Quicksort ‘Magnetica’ - FATEST Quicksort?!... No!

A short revien by samaycelsammayce, con, 2022-4far-14

The FASTEST Quicksort is to be released, Manetica incoming, hold on to your hats: https://youtu, be/SS0HIB4ELS
Laptop "Compressionette”, Intel ‘Haby Lake' 15-T2000 3.16Hz max turho, 3638 DDR4 2133MHz;

Performer/Reys | #1, PR distinct | 42, MANY distinct |43, Mlinore distinct 1 #4, ALL distinct I 45, AlLnore distinct I #6, Allpaz distinct |

Operating Systen, | Windows 10, 1 Fedora 35, | Windows 10, | Fedora 35, 1 Windows 10, | Fedora 35, 1 Windows 10, | Fedora 35, | Windows 10, | Fedora 35, 1 Windows 10, 1 Fedora 35, |
Compiler, 03 1 Intel v15.0 1 G0 1121 1 Intel w50 1 GOC 10,20 1 Intel w1501 G0 11,20 1 Intel v5.0 1 GOC 10,21 1 Intel wi5.0 ¢ GO0 1121 1 Intelwl50 1 GOC 1121 |

1 gsort 159 seconds | 377 seconds | 336 seconds | 541 seconds | 157 seconds | 195 secands | 435 seconds | 534 seconds | 851 seconds | 1036 seconds | WA i NA |
| lagnetica v.13 1 31 seconds | 38 seconds | 202 seconds | 196 seconds | 88 seconds | 85 seconds | 259 seconds | 25 seconds | 506 seconds | 493 seconds | N [
| BentleycTIroy 1 38 seconds | 36 seconds | 205 seconds | 288 seconds | 92 seconds | 94 seconds | 279 seconds | 281 seconds | 544 seconds | 553 seconds | WA i NA |
I Crumsart I 30 seconds | 32 seconds | 132 seconds | 158 seconds | 64 seconds | 78 seconds | 184 seconds | 192 seconds | 357 seconds | 376 seconds | WA LA, 1

Performer/Reys | #1, PR distinct |42, MENY distinct |43, Mllnore distinct 1 #4, ALL distinct I 45, ALnore distinct I 45, Allmaz distinct |
I Operating Systen, | Bedora 35, GCC 1021 1§ Fedora 35, G0C 10,21 § Pedora 35, @C 1121 1 Bedora 35, QCC 1021 1 Fedora 35, G0C 101,21 1 Fedora 35, GOC 11.2.1 |
I Compiler, 03 1 instructimns; IFC | nstructims; IFC | instructions; IFC I nstructions; IFC I nstructions; IFC | nstructios; IFC |
! gaart o3,002,993,9%0, 920, 20 1 2,983,579, 082,058, LTS 1 896,263,153,476; 1.40 1 2,352,769, 705,563; 138 1 4,527,367,288,814; 1.9 1 VA
Dlagnetica v 13+ 130,873,507,282; 100 1 608,478,8%,600; 1,02 1 309,149,5%,748; 1081  884,257,729,161; 1.06 1 1,726,931, 029,634, 1.08 WA
| Bentleydfcllroy 1 164,915,835,204; 109 1 681,%%6,1%5,364; 1,00+ 322,%04,009,3%2; 1041 544,038,959,690; 1.02 1 1,719,825, 062, B4T; 0.97 1 WA
! Crunsort b 312,308,497, 447 209 1 1,095,550, 817,457, 257 1 603,206,901, 007; 2.53 1 1,597,685,290,532; 2.46 1 3,091,001, 982,856, 2.50 1 WAt

Speed Roster, (the hase speed 1,00z is GLIBC's qeort):

Rark #1: 2683/820= 3.27x = 30+10 TH+192+ 376= 820 seconds for Crumsort
Rank #2: 2683/1050= 25z = 0196+ 85+250+ 493 1054 seconds for Magnetica v.13
Rark #3: 2683/1172= 2.28% = 36+208+ 94281+ 553 1172 seconds for Bent leycIlroy
Rark #4: 2683/2683= 1,00 = 377+041+195+534+ 1036= 2683 seconds for GLIBC'S gsort

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

§1,F80 = 2,233,861, 888 keys, of then distinct = 10; 178,708, 344 bytes 22338618 QRORDS.bin; elenents = 178, 768, 44/8 100; // Keys are 100 tines duplicated

§2, 1AV = 2482 388 998 keys, of then distinct = 2,047,531, 24,823,016 hytes nobvthesaurus. txt; elenents = 24823016 -8+1; // BuildingBlocks ave size-order+], they are 100 tines duplicated
43, M0Wnare = 1, 137,582,073 keys, of then distinct = 77,275,9%4; 1,137,582, 080 hytes Limm-5.15.25.tar; elenents = 1137582080 -8+1; // BuildingBlocks are size-order+]

§4,81L = 2,809,333, 753 keys, of then distinct = 1,912,688, 132; 2,009,333, 760 bytes Fedora-Workstat ion-Live-x86_64-35-1.2, iso; elenents = 2009333760 -8+1; // BuildingBlocks ave size-order+]
5, ALlnore - 3883 483,825 keys, of then distinct = 3,346, 259,533; 3,903,483, 832 ytes Fedora-Workstation-35-1, 2.aarch6d. raw.zz; elenents = 3903483832 -8+1; // BuildingBlocks are size-order+]
6, ALLnax = 7,798,235, 435 keys, of then distinct = 6,770,144,405; 7,798, 235,442 bytes nath, stackezchange. con_en all 2819-82.zin; elenents = 7798235042 -8+1: // BuildingBlocks are size-order+]

- All the runs were In "Current priority class is REALTIME PRICRITY CLASS" for Windows and "Current priarity is -20." for Ling;

- 11 the runs were executed by Core 1 (3.e. SetProcesshffinityask(GetCurrentProcess(), 1);) in Windows, not in Limg (the task was niorating hetueen the cores),;

- Benchwark needs 3268 B, and 6438 for the 6th testset;

- The hale package (except the 3rd, 4th, 5th and 6th datasets) 15 dounloadable at: https://forun,b6d. org/index. phy?topic=3518. nsy1412254nay 141225

- 3rd dataset is downloadable at: hitps: /fcdn kernel ory/pulb/ T kernel /v, 5/ L5, 15 20, tar 3z

- 4th dataset is downloadable at: https: //download. fedoraproject. org/pub/fedora/ Timu/ releases/ 30 Mlorkstat don/x88 64/iso/Fedora-florkstation-Live-x88 64-35-1.2.150

- th dataset is donloadable at: https://download. Fedoraprojest. ang/pub/ fedora/Limus/releases/ 35 Morkstat lon/aarchéd/ inages/FedoraHorkstat ion-35-1. 2. aarchéd. ran. 1z
| - fith dataset is donloadable at: hitps://dounload kiniy.org/zin/stack_exchange/uath, stackexchange. con_en_all 2013-02.2in
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Enfun!
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Quicksort ‘Magnetica’ - FASTEST Quicksort?!... No!

