Quicksort ‘Magnetica’ - FASTEST Quicksort?!

A short revien by samaycelsammayce, con, 2021-Nov-27

/1 1f below define is comented then ve have "niddle Pivot standalone Magnetica’, othervise “wedian of 5 Pivot InsertionSort Magnetica",
fdefine FinistilithInsert ionSort

[/ Uncoment either 2 (fastest so far) or 3

fdefine revision?

[tdefine revisim}

/ This we have 4 variants:

/ Variant #1: "niddle Pivot standalone Magnetica r.2"

{ Variant #2: "widdle Pivot standalone Magnetica r.3"

/ Variant #3: "nedian of 5 Pivot InsertiomSort Magnetica r.2"

/ Variant #4: "nedian of 5 Pivot InsertiomSort Magnetica r.3"

0id svaplnconditional(uintfd_t %, uintfd t «b) { uintfdt t =% . =4 b=t}

/ Wany tharks go to all the coders at: https://stackoverflon, con/quest Jons/2786899/ fastest-sort -of-f ixed-length-6-int -array
define wins0z, v) (v " (2" y) & -(x ()

fefine max0(z, ¢) (2" (2" y) & -(x ()
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1/ Vritten by Sauayce, 2020-Nov-27

[/ The indexes are signed, but the elenents are wsigned, targeting 6bit pointers mostly,
v0id Quicksort QBG4 wh(uintfd_t QUORDS[], intfd_t Left, imtf4 t Right) {

fifief FinistithInsertionSart
int Insert ionsort THRESHOLD = 13,
felse
int Insert ionsortTHRESHOLD = 6;
fendif
intfd t Indx, Jndx, L, PR
int4 t Stack[99999];
nthd_t StackPtr = G;
uintfd_t Pivat;
inthd_t LeftRackup = Left;
int6d_t RightBackup = Right;
register uintfd_t x0,x1,x2,13,54,15;
int o, 01,02, 03, 04, 05
int6d_t Thelliddleffiddle;
int Stefan Edelkanp Armin_leiss], Stefan_Fdelkanp Armin Weiss?, Stefan Edelkamp_Arnin Weissd,
Uinte_t tup;
StackPtr++; Stack(StackPtr] = Left;
Sta%kFtrH; Stack[StackPtr] = Right;
i
Right = Stack[StackPtr];
Left = Stack[StackPtr - 11
StackPtr = StackPtr - 2;
1o {
fur(; (Left + InsertionsortTHRESHOLD < Right);) {
Jndx = Right,;
PL = Left;
PR = Left;
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fifilef FinistithInsertionSort
Theltiddle0fiddle = Left + ((Right-Left)»2): // (4Left + Right - Left)/4
10 = QUORDS[ Thetidd1e0fidd Le+d];
11 = QUORDS[ Thetidd1e0ftidd e+ 1],
12 = QUORDS[ Thetidd e idd e+ 2]
13 = QUORDS[ Thetidd1e0fidd e 3):
14 = QUORDS[ Thetlidd1e0fidd Le+d],
/115 = QUORDS[ Thetfidd1e0fidd Le 5]
= (xx1) + (D) +(xD)x3)+ (s0ad) /4
0l = (D=0 D52+ D)+ (Dl /4 (1010
02 = (x=x0)+(x2)=x])+ (12a3)+ (1Ded) [+ (x2)x),
03 = (x=x0)+ (e D)+ (xD12)+ (10sd) . /1+ (x0xB):
od = 18-(al+nlo2+ad),;
[10d = (=) + (=) + (d=x2)+ (x=)+ ()
1105 = 1-(olsalealeodead),;
(RORDS[ Thetlicd 1e0fMidd Le+of] =xd; QORDST TheMidd le0fMidd1esl]=x1; QUORDS[Thetidd le0fMiddle+02]=x2; CRORDSI Thettiddle0fMiddle+n]=x3; GRORDSI TheMiddle0fiddlesod]=xd; //QUORDS Thettiddle0ftidd le+of] =5,
suapUnconditional (BQRORDSI Thetidd1e0fiddle+2], SQUORDSLERD);
Pivat = QUORDSIPR]:
felse
suapUnconditional (GQUORDSL (Left + Right)>»1], GQRRDSIPR);
Pivat = QUORDSIPR]:
fendif
Bifief revisim?
for (:FR ¢ Jndz;) {
FR=F+1
if (Pivot > GUORDSCRRD) {
svaplinconditional (BQWORDSCPL], SQUORDSCRRD):
fL=f+ 1
[/} else if (Pivat == QUORDSIFR]) {
}else if (Rivot < QUORDSIPR) {
for (;Pivet < QUORDS[Indz];) {
Jndz = Jndg - 1
}
if (PR ¢ Jrdy) suaplnconditional (SQRORDSIRR], SQUORDS[ndx]),
Jodg = Jndg - 4
PR=F-1
}

