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Sollten wir das nicht besser lassen?



We should forget about small efficiencies, say about 97 % of the time:
premature optimization is the root of all evil.

Donald E. Knuth
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Non-functional perfective maintenance Enhancive maintenance

Adaptive maintenance
Replacement

Corrective maintenance

New development

User support

Technical operation

Magne Kristoffer Davidsen und John Krogstie

A longitudinal study of development and maintenance.
Information and Software Technology, 52(7), Elsevier, 2010, S.707-719.



Code-Quality Indicator

def veryFastSort(l: List[Int]): List[Int] =
// very fast sorting algorithm
// runs in 0(1)
// always returns a sorted list
List(1, 2, 3, 4)
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The important point is to always remember Amdahl's law. This states that the
overall performance improvement gained by optimizing a single part of a system
is limited by the fraction of time that the improved part is actually used.

Martin Reddy
API Design for C++. Elsevier, 2011, Kap.7, S.210.
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Moore’s Law is Not Dead.
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Checkliste: Sollte ich mit Performance Optimierungen anfangen?

O Laufzeit ist ein Problem

O Erfullt die funktionalen Anforderungen
O Hinreichender Anteil an Gesamtlaufzeit
O Algorithmisch optimal

[0 Bessere Hardware ist keine Option

O Bisher unoptimiert



Wie alles begann...
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" Thieverz M—
You have broken into a shop. In the shop
ar@mluable items. For each, you know

its weight w;j and its value y;j. Unfortunately,
youcdgfcarry only a maximum total weight
o @ hich subsct of the items should you
take, such that the sum of wj is at most W
and the sum of vj 1s maximised?&
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Ich wiederhole, dass alles <7 Sekunden
reicht. Aber es konnte @Tim Hegemann &
Co. interessieren zu horen, dass seine letzte
Einreichung in Rust Laufzeit 0.4 Sekunden
ergibt.
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Einfach mal losimplementieren



Die DP-Formel als Code

vi o Ifwy <w
fl,w) =

0 otherwise

f(l_ 17W)

fi,w) = max ' .
Vi+fl—1T,w—w;) ifw—w;>0



Die DP-Formel als Code

case class Item(weight: Int, value: Int)

def solve(items: IndexedSeq[Item], weight: Int) =
def go(i: Int, weight: Int): Int =

val item = items(1i)
if 1 = 0 then

if item.weight < weight then item.value else 0
else if item.weight < weight then

go(i - 1, weight) max

(go(i - 1, weight - item.weight) + item.value)

else go(i - 1, weight)

go(items.size - 1, weight)
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Laufzeiten — Erwartungshaltungsmanagement

n f(n) lgn n nlgn n? 2n n!

10 0.003 ps 0.01 ps 0.033 us 0.1 ps 1 pus 3.63 ms
20 0.004 ps | 0.02 us 0.086 us 0.4 ps 1 ms 77.1 years
30 0.005 ps | 0.03 ps | 0.147 us | 0.9 ps 1 sec 8.4 x 10%5 yrs
40 0.005 ps 0.04 ps 0.213 pus 1.6 pus 18.3 min

50 0.006 pus 0.05 us 0.282 us 2.5 us 13 days

100 0.007 ps | 0.1 us 0.644 ps | 10 ps 4 x 103 yrs

1,000 0.010 ps 1.00 ps 9.966 us 1 ms

10,000 0.013 ps 10 ps 130 ps 100 ms

100,000 0.017 ps | 0.10 ms 1.67 ms 10 sec

1,000,000 0.020 s | 1 ms 19.93 ms 16.7 min

10,000,000 0.023 ps 0.01 sec 0.23 sec 1.16 days

100,000,000 0.027 ps 0.10 sec 2.66 sec 115.7 days

1,000,000,000 0.030 pus 1 sec 29.90 sec 31.7 years

Figure 2.4:

Growth rates of common functions measured in nanoseconds

Steven S. Skiena

The Algorithm Design Manual. 2nd Edition, Springer, 2012, S. 38.
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TODO: Baseline Runtimes + how to measure
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Instanzgrofie n 30 100

Scala naive 1.15s (Y )
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Die DP-Formel als Code

case class Item(weight: Int, value: Int)

def solve(items: IndexedSeq[Item], weight: Int) =
def go(i: Int, weight: Int): Int =

val item = items(1i)
if 1 = 0 then

if item.weight < weight then item.value else 0
else if item.weight < weight then

go(i - 1, weight) max

(go(i - 1, weight - item.weight) + item.value)

else go(i - 1, weight)

1
go(items.size - 1, weight)

13



Naive Implementierung — Laufzeitanalyse

f1) =1

fn) = f(n — 1)+ f(n - 1)
= 2f(n — 1)



Naive Implementierung — Laufzeitanalyse

f1) =1

fln) =fin=1)+f(n-1)
=2f(n —1)
=" € 02"



Dynamische Programmierung - diesmal wirklich

Memoisation

def momoized[K, VI(f: K = V): K = V =
val dict = mutable.Map.empty[K, V]
(key: K) = dict.getOrElseUpdate(key, f(key))

15



Die DP-Formel als Code - mit Memoisation

lazy val go: ((Int,Int)) = Int = momoized((args: (Int,Int)) =
val (i, weight) = args
val item = items(i)
if 1 = 0 then if item.weight < weight then item.value else 0
else if item.weight < weight then
go(i - 1, weight) max
(go(i - 1, weight - item.weight) + item.value)
else go(i - 1, weight)
)

go(items.size - 1, weight)



Die DP-Formel als Code - mit Memoisation

lazy val go: ((Int,Int)) = Int = momoized((args: (Int,Int)) =
val (i, weight) = args
val item = items(i)
if 1 = 0 then if item.weight < weight then item.value else 0
else if item.weight < weight then
go(i - 1, weight) max
(go(i - 1, weight - item.weight) + item.value)
else go(i - 1, weight)
)

go(items.size - 1, weight) 10474
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Instanzgrofie n 30 100 1K

Scala naive 1.15s
Scala memoized 230ms 267 ms
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scala.runtime.BoxesRunTime

scala.runtime.BoxesRunTime

scala.runtime.BoxesRunTime

thread "main" java.lang.StackOverflowError
.equalsNumNum(BoxesRunTime. java:148)
scala.runtime.BoxesRunTime.

equalsNumObject(BoxesRunTime.java:138)

.equals2(BoxesRunTime.java:127)
scala.runtime.BoxesRunTime.
scala.Tuple2.equals(Tuple2.
scala.runtime.BoxesRunTime.

equals(BoxesRunTime.java:119)
scala:24)
equals2(BoxesRunTime.java:133)

.equals(BoxesRunTime.java:119)

scala.collection.mutable.HashMap$Node.findNode(HashMap.scala:621)
scala.collection.mutable.HashMap.getOrElseUpdate(HashMap.scala:449)
y.Memoized$.momoized$$anonfun$1(Y.scala:64)
y.Memoized$.go$lzyINIT1$1$$anonfun$1(Y.scala:72)
y.Memoized$.momoized$$anonfun$i$$anonfun$1(Y.scala:64)
scala.collection.mutable.HashMap.getOrElseUpdate(HashMap.scala:454)
y.Memoized$.momoized$$anonfun$1(Y.scala:64)



Tail-Call Optimization (TCO)
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Tail-Call Optimization (TCO)

enum StackItem:
case DontTake(i: Int, weight: Int)
case Take(dontTakeValue: Int, i: Int, weight: Int)

val cache = mutable.Map.empty[(Int, Int), Int]

atailrec def go(stack: List[StackItem]): Unit = stack match

case Nil = // finished \o/
case DontTake(0, w) :: tail = go(Take(0, 0, w) :: tail)
case Take(_, 0, w) :: tail =

cache += (0, w) = (
if items(0).weight < w then items(0).value else 0
)
go(tail)
//



Tail-Call Optimization (TCO)

enum StackItem:
case DontTake(i: Int, weight: Int)
case Take(dontTakeValue: Int, i: Int, weight: Int)

val cache = mutable.Map.empty[(Int, Int), Int]

atailrec def go(stack: List[StackItem]): Unit = stack match

//
case DontTake(i, w) :: tail =
cache.get(i - 1 — w) match
case None = go(DontTake(i - 1, w) :: stack)
case Some(v) = go(Take(v, i1, w) :: tail)

//



Tail-Call Optimization (TCO)

val cache = mutable.Map.empty[(Int, Int), Int]

dtailrec def go(stack: List[StackItem]): Unit = stack match
//
case Take(dontTake, i1, w) :: tail =
val item = items(i)
if item.weight < w then
cache.get(i - 1 —» (w - item.weight)) match
case None = go(DontTake(i-1, w-item.weight) :: stack)
case Some(take) =
cache += (1, w) — (dontTake max (take + item.value))
go(tail)
else
cache += (1, w) — dontTake
go(tail)



