Quicksort ‘Magnetica’ - FASTEST Quicksort?!

A short revien by samaycelsamayce, con, 2021-Dec-02

/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
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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 ! used 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’ !

/122020 14:52 2,009,333, 760 Fedora-Norkstat ion-Live-x86_64-25-1.2.10 ! used as testdataset ‘AL’ !

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

{ Perforner/eys | R distinct | MRNY distinct P "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 seconds |
{Magnetica r.2 1 35 seconds | 35 seconds | 214 seconds | 222 seconds | 271 seconds | 285 seconds |
U BentleyctIry 1 39 seconds |41 seconds | 283 seconds | 230 seconds | 275 seconds | 313 seconds |

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

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

HANY = 2,482, 300, 500 keys, of then distinct = 2,847,531,
"ML = 2,009,333, 793 keys, of then distinct = 1,912,608, 1%

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

Quick highlights:

- GLIBC's ggort 1s just trash;

- Intel's qort 13 trashy;

- BentIey-tellroy i good, however the disassenbly (-03) shows nany weind vector instructims used, not good for & scalar code;
- Magnetica r.2 s nice, the disassenbly (-0%) gladdens the eyes,

Add-on, 2621-Dec-p2:
Now, after so much instrupental runs/revisions, it's tine for the hest Quicksort function known to ne - Mametica r.4, sme hishlights:

- Open-source and 100% FREE, licenseless,
- 113 Tines of scalar C, resulting in 380 lines of scalar Disassenbly;
- Most excellent (due to the Magnetica partitioning schens) when wost/uany array's elenents are repetitive;

- Unbreakable! Iterative with a fail-safe, never overflous the user-defined stack (fallbacks to Insertionsort when stack is full), take heed, NT the runtine stack,
- Robust against rastisst quadratic OOV'2) case, at gunpoint would confess rather OC(N/4)"2) hecavse of nedian of 7 Pivot - each tine we secure 4 elenents in either direction;
- The first Quicksort witha ... GearBox - 2 gears: Pivot (either nedian of 3 or nedian of 7) chosen branchlessly, depending on the two partitions ratio:

- Ideal for benchuarking since the code 1s tight and accesses RA and the caches, a lof;

- Benchuarked as it should, on Linuz with the best hardvare counter reader - ‘perf stat -0' - covering the three najor sort scenarios - FEWMANY/ALL distinct keys, 2+ BILLION of total keys:

- b nifty playground for further PRACTICAL ... playoffs.
Laptop Intel 15-72800 3.GHz max turbo, 3668 DDRA 2133MHz:

{ Perforner/eys | R distinct | MRNY distinct | "BLL distinct ! “Mlnore distinct |

(perating Systen, | Windows 10, | Fedora 33, ! Windows 10, | Fedora 33, | Windows 16, | Fedora 33, 1 Windows 10, | Fedora 33,
Compiler, <03 1 Intel v15.0 1 G0C 10,21 1 Intel v15.0 1 GOC 10.2.1 1 Intel w150 f G0C 10.2.1 1 Intel v15.0 1 GOC 10.2.1

! gsort {58 seconds | 364 seconds | 339 seconds | 536 seconds | 441 seconds | 520 seconds | 862 seconds | 1819 seconds |
{Manetica rd4 1 36 seconds | 36 seconds | 220 seconds | 232 seconds | 275 seconds | 295 seconds | 942 seconds | 581 seconds |
| BentleyctIroy 1 38 seconds | 40 seconds | 284 seconds | 230 seconds | 276 seconds § 313 seconds | 544 seconds | 607 seconds |

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

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

AV = 2,482,300, 500 keys, of then distinct = 2,847,531,

"ML = 2,009,333, 793 keys, of then distinct = 1,912,608, 132

“WlLnare = 3,503, 483,825 keys, of then distinct = 3,346,299, 533

lotes:

- The whole package (exoept the 3rd and 4th datasets) is dounloadable at:
o, samayoe. con/Quicksort_says revd.zip
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- To reproduce the roster, run an Windows or Ling:
- BEACH_ICL.BaT
- 5 hench_qee.sh
- 3rd dataset is downloadable at;
fittps: //donLoad, fedoraproject  org/pub/fedara/inus/releases/ 36 Mlorkstat don/s86_64/dso/Fedars-flarkstat ion-Live-y86_64-35-1.2.iso
- dth dataset is dounloadable at
https: //dounload. fedoraproject  arg/pub/ fedora/Timu/ releases/ 35 Alorkstat don/aarchAd) Tnages/ Fedara-Horkstat don-35-1. 2, aarched. raw xz