A short revien by samaycelsanmayce, con, 2022-4far-10

% Laptop "Brutalitto’, B Renoir' 43000 4,33z nax turho, 6438 DDR4 3200z
[/ 1 Berfornereys 1 #1, FE distinct 1 #2, MANY distinct 1 §3, MBlfnore distinct 1 44, ALL distinct | 45, ALLnore distinct | 45, ALLmax distinct |
!
[1 4 Operating Systen, | Windows 10, | Windows 10, 1 Windows 10, | Windows 16, | Windows 16, | Windoas 16, | Windows 16, | Windows 16, | Windows 16, 1 Windows 18, 1 Windows 16, | Windows 10, |
/1 Copiler, -03 1 Intel v15.0 1 GOC 11,21 1 Intel 150 1 60 1020 1 IntelvI5.0 § GO0 1020 f Intel leM @0 11.2.1 1 Intel vlSl &0 1121 | Intel w50 1 G0C 11201
!
I} qsort I 42 seconds | 45 seconds | 242 seconds | 288 seconds | 113 seconds | 131 seconds | 319 seconds | 384 seconds | 620 seconds | 695 seconds | 1282 seconds | 1438 seconds |
Jf 1 Meaonetica v 13 1 22 seoonds | 21 seconds | 135 seconds | 134 seconds |60 seconds | 59 seconds | 177 seconds | 177 seconds | 350 seconds | 349 seconds | 724 seconds | 722 seconds |
[/ 1 Bentleyellroy 1 24 seoonds | 24 seconds | 146 seconds | 142 seconds |66 seconds | 64 seconds | 200 seconds | 193 seconds | 391 seconds | 376 seconds | 850 seconds | 893 seconds |
/11 Crisort U 20 seconds |19 seconds | 91 seoonds | B seconds | 44 seconds | 38 seconds | 126 secords | 109 seconds | 246 seconds | 241 seconds | 567 seconds | 479 seoonds |
!
/11 Best Tine (bare | 1 ! ! ! ! !
/11 bone in-place 05): 1 19 for Crunsort {815 for Crunsort I 385 for Crmsort { 10% for Crunsort 1 2115 for Crumsort 1 479 for Crimsort |
!
/1 Speed Roster, (the base speed 1,08 is GLIBC's gsort):
/1 Bank 41 2943/937 3.0 = 19+ 81+ 38+109+211+ 47%= 937 seconds for Crumsort
1 Rank 42; 2543/1460= 2.01x = 21+134+ 5317734 22 1482 seconds for Magnetica v.13 - gark descrition "Intel(8) G+ Conpler YE for apelications numing an Itel(®) €,
1/ Rark §3: 2943/1602- 1.83% = 24+147+ 64193376+ 803= 1602 seconds for BentleyHicllroy Versian 15.0.0,108 Ruild 20140735";
/1 Bank #4: 2943/2963= 1,00 = 45200131+ 350+695¢ 1438 2943 seconds for GLIBC's ggort - nark description "-Fics 03 -FedS_bench 113 ICLI5.0_dbit exe -D N HIGH PRIORITY":
1 00-%+2-68 bytes, 4/1 conditional/uconditional juops; 23 instructions
[ My threads with Magnetica's source and biraries (Linux and Windows): » Magnetica’ partitioning, wainloop rev, adpl
1/ ttps: / fum. verclack net /threads/benchuark-guicksort -says-sort ing-2-hil Lion-giords. 1134855/ BRI
/1 ctps:.fomngh64.org /Forun/indes. prgTtopic=3518 nsy 137645 Muag 137645 Wi BB E e rar, 8
/1 Tittps: /., Linuquest ions. org/quest ions/progranning-9/gsort-vs-2Tuagnet ica%2-quicksort -41 75703333 Hoost 6239782 gmef ol i ooy 18, QD PIR [raz]
0032 49 3 £0 op rsi, 18
: .
- Open-source and 106 FREE, licenseless; B?;gagw & kBN
- & nitty playoround for further PRACTICEL ... playaffs, 17 13 21 e BRI
B183.9:
{{The nain loop of Magnetica r.%alp [ BiGa0 48 8 2f nov hp, QRORD PTR [rdi)
for (PR Cdndx;) { Bidac 48 30 5 o 1sd, rhp
=M+l D0dat 73 G Jae B183.13
if (Pivat ) #9) { BI83AL:
113 sumpUnconditional (L, PR): Domnl 43 B3 ¢7 18 add ndi, -8
=P+l D0k 48 8 2f ooy rhp, QUORD PTR [ndi]
} else if (Pivot ¢ #9) { D0bg 48 3 5 op 181, rhp
for (;Pivet ¢ indz;) { Dk 72 #4 b Bs
Jndg = Jndg - 1 B183.13:
} Qe 48 89 28 ooy GRORD TR [rax], rip
113 sumplnoonditional (PR, Jndg); D00ch 48 83 cB 48 add rax, -8
Jndg = Jndg - 1 Wdcd 4o 89 07 oo GRORD TR [rdi], 18
BR=M-1 P00cT 48 83 ¢7 18 add ndi, B
} Ddch b @ Jnp B183.15
} BI83.14:
{/The nain loop of Magmet ica r.5aZp ] Bidod 48 80 25 ooy thp, QUORD PTR [rcx]
{3t (PR Jndg) { D00d0 4 83 01 nov QIORD PTR [rex], 18
il 113 swaplinconditional (SQWORDSCRR+11, SQNORDS[Indx+11); 00348 83c1 88 add rox, §
I Q067 48 89 28 ooy QIORD PTR [rax], rhp
1113 SvpCond it Jor]_ifhY BURGY ((uintfd_t)Jnds, (uintBd_t)PR, PR+l JndeeD); // Should be faster than "Mikudsh” hut BE3 A
buggy when uraparonding, inhere ‘PR’ and ‘Jidx’ are far belo the dangerous values - no pitfall, 100z 48 3 o7 up 1ax, 1di
13 _svapCond it omm LK Akodah( (uint6d_t)nds, (uinted_t)PR, PReL, Jndz+l): // The safe ne, but slover, im't 08 72 be Jo BI3T
it + ‘Mametica’ partitiming, nainloop rev.%aZy]