Tail-Call Optimization (TCO)

val cache = mutable.Map.empty[(Int, Int), Int]

dtailrec def go(stack: List[StackItem]): Unit = //

go(DontTake(items.size - 1, weight) :: Nil)
cache(items.size - 1 — weight)



Tail-Call Optimization (TCO)

val cache = mutable.Map.empty[(Int, Int), Int]

dtailrec def go(stack: List[StackItem]): Unit = //

go(DontTake(items.size - 1, weight) :: Nil)
cache(items.size - 1 — weight)

-
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Instanzgrofie n 30 100 1K
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Instanzgrofie n 30 100 1K 10K

Scala naive 1.15s
Scala memoized 230ms 267 ms SO
Scala memoized TCO 273 ms 2.30s
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Exception in thread "main" java.lang.OutOfMemoryError: Java heap space
at java.base/java.lang.Integer.valueOf(Integer.java:1077)
at scala.runtime.BoxesRunTime.boxToInteger(BoxesRunTime. java:63)
at y.TC0$.go$3(Y.scala:112)
at y.TC0$.solve(Y.scala:121)
at y.TCO$.runTco(Y.scala:82)
at y.runTco.main(Y.scala:80)

21
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Wenn euch das interessiert, schaut Thomas' Video!

Wir uberspringen das aber...
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Nochmal Theorie
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Eine schnelle funktionale Losung

val table = items match
case Nil = sys.error("cannot operate on empty input")
case h :: tail =
tail.foldLeft(
List.fill(h.weight)(0)
List.fill(weight - h.weight + 1)(h.value)
)((prev, item) =
prev.take(item.weight)
(prev.drop(item.weight) zip prev)
.map((dontTake, take) =
dontTake max (take + item.value))

)

table.last

24



Eine schnelle funktionale Losung

val table = items match
case Nil = sys.error("cannot operate on empty input")
case h :: tail =
tail.foldLeft(
List.fill(h.weight)(0)
List.fill(weight - h.weight + 1)(h.value)
)((prev, item) =
prev.take(item.weight)
(prev.drop(item.weight) zip prev)
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\ 4
table.last QS'
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next

prev

ifw—w; >0

swap
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Klassische imperative Programmierung

def solve(items: Seq[Item], weight: Int) =
var prev = Array.fill(weight + 1)(0)
var next = Array.fill(weight + 1)(0)
val head = items.head
Arrays.fill(prev, head.weight, weight + 1, head.value)
for item « 1items.iterator.drop(1) do
Array.copy(prev, 0, next, 0, prev.length)
var w = item.weight
while w < next.length do
val take = prev(w - item.weight) + item.value
if next(w) < take then next(w) = take
w += 1
val tmp = next
next = prev
prev = tmp
prev.last

27
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Battle of the Languages
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Instanzgrofie n 30 100 1K 10K 100K
Scala naive 1.15s
Scala memoized 230ms 267 ms SO
Scala memoized TCO 273ms  2.30s O0OM

Scala pure 348ms  7.89s =13 min

Scala imperative 437 ms 24.0s

Java 636 ms 58.8s

Node.js 957 ms 83.2s

Python3 96.8s a

Pypy3 2.48s  =6min

Rust (safe) 300 ms 28.1s

Thomas' C++ 212 ms 14.2s

29



Performance Probleme Analysieren




TiME CO3T

STRATEGY A
STRATEGY B

ANALYZING \WWHETHER
SIRATEGY A OR B
IS MORE. EFFICIENT

THE REASON I AM S0 INEFFICIENT

Randall Munroe
@®® xkcd.com /1445

30


https://xkcd.com/1445/

Das wichtigste haben wir schon hinter uns:
Laufzeit messen



Zwei Fragen bleiben
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Zwei Fragen bleiben

Warum war Java langsamer als Scala?
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Zwei Fragen bleiben
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Warum war Rust (so viel) langsamer als C++?
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Zwei Fragen bleiben

\Warum war Java langsamer als Scala?|

Warum war Rust (so viel) langsamer als C++?
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static int solve(List<Item> items, 1int weight) {
var prev = new int[weight + 1];
var next = new int[weight + 1];
var head = items.get(0);
Arrays.fill(prev, head.weight, weight + 1, head.value);
for (var item : 1items) {
if (item = head) continue; // just skip the first
System.arraycopy(prev, 0, next, 0, prev.length);
for (var w = item.weight; w < next.length; w++) {
var v = prev[w - item.weight] + item.value;
if (next[w] < v) next[w] = v;
}
var tmp = next;
next = prev;
prev = tmp;
t

return prev[weight];
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static int solve(List<Item> items, 1int weight) {
var prev = new int[weight + 1];
var next = new int[weight + 1];
var head = items.get(0);
Arrays.fill(prev, head.weight, weight + 1, head.value);
for (var item : 1items) {
if (item = head) continue; // just skip the first
System.arraycopy(prev, 0, next, 0, prev.length);
for (var w = item.weight; w < next.length; w++) {
var v = prev[w - item.weight] + item.value;
if (next[w] < v) next[w] = v;
}
var tmp = next;
next = prev;
prev = tmp;
}

return prev[weight];
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Was passiert da eigentlich genau?

$ javap -p -v Y
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Was passiert da eigentlich genau?

$ javap -p -v Y

static int solve(java.util.List<Y$Item>, 1int);
descriptor: (Ljava/util/List;I)I
flags: (0x0008) ACC_STATIC

Code:
stack=5, locals=9, args_size=2
0: 1load_1
1: iconst_1
2: iadd
3: newarray int
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flags: (0x0008) ACC_STATIC

Code:
stack=5, locals=9, args_size=2
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2: iadd
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descriptor: (Ljava/util/List;I)I
flags: (0x0008) ACC_STATIC

Code:
stack=5, locals=9, args_size=2
0: 1load_1
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2: iadd
3: newarray int
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33



Was passiert da eigentlich genau?

$ javap -p -v Y

static int solve(java.util.List<Y$Item>, int);
descriptor: (Ljava/util/List;I)I
flags: (0x0008) ACC_STATIC

Code:
stack=5, locals=9, args_size=2
0: 1load_1
1: iconst_1
2: 1iadd
3: newarray int

weight: 1int
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Was passiert da eigentlich genau?

$ javap -p -v Y

static int solve(java.util.List<Y$Item>, int);
descriptor: (Ljava/util/List;I)I
flags: (0x0008) ACC_STATIC

Code:
stack=5, locals=9, args_size=2
0: 1load_1
1: iconst_1
2: iadd
3: newarray int

weight + 1
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Was passiert da eigentlich genau?

$ javap -p -v Y

static int solve(java.util.List<Y$Item>, 1int);
descriptor: (Ljava/util/List;I)I
flags: (0x0008) ACC_STATIC

Code:
stack=5, locals=9, args_size=2
0: 1load_1
1: iconst_1
2: iadd
3: newarray int

prev: [int]

33



92:
93:
94:
95:
96:
97:
98:

101:

103:

106:

108:

110:

aload 2
iconst_0
aload_3
iconst_0
aload 2
arraylength
invokestatic
aload
getfield
istore
1load
aload_3

System.arraycopy(prev, 0, next, 0, prev.length);

for (var w = item.weight; w < next.length; w+) {
var v = prev[lw - item.weight] + item.value;
if (next[w] < v) next[w] = v;

}

var tmp = next;

next = prev;

prev = tmp;

#65 // System.arraycopy
6

#47 // Item.weight

7

7
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7
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110:

aload 2
iconst_0
aload_3
iconst_0
aload 2

arraylength
invokestatic

aload
getfield
istore
1load
aload_3

#47 // Item.weight

System.arraycopy(prev, 0, next, 0, prev.length);

for (var w = item.weight; w < next.length; w+) {
var v = prev[lw - item.weight] + item.value;
if (next[w] < v) next[w] = v;

}

var tmp = next;

next = prev;

prev = tmp;

#65 // System.arraycopy

prev
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110:

aload 2
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aload_3
iconst_0
aload 2

arraylength
invokestatic

aload
getfield
istore
1load
aload_3

System.arraycopy(prev, 0, next, 0, prev.length);

for (var w = item.weight; w < next.length; w+) {
var v = prev[lw - item.weight] + item.value;
if (next[w] < v) next[w] = v;

}

var tmp = next;

next = prev;

prev = tmp;

