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Маленькие 
оптимизации

драма в трёх актах

Акт 2.
Коллекции

Акт 1.
Строки

Акт 3.
Числа
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✓ Intel Core i7-6820HQ CPU @ 2.70GHz, 4 Core(s), HT

✓Windows 10

✓ -XX:+UseParallelGC



String.join
__
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public static String join(CharSequence delimiter, CharSequence... elements) {
Objects.requireNonNull(delimiter);
Objects.requireNonNull(elements);
// Number of elements not likely worth Arrays.stream overhead.
StringJoiner joiner = new StringJoiner(delimiter);
for (CharSequence cs: elements) {

joiner.add(cs);
}
return joiner.toString();

}
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@Param({"1", "3", "10", "30", "100", "300", "1000"})
int stringLen;

String[] data;

@Setup
public void setup() {

char[] x = new char[stringLen];
Arrays.fill(x, '*');
data = new String[] {new String(x)};

}

@Benchmark
public String join() {

return String.join(", ", data);
}
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String.join; много строк
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public final class StringJoiner {

private StringBuilder value;

public StringJoiner add(CharSequence newElement) {
prepareBuilder().append(newElement);
return this;

}

private StringBuilder prepareBuilder() {
if (value != null) {
value.append(delimiter);

} else {
value = new StringBuilder().append(prefix);

}
return value;

}
}

Java 8
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public final class StringJoiner {

private String[] elts; // JDK-8054221
private int len;

public StringJoiner add(CharSequence newElement) {
final String elt = String.valueOf(newElement);
if (elts == null) {
elts = new String[8];

} else {
if (size == elts.length)

elts = Arrays.copyOf(elts, 2 * size);
len += delimiter.length();

}
len += elt.length();
elts[size++] = elt;
return this;

}
}

Java 9
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public final class StringJoiner {

private void compactElts() {
if (size > 1) {
final char[] chars = new char[len];
int i = 1, k = getChars(elts[0], chars, 0);
do {

k += getChars(delimiter, chars, k);
k += getChars(elts[i], chars, k);
elts[i] = null;

} while (++i < size);
size = 1;
elts[0] = new String(chars);

}
}

}

Java 9



String.replace
__
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"краб крабу сделал грабли, подарил грабли крабу: «Грабь граблями гравий, краб»."

"завлаб завлабу сделал грабли, подарил грабли завлабу: «Грабь граблями гравий, завлаб»."

s = s.replace("краб", "завлаб");

s = s.replaceAll("краб", "завлаб");
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static final String КРАБ = 
"краб крабу сделал грабли, подарил грабли крабу: «Грабь граблями гравий, краб».";

@Benchmark
public String foundMany() {

return КРАБ.replace("краб", "завлаб");
}

@Benchmark
public String foundOne() {

return КРАБ.replace("гравий", "гнусавей");
}

@Benchmark
public String notFound() {

return КРАБ.replace("завлаб", "краб");
}
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public String replace(CharSequence target, CharSequence replacement) {
return Pattern.compile(target.toString(), Pattern.LITERAL).matcher(

this).replaceAll(Matcher.quoteReplacement(replacement.toString()));
}

Java 8
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Java 9public String replace(CharSequence target, CharSequence replacement) {
String tgtStr = target.toString();
String replStr = replacement.toString();
int j = indexOf(tgtStr);
if (j < 0) return this;
int tgtLen = tgtStr.length();
int tgtLen1 = Math.max(tgtLen, 1);
int thisLen = length();

int newLenHint = thisLen - tgtLen + replStr.length();
if (newLenHint < 0) {

throw new OutOfMemoryError();
}
StringBuilder sb = new StringBuilder(newLenHint);
int i = 0;
do {

sb.append(this, i, j).append(replStr);
i = j + tgtLen;

} while (j < thisLen && (j = indexOf(tgtStr, j + tgtLen1)) > 0);
return sb.append(this, i, thisLen).toString();

}



public String replace(CharSequence target, CharSequence replacement) {
String tgtStr = target.toString();
String replStr = replacement.toString();
int j = indexOf(tgtStr);
if (j < 0) return this;
int tgtLen = tgtStr.length();
int tgtLen1 = Math.max(tgtLen, 1);
int thisLen = length();

int newLenHint = thisLen - tgtLen + replStr.length();
if (newLenHint < 0) {

throw new OutOfMemoryError();
}
StringBuilder sb = new StringBuilder(newLenHint);
int i = 0;
do {

sb.append(this, i, j).append(replStr);
i = j + tgtLen;

} while (j < thisLen && (j = indexOf(tgtStr, j + tgtLen1)) > 0);
return sb.append(this, i, thisLen).toString();

} 23

Java 9



public String replace(CharSequence target, CharSequence replacement) {
String tgtStr = target.toString();
String replStr = replacement.toString();
int j = indexOf(tgtStr);
if (j < 0) return this;
int tgtLen = tgtStr.length();
int tgtLen1 = Math.max(tgtLen, 1);
int thisLen = length();

int newLenHint = thisLen - tgtLen + replStr.length();
if (newLenHint < 0) {

throw new OutOfMemoryError();
}
StringBuilder sb = new StringBuilder(newLenHint);
int i = 0;
do {

sb.append(this, i, j).append(replStr);
i = j + tgtLen;

} while (j < thisLen && (j = indexOf(tgtStr, j + tgtLen1)) > 0);
return sb.append(this, i, thisLen).toString();

} 24

Java 9



public String replace(CharSequence target, CharSequence replacement) {
String tgtStr = target.toString();
String replStr = replacement.toString();
int j = indexOf(tgtStr);
if (j < 0) return this;
int tgtLen = tgtStr.length();
int tgtLen1 = Math.max(tgtLen, 1);
int thisLen = length();

int newLenHint = thisLen - tgtLen + replStr.length();
if (newLenHint < 0) {

throw new OutOfMemoryError();
}
StringBuilder sb = new StringBuilder(newLenHint);
int i = 0;
do {

sb.append(this, i, j).append(replStr);
i = j + tgtLen;

} while (j < thisLen && (j = indexOf(tgtStr, j + tgtLen1)) > 0);
return sb.append(this, i, thisLen).toString();

} 25

Java 9
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if (trgtLen > 0) {
if (trgtLen == 1 && replLen == 1) {

return replace(trgtStr.charAt(0), replStr.charAt(0));
}

boolean thisIsLatin1 = this.isLatin1();
boolean trgtIsLatin1 = trgtStr.isLatin1();
boolean replIsLatin1 = replStr.isLatin1();
String ret = (thisIsLatin1 && trgtIsLatin1 && replIsLatin1)

? StringLatin1.replace(value, thisLen,
trgtStr.value, trgtLen,
replStr.value, replLen)

: StringUTF16.replace(value, thisLen, thisIsLatin1,
trgtStr.value, trgtLen, trgtIsLatin1,
replStr.value, replLen, replIsLatin1);

if (ret != null) {
return ret;

}
return this;

} else { // trgtLen == 0
…

}

Java 13
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if (trgtLen > 0) {
if (trgtLen == 1 && replLen == 1) {

return replace(trgtStr.charAt(0), replStr.charAt(0));
}

boolean thisIsLatin1 = this.isLatin1();
boolean trgtIsLatin1 = trgtStr.isLatin1();
boolean replIsLatin1 = replStr.isLatin1();
String ret = (thisIsLatin1 && trgtIsLatin1 && replIsLatin1)

? StringLatin1.replace(value, thisLen,
trgtStr.value, trgtLen,
replStr.value, replLen)

: StringUTF16.replace(value, thisLen, thisIsLatin1,
trgtStr.value, trgtLen, trgtIsLatin1,
replStr.value, replLen, replIsLatin1);

if (ret != null) {
return ret;

}
return this;