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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1/ Vritten by Sanuayce, 2022-Mar-13
fdefine 114 Insert ionsortTHRESHOLD @
fdefine M4 StackEntries 18081 //(18001-1) /23000 pairs/recursions
void M4 svaplnoonditioral(uint64.t *a, vintfdt b) {uintfdtt-w = M=t }
fdefine MWaze(x,y) (xy7sy)
fdefine MAMKaze(s,y) (xyyx)
fdefine MKazeR0(x, v) (9" (G2 ") & -(x ()
fefine MEMKazeS0(x, o) (2" (5" 9) & -(x <))
/int Scandun_DINTGdv (uint6d t a, vint6d.t b) { retu
s it Scandun DINTSv(uintB4.t a, uintf4 t b) { retun (@) b) - (2 <) }
Q0000 45 33 ol sor réd, rid
00003 33 c 100 £a, £ax
00005 48 3 ca op 1ex, Tx
00a3 o 97 cd seta al
Doomn 41 0f %2 ¢ sethrdh
Dooot 41 2b ol sub eax, 1l

m b -@Ch); F// ifaGhthnl

pamz c3 ret
*
int Scandun_DINTAdp(uint6dt #a, vintfdt #b) { return (e ) #) - (s C #); )
Jx

s it Scandun DITRAp(uintBd t #a, uintfdt %) { retumn (a ) ) - (s (#); }

00000 45 33 ol sor réd, réd

Qoan3 48 &h o nov rax, GORD FIR [rc]

{0as 48 3 12 onp rax, GUORD FTR [rds]

00003 44 89 i nov ez, réd

o seta al

00oaf 41 0F % c0  seth rdh

00013 41 2 ol sub eax, 1l

Damle c3 ret
*
void M14_svapconditionall(uint6d_t wa, uintfd_t *b) { uint6d_t aOLD = =a; uintfd_t BOLD = #h; %a = MINKaze(aOLD, bOLD); b = MA¥Raze(aOLD,OLD); }
Jx

v unid M4 sapeondit ionald(uint6d_t #a, uintfd_t %) { uintfd t aClD = %a; vint6d_t HOLD = #; %a = MINaze(a0LD, HOLD); b = MARaze(a0LD,WOLD); |
00000 4c 8 B9 nov 19, GIORD PTR [rcs]
00003 4 & nov 18, QCRD PTR [rds]
00006 4 3b of oop 19, 18
00003 4c 89 ol oV rag, 18
000 90 42c1  cmovh rax, 19
00010 44 3 ol oop 18, 19
0ae13 48 89 01 nov GUORD PTR [rex], ray
D06 4 0f 47 c8  coova 19, 18
0001 40 89 Ba nov GUORD PTR [rs], 19
0001d 3 ret
*
void M4 suapcondit ional2(uint64 t #a, uintfd_t #b) { vint6d_t aOLD = =, uintfd_t BOLD = #h; %a = MINKazeSO(a0LD, HOLD); *b = MAKazeS0(aOLD,bOLD); }
Jx
v vodd M4 swpeanditional2(uint6d_t =, uintfd t #) { vint6d_t allD = *a; uint6d_t LOLD = #h; % = MMKazeSO(ROLD, bOLD); #h = MEiRazeS0(a0LD,LOLD); }
D000e 33 co 100 £a, £ax
00002 4c B 11 nov 110, GORD PTR [rce)
005 4 89 d1 now 13, 10
00005 4c & 02 nov 18, GIORD PTR [rds]
000eh 4 3 dd oup 118, 18
{00de B 92 cd seth al
00011 4d 33 of gor 19, 18
D0014 17 dB Ny £ax
Q0016 48 63 ol movsid T, £ax
00019 4c 23 of and 19, rax
0001c 40 33 ol 1or 18, 9
duols 4 33 d1 xor 116, 19
00022 4c 89 01 nov GUORD PTR [rex], r8
00025 4c 89 12 nov GUORD PTR [rds], rl0
/MS o ret

vnid W14 SuapConditioral_ifADY BUBRY(int6d_t ¥, int6d t ¥, uint6d_t =, uint6d_t «b) { int6d_t XVsond = ¥-; int6d_t BBsond= *a-+h; ABsond = ABsondd(MVsond 0> 63); % = %a-RBsond; *b = «helBegnd; } // if X<V then
ap
Jx
v vodd 114 SwpConditional IfXOY BUGRY(int6d t X, int6d_t ¥, vintfd_t =, vint6dt #) { int6d_t X¥sond = -V, int6d_t ABsynd= *a-+b: RBsond = ABsond&(XYagnd ») 63): % = wa-RBand; ) = «hedBaund; } // if ¥(Y
then suap

00000 48 2 ca sub reg, Tdx

Q0003 40 & 11 nov 16, QUORD PTR [r9]
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0aas 49 17 da neg rll

00003 49 8 00 nov rag, QIORD PTR [r8]
0000: 4c 03 dd add r1l, rax

Qooot B cl £9 3 sarrex, 63

00013 4c 23 d1 and r1l, rex

00016 49 2 o2 sub rax, rld

0am9 45 83 0 nov QUORD PTR [r8], rag
4o n add QORD PTR [v9], r10

oqe1s c3

*

ret

void 114 _sapCondit iona V_Akkodah(uint6d_t ¥, uint6d_t ¥, uintb4_t «a, vintfd_t %) { int6d_t Kagnd = -CKCY): int6d_t ARsgnd= %a-b; ABsynd = ABsymdfYaynd: #a = wa-BBsynd; b = #b+Bagnd; } // 1f X<V then swap

Jx

v vodd 114 swapConditionalXY Akkodah(uint6d t X, uint6d_t ¥, vintfd_t =, vint6dt *) { int6d_t ¥¥sond = -(i<Y); int6d_t ABsynd= %a-b; ABsgnd = BBsynd®isond: *a = *a-BBsond; # = *+dBsynd; } // if XY then

ap

00000 4d 89 ca nov rld, 9

00a3 45 33 db aor rldd, rifd

00006 48 3 ca op 1ex, Tx

00009 41 8 18 nov 19, QUCRD PIR (18]
ec 410 %3 sethrldh

00010 49 8 12 nov rax, QORD PR [r10]
] neg rlld

Q0016 48 £7d8 RN

00019 44 63 db novssd 11, rild

0001c 49 83 ol add rag, 9

D001t 49 23 3 and rag, rll

00022 4 2 of sub 19, rax

00025 44 83 18 nov QUORD PTR [r8], 19
0mazs 45 a1 o2 add QUORD PTR [r10], rax

00ezh c3

¥/

ret

vnid Quicksort_0BA4_vI4(uintfd_t QORDS[], uintfd_t NundfEle) {

Dintf4_t= Stack[M14 StackEntris]:
uint6d_t= Left = QUORDS;

uint6d_t* Right = SORORDSTundfELe-1];
uint64_t* Thelfidd1e0fMiddle;
uintfd_t= LeftBackup = Left;
uintfd_t= RightBackup = Right;
uintfd_t «Indz, «Jndz, #fL, #R;
Uintfd_t StackPtr = §;

int StackNotOverflow:

register uinthdt x0,x1,x2,x3, 54,15, 56,17,18;
Int o, 01,02, 03, 04, 08, 06,07, 0f;
uintfd_t Pivot;