#65 // System.arraycopy

6
#47 // Item.weight
7
7
0
prev
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92:
93:
94:
95:
96:
97:
98:

101:

103:

106:

108:

110:

System.arraycopy(prev, 0, next, 0, prev.length);
for (var w = item.weight; w < next.length; w+) {
var v = prev[lw - item.weight] + item.value;
if (next[w] < v) next[w] = v;
aload 2 } ’

iconst_0 var tmp = next;
next = prev;

aload_3 prev = tmp;

iconst_0

aload 2

arraylength

invokestatic #65 // System.arraycopy

aload 6

getfield #47 // Item.weight

istore 7

1load 7

aload_3 0

next

prev
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93:
94:
95:
96:
97:
98:

101:
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106:

108:

110:

System.arraycopy(prev, 0, next, 0, prev.length);
for (var w = item.weight; w < next.length; w+) {
var v = prev[lw - item.weight] + item.value;
if (next[w] < v) next[w] = v;
aload 2 } ’

iconst_0 var tmp = next;
next = prev;

aload_3 prev = tmp;

iconst_0

aload_2

arraylength

invokestatic #65 // System.arraycopy

aload 6

getfield #47 // Item.weight 0

istore 7

1load 7

aload_3 0

next

prev
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93:
94:
95:
96:
97:
98:

101:

103:

106:

108:

110:

aload 2
iconst_0
aload_3
iconst_0
aload 2
arraylength
invokestatic
aload
getfield
istore
1load
aload_3

#65 // System.arra
6
#47 // Item.weight
7
7

System.arraycopy(prev, 0, next, 0, prev.length);

for (var w = item.weight; w < next.length; w+) {
var v = prev[lw - item.weight] + item.value;
if (next[w] < v) next[w] = v;

}

var tmp = next;

next = prev;

prev = tmp;

ycopy prev

next

prev
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92:
93:
94:
95:
96:
97:
98:

101:

103:

106:

108:

110:

aload 2
iconst_0
aload_3
iconst_0
aload 2
arraylength
invokestatic
aload
getfield
istore
1load
aload_3

#65 // System.arra
6
#47 // Item.weight
7
7

System.arraycopy(prev, 0, next, 0, prev.length);

for (var w = item.weight; w < next.length; w+) {
var v = prev[lw - item.weight] + item.value;
if (next[w] < v) next[w] = v;

}

var tmp = next;

next = prev;

prev = tmp;

ycopy prev.len

next

prev
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92:
93:
94
95:
96:
97:
98:
101:
103:
106:
108:
110:
111:
112:

aload_2
iconst_0
aload_3
iconst_0
aload_2
arraylength
invokestatic
aload
getfield
istore
1load
aload_3
arraylength
i1f_1icmpge

System.arraycopy(prev, 0, next, 0, prev.length);

for (var w = item.weight; w < next.length; w+) {
var v = prev[lw - item.weight] + item.value;
if (next[w] < v) next[w] = v;

}

var tmp = next;

next = prev;

prev = tmp;

#65 // System.arraycopy
6

#47 // Item.weight

7

7

154

void
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93:
94
95:
96:
97:
98:
101:
103:
106:
108:
110:
111:
112:
115:

iconst_0
aload_3
iconst_0
aload_2
arraylength
invokestatic
aload
getfield
istore
1load
aload_3
arraylength
i1f_1icmpge
aload_2

System.arraycopy(prev, 0, next, 0, prev.length);

for (var w = item.weight; w < next.length; w+) {
var v = prev[lw - item.weight] + item.value;
if (next[w] < v) next[w] = v;

}

var tmp = next;

next = prev;

prev = tmp;

#65 // System.arraycopy
6

#47 // Item.weight

7

7

154

item
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95:

96:

97:

98:
101:
103:
106:
108:
110:
111:
112:
115:
116:
118:

iconst_0
aload 2
arraylength
invokestatic
aload
getfield
istore
1load
aload_3
arraylength
i1f_1icmpge
aload_2
1load

aload

#65 // System.arr:
6
#47 // Item.weight

System.arraycopy(prev, 0, next, 0, prev.length);

for (var w = item.weight; w < next.length; w+) {
var v = prev[lw - item.weight] + item.value;
if (next[w] < v) next[w] = v;

}

var tmp = next;

next = prev;

prev = tmp;

item.weight
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97:

98:
101:
103:
106:
108:
110:
111:
112:
115:
116:
118:
120:
123:

System.arraycopy(prev, 0, next, 0, prev.length);
for (var w = item.weight; w < next.length; w+) {

arr‘aylength var v = prev[w - item.weight] + item.value;
invokestatic #65 // System.arr, R
ot : R

getfield #47 // Item.weightprev = tmp;

istore 7

i1load 7

aload_3

arraylength

i1f_1icmpge 154

aload_2

1load 7

aload 6

getfield #47 // Item.weight

isub

34



98:
101:
103:
106:
108:
110:
111:
112:
115:
116:
118:
120:
123:
124:

invokestatic
aload
getfield
istore
1load
aload_3
arraylength
i1f_1icmpge
aload 2
1load

aload
getfield
isub

iaload

System.arraycopy(prev, 0, next, 0, prev.length);

for (var w = item.weight; w < next.length; w+) {
#65 // System.arri var v = prev[w - item.weight] + item.value;
6 if (next[w] < v) next[w] = v;

}
#47 // Item.weightvar wm - next;

= prev;
7 prev = tmp;

7
154
7

6
#47 // Item.weight

next.len

34



System.arraycopy(prev, 0, next, 0, prev.length);
for (var w = item.weight; w < next.length; w+) {

108: 1iload 7 var v = prev[w - item.weight] + item.value;
110: aload_3 ) if (next[w] < v) next[w] = v;
111: arraylength gif@p;ﬁx“

112: if_icmpge 154 prev = tmp;

115: aload_2

116: 1iload 7

118: aload 6

120: getfield #47 // Item.weight

123: 1isub

124: 1iaload

125: aload 6

127: getfield #48 // Item.value

130: 1iadd

131: 1istore 8




110:
111:
112:
115:
116:
118:
120:
123:
124:
125:
127:
130:
131:
133:

aload_3
arraylength
i1f_1icmpge
aload_2
1load
aload
getfield
isub
iaload
aload
getfield
i1add
istore
aload_3

154

7
6
#47 // Item.weight

6
#48 // Item.value

System.arraycopy(prev, 0, next, 0, prev.length);

for (var w = item.weight; w < next.length; w+) {
var v = prev[lw - item.weight] + item.value;
if (next[w] < v) next[w] = v;

}

var tmp = next;

next = prev;

prev = tmp;

item.weight

w

prev

34



111:
112:
115:
116:
118:
120:
123:
124:
125:
127:
130:
131:
133:
134:

arraylength
i1f_1icmpge
aload_2
1load
aload
getfield
isub
i1aload
aload
getfield
i1add
istore
aload_3
1load

154

7
6

#47 // Item.weight

6

#48 // Item.value

8

System.arraycopy(prev, 0, next, 0, prev.length);

for (var w = item.weight; w < next.length; w+) {
var v = prev[lw - item.weight] + item.value;
if (next[w] < v) next[w] = v;

}

var tmp = next;

next = prev;

prev = tmp;

w-i1tem.weight

prev

34



115:
116:
118:
120:
123:
124:
125:
127:
130:
131:
133:
134:
136:
137:

aload_2
1load
aload
getfield
isub
i1aload
aload
getfield
i1add
istore
aload_3
1load
iaload
1load

System.arraycopy(prev, 0, next, 0, prev.length);
for (var w = item.weight; w < next.length; w+) {
var v = prev[lw - item.weight] + item.value;
7 if (next[w] < v) next[w] = v;
}
6 var tmp = next;
next = prev;

#47 // Item.weighi prev - tmp;

6
#48 // Item.value

8

prevl[..]

34



System.arraycopy(prev, 0, next, 0, prev.length);
for (var w = item.weight; w < next.length; w+) {

118: aload 6 var v = prev[w - item.weight] + item.value;
120: getfield #47 // Ttem.weight, f (exthvl<v)nextlvl=vi
123: 1isub var tmp = next;
next = prev;
124: 1taload prev = tmp;
125: aload 6
127: getfield #48 // Item.value
130: 1iadd
131: 1istore 8
133: aload_3
134: 1iload 7
136: 1iaload
137: 1iload 8
139: if_1icmpge 148 item.value

142: aload_3
prevl[..]