} else { // trgtLen == 0
…

}

Java 13
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if (trgtLen > 0) {
if (trgtLen == 1 && replLen == 1) {

return replace(trgtStr.charAt(0), replStr.charAt(0));
}

boolean thisIsLatin1 = this.isLatin1();
boolean trgtIsLatin1 = trgtStr.isLatin1();
boolean replIsLatin1 = replStr.isLatin1();
String ret = (thisIsLatin1 && trgtIsLatin1 && replIsLatin1)

? StringLatin1.replace(value, thisLen,
trgtStr.value, trgtLen,
replStr.value, replLen)

: StringUTF16.replace(value, thisLen, thisIsLatin1,
trgtStr.value, trgtLen, trgtIsLatin1,
replStr.value, replLen, replIsLatin1);

if (ret != null) {
return ret;

}
return this;

} else { // trgtLen == 0
…

}

Java 13



if (trgtLen > 0) {
if (trgtLen == 1 && replLen == 1) {

return replace(trgtStr.charAt(0), replStr.charAt(0));
}

boolean thisIsLatin1 = this.isLatin1();
boolean trgtIsLatin1 = trgtStr.isLatin1();
boolean replIsLatin1 = replStr.isLatin1();
String ret = (thisIsLatin1 && trgtIsLatin1 && replIsLatin1)

? StringLatin1.replace(value, thisLen,
trgtStr.value, trgtLen,
replStr.value, replLen)

: StringUTF16.replace(value, thisLen, thisIsLatin1,
trgtStr.value, trgtLen, trgtIsLatin1,
replStr.value, replLen, replIsLatin1);

if (ret != null) {
return ret;

}
return this;

} else { // trgtLen == 0
…

}
29
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if (trgtLen > 0) {
if (trgtLen == 1 && replLen == 1) {

return replace(trgtStr.charAt(0), replStr.charAt(0));
}

boolean thisIsLatin1 = this.isLatin1();
boolean trgtIsLatin1 = trgtStr.isLatin1();
boolean replIsLatin1 = replStr.isLatin1();
String ret = (thisIsLatin1 && trgtIsLatin1 && replIsLatin1)

? StringLatin1.replace(value, thisLen,
trgtStr.value, trgtLen,
replStr.value, replLen)

: StringUTF16.replace(value, thisLen, thisIsLatin1,
trgtStr.value, trgtLen, trgtIsLatin1,
replStr.value, replLen, replIsLatin1);

if (ret != null) {
return ret;

}
return this;

} else { // trgtLen == 0
…

}
30

Java 13
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# VALUE TARGET REPL RESULT

1 Latin1 Latin1 UTF16 null or UTF16

2 Latin1 UTF16 Latin1 null

3 Latin1 UTF16 UTF16 null

4 UTF16 Latin1 Latin1 null or UTF16

5 UTF16 Latin1 UTF16 null or UTF16

6 UTF16 UTF16 Latin1 null, Latin1 or UTF16

7 UTF16 UTF16 UTF16 null or UTF16
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# VALUE TARGET REPL RESULT

1 Latin1 Latin1 UTF16 null or UTF16

2 Latin1 UTF16 Latin1 null

3 Latin1 UTF16 UTF16 null

4 UTF16 Latin1 Latin1 null or UTF16

5 UTF16 Latin1 UTF16 null or UTF16

6 UTF16 UTF16 Latin1 null, Latin1 or UTF16

7 UTF16 UTF16 UTF16 null or UTF16
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# VALUE TARGET REPL RESULT

1 Latin1 Latin1 UTF16 null or UTF16

2 Latin1 UTF16 Latin1 null

3 Latin1 UTF16 UTF16 null

4 UTF16 Latin1 Latin1 null or UTF16

5 UTF16 Latin1 UTF16 null or UTF16

6 UTF16 UTF16 Latin1 null, Latin1 or UTF16

7 UTF16 UTF16 UTF16 null or UTF16
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public static String replace(byte[] value, int valLen, byte[] targ,
int targLen, byte[] repl, int replLen)

{
assert targLen > 0;
int i, j, p = 0;
if (valLen == 0 || (i = indexOf(value, valLen, targ, targLen, 0)) < 0) {

return null; // for string to return this;
}
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public static String replace(byte[] value, int valLen, byte[] targ,
int targLen, byte[] repl, int replLen)

{
…
// find and store indices of substrings to replace
int[] pos = new int[16];
pos[0] = i;
i += targLen;
while ((j = indexOf(value, valLen, targ, targLen, i)) > 0) {

if (++p == pos.length) {
pos = Arrays.copyOf(pos, ArraysSupport.newLength(p, 1, p >> 1));

}
pos[p] = j;
i = j + targLen;

}
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public static String replace(byte[] value, int valLen, byte[] targ,
int targLen, byte[] repl, int replLen)

{
…
int resultLen;
try {

resultLen = Math.addExact(valLen,
Math.multiplyExact(++p, replLen - targLen));

} catch (ArithmeticException ignored) {
throw new OutOfMemoryError();

}
if (resultLen == 0) {

return "";
}
byte[] result = StringConcatHelper.newArray(resultLen);
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public static String replace(byte[] value, int valLen, byte[] targ,
int targLen, byte[] repl, int replLen)

{
…
int resultLen;
try {

resultLen = Math.addExact(valLen,
Math.multiplyExact(++p, replLen - targLen));

} catch (ArithmeticException ignored) {
throw new OutOfMemoryError();

}
if (resultLen == 0) {

return "";
}
byte[] result = StringConcatHelper.newArray(resultLen);
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public static String replace(byte[] value, int valLen, byte[] targ,
int targLen, byte[] repl, int replLen)

{
…
int posFrom = 0, posTo = 0;
for (int q = 0; q < p; ++q) {

int nextPos = pos[q];
while (posFrom < nextPos) {

result[posTo++] = value[posFrom++];
}
posFrom += targLen;
for (int k = 0; k < replLen; ++k) {

result[posTo++] = repl[k];
}

}
while (posFrom < valLen) {

result[posTo++] = value[posFrom++];
}
return new String(result, LATIN1);

}
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0% Scenario{vm=java, trial=0, benchmark=M1} 291.42 ns; σ=6.56 ns @ 10 trials
50% Scenario{vm=java, trial=0, benchmark=M2} 70.34 ns; σ=0.15 ns @ 3 trials

benchmark    ns linear runtime
M1 291.4 ==============================
M2  70.3 =======

0% Scenario{vm=java, trial=0, benchmark=M2} 99,15 ns; σ=8,34 ns @ 10 trials
50% Scenario{vm=java, trial=0, benchmark=M1} 103,43 ns; σ=9,01 ns @ 10 trials

benchmark    ns linear runtime
M2  99,1 ============================
M1 103,4 ==============================

0% Scenario{vm=java, trial=0, benchmark=M2} 91,64 ns; σ=5,12 ns @ 10 trials
50% Scenario{vm=java, trial=0, benchmark=M1} 57,38 ns; σ=2,51 ns @ 10 trials

benchmark   ns linear runtime
M2 91,6 ==============================
M1 57,4 ==================
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public class HashSet<E>
extends AbstractSet<E>
implements Set<E>, Cloneable, java.io.Serializable

{
private transient HashMap<E,Object> map;
// Dummy value to associate with an Object in the backing Map
private static final Object PRESENT = new Object();

public HashSet() { map = new HashMap<>(); }

public Iterator<E> iterator() { return map.keySet().iterator(); }

public int size() { return map.size(); }

public boolean add(E e) { return map.put(e, PRESENT)==null; }

public boolean remove(Object o) { return map.remove(o)==PRESENT; }
…

}
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public <T> T[] toArray(T[] a) {
// Estimate size of array; be prepared to see more or fewer elements
int size = size();
T[] r = a.length >= size ? a :

(T[])java.lang.reflect.Array
.newInstance(a.getClass().getComponentType(), size);