Intf4_f Stefan Edelkanp Armin_leiss;

Intfd_f Stefan Edelkanp Armin Weiss MBS, Stefan_Fdelkanp_Arnin eiss %n;

uinthd_t Temporary;

StackPtr++: Stack[StackPtr] = Left; // W14 StackEntries nindmm is 3 1e. Stack[@]-umsed, Stack[1],Stack(2] i.e. one entry/pair

StackPtr++; Stack[StackPtr] = Right;

o {
Right = Stack[StackPtr];
Left = StackStackPtr - 1];
StackPtr = StackPtr - 2

far(; (114_InsertonsortTHRECHOLD < Right-Left);) { // if not 1Right-Left then Right=Left (1. @), or adjacent (ie. 1) ... or Left)Right
suitch (Right-Left) { // The nane of the gane "jup rax”

mase 1

¥
{11 instructions!

Jx

-1 200.0.ThG. 61.6.200:

B60.37:

002 48 &h 1a nov iz, QORD PR [rdg)
Do hE 0L 00 00 B0 nov eas, 1
W0esa 48 8 7208 nov rsi, QUORD PTR [§erds]

Dehe 33 e

sor ebp, ehp

D=0 48 3 de onp thg, rsl

D0e63 48 0f 47 €8 cuova rhp, max

D0e67 4B cleb @3 shlrhp, 3

Oleth 43 89 1c 22 nov GRORD PTR [rdgerhp], rhy
Dete 48 2h df sub rdx, thp

T2 43 89 T2 08 mov QHORD FTR [Berdx], rsi

Quicksort Showdown

1/ sorting 2 elenents

/14 svapcond it ional) (SQUORDSILeft], SQUORDSRIght]),

1 = *(Left+l);

1l = #{Left+]):

od = (xlxl);

ol = (@+D)-(al):
*(Left+0) 10
*(Left+0l) 1,

goto DirtyRypass; //hreak;
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0076 9 Ga 3 £f £f
*/
Jx

#
{23 instruct ions!

/
x

-1 200.0.THG. 62.6.200:

360.35::
009 48 Bh 3
Bl 33 db
D0ede 4c & 42 08
0012 49 3 18
0015 4o Bh da 10
0013 0f 97 c3
Belc 33 b
BBle 49 30 19
D021 0f 97 cd
WBe24 33 16
0026 33 e
0028 4o 3 ol
W02 40 0f 93 o6
002 4 3h el
D032 40 0f 97 ch
0036 03 08
0038 03 £
D0e3a 43 8% 3 da
D0e3e 48 03 de
Died] 43 17 b
Dledd 4c 83 W £2
0048 4c 89 4c da 18
Dedd €9 33 £3 £f £f

Jx

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

Jup B8, 19

case 2 // sorting 3 elenents
10 = #{Left+l):
1l = #{Left+]):
10 = *(Left+l),;
0f = (xBx)+ (D),
ol = (D=x0)+(xDx2):
02 = (0+1+2)-(ole0d);
*(Left+0) 10
*(Left+0l) 1,
*(Left+ol)=1l:
qato DirtyBypass; //break;

nov rdi, GORD PTR [rds]

for e, el

nov 18, QUORD PTR [Berdz]

oop rdi, 18

nov 19, QUORD PTR [16+rdx]
seta bl

107 €3Y, £ax

oop i, 19

seta al

10r es1, esl

1or ebp, ehp

oop 18, rdi

setae sil

oop 18, 19

seta bpl

add ehg, eax

add es1, ehp

nov QUORD PTR [rdgerhyed], rdi
add rhg, sl

neg iz

nov QUORD PR [rdgersi=f], r8
nov QUORD PTR [24+rdgerheeg], 19
Jup B60.19

case 3: // sorting 4 elenents
1 = *(Left+l);

1l = #(left+l)

10 = #(Leftsl)

13 = *(Left+3),;

(

)

0 = (xBx)+ (1x2)+ (x53):

ol = (g1=x0)+(zDx2)+ (x1s3),

02 = (s2=xl)+(xD=x1)+(xDx3);

03 = (B1+2¢3)-(0l+0l+02);

*(Left+0) 10

*(Left+ol)=zl:

*(Left+0l) 2L,

*(Lgft+03)13;

goto DirtyRypass; //hreak;
case 4: // sorting 5 elenents

10 = #{Left+l):

1l = *(Left+l),;

12 = #{Left+d):

13 = #{Left+d):

3l = #{Left+d)

o = (B1e2¢344)-(oBe0l+02¢03)

*(Left+ol)=xl;

*(Left+0l) 1,

*(Left+0l)2l;

*(Left+od)=1d:

*(Left+od) 1d;

qato DirtyBypass; //break;
case 5 // sorting 6 elenents

10 = #{Left+l):

1l = #{Left+]):

10 = *(Left+l),;

= (xlx])+ (xDx2) + (Dd) + (xxd);
0l = (xD=gl)+ (D2 + (D) +(xDxd);

= (xD=l)+ (xD=x D)+ (xDx3)+ (Dd),

= (el (k=) (k=22 + (1Ded):
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13 = *(Left+3),;
1 = #{Left+d):
14 = #{Left+h):
= (30D + (D) +(33) + (x0sd)+ (x0x5):
= (xD=g0)+ (Dx2)+(xDx2)+ (xDad)+ (x D10,
02 = (32=x0)+(xD=x1)+ (xD)x3)+ (22wl + (115)
= (g3l (5= D)+ (x=x2) +(xDud)+ (x3)x5):
= (gd)=x@)+ (s=x D)+ (xdd=x2) + (s)=x3) + (xDx)
05 = (B+1+2¢344¢5)-(0Benlr02e03¢0d)
*(Left+ol)=xl;
*(Left+0l) 1,
*(Left+0l)2l;
*(Left+od)=1d:
*(Left+od) 1d;
*(Lft+05) 15,
goto DirtyRypass: //hreak;
case §: // sorting 7 elenents
10 = #{Left+l):