34



System.arraycopy(prev, 0, next, 0, prev.length);
for (var w = item.weight; w < next.length; w+) {

124: 1taload var v = prev[w - item.weight] + item.value;
125: aload 6 ) if (next[w] < v) next[w] = v;
127: getfield #48 // Item.value P e

130: iadd prev = tmp;

131: 1istore 8

133: aload_3

134: 1iload 7

136: 1iaload

137: 1iload 8

139: if_1icmpge 148

142: aload_3

143: 1iload 7

145: iload 8

147: iastore




125:
127:
130:
131:
133:
134:
136:
137:
139:
142:
143:
145:
147:
148:

aload
getfield
i1add
istore
aload_3
1load
iaload
1load
i1f_1icmpge
aload_3
1load
1load
iastore
iinc

6
#48 // Item.value

8

System.arraycopy(prev, 0, next, 0, prev.length);

for (var w = item.weight; w < next.length; w+) {
var v = prev[lw - item.weight] + item.value;
if (next[w] < v) next[w] = v;

}

var tmp = next;

next = prev;

prev = tmp;

next[w]

34



127:
130:
131:
133:
134:
136:
137:
139:
142:
143:
145:
147:
148:
151:

getfield
i1add
istore
aload_3
1load
i1aload
1load
i1f_1icmpge
aload_3
1load
1load
iastore
iinc
goto

#48 // Item.value

System.arraycopy(prev, 0, next, 0, prev.length);

for (var w = item.weight; w < next.length; w+) {
var v = prev[lw - item.weight] + item.value;
if (next[w] < v) next[w] = v;

}

var tmp = next;

next = prev;

prev = tmp;

Vv

next[w]
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System.arraycopy(prev, 0, next, 0, prev.length);
for (var w = item.weight; w < next.length; w+) {

113338 aload_3 var v = prev[w - item.weight] + item.value;
134: iload 7 ) if (next[w] < v) next[w] = v;
136: iaload var tmp = next;
next = prev;
137: 1iload 8 prev = tmp;
139: if_icmpge 148
142: aload_3
143: 1iload 7
145: 1load 8
147: iastore
148: 1iinc 7, 1
151: goto 108
154: aload_3
155: astore 8

157: aload_2




134:
136:
137:
139:
142:
143:
145:
147 :
148:
151:
154:
155:
157:
158:

1load
i1aload
1load
i1f_1icmpge
aload_3
1load
1load
iastore
iinc
goto
aload_3
astore
aload 2
astore_3

System.arraycopy(prev, 0, next, 0, prev.length);
for (var w = item.weight; w < next.length; w+) {
7 var v = prev[lw - item.weight] + item.value;
if (next[w] < v) next[w] = v;

}
8 var tmp = next;
next = prev;
148 prev = tmp;
7
8
7, d
108
8 \%
w
next

34



System.arraycopy(prev, 0, next, 0, prev.length);
for (var w = item.weight; w < next.length; w+) {

137: 1iload 8 var v = prev[w - item.weight] + item.value;
139: if_icmpge 148 ) if (next[w] < v) next[w] = v;
142: aload_3 var tmp = next;
next = prev;
143: 1iload 7 prev = tmp;
145: 1iload 8
147: iastore
148: 1iinc 7, 1
151: goto 108
154: aload_3
155: astore 8

157: aload_2

158: astore_3

159: aload 8
161: astore_2




System.arraycopy(prev, 0, next, 0, prev.length);
for (var w = item.weight; w < next.length; w+) {

139: if_icmpge 148 var v = prev[w - item.weight] + item.value;
0 if (next[w] ) tlw] = v;
142 : a'l_oad_3 ) i next[w] < v) next[w \Y
143: 1load 7 var tmp = next;
. next = prev;
145: 1load 8 prev = tmp;
147: iastore
148: 1iinc 7, 1
151: goto 108
154: aload_3
155: astore 8

157: aload_2

158: astore_3

159: aload 8
161: astore_2




public int solve(scala.collection.immutable.Seq<y.Item>, int);

[...]
97:
98:

103:

104:

109:

110:

111:

113:

118:

[...]

aload_1

invokeinterface #177, 1 // Seq.iterator
iconst_1

invokeinterface #183, 2 // Iterator.drop
aload_0

aload_3

aload 4

invokedynamic #195, 0 // #2
invokeinterface #199, 2 // Iterator.foreach
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aload_1
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aload_0

aload_3

aload 4

invokedynamic #195, 0 // #2
invokeinterface #199, 2 // Iterator.foreach
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public int solve(scala.collection.immutable.Seq<y.Item>, int);

[...
97:
98:

103:

104:

109:

110:

111:

113:

118:

[...

aload_1

invokeinterface #177, 1 // Seq.iterator
iconst_1

invokeinterface #183, 2 // Iterator.drop
aload_0

aload_3

aload 4

invokedynamic #195, 0 // #2
invokeinterface #199, 2 // Iterator.foreach

items.iterator
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public int solve(scala.collection.immutable.Seq<y.Item>, int);

[...
97:
98:

103:

104:

109:

110:

111:

113:

118:

[...

aload_1

invokeinterface #177, 1 // Seq.iterator
iconst_1

invokeinterface #183, 2 // Iterator.drop
aload_0

aload_3

aload 4

invokedynamic #195, 0 // #2
invokeinterface #199, 2 // Iterator.foreach

1

items.iterator
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public int solve(scala.collection.immutable.Seq<y.Item>, int);
[...]

97: aload_1

98: invokeinterface #177, 1 // Seq.iterator

103: 1iconst_1

104: invokeinterface #183, 2 // Iterator.drop

109: aload_0
110: aload_3
111: aload 4

113: 1invokedynamic #195, 0 // #2
118: 1invokeinterface #199, 2 // Iterator.foreach

[...]

iterator
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public int solve(scala.collection.immutable.Seq<y.Item>, int);
[...]

97: aload_1

98: invokeinterface #177, 1 // Seq.iterator

103: 1iconst_1

104: invokeinterface #183, 2 // Iterator.drop

109: aload_0
110: aload_3
111: aload 4

113: 1invokedynamic #195, 0 // #2
118: 1invokeinterface #199, 2 // Iterator.foreach

[...]

<calling class>

iterator




98:
103:
104:
109:
110:
111:
113:
118:

invokeinterface #177, 1 // Seq.iterator

iconst_1

invokeinterface #183, 2 // Iterator.drop
aload_0

aload_3

aload 4

invokedynamic #195, 0 // #2
invokeinterface #199, 2 // Iterator.foreach

?2: ObjectRef

?1: ObjectRef

<calling class>

iterator
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98:
103:
104:
109:
110:
111:
113:
118:

invokeinterface #177, 1 // Seq.iterator

iconst_1

invokeinterface #183, 2 // Iterator.drop
aload_0

aload_3

aload 4

invokedynamic #195, 0 // #2
invokeinterface #199, 2 // Iterator.foreach

?3: Functionl

iterator
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98:
103:
104:
109:
110:
111:
113:
118:

invokeinterface #177, 1 // Seq.iterator
iconst_1

invokeinterface #183, 2 // Iterator.drop
aload_0

aload_3

aload 4

invokedynamic #195, 0 // #2
invokeinterface #199, 2 // Iterator.foreach

void
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Array.copy(prev, 0, next, 0, prev.length)
var w = item.weight

private final void solve$$anonfun$i while w < next.length do
0: getstatic #115 // Array$.MODULE$ 12! v - prev(n - itemueisht) o item.vaiue
3: aload_1 D oS d
4: getfield #166 // ObjectRef.elem ZiﬁTlgT“
7: checkcast #146 // class "[I" prev =t

10: iconst_0

11: aload_2

12: getfield #166 // ObjectRef.elem

15: checkcast #146 // class "[I"

18: 1iconst_0

19: aload_1

20: getfield #166 // ObjectRef.elem

23: checkcast #146 // class "[I"

26: arraylength
27: invokevirtual #224 // Array$.copy

36



Array.copy(prev, 0, next, 0, prev.length)
var w = item.weight

private final void solve$$anonfun$i while w < next.length do
0: getstatic #115 // Array$.MODULE$ 12! v - prev(w - itemueichi) o item.vaiue
3: aload_1 D oS d
4: getfield #166 // ObjectRef.elem ZiﬁTlgT“
7: checkcast #146 // class "[I" prev =t

10: iconst_0

11: aload_2

12: getfield #166 // ObjectRef.elem

15: checkcast #146 // class "[I"

18: 1iconst_0

19: aload_1

20: getfield #166 // ObjectRef.elem

23: checkcast #146 // class "[I"