Iterator<E> it = iterator();
for (int i = 0; i < r.length; i++) {
if (! it.hasNext()) { // fewer elements than expected

if (a == r) {
r[i] = null; // null-terminate

} else if (a.length < i) {
return Arrays.copyOf(r, i);

} else {
System.arraycopy(r, 0, a, 0, i);
if (a.length > i) a[i] = null;

}
return a;

}
r[i] = (T)it.next();

}
// more elements than expected
return it.hasNext() ? finishToArray(r, it) : r;

}
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public <T> T[] toArray(T[] a) {
// Estimate size of array; be prepared to see more or fewer elements
int size = size();
T[] r = a.length >= size ? a :

(T[])java.lang.reflect.Array
.newInstance(a.getClass().getComponentType(), size);

Iterator<E> it = iterator();
for (int i = 0; i < r.length; i++) {
if (! it.hasNext()) { // fewer elements than expected

if (a == r) {
r[i] = null; // null-terminate

} else if (a.length < i) {
return Arrays.copyOf(r, i);

} else {
System.arraycopy(r, 0, a, 0, i);
if (a.length > i) a[i] = null;

}
return a;

}
r[i] = (T)it.next();

}
// more elements than expected
return it.hasNext() ? finishToArray(r, it) : r;

}
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public <T> T[] toArray(T[] a) {
// Estimate size of array; be prepared to see more or fewer elements
int size = size();
T[] r = a.length >= size ? a :

(T[])java.lang.reflect.Array
.newInstance(a.getClass().getComponentType(), size);

Iterator<E> it = iterator();
for (int i = 0; i < r.length; i++) {
if (! it.hasNext()) { // fewer elements than expected

if (a == r) {
r[i] = null; // null-terminate

} else if (a.length < i) {
return Arrays.copyOf(r, i);

} else {
System.arraycopy(r, 0, a, 0, i);
if (a.length > i) a[i] = null;

}
return a;

}
r[i] = (T)it.next();

}
// more elements than expected
return it.hasNext() ? finishToArray(r, it) : r;

}
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public <T> T[] toArray(T[] a) {
// Estimate size of array; be prepared to see more or fewer elements
int size = size();
T[] r = a.length >= size ? a :

(T[])java.lang.reflect.Array
.newInstance(a.getClass().getComponentType(), size);

Iterator<E> it = iterator();
for (int i = 0; i < r.length; i++) {
if (! it.hasNext()) { // fewer elements than expected

if (a == r) {
r[i] = null; // null-terminate

} else if (a.length < i) {
return Arrays.copyOf(r, i);

} else {
System.arraycopy(r, 0, a, 0, i);
if (a.length > i) a[i] = null;

}
return a;

}
r[i] = (T)it.next();

}
// more elements than expected
return it.hasNext() ? finishToArray(r, it) : r;

}
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public class HashMap<K,V> extends AbstractMap<K,V>
implements Map<K,V>, Cloneable, Serializable {

final <T> T[] prepareArray(T[] a) { // JDK-8225339
int size = this.size;
if (a.length < size) {
return (T[]) java.lang.reflect.Array

.newInstance(a.getClass().getComponentType(), size);
}
if (a.length > size) {
a[size] = null;

}
return a;

}
}

Java 14
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public class HashMap<K,V> extends AbstractMap<K,V>
implements Map<K,V>, Cloneable, Serializable {

<T> T[] keysToArray(T[] a) { // JDK-8225339
Object[] r = a;
Node<K,V>[] tab;
int idx = 0;
if (size > 0 && (tab = table) != null) {
for (Node<K,V> e : tab) {
for (; e != null; e = e.next) {
r[idx++] = e.key;

}
}

}
return a;

}
}

Java 14
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public class HashSet<E>
extends AbstractSet<E>
implements Set<E>, Cloneable, java.io.Serializable

{
…
@Override
public Object[] toArray() {
return map.keysToArray(new Object[map.size()]);

}

@Override
public <T> T[] toArray(T[] a) {
return map.keysToArray(map.prepareArray(a));

}
}

Java 14
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public class LinkedHashMap<K,V> extends HashMap<K,V>
implements Map<K,V> {

@Override
final <T> T[] keysToArray(T[] a) {
Object[] r = a;
int idx = 0;
for (LinkedHashMap.Entry<K,V> e = head; e != null; e = e.after) {
r[idx++] = e.key;

}
return a;

}
}

Java 14
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public ArrayList(Collection<? extends E> c) {
elementData = c.toArray();
if ((size = elementData.length) != 0) {

// c.toArray might (incorrectly) not return Object[] (see 6260652)
if (elementData.getClass() != Object[].class)

elementData = Arrays.copyOf(elementData, size, Object[].class);
} else {

// replace with empty array.
this.elementData = EMPTY_ELEMENTDATA;

}
}



Arrays.asList().iterator()
__
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54https://youtu.be/K6c3W6vhQOA Руслан Черёмин — Escape Analysis и скаляризация

https://youtu.be/K6c3W6vhQOA
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@SafeVarargs
@SuppressWarnings("varargs")
public static <T> List<T> asList(T... a) {

return new ArrayList<>(a);
}

/**
* @serial include
*/
private static class ArrayList<E> extends AbstractList<E>

implements RandomAccess, java.io.Serializable
{

…

+   @Override // JDK-8155600
+ public Iterator<E> iterator() {
+ return new ArrayItr<>(a);
+ }
}
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private static class ArrayItr<E> implements Iterator<E> {
private int cursor;
private final E[] a;

ArrayItr(E[] a) {
this.a = a;

}

@Override
public boolean hasNext() {

return cursor < a.length;
}

@Override
public E next() {

int i = cursor;
if (i >= a.length) throw new NoSuchElementException();
cursor = i + 1;
return a[i];

}
}
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private final String[] data = {"foo", "bar", "baz"};

@Benchmark
public int sum() {
return sumList(Arrays.asList(data));

}

private int sumList(List<String> list) {
int sum = 0;
for (String s : list) {
sum += s.length();

}
return sum;

}
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public
class Properties extends Hashtable<Object,Object> {
…

public String getProperty(String key) {
Object oval = super.get(key);
String sval = (oval instanceof String) ? (String)oval : null;
return ((sval == null) && (defaults != null)) ? 

defaults.getProperty(key) : sval;
}

public synchronized Object setProperty(String key, String value) {
return put(key, value);

}
…

}

Java 8
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public class Hashtable<K,V>
extends Dictionary<K,V>
implements Map<K,V>, Cloneable, java.io.Serializable {

…

public synchronized V get(Object key) {
…

}

public synchronized V put(K key, V value) {
…

}
…

}
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public class PropertiesGet {
private Properties properties = IntStream.range(0, 10000).boxed()

.collect(toMap(String::valueOf, i -> String.valueOf(i * i), 
(a, b) -> a, Properties::new));

@Benchmark
public int sumOfSquares() {

return IntStream.range(0, 10000)
.map(x -> Integer.parseInt(properties.getProperty(String.valueOf(x))))
.sum();

}

@Benchmark
public int sumOfSquaresParallel() {

return IntStream.range(0, 10000).parallel()
.map(x -> Integer.parseInt(properties.getProperty(String.valueOf(x))))
.sum();

}
}
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public
class Properties extends Hashtable<Object,Object> {
…

/** JDK-8029891
* Properties does not store values in its inherited Hashtable, but instead
* in an internal ConcurrentHashMap.  Synchronization is omitted from
* simple read operations.  Writes and bulk operations remain synchronized,
* as in Hashtable.
*/

private transient volatile ConcurrentHashMap<Object, Object> map;
…

}

Java 9
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public
class Properties extends Hashtable<Object,Object> {
…

@Override
public boolean containsKey(Object key) {
return map.containsKey(key);

}

@Override
public Object get(Object key) {
return map.get(key);

}

@Override
public synchronized Object put(Object key, Object value) {
return map.put(key, value);