Here comes the C source

00,001 #define StackEntries 93933

00,002 tdefine FinishlithInsertioSart

00,003 #define revisiond

00,004 void swaplnoonditioral(uint6d t #a, uintédt «b) { ittt = m = s =t}
0,005 #efine nins0(z, ) (5 (G " y) & -2 <))

0,006 ddefine naxS0(z, v) (" (G ") & -(z <))

o/ _

s/ /o oN__ o o Jd_

N YA W S Y A 1 R W W T W

N R VR U A S SR N A R R AR U S
A A R
w0/ VooV N Voo
00,013 // Vritten by Samwayce, 2020-Dec-B2

08,014 void Quicksort_QB64 v7(uint6d_t QUORDS[, int6d_t Left, int6dt Right) {
00,015 Hifdef FinishilithInsertionSort

00,016 int InsertionsortTHRESHOLD = 17,

00,017 felse

00,018 int InsertionsortTHRESHOLD = 6,

00,09 dendif

00,000 intBd_t Indx, Jnds, FL, PR,

00,80 intfd t Stack[StackEntries];

00,022 intBdt StackPtr= @

00,023 uint6d_t Pivat;

00,024 intBd t LeftBackup = Left;

00,05 intBd_t RightBackup = Right;

00,026 register vint64_t x@,x1,32,13,%4, 30,56,

00,027 int of,0l,0Z,03,04, 05, 06;

00,028 inthd_t TheMiddleMtiddle;

00,029 it GearBox = 0: // @ is Median of 3: 1 is Median of 7, Shifting to hisher gear if BigoerPartition:SvallerPartition ratio is ) 64:1
00,630 StackPtr++: Stack(StackPtr] = Left;

00,030 StackPtrs+: Stack([StackPtr] = Right;

0,0 dof

00,033 Right = Stack(StackPtr];

00, 034 Left = Stack[StackPtr - 1];

00,03 StackPtr = StackPtr - 2

10,8% for(; (Left + InsertionsortTHRESHOLD < Riaht):) { // For instance, 1+ 17 <19 L&, (13-1)/46 ¢ 19

00,037 Jnds = Right,;

0,038 fL = Left;

00,039 PR = Left;

00,040 #ifief FinisiithInsertionSort

0, 41 Theltidd1e0fiddle = Left + ((Right-Left)»2); // (dLeft + Right - Left)/4: Caution: (TheMiddle0ffiddle6] should be <= [Right] e, 8e(dLleft + Right - Left)/4 <= Right or defe(dLeft + Right -
Left) (= dRight or 4¢6 (= Tight-Teft or (46)/3 = Right-Left 1.6, 8 <= Right-Left as a niniom condition to enter the 'for',
0, 042 10 = QUORDS[Thetfidd Je0fiddLe+d],

0,043 11 = QUORDS Thetfidd Je0fMidd e+ 1],

00, 044 12 = QUORDS Thetlidd Je0fMidd e+ 2],

00,045 if (GearBoy == ) { // Median of 5 proves nore effective than 7, however 7 betters hetter the mastiest N2
00,46 o = (1) +(x0xl),

0, 47 ol = (D=l +(xDx2):

0, 048 02 = (B+1+2)-(albeal);

0,049 QUORDST Theltidd 1607 idd e+ of]=x8; QUORDSI Thetlidd Je0ftidd de+ad]=x1; CHORDS[ TheMiddleOftiddler2)=x2:
0, 050 suaplnoonditional (SQUORDSIThelticdlefiddle+1], SQUORDSCERD): //2nd

00,051} else {

0, 052 13 = QUORDS Thetfidd Je0fMiddLe+3]

0,053 14 = QUORDS Thetfidd Je0fMiddle+d]

0, 054 15 = QUORDS[ Thetfidd Je0fiddLe+5]

0,05 16 = QUORDS Thetlidd Je0fMiddLe+6]

0,856 08 = (x®xD)+(eBd)+ (1B33)+ (xxd) + (xDxB)+ (Dsf)

R ol = (D=l +(xDx2)+ (zDad)+(x 1t + (x1x5)+ (xDsf);