(

= (D=l + (xDx2)+ (e Dad)+ (xDnd)  (xDx5)+ (1 Dif):
02 = (x20=20)+ (XD)=x )+ (x20e3) + (1wl + (X8 +(xx):

= (sl (xD)=x )+ (x3)=x2)+ (330 + (x3)x5)+ (x3)6)

= (s=x0)+ (=g )+ (s=x2) +(x=xd) ¢ (105 + (xx6)

= (gh=xl)+ (¥ D)+ (x5)=x2) + (1=xd)+ (x5)=xd)+ (1h0f)
06 = (0¢1+2+3+4546)-(olnl 02e03r0d05);
*(Left+0) 10
*(Left+0l) 1,
*(Left+ol)=1l:
*(Lgft+03)13;
*(Left+od) 1d;
*(Left+d)=rh;
*(Left +0f) 16,
qato DirtyBypass; //break;

case 13: // sorting 14 elenents
M14_suapoondit ionald( (Left6), (Left+1)): W14_suapconditionall((Left+1), (Left+2)): M4 suapconditionall((Left+d), (Left+3);
14_swapcond it iomal1((Left+3), (Left+4)); M4_supconditionall( (Left+d), (Left+D)): M14_svapoonditionald((Left+5), (Left+6)); 114 suapconditiomall((Left+6), (Left+T)); MI4_swapoonditimall((LeftT), (Left+d)),;
W4_suapconditionald ((Left+8), (Left+9)); 114 svapconditionall((Left+9), (Left+10)); M14_swpconditionald((Left+10), (Left+11)); MI4_svapeonditionall((Left+10), (Left+12)); M14_suapconditionald((Left+12), (Left+13)),
case 12: // sorting 13 elenents
14_swapcand it iomal1((Left+d), (Left+1)); M4_supconditionall( (Left+D), (Lefte2)): W14_svapoonditionald((Lefte2), (Left+3)),;
W4_supconditionald((Left+d), (Left+4)); 114 swapconditionall((Left+d), (Left+n)); 1I4_svapeonditionall((Left+5), (Left+B)); 114_svapconditionall((Left+6), (LeftT); 114 swapoonditionall((LefteT), (Left+d),
W14 siapconditionald((Left+8), (Left+3)); M14_swmpconditiomald((Left+9), (Left+10)): M14_suapconditionald((Left+18), (Left+10)); W14 sapconditionall((Left+10), (Left+12):
case 11 // sorting 12 elenents
M14_suapoondit iorald( (Left6), (Left+1)): M14_suapconditionall((Left+1), (Left+2)): M4 suapconditionall((Left+2), (Left+3);
W4_supconditionald((Left+3), (Left+d)); 114 swapconditionall((Leftd), (Left+B)); 1I4_svapeonditionall((Left+5), (Left+B)); 114_svapconditionall((Left+6), (Left+T); W14 swapoonditionall((LeftT), (Left+d),
14_swapcond it donal1((Left+8), (Left+9)); M14_supconditionall( (Left+9), (Left+10)); M14_swapconditional1((Left+10), (Left+10)),
case 10: // sorting 11 elenents
M14_suapoondit ionald( (Left6), (Left+1)): W14_suapconditionall((Left+1), (Left+2)): M4 suaponditionall((Left+2), (Left+3);
14_swapcond it iomal1((Left3), (Left+4)); M4_swpconditionall( (Left+d), (Left+B)): W14_svapoonditionald((Left+5), (Left+6)); 114 suapconditiomall((Left+6), (Left+T)); MI4_swapoonditimall((LeftT), (Left+d)),;
M14_suapoanditiomal1( (Left+8), (Left+3)): M14_swapoonditiomall((Left9), (Left+10));
case 9: // sorting 10 elenents
14_swapcond it iomal1((Left+d), (Left+1)); M4_supconditionall( (Left+1), (Lefte2)): W14_svapoonditionald((Lefte2), (Left+3)),;
W4_supconditionald((Left+d), (Left+4d)); 114 swapconditiomall((Leftd), (Left+n)); 1I4_svapconditionall((Left+5), (Left+6)); 114_svapconditionall((Left+6), (LeftsT); 114 swapoonditimall((LefteT), (Left+d)),
M14_suapoondit ionall((Left+8), (Left+9)):
case 8 // sorting 9 elenents
M14_suapoondit ionald( (Left+6), (Left+1)): M14_suapconditionall((Left+1), (Left+2)): M4 suapconditionall((Left+2), (Left+3);
W4_suapconditionald((Left+3), (Left+d)); 114 swapconditionall((Leftd), (Left+B)); 1I4_svapeonditionall((Left+5), (Left+B)); 114_svapconditionall((Left+6), (LeftT)); 114 swapoonditionall((LefteT), (Left+d),
case T // sorting § elenents
M14_suapoondit iorald( (Left+6), (Left+1)): M14_suapconditionall((Left+1), (Left+2)): M4 suaponditionall((Leftd), (Left+3);
W14 siapconditiomald((Left+3), (Left+4)); W14 svapconditiomall((Left+4), (Left+R)); W14 svapconditionall((Left+d), (Left+6)); MI4_svapconditionall((Left+f), (Left+T));
case 6 // sorting 7 elenents
M14_suapoondit ionald( (Left+6), (Left+1)): W14_suapconditionall((Left+1), (Left+2)): M4 suapconditionall((Left+2), (Left+3);
M14_suapoondit iomald( (Left+3), (Left+4)): M14_suapconditionall((Left+d), (Left+5)): M4 suaponditionall((Left5), (Left+6);
case 5 // sorting 6 elenents
M14_suapoondit ionald( (Left+6), (Left+1)): M14_suapconditionall((Left1), (Left+2)): M4 suaponditionall((Left+2), (Left+3);
14 sumpoonditionald((Left+3), (Left+4)): M4 swapcenditiomald((Left+d), (Left+5);
case 4 // sorting b elenents
M14_suapoondit ionald( (Left+6), (Left+1)): W14_suapconditiomall((Left+1), (Left+2)): M4 suaponditionall((Left2), (Left+3);
M14_suapoondit ionall((Left+3), (Left+d)):
case 3 // sorting 4 elenents
M14_suapoondit ionald( (Left+6), (Left+1)): M14_suapconditionall((Left1), (Left+2)): 14 svapconditionall((Leftd), (Left+3);
case 2: // sorting 3 elenents
114 swapoond it iomal1((Left+q), (Left+1)); 114 _sumpcondit ionald((Left+1), (Left+2));
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x

12000, THG. €6.6.200..