01);

}
fendif

Jx
 nark description "Intel(R) Ce+ Compiler JE for applications ruming on Intel(R) 64, Version 15,00, 108 Build 28140726":
» ae-B0+2=T6 bytes 1.e. (94-T6-18 less), &/1 conditional/meonditional juops 1.2, 2-1=1 less unconditional jump than r.1
* Magnetica’ partitioning, wainloop rev.2[
B

D00ed 48 £f ch e rhp

00067 43 Bb 14 63 nov rdx, QUORD FTR [rcysripsd]

000eh 4c 3 ea oop 13, rdx

Hage 77 2 Jja U
.6

Baama 73 39 Jae BA15
BT

00072 de Bb 3 d9  mov rls, QUORD FTR [rcysrllsd]
Q0076 4d 3 ef oop 13, 15
Q0079 73 e Jae B

B9
Q00Th 49 £f b dec rll
007 de b 3 d9 v rl5, QUORD TR [rcyerllsd]
Q0082 4 3 ef oop 113, 15

s 2 £4 b B4
B

Q0087 49 3 &b onp thp, 1l

{00a ™ 08 Joe BAI3
BAL12

0003 4o 89 369 mov QUORD FTR [rcwsrhpsd], 1l
0069 4 89 14 d9  mov QUORD FTR [roxerlleg], rdy
BALL3
000%4 49 £ ch dec rll
Q0097 48 £f o dec rhp
000% b 0f Jnp BA.TD
B4
0069 de Sb % £ nov r5, QUORD TR [rcyerlded]
006a0 42 89 14 £1 v QUORD FTR [rcxerided], rd
00ad 49 11 of i rld
00a7 4c 89 % €9 mov QUORD FTR [rcxerhpsd], rl5

B
Q0dah 49 3 b onp thp, 1l
00ae To b4 JIBS
* 'Magnetica’ partitioning, vainloop rev.2]
*
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fifief revision

for

}
fendif
Jx
 mark_descriptl
o 19-T3+6:140 by
» Magnetica’ pa
DR
00073 & B e
BaaTs 33 02
080T 4o S eb
00Tl & B 2
Dous1 49 0f 47
Doas 45 33 1t
00088 43 3h b
gk 48 89 ee
D00ge 41 0f %2
Daus2 48 33 13
Dh0%s 41 17 df
00098 4 63 ff
Baush 49 23 17
0005e 43 33 e
0001 4c b
000ad & 89 fe
000a3 1 00 B0
D0ae 49 0f 4
B2 48 33 13
Qs & 89 U
003 4c 03 c2
Ddihe 43 03 45
Banf 4c 03 £2
0002 4 b
Bdch 3 2
7.6
0007 & Bh 1
B0dch 4o 3 ea
B0dce 73 0
BN
000 49 £f o5
0003 & Bh 1
00007 4 B ea
s T2 f4
710
Ddddc 49 & e
0000 4c 3hch
00023 Te e
B
0005 & Bh oo
D00ea 4a 89 B4
D00ef & 83 1
B2
BBaE3 49 £f o
B3
Dote 4 3 £1
Doats 0f B ™
if
» Magnetica’ pa
*
Jndz
Indx

I

Jx

(:PR < Jndr;) {
/{ Vany thanks go to Orson Peters for sharing his Pattern-defeating quicksort (pdgsort) at Github,

/{ This is due to & new technigue described in "BlockQuicksort: How Branch Mispredictions don't affect Quicksort" by Stefan Edelianp and Aroin Weiss,