0,858 02 = (1070 +(x2)=x))+ (1Dn3)+ (2wl + (1D0xB) +(x20x6):

0,859 03 = (2)=2)#(x)=x0) +(x3)=20)+ (1) + (1010) +(1D)xf)

e, 06a 0 = (=) ¢ sz D)+ (=) + (s =yd)+ (auh) + (xdbxf)

0, 861 05 = (x=x0)+ (x9=x])+ (x=x2) + (1=xd) ¢ (1= + (1306

0, 052 06 = (B¢1#2+3+d+546)- (ool r02e 03+ 0de0):

0, 063 QUORDST Theltidd 160 idd Je+0d]=x8; CHORDSL Thetlidd Je0Midd e+al] =L QUORDS[ TheMiddleOftiddles02)=x2; QRORDSITheltiddle0ftiddle+03)=x3; QHORDSITheltiddle0fiddle+od] =d;
(RORDS[ Theltidd 1e0 M idd e+ 03] =5, QHORDS] Thetlidd 1e0fMidd Le+o6]=x6;

0, 064 suaplnoonditional (SQORDSIThelticdlefiddle+3], SQUORDSLERD): //dth

g, 065

0, 066 Pivot = QUORDSLPR];

00,067 felse

00, 088 svaplnconditional (BGUORDSL (Left + Right)))1], SQWORDSLER):
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00, 6 Pivot = QIORDSLFR];
0.0 dendif
00,071 Hifef revisiond

0,072 for (PR ¢ Jnig;) {

00,073 FR=fp+1;

0, 074 if (Pivot > QUORDSIFR]) {

00,07 svaplinconditional (RQWORDSCEL], SQUORDSIFRD);

0,07 PLzfl+ 1

g, 077 } else if (Pivot ¢ QUORDSCRRD) {

0,07 for (;Pivet < QIORDSLJndx];) {

00,079 Jndz = Jodg - 1

0, 030 }

00, 081 if (PR ¢ Jrdx) suaplnconditional (BQUORDSCER], GQUORDS[Indx]);

00, 062 Jnds = Jndz -

0,083 R=fR-1

0, 084 }

0,085 }

00,006 Hendif

0, 087 Inds =1L - 1,

0,088 Iz =FR + 1;

00,089 Hifdef FinishilithInsertionSort

g, %0 GearBox = ( nazS0((Right-Indy), (Jnde-Left)) > nin)((Right-Indx), (Jndz-Left))<6 ); // same as MBXAMIN > 84, 1.e. Gear=1 if we need Median of 7
00,091 Hendif

00,092 if (Indg + InsertionsortTHRESHOLD < Right) { // still refusing to oo (alvays) with the swaller partition first...
00,093 StackPtr = StackPtr + Z;

0,09 Stack[StackPtr - 1] = Indx;

0,095 Stack(StackPtr] = Right;

00,09  #ifief FinishiithInsertionSort

0, 057 StackPtr = StackPrr«(StackPtr + 2 ¢= StackEntries-1): // StackPtr should be enforced FALSE: also, ensure the next ‘push’ ahove is sanctioned - the max index of Stack(] being 'StackEntries-1’
00,09 Right = Right=(StackPtr + 2 <= StackEntries-1); // Left + InsertimsortTHRESHOLD < Right should be enforced FALSE:
00,09  fendif

0, 100

00,101 Right = Jndz;

o, 18 }/fuhile (Left + Insertimsort THRESHOLD ¢ Right);
08,203} uhile { (StackPr !=0) ),

00,104 Hifdef FinishiithInsertionSort

00,105 for (IndzLeftBackup+l: Indx = RightBackup; Indgs+) {
00, 106 Jndz = Indz;

00, 107 for (:ndx )= 1) {

00,108 1f (QWORDS[Jndz-1] > QHORDSLJndx]) swapbncanditional (SQUORDS[Jndz-1], SQUORDS[Jndx]); else hreak;
00,109 Jndz = Jodg - 1

00,110 }

i}

00,112 fendif

0,113}

This very code 13 now in the henchuark,
Can we do hetter?!

=N

R b

The vay so far: Quicksort (1562) by Sir Antony Hoare, Bent ley-Hiclrey 3-+iay partitiming (1992) by Dr. Jm Bentley (Bell Labs) and Dr. Douglas Mcllroy (Bell Labs) to the Dr. Demnis Ritchie's right, Magnetica (2020) by Samayce
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