}
…

}

Java 9
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public
class Properties extends Hashtable<Object,Object> {
…
private Properties(Properties defaults, int initialCapacity) {
// use package-private constructor to
// initialize unused fields with dummy values
super((Void) null);
map = new ConcurrentHashMap<>(initialCapacity);
this.defaults = defaults;

// Ensure writes can't be reordered
UNSAFE.storeFence();

}
…

}

Java 9
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public class Hashtable<K,V>
extends Dictionary<K,V>
implements Map<K,V>, Cloneable, java.io.Serializable {

…
/**
* A constructor chained from {@link Properties} keeps Hashtable fields
* uninitialized since they are not used.
*
* @param dummy a dummy parameter
*/

Hashtable(Void dummy) {}
…

}

Java 9
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Хвостатый мальчик

Волосатый человек

Многососковость

Родительский класс
Properties

public
class Properties extends 
Hashtable<Object,Object> 
{
…
}

Примеры атавизмов



Collections hashCodes
__
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java.util.Set<E> int hashCode()

Returns the hash code value for this set. The hash code of a set is defined to be the sum

of the hash codes of the elements in the set, where the hash code of a null element is 

defined to be zero. This ensures that s1.equals(s2) implies that 

s1.hashCode()==s2.hashCode() for any two sets s1 and s2, 

as required by the general contract of Object.hashCode.
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java.util.List<E> int hashCode()

Returns the hash code value for this list. The hash code of a list is defined to be 

the result of the following calculation:

int hashCode = 1;
for (E e : list)

hashCode = 31*hashCode + (e==null ? 0 : e.hashCode());

This ensures that list1.equals(list2) implies that 

list1.hashCode()==list2.hashCode() for any two lists, list1 and list2, as required 

by the general contract of Object.hashCode.
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/**
* The empty set (immutable).  This set is serializable.
*
* @see #emptySet()
*/
@SuppressWarnings("rawtypes")
public static final Set EMPTY_SET = new EmptySet<>();

private static class EmptySet<E> 
extends AbstractSet<E>
implements Serializable

{
… 

}
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/**
* The empty set (immutable).  This set is serializable.
*
* @see #emptySet()
*/
@SuppressWarnings("rawtypes")
public static final Set EMPTY_SET = new EmptySet<>();

private static class EmptySet<E> 
extends AbstractSet<E>
implements Serializable

{
… 

+    @Override
+ public int hashCode() { // JDK-8166365
+        return 0;
+    }
}

74
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/**
* Returns an immutable set containing only the specified object.
* The returned set is serializable.
*
* @param  <T> the class of the objects in the set
* @param o the sole object to be stored in the returned set.
* @return an immutable set containing only the specified object.
*/
public static <T> Set<T> singleton(T o) {

return new SingletonSet<>(o);
}

private static class SingletonSet<E>
extends AbstractSet<E>
implements Serializable

{
…

}
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/**
* Returns an immutable set containing only the specified object.
* The returned set is serializable.
*
* @param  <T> the class of the objects in the set
* @param o the sole object to be stored in the returned set.
* @return an immutable set containing only the specified object.
*/
public static <T> Set<T> singleton(T o) {

return new SingletonSet<>(o);
}

private static class SingletonSet<E>
extends AbstractSet<E>
implements Serializable

{
…

+ @Override
+ public int hashCode() { // JDK-8166365
+        return Objects.hashCode(element);
+    }
} 76

Java 9



/**
* Returns an immutable list containing only the specified object.
* The returned list is serializable.
*
* @param  <T> the class of the objects in the list
* @param o the sole object to be stored in the returned list.
* @return an immutable list containing only the specified object.
* @since 1.3
*/
public static <T> List<T> singletonList(T o) {

return new SingletonList<>(o);
}

private static class SingletonList<E>
extends AbstractList<E>
implements RandomAccess, Serializable {
…

}
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/**
* Returns an immutable list containing only the specified object.
* The returned list is serializable.
*
* @param  <T> the class of the objects in the list
* @param o the sole object to be stored in the returned list.
* @return an immutable list containing only the specified object.
* @since 1.3
*/
public static <T> List<T> singletonList(T o) {

return new SingletonList<>(o);
}

private static class SingletonList<E>
extends AbstractList<E>
implements RandomAccess, Serializable {
…

+    @Override
+ public int hashCode() { // JDK-8166365
+        return 31 + Objects.hashCode(element);
+    }
} 78

Java 9



private Collection<?>[] collections = {
Collections.emptySet(), Collections.singleton("foo"),
Collections.singletonList("foo")

};

@Benchmark
public int hashCodes() {

return collections[0].hashCode()+collections[1].hashCode()+
collections[2].hashCode();

}

79
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private Collection<?>[] collections = {
Collections.emptySet(), Collections.singleton("foo"),
Collections.singletonList("foo")

};

@Benchmark
public int hashCodes() {

return collections[0].hashCode()+collections[1].hashCode()+
collections[2].hashCode();

}
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private Collection<?>[] collections = {
Collections.emptySet(), Collections.singleton("foo"),
Collections.singletonList("foo")

};

@Benchmark
public int hashCodes() {

return collections[0].hashCode()+collections[1].hashCode()+
collections[2].hashCode();

}



public static <T> List<T> nCopies(int n, T o) {
if (n < 0)

throw new IllegalArgumentException("List length = " + n);
return new CopiesList<>(n, o);

}
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public static <T> List<T> nCopies(int n, T o) {
if (n < 0)

throw new IllegalArgumentException("List length = " + n);
return new CopiesList<>(n, o);

}

private static class CopiesList<E>
extends AbstractList<E>
implements RandomAccess, Serializable

{
final int n;
final E element;

CopiesList(int n, E e) {
assert n >= 0;
this.n = n;
element = e;

}
…

}

83



// AbstractList::hashCode
public int hashCode() {

int hashCode = 1;
for (E e : this)

hashCode = 31*hashCode + (e==null ? 0 : e.hashCode());
return hashCode;

}
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// AbstractList::hashCode
public int hashCode() {

int hashCode = 1;
for (E e : this)

hashCode = 31*hashCode + (e==null ? 0 : e.hashCode());
return hashCode;

}

public int hashCode() {
int hashCode = 1;
final int elementHashCode = (element == null) ? 0 : element.hashCode();
for (int i = 0; i < n; i++) {

hashCode = 31*hashCode + elementHashCode;
}
return hashCode;

}

http://mail.openjdk.java.net/pipermail/core-libs-dev/2018-November/056843.html
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http://mail.openjdk.java.net/pipermail/core-libs-dev/2018-November/056843.html


H – хэш-код коллекции
h – хэш-код элемента
n – число элементов
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𝐻 = ℎ + 31 ℎ + 31… ℎ + 31 ℎ + 31 …

𝑛 раз



H – хэш-код коллекции
h – хэш-код элемента
n – число элементов
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𝐻 = ℎ + 31 ℎ + 31… ℎ + 31 ℎ + 31 …

𝑛 раз

𝐻 = 31𝑛 + ℎ෍

𝑖=0

𝑛−1

31𝑖



𝐻 = ℎ + 31 ℎ + 31… ℎ + 31 ℎ + 31 …

𝑛 раз

𝐻 = 31𝑛 + ℎ෍

𝑖=0

𝑛−1

31𝑖 = 31𝑛 + ℎ
31𝑛 − 1

31 − 1

H – хэш-код коллекции
h – хэш-код элемента
n – число элементов
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H – хэш-код коллекции
h – хэш-код элемента
n – число элементов

… но с переполнением

2147483647 + 1 = −2147483648
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𝐻 = ℎ + 31 ℎ + 31… ℎ + 31 ℎ + 31 …

𝑛 раз



ℤ232 = 0. . 232 − 1; +; × – кольцо вычетов по модулю 232
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Signed integer

