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The challenge:

Parse a file with 1.000.000.000 rows 

Print the results 

Using plain ‘vanilla' Java.



Input:

<string: city name>;<double: measurement>/n

Example: Hamburg;12.0 
Istanbul;6.2 
Bulawayo;8.9 
Palembang;38.8 
St. John's;15.2 
Cracow;12.6 
Bridgetown;26.9 
Istanbul;23.0

Station name: 1-100 characters

Temperature: -99.9 to 99.9



Output:

Example:

{Abha=-23.0/18.0/59.2, Abidjan=-16.2/26.0/67.3, 
Abéché=-10.0/29.4/69.0, Accra=-10.1/26.4/66.4, 
Addis Ababa=-23.7/16.0/67.0, 
Adelaide=-27.8/17.3/58.5, ...}

For each station print: min, avg, max



Baseline:

Runtime: 04:49.679

Description:

Uses Files.lines to read (single threaded) 

Uses streams to collect the results





















Watch, learn, adopt, experiment.



First code improvements…



01 Jan 2024:

Runtime: 02:08.845

Description:

Uses Files.lines in parallel 

Uses ConcurrentHashMap

04:49.679 >













03 Jan 2024

Runtime: 00:23.366

Description:

A *lot* has happened.

>02:08.845



Which JVM?

Graal JIT provides better throughput (also for slower solutions) 

Native compilation (Graal) is best, the better the solution, the 
greater the advantage





JVM options



JVM options



Temperature as integer









Memory mapped files



Memory mapped files



07 Jan 2024



Vector API



UNSAFE

Unsafe allows direct memory access (like in C) 

Java wants to move away from Unsafe 

Alternatives are really good (ByteBuffer etc) but…

⚠



Checks, 

checks, 

checks…



GETTING UNSAFE ⚠



USING UNSAFE ⚠



SWAR

Instead of processing each input character separately… 

Why not do 8 at a time?

SWAR = SIMD As A Register
SIMD = Single Instruction/Multiple Data



SWAR

1) We read 8 bytes as a 64 bit long.

Tokio;-18.3\nAmsterdam;31.2…



SWAR

0x312D3B6F696B6F54

1) We read 8 bytes as a 64 bit long.

1-;oikoT >

Tokio;-18.3\nAmsterdam;31.2…



SWAR

0x312D3B6F696B6F54

1) We read 8 bytes as a 64 bit long.

1-;oikoT >

2) Make a mask for the separater we’re looking for:

;;;;;;;; > 0x3B3B3B3B3B3B3B3B

Tokio;-18.3\nAmsterdam;31.2…



SWAR

>
;;;;;;;; > 0x3B3B3B3B3B3B3B3B

0x312D3B6F696B6F541-;oikoT



SWAR

0x312D3B6F696B6F54
0x3B3B3B3B3B3B3B3B

00110001 00101101 00111011 01101111 01101001 01101011 01101111 01010100 
00111011 00111011 00111011 00111011 00111011 00111011 00111011 00111011 

00001010 00010110 00000000 01010100 01010010 01010000 01010100 01101111

^



SWAR

00001010 00010110 00000000 01010100 01010010 01010000 01010100 01101111 
00000001 00000001 00000001 00000001 00000001 00000001 00000001 00000001

match
0x0101010101010101L -



SWAR

00001010 00010110 00000000 01010100 01010010 01010000 01010100 01101111 
00000001 00000001 00000001 00000001 00000001 00000001 00000001 00000001

match
0x0101010101010101L

mask

-

00001001 00010101 11111111 01010010 01010001 01001111 01010011 01101110



SWAR

00001001 00010101 11111111 01010010 01010001 01001111 01010011 01101110
11110101 11101001 11111111 10101011 10101101 10101111 10101011 10010000~match

mask



SWAR

00001001 00010101 11111111 01010010 01010001 01001111 01010011 01101110
11110101 11101001 11111111 10101011 10101101 10101111 10101011 10010000~match

mask

00000001 00000001 11111111 00000010 00000001 00001111 00000011 00000000



SWAR

10000000 10000000 10000000 10000000 10000000 10000000 10000000 100000000x8080808080808080
mask 00000001 00000001 11111111 00000010 00000001 00001111 00000011 00000000



SWAR

10000000 10000000 10000000 10000000 10000000 10000000 10000000 100000000x8080808080808080
mask 00000001 00000001 11111111 00000010 00000001 00001111 00000011 00000000

00000000 00000000 10000000 00000000 00000000 00000000 00000000 00000000



SWAR

00000000 00000000 10000000 00000000 00000000 00000000 00000000 00000000

= 47

47 >>> 3 = 47/8 = 5 Tokio;-18.3\n



Stringless…

Instead of allocating, storing and comparing a String… 

We can check 8 bytes of a String using:





Branchless programming

CPU’s have big pipelines of instructions 

Your code needs to fill this pipeline, fast. 

Which instruction comes ‘next' after an IF-statement? 

Branches are often bottlenecks.