%Mh
01c8 48 89 B 24 a8
new
0040 33 ed
0012 48 80 B
fld5 45 33 42
00103 48 8 T 18
0ildc 48 3o of
00df 4o 8 5 20
00e3 40 0f 97 5
0l 45 33 &l
Wilea 49 3 ch
Oed 4c 8 da 28
BuIf1 41 6f 97 2
By 45 33 16
001£3 45 3 o8
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nov QUORD PTR [144046+sp], rox
sor ehp, ehp

nov rox, GORD PIR [rd)
zor rldd, rldd

ooy rdi, GORD PIR [24+nds]
op reg, il

oo 111, GORD PTR [32+nds]
seta bpl

zor rlad, rldd

onp reg, 11l

nov 19, QIORD PTR [4indz]
seta 1l

zor rldd, rldd

op rex, 19

case 10 // sorting 2 elenents
M14_swapcond it ioval1((Left+l), (Left+1)):
qato DirtyBypass; //break;

case T: // sorting 8 elenents
10 = #{Left+l):
il = #{left+1),;
12 = #{left+d),

= (qDu)+ (x)2) + (xx3)+ (xlsd)+ (xBoh) + (x00x6) + (xxT):

= (xD=xl)+ (D2 + (D) + (xDud)+ (xDxB)+ (xDx6)+ (1 D),

= (D=2l + (x2=x D)+ (Ded) + (x2oed) ¢ (r2oxe) + (1 D)+ (2 T).
03 = (x3)=xl)+ (x3)=xl)+ (1)) + (332 + (x3)55)+ (x ) (x2uT)

= (=) + (e=g]) ¢ (s)=x2) +(x=x3) ¢ (105) + (0x6) + (s,

= (g5=xl)+ (1= D)+ (xm=x2) + (x=x D)+ (xy=xd) + (o) + (o)

= (x6y=xl)+ (xfy=xd) + (x6)=x2) + (x6d=x3) + (xr=ud) ¢ (xB=x5)+ (602
07 = (Qe12+3edeRefie T)-(
*(Left+l)=xl:
*(Left+0l) 1,
*(Left+d) XZ
#(Left+nd)=x3
{Left+od)=xd
(Left+oh)
{Left+of)

of+nl+2+a3+nde05e06),;

*(Left+od

*(Left+ad xS

*(Lpft+0f)=16;

*(Left+0l)1T;

qato DirtyBypass; //break;
case 8 // sorting 9 elenents

10 = #{Left+l):

1l = «{left+),

10 = #{left+2),

13 = #{Left+d),

= (x0xl)
= (xD=d

TR2)+(xD3)+ (xDxd)+ (x010)+ (1058) + (1e?) + (1D)xd):

02+ (1Da3)+ (xnd) # (kD5 + (rDx8) + (1 a7+ (xd)
0)+(x=x1)+ (xDx3)+ (x0xd)+ (R2ah)+ (x2oh) ¢ (xDxT) + (1 05):
= (x=xl)+ (k=g D) (x=x2) # (eud) + (x5 + (e oh) ¢ (xaT)+ (xs)

B)+(x6)=x1)+
= (xD=x)+
08 = (B1e2e3e4e o547
*(Left+0) 10
(Lett+ol)=zl;
{Left+nl)=s2;
*(Lgft+03)13;
*(Left+od) 1d;
(Left+h)
(Left+6)
(Left+al)

)+
)
)
0+ (=)
)
)+
+§)-(of+ol+a2+03+0draBeabieT);

*

*(Left+of)=10;
Left+of)=s6;
*(Left+af)=T,
*(Left+d)=1l:
qato DirtyBypass; //break;

*

)
+(g5)=x2)+(35)=x3)+(15)=xd)+ (xE)x6) + (e20uT) + (x9)10)
)

(
(xD=x)+(
(xD=xl)+(
(xB=xl)+( (xD=x2)+
0d = (p=gl)+ (x=xD)+ (1d)=x2)  (x=x3)+ (ubgh)+ (xoh) + (xxT) + (s0x8):
(xh)=xl)+( (xh)=x2)
(16=g)+( (x6)=x2)+(x6)=x3)+ (x6)=xd) +(36)=x5) + (36)%7)+ (s6)sB)
( ( (
B)-