Image: https://twitter.com/shipilev/status/1167400545952423936
91

https://twitter.com/shipilev/status/1167400545952423936


ℤ232 = 0. . 232 − 1; +; × – кольцо вычетов по модулю 232; беззнаковые числа

𝕊232 = −231…231 − 1; +; × – знаковые числа

𝑓: 𝕊232 → ℤ232 𝑓 𝑥 = ቊ
𝑥, 𝑥 > 0

𝑥 + 232, 𝑥 ≤ 0
𝑓−1 𝑥 = ቊ

𝑥, 𝑥 < 231

𝑥 − 232, 𝑥 ≥ 231
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ℤ232 = 0. . 232 − 1; +; × – кольцо вычетов по модулю 232; беззнаковые числа

𝕊232 = −231…231 − 1; +; × – знаковые числа

𝑓: 𝕊232 → ℤ232 𝑓 𝑥 = ቊ
𝑥, 𝑥 > 0

𝑥 + 232, 𝑥 ≤ 0
𝑓−1 𝑥 = ቊ

𝑥, 𝑥 < 231

𝑥 − 232, 𝑥 ≥ 231

Теорема:
∀𝑠, 𝑡 ∈ 𝕊232 :
𝑓 𝑠 +𝕊 𝑡 = 𝑓 𝑠 +ℤ 𝑓 𝑡
𝑓 𝑠 ×𝕊 𝑡 = 𝑓 𝑠 ×ℤ 𝑓 𝑡
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𝐻 = ℎ + 31 ℎ + 31… ℎ + 31 ℎ + 31 … (𝑛 раз)

H – хэш-код коллекции
h – хэш-код элемента
n – число элементов

𝐻 = 31𝑛 + ℎ෍

𝑖=0

𝑛−1

31𝑖
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𝐻 = ℎ + 31 ℎ + 31… ℎ + 31 ℎ + 31 … (𝑛 раз)

H – хэш-код коллекции
h – хэш-код элемента
n – число элементов

𝐻 = 31𝑛 + ℎ෍

𝑖=0

𝑛−1

31𝑖
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312𝑛 = 31𝑛 2

31𝑛+1 = 31 ∙ 31𝑛



𝐻 = ℎ + 31 ℎ + 31… ℎ + 31 ℎ + 31 … (𝑛 раз)

H – хэш-код коллекции
h – хэш-код элемента
n – число элементов

𝐻 = 31𝑛 + ℎ෍

𝑖=0

𝑛−1

31𝑖
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312𝑛 = 31𝑛 2

31𝑛+1 = 31 ∙ 31𝑛
෍

𝑖=0

2𝑛−1

31𝑖 = 31𝑛 + 1 ෍

𝑖=0

𝑛−1

31𝑖
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@Override
public int hashCode() { // JDK-8214687

if (n == 0) return 1;
int pow = 31;
int sum = 1;
for (int i = Integer.numberOfLeadingZeros(n) + 1; i < Integer.SIZE; i++) {

sum *= pow + 1;
pow *= pow;
if ((n << i) < 0) {

pow *= 31;
sum = sum * 31 + 1;

}
}
return pow + sum * (element == null ? 0 : element.hashCode());

}

Java 13



98

n Zheka’s, ns Optimized, ns

0 2,6 2,3

1 2,9 2,7

2 3,7 4,1

3 4,3 4,3

5 5,3 5,5

10 8,3 6,9

30 24,8 9,1

100 89,0 10,1

1000 923,8 14,1

10000 9157,4 17,0

100000 91705,6 20,8

1000000 919723,5 23,6
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|  Welcome to JShell -- Version 11
|  For an introduction type: /help intro

jshell> Math.hypot(3, 4)
$1 ==> 5.0

jshell> Math.sqrt(3 * 3 + 4 * 4)
$2 ==> 5.0



|  Welcome to JShell -- Version 11
|  For an introduction type: /help intro

jshell> Math.hypot(3, 4)
$1 ==> 5.0

jshell> Math.sqrt(3 * 3 + 4 * 4)
$2 ==> 5.0

jshell> Math.hypot(0.1, 0.2)
$3 ==> 0.22360679774997896

jshell> Math.sqrt(0.1 * 0.1 + 0.2 * 0.2)
$4 ==> 0.223606797749979
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103

|  Welcome to JShell -- Version 11
|  For an introduction type: /help intro

jshell> Math.hypot(3, 4)
$1 ==> 5.0

jshell> Math.sqrt(3 * 3 + 4 * 4)
$2 ==> 5.0

jshell> Math.hypot(0.1, 0.2)
$3 ==> 0.22360679774997896

jshell> Math.sqrt(0.1 * 0.1 + 0.2 * 0.2)
$4 ==> 0.223606797749979

jshell> Math.hypot(1e200, 1e200)
$5 ==> 1.414213562373095E200

jshell> Math.sqrt(1e200 * 1e200 + 1e200 * 1e200)
$6 ==> Infinity



104



105



106

Math.sqrt(x * x + y * y); Math.hypot(x, y);

IntelliJ IDEA sources
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Math.hypot(x, y) Math.sqrt(x*x+y*y)
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Math.hypot(x, y) Math.sqrt(x*x+y*y)
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public static class Hypot {
public static final double TWO_MINUS_600 = 0x1.0p-600;
public static final double TWO_PLUS_600  = 0x1.0p+600;

private Hypot() {
throw new UnsupportedOperationException();

}

public static strictfp double compute(double x, double y) {
double a = Math.abs(x);
double b = Math.abs(y);

if (!Double.isFinite(a) || !Double.isFinite(b)) {
if (a == INFINITY || b == INFINITY)

return INFINITY;
else

return a + b; // Propagate NaN significand bits
}

if (b > a) {
double tmp = a;
a = b;
b = tmp;

}
assert a >= b;

// Doing bitwise conversion after screening for NaN allows
// the code to not worry about the possibility of
// "negative" NaN values.

// Note: the ha and hb variables are the high-order
// 32-bits of a and b stored as integer values. The ha and
// hb values are used first for a rough magnitude
// comparison of a and b and second for simulating higher
// precision by allowing a and b, respectively, to be
// decomposed into non-overlapping portions. Both of these
// uses could be eliminated. The magnitude comparison
// could be eliminated by extracting and comparing the
// exponents of a and b or just be performing a
// floating-point divide.  Splitting a floating-point
// number into non-overlapping portions can be
// accomplished by judicious use of multiplies and
// additions. For details see T. J. Dekker, A Floating
// Point Technique for Extending the Available Precision ,
// Numerische Mathematik, vol. 18, 1971, pp.224-242 and
// subsequent work.

int ha = __HI(a);        // high word of a
int hb = __HI(b);        // high word of b

if ((ha - hb) > 0x3c00000) {
return a + b;  // x / y > 2**60

}

int k = 0;
if (a > 0x1.00000_ffff_ffffp500) {   // a > ~2**500

// scale a and b by 2**-600
ha -= 0x25800000;
hb -= 0x25800000;
a = a * TWO_MINUS_600;
b = b * TWO_MINUS_600;
k += 600;

}
double t1, t2;
if (b < 0x1.0p-500) {   // b < 2**-500

if (b < Double.MIN_NORMAL) {      // subnormal b or 0 */
if (b == 0.0)

return a;
t1 = 0x1.0p1022;   // t1 = 2^1022
b *= t1;
a *= t1;
k -= 1022;

} else {            // scale a and b by 2^600
ha += 0x25800000;       // a *= 2^600
hb += 0x25800000;       // b *= 2^600
a = a * TWO_PLUS_600;
b = b * TWO_PLUS_600;
k -= 600;

}
}
// medium size a and b
double w = a - b;
if (w > b) {

t1 = 0;
t1 = __HI(t1, ha);
t2 = a - t1;
w  = Math.sqrt(t1*t1 - (b*(-b) - t2 * (a + t1)));

} else {
double y1, y2;
a  = a + a;
y1 = 0;
y1 = __HI(y1, hb);
y2 = b - y1;
t1 = 0;
t1 = __HI(t1, ha + 0x00100000);
t2 = a - t1;
w  = Math.sqrt(t1*y1 - (w*(-w) - (t1*y2 + t2*b)));

}
if (k != 0) {

return Math.powerOfTwoD(k) * w;
} else

return w;
}

}

Java 9
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public static class Hypot {
public static final double TWO_MINUS_600 = 0x1.0p-600;
public static final double TWO_PLUS_600  = 0x1.0p+600;

private Hypot() {
throw new UnsupportedOperationException();

}

public static strictfp double compute(double x, double y) {
double a = Math.abs(x);
double b = Math.abs(y);

if (!Double.isFinite(a) || !Double.isFinite(b)) {
if (a == INFINITY || b == INFINITY)

return INFINITY;
else

return a + b; // Propagate NaN significand bits
}

if (b > a) {
double tmp = a;
a = b;
b = tmp;

}
assert a >= b;

// Doing bitwise conversion after screening for NaN allows
// the code to not worry about the possibility of
// "negative" NaN values.