ABS, WITH BRANCHES

int absoluteValue(int x) { 
    if (x < 0) { 
        return -x; 
    } else { 
        return x; 
    } 
} 



ABS, BRANCHLESS

int absoluteValueBranchless(int x) { 
    int mask = x >> 31; // Right shift by 31 bits to fill with sign bit 
    return (x + mask) ^ mask; 
} 



Parse the temperature



Parse the temperature - = 101101 
. = 101110 
0 = 110000 
1 = 110001 
2 = 110010 
3 = 110011 
4 = 110100 
5 = 110101 
6 = 110110 
7 = 110111 
8 = 111000 
9 = 111001

X.X

XX.X
-X.X

-XX.X



Parse the temperature X.X

XX.X
-X.X

-XX.X



Parse the temperature



Parse the temperature



Parse the temperature

USER merykitty entered the chat







- = 101101 
. = 101110 
0 = 110000 
1 = 110001 
2 = 110010 
3 = 110011 
4 = 110100 
5 = 110101 
6 = 110110 
7 = 110111 
8 = 111000 
9 = 111001

-18.3/nTe eT/n3.81–>



- = 101101 
. = 101110 
0 = 110000 
1 = 110001 
2 = 110010 
3 = 110011 
4 = 110100 
5 = 110101 
6 = 110110 
7 = 110111 
8 = 111000 
9 = 111001

eT/n3.81–

12, 20 or 28



- = 101101 
. = 101110 
0 = 110000 
1 = 110001 
2 = 110010 
3 = 110011 
4 = 110100 
5 = 110101 
6 = 110110 
7 = 110111 
8 = 111000 
9 = 111001

…0X1010

X1010…00000000<<59
>>63 X 0 or -1 (11111111111111111111…)



12 ^ 28 = 16
20 ^ 28 = 8
28 ^ 28 = 0



0 ^ 0xFF = 0
-1 ^ 0xFF = 0xFF (first byte)



extract just the digits we need, with - and .

- = 101101 
. = 101110 
0 = 110000 
1 = 110001 
2 = 110010 
3 = 110011 
4 = 110100 
5 = 110101 
6 = 110110 
7 = 110111 
8 = 111000 
9 = 111001



digits is now in the form: 

0xUU00TTHH00 

where: 
UU = units 
TT = tens 
HH = hunderds 

So in the case -18.3, we want -183, so the number in hex is currently: 

0x0300080100 



digits = 0x0300080100 

if we shift this number we can align UU, TT and HH: 

0x0000000300080100 = digits * 0x1L 
0x0003000801000000 = digits * 0x1000L 
0x0300080100000000 = digits * 0x100000L 

so… 

digits * 0x1010001L is all of them combined 



0x0000000300080100 = digits * 0x1L 
0x0003000801000000 = digits * 0x1000L 
0x0300080100000000 = digits * 0x100000L 

we can combine this into a single multiplication! 

0x0303080C01080100 = digits * 0x1010001L

0x0C = 12 = 3 + 8 + 1



what if we multiply the numbers, TT times 10 and HH times 100 

0x0000000300080100 = digits * 0x1L 
0x0001E00500A00000 = digits * 0x1000L * 10 
0x12C0320640000000 = digits * 0x100000L * 100 

as a single multiplication: 

0x2C2120B70A080100 = digits * MAGIC_MULTIPLIER

0xB7 = 183





Exploit the data…
without breaking the rules… 





Specialise

413 cities, 97.5% < 16 length, 52% < 8 length. 

Focus on the < 8 and < 16 cases for city length. 

Manual “object inlining”: 





"You don't have to be an engineer to be be a racing driver, 
but you do have to have mechanical sympathy."

— Sir Jackie Stewart





L1 L1 L1 L1



L2 L2 L2 L2



L3





Keeping track…

We now read the file (MMAP) and: 

• Find and read city names (SWAR) 

• Parse temperatures (branchless) 

• Next we need to store them.



HashMap 0

1

2

3

4

5

6

7

max size: 8



HashMap

“Melbourne”
-183

0

1

2

3

4

5

6

7

max size: 8



HashMap 0

1

2

3

4

5

6

7

“Melbourne”
-183

Hashcode:

328756875

max size: 8



HashMap 0

1

2

3

4

5

6

7

-183

Hashcode:

328756875

max size: 8

%8 = 3

“Melbourne”



HashMap 0

1

2

3

4

5

6

7

“Melbourne”
-183

Hashcode:

328756875

max size: 8

%8 = 3

-183“Melbourne”



HashMap 0

1

2

3

4

5

6

7

“Melbourne”
201

Hashcode:

328756875

max size: 8

%8 = 3

“Melbourne” -183



HashMap 0

1

2

3

4

5

6

7

“Melbourne”
201

Hashcode:

328756875

max size: 8

%8 = 3

-183, 201“Melbourne”



HashMap 0

1

2

3

4

5

6

7

“Sydney”
167

Hashcode:

773734787

max size: 8

%8 = 3

-183, 201“Melbourne”



HashMap 0

1

2

3

4

5

6

7

“Sydney”
167

Hashcode:

773734787

max size: 8

%8 = 3

-183, 201“Melbourne”



HashMap 0

1

2

3

4

5

6

7

“Sydney”

max size: 8

“Melbourne”



forward probing

0

1

2

3

4

5

6

7

“Sydney”

“Melbourne”

HashMap



Map implementation



Map implementation



Map implementation



Map implementation



Map implementation

flyweight-pattern



Map implementation



Map implementation



Map implementation









main



main



main - -worker



main - -worker



main - -worker
unmapPING…



Dividing the file into parts, 
some threads finish sooner 
than others.

Also, we’re reading from 8 
different places in the huge file.









…tricks that make code review impossible



This code review will be fun…







Remember this…?









Runtime:
00:01.53504:49.679

🤯



https://github.com/thomaswue/1brc-steps



https://github.com/gunnarmorling/1brc/blob/main/README.md#1brc-on-the-web



Gunnar Morling
@gunnarmorling

Thomas Wuerthinger
https://thomaswue.dev



@ROYVANRIJN



@ROYVANRIJN