26: arraylength
27: invokevirtual #224 // Array$.copy
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Array.copy(prev, 0, next, 0, prev.length)
var w = item.weight

private final void solve$$anonfun$i while w < next.length do
0: getstatic #115 // Array$.MODULE$ 12! v - prev(n - itemueisht) o item.vaiue
3: aload_1 D oS d
4: getfield #166 // ObjectRef.elem ZiﬁTlgT“
7: checkcast #146 // class "[I" prev =t
10: iconst_0
11: aload_2
12: getfield #166 // ObjectRef.elem
15: checkcast #146 // class "[I"
18: 1iconst_0
19: aload_1
20: getfield #166 // ObjectRef.elem
23: checkcast #146 // class "[I"
26: arraylength
27: invokevirtual #224 // Array$.copy Array$
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private final void solve$$anonfun$l

0:
Y

4:

7 &
10:
11:
12:
15:
18:
19:
20:
A3} &
26:
27:

getstatic #115 // Array$.MODULE$
aload_1

getfield #166 // ObjectRef.elem
checkcast #146 // class "[I"
iconst_0

aload_2

getfield #166 // ObjectRef.elem
checkcast #146 // class "[I"
iconst_0

aload_1

getfield #166 // ObjectRef.elem
checkcast #146 // class "[I"
arraylength

invokevirtual #224 // Array$.copy

Array.copy(prev, 0, next, 0, prev.length)
var w = item.weight
while w < next.length do
val v = prev(w - item.weight) + item.value
if next(w) < v then next(w) = v
w += 1
val tmp = next
next = prev
prev = tmp

?1: ObjectRef

Array$
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Array.copy(prev, 0, next, 0, prev.length)
var w = item.weight

private final void solve$$anonfun$i while w < next.length do
0: getstatic #115 // Array$.MODULE$ 12! v - prev(n - itemueisht) o item.vaiue
3: aload_1 D oS d
4: getfield #166 // ObjectRef.elem ZiﬁTlgT“
7: checkcast #146 // class "[I" prev = tme
10: iconst_0
11: aload_2
12: getfield #166 // ObjectRef.elem
15: checkcast #146 // class "[I"
18: 1iconst_0
19: aload_1
20: getfield #166 // ObjectRef.elem
23: checkcast #146 // class "[I" 21.elem
26: arraylength
27: invokevirtual #224 // Array$.copy Array$

36



private final void solve$$anonfun$l
#115 // Array$.MODULE$

0:
Y
4:
7 &
10:
11:
12:
15:
18:
19:
20:
A3} &
26:
27:

getstatic
aload_1
getfield
checkcast
iconst_0
aload_2
getfield
checkcast
iconst_0
aload_1
getfield
checkcast
arraylength

#166
#146

#166
#146

#166
#146

invokevirtual #224

//
//

//
//

//
/!

//

ObjectRef.elem
class "[I"

ObjectRef.elem
class "[I"

ObjectRef.elem
class "[I"

Array$.copy

Array.copy(prev, 0, next, 0, prev.length)
var w = item.weight
while w < next.length do
val v = prev(w - item.weight) + item.value
if next(w) < v then next(w) = v
w += 1
val tmp = next
next = prev
prev = tmp

?1.elem: [int]

Array$
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private final void solve$$anonfun$l
#115 // Array$.MODULE$

0:
Y
4:
7 &
10:
11:
12:
15:
18:
19:
20:
A3} &
26:
27:

getstatic
aload_1
getfield
checkcast
iconst_0
aload_2
getfield
checkcast
iconst_0
aload_1
getfield
checkcast
arraylength

#166
#146

#166
#146

#166
#146

invokevirtual #224

//
//

//
//

//
/!

//

ObjectRef.elem
class "[I"

ObjectRef.elem
class "[I"

ObjectRef.elem
class "[I"

Array$.copy

Array.copy(prev, 0, next, 0, prev.length)
var w = item.weight
while w < next.length do
val v = prev(w - item.weight) + item.value
if next(w) < v then next(w) = v
w += 1
val tmp = next
next = prev
prev = tmp

0

?1.elem: [int]

Array$

36



Array.copy(prev, 0, next, 0, prev.length)
var w = item.weight

private final void solve$$anonfun$i while w < next.length do
0: getstatic #115 // Array$.MODULE$ 12! v - prev(n - itemueisht) o item.vaiue
3: aload_1 D oS d
4: getfield #166 // ObjectRef.elem ZiﬁTlgT“
7: checkcast #146 // class "[I" prev =t
10: iconst_0
11: aload_2
12: getfield #166 // ObjectRef.elem
15: checkcast #146 // class "[I"
18: iconst_0 ?2.elem: [int]
19: aload_1
20: getfield #166 // ObjectRef.elem 0
23: checkcast #146 // class "[I" ?1.elem: [int]
26: arraylength
27: invokevirtual #224 // Array$.copy Array$

36



Array.copy(prev, 0, next, 0, prev.length)
var w = item.weight

private final void solve$$anonfun$i while w < next.length do

0: getstatic #115 // Array$.MODULE$ 12! v - prev(n - itemueisht) o item.vaiue
3: aload_1 D oS d

4: getfield #166 // ObjectRef.elem ZiﬁTlgT“

7: checkcast #146 // class "[I" prev =t

10: iconst_0

11: aload_2

12: getfield #166 // ObjectRef.elem 0
15: checkcast #146 // class "[I"

18: iconst_0 next
19: aload_1
20: getfield #166 // ObjectRef.elem 0
23: checkcast #146 // class "[I" prev
26: arraylength
27: invokevirtual #224 // Array$.copy Array$

36



Array.copy(prev, 0, next, 0, prev.length)
var w = item.weight

private final void solve$$anonfun$i while w < next.length do

0: getstatic #115 // Array$.MODULE$ 12! v - prev(n - itemueisht) o item.vaiue
3: aload_1 D oS d

4: getfield #166 // ObjectRef.elem ZiﬁTlgT“

7: checkcast #146 // class "[I" prev =t

10: iconst_0 prev
11: aload_2

12: getfield #166 // ObjectRef.elem 0
15: checkcast #146 // class "[I"

18: 1iconst_0 next
19: aload_1
20: getfield #166 // ObjectRef.elem 0
23: checkcast #146 // class "[I" prev
26: arraylength
27: invokevirtual #224 // Array$.copy Array$
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Array.copy(prev, 0, next, 0, prev.length)
var w = item.weight

private final void solve$$anonfun$i while w < next.length do
0: getstatic #115 // Array$.MODULE$ 12! v - prev(n - itemueisht) o item.vaiue
3: aload_1 D oS d
4: getfield #166 // ObjectRef.elem ZiﬁTlgT“
7: checkcast #146 // class "[I" prev =t
10: iconst_0
11: aload_2 prev.length
12: getfield #166 // ObjectRef.elem 0
15: checkcast #146 // class "[I"
18: 1iconst_0 next
19: aload_1
20: getfield #166 // ObjectRef.elem 0
23: checkcast #146 // class "[I" prev
26: arraylength
27: invokevirtual #224 // Array$.copy Array$
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Array.copy(prev, 0, next, 0, prev.length)
var w = item.weight

private final void solve$$anonfun$i while w < next.length do
0: getstatic #115 // Array$.MODULE$ 12! v - prev(n - itemueisht) o item.vaiue
3: aload_1 D oS d
4: getfield #166 // ObjectRef.elem ZiﬁTlgT“
7: checkcast #146 // class "[I" prev =t

10: iconst_0

11: aload_2

12: getfield #166 // ObjectRef.elem

15: checkcast #146 // class "[I"

18: 1iconst_0

19: aload_1

20: getfield #166 // ObjectRef.elem

23: checkcast #146 // class "[I"

26: arraylength

27: invokevirtual #224 // Array$.copy void

36



Array.copy(prev, 0, next, 0, prev.length)
var w = item.weight

private final void solve$$anonfun$i while w < next.length do
0: getstatic #115 // Array$.MODULE$ 12! v - prev(n - itemueisht) o item.vaiue
3: aload_1 D oS d
4: getfield #166 // ObjectRef.elem ZiﬁTlgT“
7: checkcast #146 // class "[I" prev =t

10: iconst_0

11: aload_2

12: getfield #166 // ObjectRef.elem

15: checkcast #146 // class "[I"

18: 1iconst_0

19: aload_1

20: getfield #166 // ObjectRef.elem

23: checkcast #146 // class "[I"

26: arraylength
27: invokevirtual #224 // Array$.copy
[...]
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Wir probieren da mal was aus...

static class Box<T> {
public T elem;
public Box(T elem) {
this.elem = elem;

}

37



Wir probieren da mal was aus...

static class Box<T> {
public T elem;
public Box(T elem) {
this.elem = elem;

