err = t.index.Stat(); err != nil {
return err

¥

offsetsSize := stat.Size()

var (

firstIndex indexEntry
lastIndex indexEntry
contentSize int64
contentExp int64

)

t.index.ReadAt(buffer, 0)

firstIndex.unmarshalBinary(buffer)

t.tailld = firstIndex.filenum
t.itemOffset = firstIndex.offset
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t.head, err = t.openFile(lastIndex.filenum, openFreezerFileForAppend)
if err != nil {

return err

¥

if stat, err = t.head.Stat(); err !'= nil {
return err

+

contentSize = stat.Size()

contentExp = int64(lastIndex.offset)

for contentExp != contentSize {
if contentExp < contentSize {
t.logger.Warn("Truncating dangling head", "indexed", c¢
if err := truncateFreezerFile(t.head, contentExp); err
return err
}
contentSize = contentExp
}
if contentExp > contentSize {
t.logger.Warn("Truncating dangling indexes", "indexed"
if err := truncateFreezerFile(t.index, offsetsSize-ind
return err
}
offsetsSize —= indexEntrySize
t.index.ReadAt(buffer, offsetsSize-indexEntrySize)
var newLastIndex indexEntry
newLastIndex.unmarshalBinary(buffer)
// We might have slipped back into an earlier head-fil¢
if newLastIndex.filenum != lastIndex.filenum {
// Release earlier opened file
t.releaseFile(lastIndex.filenum)
if t.head, err = t.openFile(newLastIndex.filen
return err
}
if stat, err = t.head.Stat(); err != nil {
// TODO, anything more we can do here?
// A data file has gone missing...
return err
}
contentSize = stat.Size()
}
lastIndex = newLastIndex
contentExp = int64(lastIndex.offset)

}

+

if err := t.index.Sync(); err != nil {
return err

}

if err := t.head.Sync(); err != nil {
return err

+

t.items = uint64(t.itemOffset) + uint64(offsetsSize/indexEntrySize-1)
t.headBytes = uint32(contentSize)
t.headId = lastIndex.filenum

if err := t.preopen(); err != nil {
return err
}
t.logger.Debug("Chain freezer table opened", "items", t.items, "size",
return nil
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