// Note: the ha and hb variables are the high-order
// 32-bits of a and b stored as integer values. The ha and
// hb values are used first for a rough magnitude
// comparison of a and b and second for simulating higher
// precision by allowing a and b, respectively, to be
// decomposed into non-overlapping portions. Both of these
// uses could be eliminated. The magnitude comparison
// could be eliminated by extracting and comparing the
// exponents of a and b or just be performing a
// floating-point divide.  Splitting a floating-point
// number into non-overlapping portions can be
// accomplished by judicious use of multiplies and
// additions. For details see T. J. Dekker, A Floating
// Point Technique for Extending the Available Precision ,
// Numerische Mathematik, vol. 18, 1971, pp.224-242 and
// subsequent work.

int ha = __HI(a);        // high word of a
int hb = __HI(b);        // high word of b

if ((ha - hb) > 0x3c00000) {
return a + b;  // x / y > 2**60

}

int k = 0;
if (a > 0x1.00000_ffff_ffffp500) {   // a > ~2**500

// scale a and b by 2**-600
ha -= 0x25800000;
hb -= 0x25800000;
a = a * TWO_MINUS_600;
b = b * TWO_MINUS_600;
k += 600;

}
double t1, t2;
if (b < 0x1.0p-500) {   // b < 2**-500

if (b < Double.MIN_NORMAL) {      // subnormal b or 0 */
if (b == 0.0)

return a;
t1 = 0x1.0p1022;   // t1 = 2^1022
b *= t1;
a *= t1;
k -= 1022;

} else {            // scale a and b by 2^600
ha += 0x25800000;       // a *= 2^600
hb += 0x25800000;       // b *= 2^600
a = a * TWO_PLUS_600;
b = b * TWO_PLUS_600;
k -= 600;

}
}
// medium size a and b
double w = a - b;
if (w > b) {

t1 = 0;
t1 = __HI(t1, ha);
t2 = a - t1;
w  = Math.sqrt(t1*t1 - (b*(-b) - t2 * (a + t1)));

} else {
double y1, y2;
a  = a + a;
y1 = 0;
y1 = __HI(y1, hb);
y2 = b - y1;
t1 = 0;
t1 = __HI(t1, ha + 0x00100000);
t2 = a - t1;
w  = Math.sqrt(t1*y1 - (w*(-w) - (t1*y2 + t2*b)));

}
if (k != 0) {

return Math.powerOfTwoD(k) * w;
} else

return w;
}

}

Java 9
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public static class Hypot {
public static final double TWO_MINUS_600 = 0x1.0p-600;
public static final double TWO_PLUS_600  = 0x1.0p+600;

private Hypot() {
throw new UnsupportedOperationException();

}

public static strictfp double compute(double x, double y) {
double a = Math.abs(x);
double b = Math.abs(y);

if (!Double.isFinite(a) || !Double.isFinite(b)) {
if (a == INFINITY || b == INFINITY)

return INFINITY;
else

return a + b; // Propagate NaN significand bits
}

if (b > a) {
double tmp = a;
a = b;
b = tmp;

}
assert a >= b;

// Doing bitwise conversion after screening for NaN allows
// the code to not worry about the possibility of
// "negative" NaN values.

// Note: the ha and hb variables are the high-order
// 32-bits of a and b stored as integer values. The ha and
// hb values are used first for a rough magnitude
// comparison of a and b and second for simulating higher
// precision by allowing a and b, respectively, to be
// decomposed into non-overlapping portions. Both of these
// uses could be eliminated. The magnitude comparison
// could be eliminated by extracting and comparing the
// exponents of a and b or just be performing a
// floating-point divide.  Splitting a floating-point
// number into non-overlapping portions can be
// accomplished by judicious use of multiplies and
// additions. For details see T. J. Dekker, A Floating
// Point Technique for Extending the Available Precision ,
// Numerische Mathematik, vol. 18, 1971, pp.224-242 and
// subsequent work.

int ha = __HI(a);        // high word of a
int hb = __HI(b);        // high word of b

if ((ha - hb) > 0x3c00000) {
return a + b;  // x / y > 2**60

}

int k = 0;
if (a > 0x1.00000_ffff_ffffp500) {   // a > ~2**500

// scale a and b by 2**-600
ha -= 0x25800000;
hb -= 0x25800000;
a = a * TWO_MINUS_600;
b = b * TWO_MINUS_600;
k += 600;

}
double t1, t2;
if (b < 0x1.0p-500) {   // b < 2**-500

if (b < Double.MIN_NORMAL) {      // subnormal b or 0 */
if (b == 0.0)

return a;
t1 = 0x1.0p1022;   // t1 = 2^1022
b *= t1;
a *= t1;
k -= 1022;

} else {            // scale a and b by 2^600
ha += 0x25800000;       // a *= 2^600
hb += 0x25800000;       // b *= 2^600
a = a * TWO_PLUS_600;
b = b * TWO_PLUS_600;
k -= 600;

}
}
// medium size a and b
double w = a - b;
if (w > b) {

t1 = 0;
t1 = __HI(t1, ha);
t2 = a - t1;
w  = Math.sqrt(t1*t1 - (b*(-b) - t2 * (a + t1)));

} else {
double y1, y2;
a  = a + a;
y1 = 0;
y1 = __HI(y1, hb);
y2 = b - y1;
t1 = 0;
t1 = __HI(t1, ha + 0x00100000);
t2 = a - t1;
w  = Math.sqrt(t1*y1 - (w*(-w) - (t1*y2 + t2*b)));

}
if (k != 0) {

return Math.powerOfTwoD(k) * w;
} else

return w;
}

}

Java 9
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public static native double hypot(double x, double y);

Java 8



Math.abs
__

113Image: http://rl337.org/2012/07/31/in-java-when-is-math-abs-negative/

http://rl337.org/2012/07/31/in-java-when-is-math-abs-negative/


114

/**
* Returns the absolute value of an {@code int} value.
* If the argument is not negative, the argument is returned.
* If the argument is negative, the negation of the argument is returned.
*
* <p>Note that if the argument is equal to the value of
* {@link Integer#MIN_VALUE}, the most negative representable
* {@code int} value, the result is that same value, which is
* negative.
*
* @param   a   the argument whose absolute value is to be determined
* @return  the absolute value of the argument.
*/
public static int abs(int a) {

return (a < 0) ? -a : a;
}
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static int sumViaAbs(int[] data) {
int result = 0;
for (int x : data) {

result += Math.abs(x);
}
return result;

}
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static int sumViaAbs(int[] data) {
int result = 0;
for (int x : data) {

result += Math.abs(x);
}
return result;

}

static int sumPlain(int[] data) {
int result = 0;
for (int x : data) {

result += x < 0 ? -x : x;
}
return result;

}
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static int sumViaAbs(int[] data) {
int result = 0;
for (int x : data) {

result += Math.abs(x);
}
return result;