}

var prev = new Box<>(new int[weight + 1]);
var next = new Box<>(new int[weight + 1]);
[...]1 // initialization
var iter = items.iterator();
iter.next();
iter.forEachRemaining(item — {

[...]1 // inner loop
});
return prev.elem[weight];
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Wir probieren da mal was aus...

static class Box<T> {
public T elem;
public Box(T elem) {
this.elem = elem;

}

var prev = new Box<>(new int[weight + 1]);
var next = new Box<>(new int[weight + 1]);
[...]1 // initialization
var iter = items.iterator();
iter.next();
iter.forEachRemaining(item — {
[...]1 // inner loop
});

return prev.elem[weight];

12
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Instanzgrofie n 30 100 1K 10K 100K
Scala naive 1.15s
Scala memoized 230ms 267 ms SO
Scala memoized TCO 273ms  2.30s O0OM
Scala pure 348ms  7.89s =13 min
Scala imperative 437 ms 24.0s
Java 636 ms 58.8s
Java w/ box trick
Node.js 957 ms 83.2s
Python3 96.8s a
Pypy3 2.48s  =6min
Rust (safe) 300 ms 28.1s

Thomas' C++ 212 ms 14.2s
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Instanzgrofie n 30 100 1K 10K 100K
Scala naive 1.15s
Scala memoized 230ms 267 ms SO
Scala memoized TCO 273ms  2.30s O0OM

Scala pure 348ms  7.89s =13 min

Scala imperative 437 ms 24.0s

Java 636 ms 58.8s

Java w/ box trick 335ms 24.0s

Node.js 957 ms 83.2s

Python3 96.8s a

Pypy3 2.48s  =6min

Rust (safe) 300 ms 28.1s

Thomas' C++ 212 ms 14.2s
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Zwei Fragen bleiben

Warum war Java langsamer als Scala?

[Warum war Rust (so viel) langsamer als C++?]

39



32K Icache
(8-Way)

FLOAT

2 loads + 1 store pe
cycle

I Floating Point Rename I

Scheduler

32K Dcache
(8-Way)

Load/Store Queues

512K L2 (1+D)
Cache
(8-Way)

Mike Clark

Next Horizon: Gaming Tech Day, © AMD 2019



Performance Counter

#> perf stat ./a.out < ../sample-n50k.1in

40



Performance Counter

#> perf stat ./a.out < ../sample-n50k.1in

5.524,94 msec task-clock

24.777.555.
127.093.
20.309.710.
18.390.846.
3.560.017.
796.

18
4
715
856
786
125
417
361
256

context-switches
cpu-migrations
page-faults
cycles
stalled-cycles-frontend #
stalled-cycles-backend #

BT O O ¥ OB

instructions #
branches #
branch-misses #

5,525497441 seconds time elapsed

1,000
3,258
0,724

129,413
4,485
0,51%

81,97%
0,74

64l ,354

0,02%

CPUs utilized
/sec

/sec

/sec

GHz

idle

idle

insn per cycle
M/sec

of all branches
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instructions

ipc

fle idle

b/e idle

branches

misses

C++

1.84 x 1010

0.74

0.51%

81.97 %

3.56 x 10°

7.96 x 10°
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instructions ipc f/eidle b/eidle branches misses
C++ 184x10"° 074 051% 81.97% 3.56x10° 7.96 x 10°
Rust 1.87x10" 0.58 0.08% 87.47% 1.98 x10° 5.47 x 10°
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instructions ipc f/eidle b/eidle branches misses
C++ 184x10"° 074 051% 81.97% 3.56x10° 7.96 x 10°
Rust 1.87x10" 0.58 0.08% 87.47% 1.98 x10° 5.47 x 10°
Scala 1.03x 10" 3.58 0.64% 34.98% 1.84x 10" 2.98 x 10’
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instructions ipc f/eidle b/eidle branches misses
C++ 184x10"° 074 051% 81.97% 3.56x10° 7.96 x 10°
Rust 1.87x10" 0.58 0.08% 87.47% 1.98 x10° 5.47 x 10°
Scala 1.03x 10" 3.58 0.64% 34.98% 1.84x 10" 2.98 x 10’
Rust! 1.63x 10" 420 0.02% 67.35% 3.75x 109 5.16 x 10°

Tohne den memcpy-Trick

41



Acht auf einen Streich




Problem: Wir verwenden zu viel Zeit darauf, Daten zu laden
und Befehle zu dekodieren.



Problem: Wir verwenden zu viel Zeit darauf, Daten zu laden
und Befehle zu dekodieren.

Losung: Wir laden viele Daten auf einmal und rechnen auf
Blocken statt auf einzelnen Eintragen.



Spielregeln

- 32-bit integers pro Tabelleneintrag

42



Spielregeln

- 32-bit integers pro Tabelleneintrag
- -march=native oder aquivalent

42



Algorithmus fiir einen 4x Vektorprozessor

Initialisierung wie bei der klassichen Variante

e | | L PP

next

43



Algorithmus fiir einen 4x Vektorprozessor

e 0y L PP

next VvV
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Algorithmus fiir einen 4x Vektorprozessor

next | v | v |v|(_max )

43



Algorithmus fiir einen 4x Vektorprozessor

next |v|v|v|v|v|v|v] ( max )
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Algorithmus fiir einen 4x Vektorprozessor

next |v |V |V |V I VIV IV |V IV I IV V]|?]7?

< 4

43



Algorithmus fiir einen 4x Vektorprozessor

next |v |V |V |V I V|V I V|V |V |V ]|V |maX
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Algorithmus fiir einen 4x Vektorprozessor

next | v (v |V |V I VIV I IV |V IV I V]V

43



Algorithmus fiir einen 4x Vektorprozessor

next |v|v|v v iviviv|iv|v]|v|v| ( max ]

43



Algorithmus fiir einen 4x Vektorprozessor

next | v (v |V |V IV IVI IV I|IVIVI IV IV IV |V I|VI|V

result
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Algorithmus fiir einen 4x Vektorprozessor

43
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- ilwlwlvilvilwlwlw] + e
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- ilwlwlvilvilwlwlw] + e

pub unsafe fn _mm256_setl_epi32(a: 132) — __m2561
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- ilwlwlvilvilwlwlw] + e

pub unsafe fn _mm256_setl_epi32(a: 132) — __m2561

pub unsafe fn _mm256_add_epi32(a: __m2561, b: _ m2561) — _ m2561

44



- ilwlwlvilvilwlwlw] + e

pub unsafe fn _mm256_setl_epi32(a: 132) — __m2561

pub unsafe fn _mm256_add_epi32(a: __m2561, b: _ m2561) — _ m2561

max
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- ilwlwlvilvilwlwlw] + e

pub unsafe fn _mm256_setl_epi32(a: 132) — __m2561

pub unsafe fn _mm256_add_epi32(a: __m2561, b: _ m2561) — _ m2561

max

pub unsafe fn _mm256_max_epu32(a: __m2561, b: __m2561) — _ _m2561

44



- ilwlwlvilvilwlwlw] + e

pub unsafe fn _mm256_setl_epi32(a: 132) — __m2561

pub unsafe fn _mm256_add_epi32(a: __m2561, b: _ m2561) — _ m2561

max

pub unsafe fn _mm256_max_epu32(a: __m2561, b: __m2561) — _ _m2561

pub unsafe fn _mm256_loadu_si256(mem_addr: *const _ m2561) — _ m2561i
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- ilwlwlvilvilwlwlw] + e

pub unsafe fn _mm256_setl_epi32(a: 132) — __m2561

pub unsafe fn _mm256_add_epi32(a: __m2561, b: _ m2561) — _ m2561

max

pub unsafe fn _mm256_max_epu32(a: __m2561, b: __m2561) — _ _m2561

pub unsafe fn _mm256_loadu_si256(mem_addr: *const _ m2561) — _ m2561i

pub unsafe fn _mm256_storeu_si256(mem_addr: xmut _ m2561, a: __m2561)

44



AVX Befehle, die mit dem Arbeitsspeicher interagieren, haben eine aligned und
eine unaligned Variante. Erstere ist meist deutlich schneller.

45



AVX Befehle, die mit dem Arbeitsspeicher interagieren, haben eine aligned und
eine unaligned Variante. Erstere ist meist deutlich schneller.

aligned = pointer % sizeof(vec_t) = 0;
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AVX Befehle, die mit dem Arbeitsspeicher interagieren, haben eine aligned und
eine unaligned Variante. Erstere ist meist deutlich schneller.

aligned = pointer % sizeof(vec_t) = 0;
In modernen Sprachen kann man das auch ohne Pointer-Arithmetik rausfinden.

