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ADT MyRecord {

BENZ (BAE) -
std: :vector<KeyType> keys THRERBEFHAL
int next TR T —H#ILFKEHREEFTHALE

A ARFAE:
MyRecord ()
BUELER: WEHE, HE— A ZTHIEX, ET—FKILFH L XEMPTY_NEXT
MyRecord(const std::vector<KeyType> &data)
BEER: MR, HE—PHENdatalinFE, BT —FILRAEZN

EMPTY_NEXT

Y

MyRecord(const std::vector<KeyType> &data, int nextVal)
BEER: WiEH, HE—PNE Hdata®it K, HT—F10%K NnextVal
std: :vector<KeyType> getData() const

BEER: FEH, BREZICEFHEE

KeyType getData(int n) const

BESER. WHEE, BEZITEF Fo4UE

int getNext() const

BESER. WHEZ, BEZIEEFHT - FICRAELE
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MyRecord &setNext (unsigned pos)
BIFER: ERE, HFIZIEFH T —FIDRFAEMER Hpos
MyRecord &setData(unsigned n, KeyType d)
BEER: EkH, HZI0FX B HIER Ad
const MyRecord &print() const;
BIEER: WS, $ZICRATH L
MyRecord &print();
BEELER: F&, $ZIETTH AL
}ADT MyRecord

2.2 BURPERVHRHIEREE X

ADT MyDatabase{
BESR (BAE) -
std: :vector<MyRecord> records #X#E /& F #FTH 1T K
unsigned keynum X#FH E
unsigned recnum it 3%
int head ¥ —MIFXFEMLE
int tail wE—MORFAEMLE

ARG
MyDatabase ()
BESER. Med, M- PZHEERE
MyDatabase (int)

BIFER: MES, HE-PERANNARTRENKERE
int getKeyNum() const

BESER. THE, BEREENARTHE

int getRecNum() const

BIEER: L, EEEEEFITCTHEE

std: :vector<MyRecord> getData() const

BELER: &, Fstd::vectorik B IE & + Fr g Bl X
MyRecord getData(int) const

BEER: &, RERERE T LHEMCENDE

int getHead() const

BESER. THEE, EELKEEF - MIRWLE

int getTail() const

BIEER: A&, RELEERE - MIRWALE

int getMid() const;

BESER. THEE, EEREETRFEIDROMLE

int getMid(int, int) const;

BIEER: EE, REHEEFHFETNFERLEINLE
bool empty() const
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BEER: THE, wREEEAZ, NEEtrue, TN Hfalse

MyDatabase &add(const std::vector<KeyType> &);

BEER: ERE, AEAEEFAP—FIEX

MyDatabase &setKeyNum(int);

BEER: ERE, AEEFNARTEEREN KT

const MyDatabase &print() const;

BESER: THE, BZREETH @S

MyDatabase &print();

BEER: RS, HZEEETEH L

MyDatabase &mergeSort_LSD();

BEER. ERHE, NHEEERRIARET R LR AATLSDAHHF

MyDatabase &mergeSort_MSD();

BESER. TRE, NEEELRRIAK BT M LR HATMSDIAHHF

MyDatabase &mergeSort(unsigned);

BESER. ERHE, NEEEERA AR BT HAT T

MyDatabase &mergeSort_LSD(const std::vector<unsigned> &);

BEER. TRE, NHEELRE TN AT R ARAATLSDAFH)F

MyDatabase &mergeSort_MSD(const std::vector<unsigned> &);

BESR. ERH, NHEEERE S AR R ZATISDIEFHF

MyDatabase &radixSort_LSD();

BEER. ERE, NEEEERRIARB TR ERATLSDESHF

MyDatabase &radixSort_MSD();

BEER. ERE, NHEEERRINRET R LR AATUSDELHF

MyDatabase &radixSort(unsigned) ;

BIEER: ERE, MREFEERA L KRETHTELEF

MyDatabase &radixSort_LSD(const std::vector<unsigned> &);

BEER. ERH, NHEEEREZWARTH AR ATLSDELAF

MyDatabase &radixSort_MSD(const std::vector<unsigned> &);

BEER. TRE, NHEELRE TN AT R ARATLSDELH)F

std: :vector<int> getOrder() const;

BEER: WHEE, REHEEFTIHLATF

MyDatabase &setOrder(const std::vector<int> &);