}

static int sumPlain(int[] data) {
int result = 0;
for (int x : data) {

result += x < 0 ? -x : x;
}
return result;

}

int[] data = new SplittableRandom(0).ints(10_000).toArray();
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:loop
vmovq rdx,xmm0
mov     r10d,dword ptr [rdx+rbp*4+2ch]
mov     r11d,dword ptr [rdx+rbp*4+28h]
mov     r9d,dword ptr [rdx+rbp*4+24h]
mov     r8d,dword ptr [rdx+rbp*4+20h]
mov     ebx,dword ptr [rdx+rbp*4+1ch]
mov     edi,dword ptr [rdx+rbp*4+18h]
mov     esi,dword ptr [rdx+rbp*4+14h]
mov     r14d,dword ptr [rdx+rbp*4+10h]
vmovq xmm0,rdx
mov     edx,r10d
neg     edx
test    r10d,r10d
cmovl r10d,edx
mov     edx,r14d
neg     edx
test    r14d,r14d
cmovl r14d,edx
add     eax,r14d
mov     r14d,r11d
neg     r14d
test    r11d,r11d
cmovl r11d,r14d
mov     edx,r9d
neg     edx
test    r9d,r9d

cmovl r9d,edx
mov     r14d,r8d
neg     r14d
test    r8d,r8d
cmovl r8d,r14d
mov     edx,esi
neg     edx
test    esi,esi
cmovl esi,edx
add     eax,esi
mov     edx,ebx
neg     edx
test    ebx,ebx
cmovl ebx,edx
mov     esi,edi
neg     esi
test    edi,edi
cmovl edi,esi
add     eax,edi
add     eax,ebx
add     eax,r8d
add     eax,r9d
add     eax,r11d
add     eax,r10d
add     ebp,8h
cmp ebp,ecx
jl loop
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:loop
vmovq rdx,xmm0
mov     r10d,dword ptr [rdx+rbp*4+2ch]
mov     r11d,dword ptr [rdx+rbp*4+28h]
mov     r9d,dword ptr [rdx+rbp*4+24h]
mov     r8d,dword ptr [rdx+rbp*4+20h]
mov     ebx,dword ptr [rdx+rbp*4+1ch]
mov     edi,dword ptr [rdx+rbp*4+18h]
mov     esi,dword ptr [rdx+rbp*4+14h]
mov     r14d,dword ptr [rdx+rbp*4+10h]
vmovq xmm0,rdx

Начало цикла

data[rbp+7] → r10d
data[rbp+6] → r11d
data[rbp+5] → r9d
data[rbp+4] → r8d
data[rbp+3] → ebx
data[rbp+2] → edi
data[rbp+1] → esi
data[rbp+0] → r14d
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mov     r14d,r11d
neg     r14d
test    r11d,r11d
cmovl   r11d,r14d
add     eax,r11d

Восемь раз для каждого значения

Копируем r11d → r14d
Инвертируем r14d
Проверяем r11d
Если меньше 0, то r14d → r11d
Добавляем результат в eax
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add     ebp,8h
cmp     ebp,ecx
jl      loop

ebp+=8

Если меньше ecx, то идём назад
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:loop
vmovdqu ymm0,ymmword ptr [rdx+rdi*4+0f0h]
vmovdqu ymm1,ymmword ptr [rdx+rdi*4+0d0h]
vmovdqu ymm2,ymmword ptr [rdx+rdi*4+0b0h]
vmovdqu ymm3,ymmword ptr [rdx+rdi*4+90h]
vmovdqu ymm4,ymmword ptr [rdx+rdi*4+70h]
vmovdqu ymm5,ymmword ptr [rdx+rdi*4+50h]
vmovdqu ymm6,ymmword ptr [rdx+rdi*4+30h]
vmovdqu ymm7,ymmword ptr [rdx+rdi*4+10h]
vpabsd ymm8,ymm0
vpabsd ymm7,ymm7
vpabsd ymm9,ymm1
vpabsd ymm10,ymm2
vpabsd ymm6,ymm6
vpabsd ymm11,ymm5
vpabsd ymm12,ymm4
vpabsd ymm2,ymm3
vphaddd ymm0,ymm7,ymm7
vphaddd ymm0,ymm0,ymm1
vextracti128 xmm1,ymm0,1h
vpaddd xmm0,xmm0,xmm1
vmovd xmm1,eax
vpaddd xmm1,xmm1,xmm0
vmovd r11d,xmm1
vphaddd ymm0,ymm6,ymm6
vphaddd ymm0,ymm0,ymm1
vextracti128 xmm1,ymm0,1h
vpaddd xmm0,xmm0,xmm1
vmovd xmm1,r11d
vpaddd xmm1,xmm1,xmm0
vmovd r11d,xmm1
vphaddd ymm0,ymm11,ymm11
vphaddd ymm0,ymm0,ymm1
vextracti128 xmm1,ymm0,1h
vpaddd xmm0,xmm0,xmm1
vmovd xmm1,r11d
vpaddd xmm1,xmm1,xmm0
vmovd r11d,xmm1

vphaddd ymm0,ymm12,ymm12
vphaddd ymm0,ymm0,ymm1
vextracti128 xmm1,ymm0,1h
vpaddd xmm0,xmm0,xmm1
vmovd xmm1,r11d
vpaddd xmm1,xmm1,xmm0
vmovd esi,xmm1
vphaddd ymm0,ymm2,ymm2
vphaddd ymm0,ymm0,ymm1
vextracti128 xmm1,ymm0,1h
vpaddd xmm0,xmm0,xmm1
vmovd xmm1,esi
vpaddd xmm1,xmm1,xmm0
vmovd r11d,xmm1
vphaddd ymm0,ymm10,ymm10
vphaddd ymm0,ymm0,ymm1
vextracti128 xmm1,ymm0,1h
vpaddd xmm0,xmm0,xmm1
vmovd xmm1,r11d
vpaddd xmm1,xmm1,xmm0
vmovd esi,xmm1
vphaddd ymm13,ymm9,ymm9
vphaddd ymm13,ymm13,ymm3
vextracti128 xmm3,ymm13,1h
vpaddd xmm13,xmm13,xmm3
vmovd xmm3,esi
vpaddd xmm3,xmm3,xmm13
vmovd r11d,xmm3
vphaddd ymm5,ymm8,ymm8
vphaddd ymm5,ymm5,ymm4
vextracti128 xmm4,ymm5,1h
vpaddd xmm5,xmm5,xmm4
vmovd xmm4,r11d
vpaddd xmm4,xmm4,xmm5
vmovd eax,xmm4
add     edi,40h
cmp edi,ebp
jl loop
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:loop
vmovdqu ymm0,ymmword ptr [rdx+rdi*4+0f0h]
vmovdqu ymm1,ymmword ptr [rdx+rdi*4+0d0h]
vmovdqu ymm2,ymmword ptr [rdx+rdi*4+0b0h]
vmovdqu ymm3,ymmword ptr [rdx+rdi*4+90h]
vmovdqu ymm4,ymmword ptr [rdx+rdi*4+70h]
vmovdqu ymm5,ymmword ptr [rdx+rdi*4+50h]
vmovdqu ymm6,ymmword ptr [rdx+rdi*4+30h]
vmovdqu ymm7,ymmword ptr [rdx+rdi*4+10h]

Начало цикла

data[rbp+56..63] → ymm0
data[rbp+48..55] → ymm1
data[rbp+40..47] → ymm2
data[rbp+32..39] → ymm3
data[rbp+24..31] → ymm4
data[rbp+16..23] → ymm5
data[rbp+8..15] → ymm6
data[rbp+0..7] → ymm7
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vpabsd ymm8,ymm0
vpabsd ymm7,ymm7
vpabsd ymm9,ymm1
vpabsd ymm10,ymm2
vpabsd ymm6,ymm6
vpabsd ymm11,ymm5
vpabsd ymm12,ymm4
vpabsd ymm2,ymm3