45



Algorithmus fiir einen 4x Vektorprozessor

Mit korrektem Alignment (zumindest fiir die Schreibzugriffe)

rev | | LI LT

next

T

aligned
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Algorithmus fiir einen 4x Vektorprozessor

Mit korrektem Alignment (zumindest fiir die Schreibzugriffe)

e [y L PP T

next VvV

T

aligned
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Algorithmus fiir einen 4x Vektorprozessor

Mit korrektem Alignment (zumindest fiir die Schreibzugriffe)

Wi
—

oror [ I [T T T T T 1]

JFV/'

next v | v | v [max

T T

aligned aligned
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Algorithmus fiir einen 4x Vektorprozessor

Mit korrektem Alignment (zumindest fiir die Schreibzugriffe)

Wi
—

SN ENENEEEEEEN

+V/'

next VI iVvIvI|VY I;wax
T T

aligned aligned

46



Algorithmus fiir einen 4x Vektorprozessor

Mit korrektem Alignment (zumindest fiir die Schreibzugriffe)

next VIV V|V |VY max
aligned aligned aligned
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Algorithmus fiir einen 4x Vektorprozessor

Mit korrektem Alignment (zumindest fiir die Schreibzugriffe)

SN EEEEECCRNN
1 1 ! 1 : - - I:J\V/I\

next |v|v|v| v v]|v|v]|v]|Vv
T T I

aligned aligned aligned

Wi
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Algorithmus fiir einen 4x Vektorprozessor

Mit korrektem Alignment (zumindest fiir die Schreibzugriffe)

next |v |V |V |V IV IV I IV IV IV IV |V I|VIV

aligned aligned aligned \ result
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Initialisierung mit Padding:

let (mut next, mut prev) = (vec![0; weight + 8], vec![0; weight + 81);
let head = &items[0];
if head.weight < weight {

prev[head.weight .. ].fill(head.value);

}

47



Initialisierung mit Padding:

let (mut next, mut prev) = (vec![0; weight + 8], vec![0; weight + 81);
let head = &items[0];
if head.weight < weight {
prev[head.weight .. ].fill(head.value);
}

Fur die Eintrage zwischen w; und dem ersten Eintrag mit korrektem Alignment
brauchen wir die innere Schleife einmal in nicht-vektorisiert:

fn fallback(mut w: usize, stop: usize, item: &Item,
prev: &[u32], next: &mut [u32]) {
while w < stop {
let take = prev[w - item.weight] + item.value;
next[w] = take.max(prev[w]);
w += 1;

47



AuRere Schleife: Ein Durchlauf pro Item, neues next ausrechnen,
prev und next tauschen

48



AuRere Schleife: Ein Durchlauf pro Item, neues next ausrechnen,
prev und next tauschen

for item in items.iter().skip(1) {
let w = item.weight;
if w > weight {
continue;
}

next[ ..w].copy_from_slice(&prev[..w]);

48



AuRere Schleife: Ein Durchlauf pro Item, neues next ausrechnen,
prev und next tauschen

for item in items.iter().skip(1) {
let w = item.weight;
if w > weight {
continue;

}

next[ ..w].copy_from_slice(&prev[..w]);

unsafe {
let mut prev_ptr: xconst u32 = prev.as_ptr();
let mut next_ptr: *mut u32 = next.as_mut_ptr().add(w);

let offset = next_ptr.align_offset(align_of::<_ m2561>());
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AuRere Schleife: Ein Durchlauf pro Item, neues next ausrechnen,
prev und next tauschen

for item in items.iter().skip(1) {
let w = item.weight;
if w > weight {
continue;

}

next[ ..w].copy_from_slice(&prev[..w]);

unsafe {
let mut prev_ptr: xconst u32 = prev.as_ptr();
let mut next_ptr: *mut u32 = next.as_mut_ptr().add(w);

let offset = next_ptr.align_offset(align_of::<_ m2561>());

//
}

std::mem:: swap(&mut next, &mut prev);

}

prev[weight] 48



let mut prev_ptr: xconst u32 = prev.as_ptr();
let mut next_ptr: *mut u32 = next.as_mut_ptr().add(w);
let offset = next_ptr.align_offset(align_of::<_ m2561>());



let mut prev_ptr: xconst u32 = prev.as_ptr();
let mut next_ptr: *mut u32 = next.as_mut_ptr().add(w);
let offset = next_ptr.align_offset(align_of::<_ m2561>());

if w + offset > next.len() {
fallback(w, next.len(), item, &prev, &mut next);
} else {
fallback(w, w + offset + 1, item, &prev, &mut next);
prev_ptr = prev_ptr.add(offset);
next_ptr = next_ptr.add(offset);
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let mut prev_ptr: xconst u32 = prev.as_ptr();
let mut next_ptr: *mut u32 = next.as_mut_ptr().add(w);
let offset = next_ptr.align_offset(align_of::<_ m2561>());

if w + offset > next.len() {
fallback(w, next.len(), item, &prev, &mut next);
} else {
fallback(w, w + offset + 1, item, &prev, &mut next);
prev_ptr = prev_ptr.add(offset);
next_ptr = next_ptr.add(offset);

for _ in 0..(weight - w - offset + 8) / 8 {

let dont_take = _mm256_loadu_si256(prev_ptr.add(w).cast());

let take = _mm256_add_epi32(
_mm256_loadu_si256(prev_ptr.cast()),
_mm256_set1_epi32(item.value as 132),

iE

_mm256_store_si256(next_ptr.cast(),

_mm256_max_epu32(dont_take, take));
prev_ptr = prev_ptr.add(8);
next_ptr = next_ptr.add(8);
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let mut prev_ptr: xconst u32 = prev.as_ptr();
let mut next_ptr: *mut u32 = next.as_mut_ptr().add(w);
let offset = next_ptr.align_offset(align_of::<_ m2561>());

if w + offset > next.len() {
fallback(w, next.len(), item, &prev, &mut next);
} else {
fallback(w, w + offset + 1, item, &prev, &mut next);
prev_ptr = prev_ptr.add(offset);
next_ptr = next_ptr.add(offset);

for _ in 0..(weight - w - offset + 8) / 8 {

let dont_take = _mm256_loadu_si256(prev_ptr.add(w).cast());

let take = _mm256_add_epi32(
_mm256_loadu_si256(prev_ptr.cast()),
_mm256_set1_epi32(item.value as 132),

iE

_mm256_store_si256(next_ptr.cast(),

_mm256_max_epu32(dont_take, take));

prev_ptr = prev_ptr.add(8); Q

next_ptr = next_ptr.add(8);



Instanzgrofie n 30 100 1K 10K 100K
Scala naive 1.15s
Scala memoized 230ms 267 ms SO
Scala memoized TCO 273ms  2.30s O0OM

Scala pure 348ms  7.89s =13 min

Scala imperative 437 ms 24.0s

Java 636 ms 58.8s

Java w/ box trick 335ms 24.0s

Node.js 957 ms 83.2s

Python3 96.8s a

Pypy3 2.48s  =6min

Rust (safe) 300 ms 28.1s

Thomas' C++ 212 ms 14.2s

Rust AVX aligned
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Instanzgrofie n 30 100 1K 10K 100K
Scala naive 1.15s
Scala memoized 230ms 267 ms SO
Scala memoized TCO 273ms  2.30s O0OM

Scala pure 348ms  7.89s =13 min

Scala imperative 437 ms 24.0s

Java 636 ms 58.8s

Java w/ box trick 335ms 24.0s

Node.js 957 ms 83.2s

Python3 96.8s a

Pypy3 2.48s  =6min

Rust (safe) 300 ms 28.1s

Thomas' C++ 212 ms 14.2s

Rust AVX aligned 43 ms 4365
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instructions ipc f/eidle b/eidle branches misses
C++ 1.84x10"0 074 051% 81.97% 3.56x10° 7.96 x 10°
Rust 1.87x10 058 0.08% 87.47% 1.98 x10° 5.47 x 10°
Scala 1.03x10" 358 0.64% 34.98% 1.84x10"0 2.98 x 10’
Rust' 1.63x10" 420 0.02% 6735% 3.75x10"° 5.16 x 10°
Rust? 1.25x10" 260 0.04% 61.51% 157 x10° 2.48 x 10°

Tohne den memcpy-Trick

Zmit AVX



safe and fast - pick two!

fn solve(items: &[Item], weight: usize) — u32 {

// initialization...
for item in items.iter().skip(1) {

if item.weight < next.len() {

inner(&mut prev, &mut next, item)

}
}
prev[weight]
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safe and fast - pick two!

fn solve(items: &[Item], weight: usize) — u32 {
// initialization...
for item in items.iter().skip(1) {
if item.weight < next.len() {
inner(&mut prev, &mut next, item)
}
}
prev[weight]
}
fn inner<'a>(prev: &mut &'a mut [u32], next: &mut &'a mut [u32], item: &Item) {
let mut w = item.weight;
next[ ..w].copy_from_slice(&prev[ ..w]);
while w < next.len() {
let take = prev[w - item.weight] + item.value;
next[w] = take.max(prev[w]);
w += 1;
}

std::mem:: swap(next, prev);
52



safe and fast - pick two!