BEER. ERHE, REREEFILEKNRF

MyDatabase &resetOrder();

BEER: ERE, EEREEFILINRFARNKTF, BBy EH A HF
} ADT MyDataBase
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T, FIA] Python SKHL T ] B AZ H A K S WU H A He [l Python HAIATEF?,
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MyDatabase &MyDatabase::mergeSort(unsigned key, int low, int high, std::vector<int> &order)
// merge sort in order[low], order[high]
{
if (low < high) {
int mid = (low + high) / 2;
mergeSort (key, low, mid, order);
mergeSort (key, mid + 1, high, order);
int i = low, j = mid + 1, len = high - low + 1;
std::vector<int> sub;
while (i <= mid || j <= high){
if (i <= mid && j <= high) {
if (getData(order[i], key) <= getData(order[jl, key))
sub.push_back(order [i++]);
else
sub.push_back(order[j++]);
}

else if (i <= mid)
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sub.push_back(order[i++]);
else
sub.push_back(order [j++]);
}
for (i = 0; i != len; i++)
order[low + i] = subl[il;
}

return *this;

EHHFr

MyDatabase &MyDatabase::radixSort(unsigned key, int low, int high, std::vector<int> &order)
// radix sort in range(order[low], order[highl])
// sort by changing vector order
// a helper function
{
int numLength = getLength(MAX_DATA_NUM) ;
for (int pos = 0; pos != numLength; pos++) {
// distribution part
std: :vector<std::vector<int>> collect (NUM_BASE);
for (int i = low; i <= high; i++){
auto rec = order[i];
collect[getDigit (getData(rec, key), pos)].push_back(rec);
}
// collection part
unsigned i = low;
for (auto col: collect)
for (auto pos: col)
order [i++] = pos;
}
return *this;
}
MSD K
MyDatabase &MyDatabase::sort_MSD(int type, const std::vector<unsigned> &priority)
// type == 0: merge sort
// type == 1: radix sort
{
if (keynum != 0){
auto order = getOrder();
std::stack<int> from, to;
from.push(0);
to.push(recnum - 1);

for (unsigned i = 0; (!from.empty()) && i != keynum; i++){
while (!from.empty()){
if (type == 0)
mergeSort (priority[il, from.top(), to.top(), order);
else if (type == 1)
radixSort (priority[i], from.top(), to.top(), order);
from.pop();
to.pop(Q);
}

// update range of recursion
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unsigned low = 0;
for (unsigned j = 0; j != recnum; j++){
if (j != recnum - 1){
bool notEqualNow = false, notEqualBefore = false;
notEqualNow = (getData(order([j], priority[il) != getData(order[j + 1], priorityl[il));
if (i '=0)
notEqualBefore = (getData(order[j], priority[i - 1]) != getData(order[j + 1], priority
[i-11));
if (notEqualNow || notEqualBefore){
if (§ != low{
from.push(low) ;
to.push(j);
}
low = j + 1;
}
}
else if (j == recnum - 1 && j '= low){
from.push(low) ;
to.push(j);
}
}
}
setOrder (order) ;
}
return *this;
}
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1. AREFBATHEN Windows 10, ATy MultiKeySort.exe o C++ fRAGRKH
C++11 kr#fE, FFAFTH Python RAN Python 3.6.0.

2. W7 M MultiKeySort.exe BEATH R, FTHFRHIA 3 JFII%, Z e MmN\ S B 7 40
WWRBHP IR, BB SRs 2 TITESRHA PR, A y 3 Y TH. %
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AL Python B F N H o

3. WM Python #4778 /R, Xifi run.bat R HANBATIA, TFE 5 A & 1% 5 R AT SEIAH
RLLIRE o
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AR 110000
HEF R 01,234

radixLSD, radixMSD, mergelSD, mergeMSD

0.031, 0,078, 0.203, 0,062
0.031, 0.062, 0.234, 0.078
0.031, 0.078, 0.218, 0.078
0.015, 0.078, 0.234, 0.062
0.031, 0,078, 0.39, 0.093
0.031, 0.079, 0.216, 0.069
0.034, 0.067, 0.2, 0.084
ot
b BaE
Finished!
Python [

B | D\OneDrive\code\DataStructure\MultiKeySort\bim\Debug\MultiKeySort.exe
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