1D+ (1D=2)+ (1T=r3)+ (1= + (D=x5)+ (D=1) + (Toxd):
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Wl do Bh 6238 mow r1Z, QUORD PTR [dB+rds]
Diff 4108 97 ch  seta rldd
00203 45 3 ff sor 11, rifd
00206 49 3 oo onp rex, 112
020943 8h % 38 oov rhx, QUORD PTR [9erds)
0200 4108 976 seta rldb
0z 4103 e add ehp, rldd
00214 45 03 ee aid r13d, ridd
08207 45 33 16 sor rldd, ridd
0021a 41 03 &l add ehp, 13
0oz 45 33 &l sor 113, rid
00220 48 3 ch op 1eg, Ty
W34 A24  ow rax, QIORD PR [derdz]
f22r 4ot 9 s seta rld
0022 45 33 d2 sor 118, rli
00222 48 3 of op ICX, TaX
0231 488 208 oov rsd, QUORD PTR [Berds]
D23 410t 97 e seta rlh
00233 48 3 ce op 1ex, sl
0% dc 4210 oo 8, QWORD FTR [1ferds]
D4R 4108 97 cf seta rldh
00244 49 3 of op rex, 18
00247 43 89 B4 24 1
nRwn nov QUORD PTR [144048+rsp], rax
DO24f 4108 97 ¢ seta rldh
00253 45 03 ef aid r13d, riqd
0A256 45 03 12 aid rl4d, rlid
00285 45 33 d2 zor r1dd, rlid
Bozhe 48 3 1 op 18, TGX
O2af 410 93¢l setae rlih
00263 45 33 1t zor 11, rifd
Ba266 48 3 17 op rsd, rdi
QU269 4108 97 ¢7  seta rlh
00260 45 03 ez add r13d, ridd
BazTe 41 03 &l all ehp, 113
00273 45 33 &l sor 113, rid
00216 49 3 13 onp rsi, rll
pms 410t 97 ch seta rld
0oz 45 33 16 sor rldd, ridd
00280 49 3 1 op s, 19
DZR3 41 0f 97 b seta rldb
00287 45 03 7 aid r1dd, riqd
00z8a 45 33 ff zor 11, rifd
0028 49 3 4 omp rsd, 112
0250 4108 97 c7 seta rlh
00254 45 03 ez add r13d, ridd
08257 45 33 16 sor rldd, ridd
0025 48 3 3 oop s, Thy
0% 4389 Gcea  mov QUORD FTR [rdwerbped], ro
022l 4108 97 cf  seta rldh
00285 45 03 5 aid r1d, r13
0028 45 03 fe add rfd, ridd
WdZah 45 33 16 sor rldd, ridd
B0Zae 48 3 0 op 18, Tax
DNl 4108 97 o6 seta rldh
BAZK5 45 33 &l sor 113, rid
BAZ68 49 3 0 op rsi, 18
Dlbh 410 97 ch  seta rldd
BAZuf 45 03 15 aid rl4d, r13
002c2 45 33 el zor rlad, rldd
0025 45 03 fe add rfd, ridd
0028 45 33 16 sor rldd, ridd
B02ch 4o 3 cl oip 18, rex
iZce 410f 93 c6  setae ridh
00202 4 3 cf onp 18, rsi
Dds 410 93k setae rldh
0029 45 03 47 add r1dd, rixd
B02dc 4 3 o7 oop 18, i
0B2Af 4o 89 %4 24 18
new nov QUORD PR [144886+ersp], rld
0A2e7 41 b 00 00 G0
1] nov rled, 0
D0Zed 410 97 ¢ seta rldh
Ba2e1 45 33 ff sor 11, rifd
Ba2ed 4 3h o3 omp 18, 11l
DoET 4108 97 ¢ seta rlh
Ba2th 45 03 15 aid rl4d, r13
B2 45 03 47 aid r1dd, riqd
0030 45 33 el for 113, rld
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0030 45 03 12 add rl4d, rlid
00307 45 33 d2 sor 118, rli
00302 40 3 cl oop 18, 19
00300 4108 97 ¢ seta rldh
08311 45 33 ff sor 11, rifd
00314 44 3h ol op 18, 112
D37 41097 ch setarldd
0830 45 03 45 aid r1d, r13
00312 45 33 &l zor rlad, rldd
00321 4o 3 3 oop 18, hy
D320 4108 9765 seta rldd
00328 4c 3 ol oip 18, rax
W 40 97 e seta rlh
0032t 45 03 ef aid r13d, riqd
00332 45 33 ff sor 11, rifd
00335 45 03 48 add r1dd, ri
00338 45 33 &l sor 113, rid
0033 49 3 fh op rd, rll
033 4108 97 ch seta rldd
00342 45 03 12 aid rl4d, rli
00345 45 33 d2 sor 118, rli
00348 49 30 19 op rdi, 19
o3dn 4108 97 c2  seta rldh
00345 45 03 a aid r13d, rli
0032 45 33 d2 zor r1dd, rlid
0035 49 3 1o op rdd, 12
D3R 4108 97 ¢ seta rldh
3 48 3 th onp i, thy
0035f 4o 89 b4 24 O

R nov QUORD PTR [144064+rsp], 114
0367 4108 97 ¢ seta rlh
0036h 45 33 16 sor rldd, ridd
B03te 48 3 18 oup i, rax
D3 410 97 cf seta rldD
003ms 45 03 07 aid r1d, riqd
0038 45 33 ff sor 11, rifd
03Th 48 3 9 onp i, rex
DT 41 0f B ol setae rlh
00382 45 03 ea aid r13d, rli
003 45 03 17 add rl4d, rixd
00388 45 33 ff sor 11, rifd
0038 48 3 fe oop i, sl
03Be 41 0f B cT  setae rlth
08352 45 33 d2 sor 118, rli
08355 49 3 18 op rd, 18
0398 41 0f Bl setae rlih
0035: 45 03 fa aid r1fd, riid
0035f 45 33 d2 sor 118, rli
0032 4o 3 df oop 1l rdi
0030 41 0f B o2 setae rllh
0039 45 03 17 aid rl4d, ri5d
003ac 45 03 g2 add rl3d, rldd
003af 45 33 16 sor rldd, ridd
0032 4 3h 9 omp rll, 19
Do 410 97 cf  seta rldh
0035 45 33 ff sor 11, rifd
W03he 45 03 d6 aid r1dd, ridd
Badht 45 33 16 1or rldd, ridd
003c2 40 3 de oop rdl, 2
03ch 4108 97 cf  seta rldh
033 4c b db oop rdl, rhx
03cc 41 0f 97 c7  seta rlh
00300 45 03 17 aid rl4d, ri5d
00303 45 33 1t zor 11, rifd
0036 4c 3 df oop rdl, rax
0309 4108 97 c7 seta rlh
B03d 4c 3b d9 onp rdd, rex
00320 4c 89 ac 24 cf

R nov QUORD PTR [144072+rsp], 113
00368 41 b 00 00 G0

1] nov rldd, 0
D3 41 0f e setae rldh
003£2 45 03 df add r1dd, ridd
0035 45 03 1l aid r1fd, rid
0038 45 33 &l sor 113, rid
B03th 4o 3 de oop 11l rsi
fafe 41 0f B e setae rldh
00402 45 33 16 sor rldd, ridd
00405 4 3 df oop rll, 18
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00408 410 B3 o6 setae ridh
00l 45 03 &2 aid r13d, ridd
Dodat 45 33 16 sor rldd, ridd
0012 45 03 1l add r1fd, ri3
00415 45 33 &l sor 113, rid
00418 4c 3 of oop 19, i
DMy 410f Bch  setae rldd
0041f 4 3hch omp 19, rll
022 410 Wb setae ridh
0026 45 03 47 add r1dd, rixd
00423 4 3 oo oup 19, 2
0042: 4o 89 %4 24 d0

new nov QUORD PR [144880+rsp], rld
00434 41 b 00 00 oo

nov rled, 0
00d3a 410 97 ¢ seta rldh
00d3e 45 33 ff sor 11, rifd
00441 4c 3hch oop 19, thy
Doddd 4108 97 ¢ seta rlh
00448 45 03 ez aid r13d, ridd
Ddady 45 33 16 sor rldd, ridd
B0dde 4o 3 of op 19, rax
Jsl 410t 97 b seta rldb
00dss 45 03 07 aid r1dd, riqd
00dng 45 33 1t zor 11, rifd
0045 4 3 cd oup 19, rex
Ddbe 41 0f B ol setae rlh
00462 45 03 a add r13d, rlid
g5 45 03 17 aid rl4d, ri5d
00468 45 33 ff sor 11, rifd
B0dgh 4o 3 ce op 19, sl
Dodge 41 0f B o7 setae rlh
0042 45 33 d2 sor 118, rli
00475 40 3 of op 19, 1§
DTs 410t Bl setae rldh
00dTc 4503 fa aid r1fd, riid
DodTs 45 33 d2 zor r1dd, rlid
00482 4 3 &7 oop 12, rdi
0aRs 41 0f B3¢l setae rllh
00483 45 03 17 add rl4d, rixd
008c 45 03 &2 aid r13d, ridd
0048t 45 33 16 sor rldd, ridd
00452 40 3 €3 oop 12, 1
0% 410 b setae ridh
0049 45 33 ff sor 11, rifd
0043 40 3 el oop 112, 19
OB4Sf 41 0f 93 c7  setae rloh
004a3 4c 3 &3 oop 12, thx
004a6 4c 89 ac 24 d8