$> RUSTFLAGS="-C target-cpu=native" cargo build --release

52
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Scala naive 1.15s
Scala memoized 230ms 267 ms SO
Scala memoized TCO 273ms  2.30s O0OM
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Scala imperative 437 ms 24.0s

Java 636 ms 58.8s

Java w/ box trick 335ms 24.0s

Node.js 957 ms 83.2s

Python3 96.8s a
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Rust AVX aligned 43 ms 4365
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safe and fast - pick two!

fn solve(items: &[Item], weight: usize) — u32 {
// initialization...
for item in items.iter().skip(1) {
if item.weight < next.len() {
inner(&mut prev, &mut next, item)
}
}
prev[weight]
}
fn inner<'a>(prev: &mut &'a mut [u32], next: &mut &'a mut [u32], item: &Item) {
let mut w = item.weight;
next[ ..w].copy_from_slice(&prev[ ..w]);
while w < next.len() {
let take = prev[w - item.weight] + item.value;
next[w] = take.max(prev[w]);
w += 1;

}
std::mem:: swap(next, prev); /

54



instructions ipc f/eidle b/eidle branches misses
C++ 1.84x10"0 074 051% 81.97% 3.56x10° 7.96 x 10°
Rust 1.87x10 058 0.08% 87.47% 1.98 x10° 5.47 x 10°
Scala 1.03x10" 358 0.64% 34.98% 1.84x10"0 2.98 x 10’
Rust' 1.63x10" 420 0.02% 6735% 3.75x10"° 5.16 x 10°
Rust? 1.25x10" 260 0.04% 61.51% 157 x10° 2.48 x 10°
Rust®  9.42x10° 189 1.61% 60.94% 157 x10° 2.65x 10°

Tohne den memcpy-Trick

Zmit AVX

*mit Auto-Vektorisierung



Bonus: Latenz vs. Durchsatz
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Instanzgrofie n 30 100 1K 10K 100K
Scala naive 1.15s
Scala memoized 230ms 267 ms SO
Scala memoized TCO 273ms  2.30s O0OM

Scala pure 153 ms 348 ms 7.89s =13 min

Scala imperative 437 ms 24.0s

Java 636 ms 58.8s

Java w/ box trick 335ms 24.0s

Node.js 957 ms 83.2s

Python3 96.8s a

Pypy3 2.48s  =6min

Rust (safe) 300 ms 28.1s

Thomas' C++ 212 ms 14.2s

Rust AVX aligned 43 ms 4365

Rust autovectorized 44'ms 4555 56



Instanzgrofie n 30 100 1K 10K 100K
Scala naive 1.15s
Scala memoized 230ms 267 ms SO
Scala memoized TCO 273ms  2.30s O0OM

Scala pure 153 ms 348 ms 7.89s =13 min

Scala imperative 142 ms 437 ms 24.0s

Java 636 ms 58.8s

Java w/ box trick 335ms 24.0s

Node.js 957 ms 83.2s

Python3 96.8s a

Pypy3 2.48s  =6min

Rust (safe) 300 ms 28.1s

Thomas' C++ 212 ms 14.2s

Rust AVX aligned 43 ms 4365

Rust autovectorized 44'ms 4555 56



Instanzgrofie n 30 100 1K 10K 100K
Scala naive 1.15s
Scala memoized 230ms 267 ms SO
Scala memoized TCO 273ms  2.30s O0OM

Scala pure 153 ms 348 ms 7.89s =13 min

Scala imperative 142 ms 437 ms 24.0s

Java 636 ms 58.8s

Java w/ box trick  32ms 335ms 24.0s

Node.js 957 ms 83.2s

Python3 96.8s a

Pypy3 2.48s  =6min

Rust (safe) 300 ms 28.1s

Thomas' C++ 212 ms 14.2s

Rust AVX aligned 43 ms 4365

Rust autovectorized 44'ms 4555 56



Instanzgrofie n 30 100 1K 10K 100K
Scala naive 1.15s
Scala memoized 230ms 267 ms SO
Scala memoized TCO 273ms  2.30s O0OM

Scala pure 153 ms 348 ms 7.89s =13 min

Scala imperative 142 ms 437 ms 24.0s

Java 636 ms 58.8s

Java w/ box trick  32ms 335ms 24.0s

Nodejs 86ms 957 ms 83.2s

Python3 96.8s a

Pypy3 2.48s  =6min

Rust (safe) 300 ms 28.1s

Thomas' C++ 212 ms 14.2s

Rust AVX aligned 43 ms 4365

Rust autovectorized 44'ms 4555 56



Instanzgrofie n 30 100 1K 10K 100K
Scala naive 1.15s
Scala memoized 230ms 267 ms SO
Scala memoized TCO 273ms  2.30s O0OM

Scala pure 153 ms 348 ms 7.89s =13 min

Scala imperative 142 ms 437 ms 24.0s

Java 636 ms 58.8s

Java w/ box trick  32ms 335ms 24.0s

Nodejs 86ms 957 ms 83.2s

Python3 12 ms 96.85s a

Pypy3 2.48s  =6min

Rust (safe) 300 ms 28.1s

Thomas' C++ 212 ms 14.2s

Rust AVX aligned 43 ms 4365

Rust autovectorized 44'ms 4555 56



Instanzgrofie n 30 100 1K 10K 100K
Scala naive 1.15s
Scala memoized 230ms 267 ms SO
Scala memoized TCO 273ms  2.30s O0OM

Scala pure 153 ms 348 ms 7.89s =13 min

Scala imperative 142 ms 437 ms 24.0s

Java 636 ms 58.8s

Java w/ box trick  32ms 335ms 24.0s

Nodejs 86ms 957 ms 83.2s

Python3 12 ms 96.85s a

Pypy3  30ms 2.48s  =6min

Rust (safe) 300 ms 28.1s

Thomas' C++ 212 ms 14.2s

Rust AVX aligned 43 ms 4365

Rust autovectorized 44'ms 4555 56



Instanzgrofie n 30 100 1K 10K 100K
Scala naive 1.15s
Scala memoized 230ms 267 ms SO
Scala memoized TCO 273ms  2.30s O0OM

Scala pure 153 ms 348 ms 7.89s =13 min

Scala imperative 142 ms 437 ms 24.0s

Java 636 ms 58.8s

Java w/ box trick  32ms 335ms 24.0s

Nodejs 86ms 957 ms 83.2s

Python3 12 ms 96.85s a

Pypy3  30ms 2.48s  =6min

Rust (safe) 300 ms 28.1s

Thomas' C++ <1lms 212 ms 14.2s

Rust AVX aligned 43 ms 4365

Rust autovectorized 44'ms 4555 56



Instanzgrofie n 30 100 1K 10K 100K
Scala naive 1.15s
Scala memoized 230ms 267 ms SO
Scala memoized TCO 273ms  2.30s O0OM

Scala pure 153 ms 348 ms 7.89s =13 min

Scala imperative 142 ms 437 ms 24.0s

Java 636 ms 58.8s

Java w/ box trick  32ms 335ms 24.0s

Nodejs 86ms 957 ms 83.2s

Python3 12 ms 96.85s a

Pypy3  30ms 2.48s  =6min

Rust (safe) 300 ms 28.1s

Thomas' C++ <1lms 212 ms 14.2s

Rust AVX aligned  <1ms 43 ms 4365

Rust autovectorized <1ms 44'ms 4555 56



Latenz vs. Durchsatz

10 = T T T T 1] T T 1] T T T ] ]
L | — Scala VM ]
r|—— Scala native i
1| —+— Scala SubstrateVM |
E C++ B
| —— Rust AVX 1
@ L |
) 0.1 F =
E & ]
1= 5 i
= L |
0.01 ¢ E
0.001 E
L ‘V | [ [ L1 §

100 1,000 10,000

n

57



	Sollten wir das nicht besser lassen?
	Wie alles begann…
	Einfach mal losimplementieren
	Nochmal Theorie
	Battle of the Languages
	Performance Probleme Analysieren
	Acht auf einen Streich
	Bonus: Latenz vs. Durchsatz