Abs(ymm0) → ymm8
Abs(ymm7) → ymm7
Abs(ymm1) → ymm9
Abs(ymm2) → ymm10
Abs(ymm6) → ymm6
Abs(ymm5) → ymm11
Abs(ymm4) → ymm12
Abs(ymm3) → ymm2
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vphaddd ymm0,ymm7,ymm7
vphaddd ymm0,ymm0,ymm1
vextracti128 xmm1,ymm0,1h
vpaddd xmm0,xmm0,xmm1
vmovd xmm1,eax
vpaddd xmm1,xmm1,xmm0
vmovd r11d,xmm1

Восемь раз для каждого значения
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7 6 5 4 3 2 1 0

ymm0

vphaddd
ymm0,ymm7,ymm7

ymm7
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7 6 5 4 3 2 1 0

ymm0 6+7 4+5 2+3 0+1

vphaddd
ymm0,ymm7,ymm7

ymm7
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7 6 5 4 3 2 1 0

ymm0 6+7 4+5 6+7 4+5 2+3 0+1 2+3 0+1

vphaddd
ymm0,ymm7,ymm7

ymm7
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7 6 5 4 3 2 1 0

ymm0 6+7 4+5 6+7 4+5 2+3 0+1 2+3 0+1

vphaddd
ymm0,ymm7,ymm7

ymm7
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7 6 5 4 3 2 1 0

ymm0 6+7 4+5 6+7 4+5 2+3 0+1 2+3 0+1

vphaddd
ymm0,ymm7,ymm7

ymm7

vphaddd
ymm0,ymm0,ymm1

4+5+6+7 4+5+6+7 0+1+2+3 0+1+2+3ymm0
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7 6 5 4 3 2 1 0

ymm0 6+7 4+5 6+7 4+5 2+3 0+1 2+3 0+1

vphaddd
ymm0,ymm7,ymm7

ymm7

vphaddd
ymm0,ymm0,ymm1

4+5+6+7 4+5+6+7 0+1+2+3 0+1+2+3

ymm1

ymm0
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7 6 5 4 3 2 1 0

ymm0 6+7 4+5 6+7 4+5 2+3 0+1 2+3 0+1

vphaddd
ymm0,ymm7,ymm7

ymm7

vphaddd
ymm0,ymm0,ymm1

4+5+6+7 4+5+6+7 0+1+2+3 0+1+2+3

ymm1

ymm0
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7 6 5 4 3 2 1 0

ymm0 6+7 4+5 6+7 4+5 2+3 0+1 2+3 0+1

vphaddd
ymm0,ymm7,ymm7

ymm7

vphaddd
ymm0,ymm0,ymm1

4+5+6+7 4+5+6+7 0+1+2+3 0+1+2+3

ymm1

vextracti128 
xmm1,ymm0,1h

ymm0

4+5+6+7 4+5+6+7xmm1

xmm0
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7 6 5 4 3 2 1 0

ymm0 6+7 4+5 6+7 4+5 2+3 0+1 2+3 0+1

vphaddd
ymm0,ymm7,ymm7

ymm7

vphaddd
ymm0,ymm0,ymm1

4+5+6+7 4+5+6+7 0+1+2+3 0+1+2+3

ymm1

vextracti128 
xmm1,ymm0,1h

ymm0

4+5+6+7 4+5+6+7xmm1

vpaddd
xmm0,xmm0,xmm1

0+…+7 0+…+7xmm0

xmm0
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vphaddd ymm0,ymm7,ymm7
vphaddd ymm0,ymm0,ymm1
vextracti128 xmm1,ymm0,1h
vpaddd xmm0,xmm0,xmm1
vmovd xmm1,eax
vpaddd xmm1,xmm1,xmm0
vmovd r11d,xmm1

Восемь раз для каждого значения

Суммируем компоненты ymm7

eax + xmm0 → r11d
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add     edi,40h
cmp     edi,ebp
jl      loop

edi+=64

Если меньше ebp, то идём назад
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…
vpaddd ymm0,ymm0,ymm1
vpaddd ymm0,ymm0,ymm2
vpaddd ymm0,ymm0,ymm3
vpaddd ymm0,ymm0,ymm4
vpaddd ymm0,ymm0,ymm5
vpaddd ymm0,ymm0,ymm6
vpaddd ymm0,ymm0,ymm7
vphaddd ymm0,ymm0,ymm0
vphaddd ymm0,ymm0,ymm0
vextracti128 xmm1,ymm0,1h
vpaddd xmm0,xmm0,xmm1
vmovd xmm1,eax
vpaddd xmm1,xmm1,xmm0
vmovd eax,xmm1
…
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…
vpaddd ymm0,ymm0,ymm1
vpaddd ymm0,ymm0,ymm2
vpaddd ymm0,ymm0,ymm3
vpaddd ymm0,ymm0,ymm4
vpaddd ymm0,ymm0,ymm5
vpaddd ymm0,ymm0,ymm6
vpaddd ymm0,ymm0,ymm7
vphaddd ymm0,ymm0,ymm0
vphaddd ymm0,ymm0,ymm0
vextracti128 xmm1,ymm0,1h
vpaddd xmm0,xmm0,xmm1
vmovd xmm1,eax
vpaddd xmm1,xmm1,xmm0
vmovd eax,xmm1
…
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Итого

Issue ID Method/Class Fix version

JDK-8054221 StringJoiner 9

JDK-8058779 String.replace 9

JDK-8222955 String.replace 13

JDK-8225339 HashSet.toArray() 14

JDK-8029891 Properties.getProperty() 9

JDK-8155600 Arrays.asList().iterator() 9

JDK-8166365 emptyList().hashCode() 9

JDK-8214687 nCopies().hashCode() 13

JDK-7130085 Math.hypot() 9

JDK-8222074 Math.abs() 13

https://bugs.openjdk.java.net/browse/JDK-8054221
https://bugs.openjdk.java.net/browse/JDK-8058779
https://bugs.openjdk.java.net/browse/JDK-8222955
https://bugs.openjdk.java.net/browse/JDK-8225339
https://bugs.openjdk.java.net/browse/JDK-8029891
https://bugs.openjdk.java.net/browse/JDK-8155600
https://bugs.openjdk.java.net/browse/JDK-8166365
https://bugs.openjdk.java.net/browse/JDK-8214687
https://bugs.openjdk.java.net/browse/JDK-7130085
https://bugs.openjdk.java.net/browse/JDK-8222074
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Итого

Issue ID Method/Class Fix version

JDK-8054221 StringJoiner 9

JDK-8058779 String.replace 9

JDK-8222955 String.replace 13

JDK-8225339 HashSet.toArray() 14

JDK-8029891 Properties.getProperty() 9

JDK-8155600 Arrays.asList().iterator() 9

JDK-8166365 emptyList().hashCode() 9

JDK-8214687 nCopies().hashCode() 13, 8u231

JDK-7130085 Math.hypot() 9

JDK-8222074 Math.abs() 13

https://bugs.openjdk.java.net/browse/JDK-8054221
https://bugs.openjdk.java.net/browse/JDK-8058779
https://bugs.openjdk.java.net/browse/JDK-8222955
https://bugs.openjdk.java.net/browse/JDK-8225339
https://bugs.openjdk.java.net/browse/JDK-8029891
https://bugs.openjdk.java.net/browse/JDK-8155600
https://bugs.openjdk.java.net/browse/JDK-8166365
https://bugs.openjdk.java.net/browse/JDK-8214687
https://bugs.openjdk.java.net/browse/JDK-7130085
https://bugs.openjdk.java.net/browse/JDK-8222074


142

A DAY MAY COME WHEN I UPDATE JAVA

BUT IT IS NOT THIS DAY



https://twitter.com/tagir_valeev
https://habrahabr.ru/users/lany
https://github.com/amaembo
tagir.valeev@jetbrains.com

Спасибо

за внимание

—

jetbrains.com
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