Stefan Fdelkanp rwin Weiss] = (Pivt > QUORDSIER + 10);
Stefan FdeLkanp_Armin Weiss? = (Pivet == GUORDSLER + 11);
Stefan Fdelanp_rnin_eiss3 = (Pivet < QUORDSIER + 11):
trp = ninS0(QORDSLEL], QWORDSLER + 11); QUORDSIPR + 1] = nasSO(QUORDSIFL], GUORDSLER + 11); QWORDSIFL] = tmp; // Since Pivot is equal to QICRDS[PL]
PL = FL + Stefan_Edelkanp_Armin Weissl:
PR = PR + Stefan_Edelkanp_Arnin Weissl:
PR = PR + Stefan_Edelkanp_Arnin Weiss?;
if (Stefan Fdelkanp Arnin Neiss3) {
for (;Pivet < QUORDS[Indz];) {
Jndz = Jndg - 1
}
if (PR + 1< Jndx) suaplnconditional (BGRORDSCER + 11, SQUORDS[Jndx]);
Jodg = Jndg - 4
}

on "Intel(R) C++ Compiler ¥E for applications ruming on Intel(R) 64, Version 15.0.0.108 Build 20140726";
tes, 4/0 condit ol /unconditioal jumps
rtitioning, mainloop rev. 3

108 nov rhx, QUORD FTR [§+rox+rid«g]
for ed, edx
oop 113, rhx
ol oo rhp, QUORD TR [rcxerdsd)
4 onova rdy, rl2
sor rlhd, rlsd
oop thp, thy
nov rs1, rhp
o7 sethrlfh
for rs1, 1l
neg rlhd
novsgd 115, rlsd
and s, r1h
for rhp, sl
oop 113, rhx
108 nov QUORD PTR [Broxerided], rhp
00 nwehp, 0
e omove rhp, 112
for rs1, 1l
ol v QUORD PTR [roxsrds8], rei
add 18, iy
add rdz, rhp
add rld, ndz
oop 113, rhx
Jae BT.13

o oo rdx, QUORD FTR [rcy+r9d)
oop 13, rdx
Jae B7.10

dec 19

of  nov rdx, QUORD TR [rcerd«d)
oop 13, rdx
i BTg

0 lea v, QUORD PTR [1er14]
oop 19, thy
Jle BT.12

108 nov rhx, QUORD FTR [§+rox+rid«g]
£108  nov QUORD PTR [Brcxerided], rd
o nov QUORD PIR [rcyer9s8], rhx
» Preds (87,10 B7.11
dec 19

oip 14, 19
ff ff

JLBLE
rtitioning, painloop rev.3]

=11
PR+

Magnetica' part itioning [
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Jndx = Right,;
PL = Left;
PR = Left;
suap (BOWORDSL (Left + Right))>1], SQUORDSLFR]);
Pivot = QUORDS[PR];
for (:FR ¢ Jndz;) {
if (Pivat > QUORDS[ER + 10) {
s (BQUORDSTFLY, GQUORDSIFR + 10),;
FL=fL+;
=P+
}else if (Pivot == QUORDSIFR + 11) {
=M+
} else {
for (:Pivat < QUORDSLJdz];) {
Jndz = Jndg - 1
}
if (PR + 1 < Jndz) suap (SQUORDSCER + 11, SQUORDS[Indg]);
Jodg = Jndg - 4
}
}
Jndz = PL - 1
Ik =FR+1
/] Magnetica’ partitioning ]
7/
 nark description "Intel(R) C++ Compiler JE for applications ruming on Intel(R) 64, Version 15.0.0.108 Build 28140726":
 of-6a+2=%4 bytes, &/2 conditiomal/unconditional jumps
* "Magnetica’ partitioning, mainloop [

Wade D5 S T cop rld, GHORD PR [Borczerland]

Det 77 31 Jja M.
B

Baam1 ™ 08 Jne B4.8
BT

Q0073 49 89 5 nov 113, ndx
00076 48 £f ol Ine g
0079 e 48 Jm B4 16
B8
00T de b M ¢l now rld, QUORD TR [rcxerdsd)
0007t 40 3 de oop rdl, rld
Qo052 73 fc Jae BAL12
410
(a4 49 £f cd dec 18
00687 de Sb M ¢l nov rld, QUORD PTR [rcxerdsd)
0003k 4 3 de oop rll, rld

0Mge 72 £4 b B 10
B

0009 4c 3 ol oop 18, rdx

0003 Te e Jle B4
B3

00695 4e 8b 7o €3 88 nov rd5, QUORD FTR [8+rox+ri38]
000% 4 89 74 €3 B8 mov QUORD FTR [B+rcox+rl3e], rid
0003t 4 89 % ¢l mov QUORD PTR [rox+rd«], 116

414
0083 49 11 of dec 18
00046 ¢ b Jip B4 16
415

000a8 4e Bb 74 €3 B8 nov rl4, QUORD TR [8+rox+rl3g]
Ofad de Bb 3o el nov rl5, QUORD TR [rcyeri2ed]
O0b] de 89 M el mov QUORD FTR [roxerl2ed], rl4
Boans 49 £f o ing 112

08 4e 89 7o €3 08 mov QUORD FTR [B+roxerl3e), rlh
Qo0hd 49 89 d5 nov rl3, ndx

D0aca 48 11 ¢l ing rdx

06
000c3 40 3 ef oop 113, 18
0Mich T a2 JIBA
© 'Magnetica’ partitioning, nainloop ]
*f

if (Indz + Insert ionsartTHRESHOLD ¢ Right) {
StackPtr = StackPtr + Z;
Stack[StackPtr - 1] = Indy;
Stack[StackPtr] = Right,

}
Right = Jndz;
} {fuhile (Left + InsertimsortTHRESHOLD ¢ Right);
}uhile (StackPtr != 0):
fifilef FinistithInsertionSort

Quicksort Showdowm - quicksort Magnetica_partitioning vs quicksort Bentley Mcllroy 3way partitioning; for more updates: https://twitter.con/Sannayce

Page 4 of &


https://twitter.com/Sanmayce

for (Indg=LeftBackup+l; Indx = RishtBackup; Indz++) {
Jndz = Indg;
for (ot )= 1) {
1f (QWORDS[Jndz-1] > QHORDSLJndx]) swapUncand itional (SQUORDS[Jndz-1], SQUORDS[Indz]); else hreak;
Jndz = Jndg - 1
}
}
fendif

}
J/ My threads with Magnetica's source and hivaries (Limu and Windows):

/1 ttps: / /. wverclock. et /threads/benchnark-quicksort -says-sarting-2-hi Ll on-giords. 1794855/
!

I

ittps: /v, a6, argy Sorun/index, phoPtopic=3518. nsy 137645 nsg 19764
Tttps: /o, Linuzquest dans. org/quest dons/programning-3/gsort -vs-42Tagnet doa%2T-quicksort 4175703333 Hpost 299782

-

Benchuarking.

Files heing sorted (taking 8 bytes as an elenent back-to-back 1.2, filesize/8 elenents in total):
10/30/2021 15:29 178,708, 344 22338618 _QUCRDS.bin ! vsed as testdataset ‘few' !

Files heing sorted (taking 8 bytes as an elenent at each position 1.e. filesize-§+1 elenents in total):
03/26/2014 0814 24,823, 016 nobythesaurus, txt ! used as testdataset ‘uany’ !

10/12/2020 14:52 2,009,333, 760 Fedora-Wlorkstation-Live-286_64-25-1.2. 130 ¥ used as testdataset ‘ALL' !

Laptop Intel 15-72000 3,16z wax turho, 3668 DDR4 2133z

{ Perforner/eys | R distinct | MRNY distinct ! ML distinct |

(perating Systen, | Windows 10, | Fedora 33, 1 Windows 10, | Fedora 33, 1 Windows 16, | Fedora 33, |
Compiler, <03 1 Intel v15.0 1 GOC 10,21 1 Intel vi5.0 1 GOC 10.2.1 1 Intel v15.0 1 G0C 10.2.1 |

! gsort I 58 seconds | 360 seconds | 343 seconds | 535 seconds | 444 seconds | 519 secands |
{Magnetica r.2 1 35 seconds | 35 seconds | 214 seconds | 222 seconds | 271 seconds | 285 seconds |
| BentleyctIry 1 39 seconds |41 seconds | 283 seconds | 230 seconds | 275 seconds | 313 seconds |

Legend (The tine is exactly the Sort process tine):

FE = 2,233,861, 800 keys, of then distinct = 10;

ARY = 2,482, 300, 960 keys, of then distinct = 2,847,530

"ML = 2,009,333, 753 keys, of then distinct = 1,912, 608,132

Note: The results in hold are fastest, for sme reason (perbaps due to the different pivot choosing) Megnetica lags hehind in MRNY scemarin,

Quick highlights:

- GLIBC's ggort 1s just trash;

- Intel's qort 13 trashy;

- BentIey-teTlroy is good, however the disassenbly (-03) shows nany weird vector nstructims used, not good for a scalar code;
- Magnetica r.2 s nice, the disassenbly (-0%) gladdens the eyes,

=N

e

The vay so far: Quicksort (1962) by Sir Antony Hoare, Bentley-Hcllroy 3-+iay partitioning (1992) by Dr. Jm Bentley (Bell Labs) and Dr. Douglas McTlroy (Bell Labs) to the Dr. Demnis Ritchie's right, Nagnetica (2020) by Semayce
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