R nov QUORD PTR [144088+rsp], 113
(bdae 41 bd 09 00 G0

nov 113,
Dodpd 4108 97 c5 seta rldb
00dn8 45 03 df aid r1dd, ridd
Dbdhh 45 03 1l add r1fd, ri3
Ddhe 45 33 & zor rlad, rld
004 4 3 el oop 12, rax
D0dod 410 97 c5 seta rldb
00dc8 45 33 16 sor rldd, ridd
B0dch 4o 3 el oop 12, rox
OMdoe 410 %3 c6  setae ridh
0042 45 03 07 aid r1dd, riqd
00dd5 45 03 &2 aid r13d, ridd
004d8 45 33 16 1or rldd, ridd
Boddh 4 3 ef oop 12, sl
0dde 41 0f 93 cf  setae rldh
DMde? 45 33 1t zor 11, rifd
00deh 4 3 el oip 112, 18
0deB 41 0f B o7 setae rlh
Dbdes 45 03 17 add rl4d, rixd
Dbdef 45 33 £f sor 11, rifd
002 45 03 &2 aid r13d, ridd
Doafs 45 33 16 1or rldd, ridd
0Baf8 48 3 df op rhx, rdi
Dbafh 410 93 cf  setae ridh
Doasf 45 03 db add r1dd, ri
00502 45 33 &l sor 113, rid
00505 49 3 db op rhx, 1l
DEOB 41 0f B ch setae rldd
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005l 45 03 15
0O0t 45 33 &l
08512 49 3h 9
0OR15 41 0f %3 ch
08519 49 3 de
005l 4108 93 o7
00520 45 03 ef
08523 45 33 ff
08526 48 3h 8
0BR2 41 0f 97 o7
Bas2 33 cl
0852f 48 3h 9
00532 43 80 B 24l
R
0853a 0f 93 ol
00530 45 03 15
00540 44 03 18
08543 33 ¢l
00545 48 3 de
09548 0f 93 ol
Bisdh 45 33 &l
005de 49 30 d8
QU5R1 41 0f 93 ch
QU555 41 03 5
00588 4o Bhac 24 18
R
0Us60 44 03 18
0063 45 03 17
09566 49 03 &l
00569 42 89 3 ea
0056d 4o 89 M ca
00571 4c Bh B4 24 8
R
08579 49 03 cf
085Tc 43 Bh b 24 d0
R
0054 43 03 &9
00587 43 Bh B 24 a8
R
0058t & 89 3 ol
08553 4c 89 1 £2
00557 4c Bh % 24 d8
new
BU5E 49 03 £3
0052 4e 89 B da
005a6 de 83 24 d2
005aa 44 03 6
085ad 49 03 £2
Dahd 43 03 ez
BEsh3 48 17 dd
005h6 4 89 1 £2
00ha 43 &h % 24 1
R
0852 43 89 % ea 20
R
005ca €3 b6 fh £f £

or defe(dleft + Right - Left) (= QRight or 4¢6 <= SRight-Tleft or (4*6)/3 <= Right-Left 1.e. 8 = Right-Left as a ninimm condition to enter the ‘for',
W14 svaplinconditional (Left + ((Right-Left)»)2), Left+);
W4_suplnconditional (Left + ((Right-Left))1), Left+1),;

Jx
{085 45 33 o
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add rldd, rid
zor rlad, rldd
oop 1hg, 19
setae rldh
oop hg, 2
setae 1l
add r13d, rl%d
zor rlhd, rlbd
oup 1hg, rax
seta rlth
107 €3Y, £ax
oop hg, Tox

nov rox, QUORD PTR [144064+rsp)
setae al
add rldd, rid
add rl5d, eax
100 BAX, 63X
onp the, rsl
setae al
zor rlad, rldd
onp the, 18
setae 1ldh
add eax, rldd

nov 113, QUORD PTR [144056+rsp)
add rl5d, eax
add rldd, rlsd
add rhp, rl3
ooy QORD TR [rdger13s8], rsi
nov QUORD PR [rdgercesd], r8

nov 18, QUORD PTR [144072+rep]
ald rcg, 18

nov rsi, QUORD PTR [144080+rsp)
add rhp, rox

nov rox, QUORD PTR [144046+rsp)
nov QUORD PR [rgerds8], rdi
ooy QORD TR [rdgersisg], ril

nov r11, QUORD FIR [144088+rsp)
add rsi, rll

nov QUORD PTR [rdger11eg], 19
nov QUORD PR [rdgerl0es], rl2
add rle, rl4

add rs1, rld

add rhp, rsi

neg rip

oy QORD TR [rdgerldsd], rh

nov rhx, QUORD PTR [144048+rsp)

oy GUORD PTR [288+rdx+ripd], rix

Jup .B6.19

Jodz = Right;
fL = Left+]
PR = Left+;

[{Theltidd1e0Middle = Left + ((Right-Left)»2); // (dLeft + Right - Left)/4; Cavtion: [ThelfiddleOftfiddle+6] should be <= [Right] 1.2 f+(dLeft + Right - Left)/4 (= Right

10 = #{Left+l):
1l = #{Left+]),;
12 = #{left+d):
0d = (xBxl)+(lxd)
ol = (D=l (xDl);
02 = (B+1+2)-(olie0]):
*(Left+al)=x0;
*(Left+ol)=l:
*(Left+ad) 12

PL = B - (olLefted)==(Left+0));

JfPL = BL - ((Left+2)==%(Left+1)); // trying to expand the Pivet Pool (i.e. PL..PR) is kinda not worth it, therefore comented
JIFL = L - (#{Lefte2)===(Left+0)); // trying to expand the Pivot Pool (1. PL..FR) is kinda not worth it, thersfore comented

sor réd, rid
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Wicc B %4200 nov rax, GRORD PTR [16+rdy]
000 48 3 4208 cop rax, QUORD PTR [Berels]
004 45 6F 44 £7 coove rldd, rlA

003 48 30 12 ap rax, QUORD FTR [rds]
Q0bdh 5 0f M o7 coove r8d, rl5d

0ds 49 £7 de ey rld

00e2 4 2o £0 sl rld, 18

L - ! (x(Left+2)#(Left+1)); // trying to expand the Pivot Pool (1.e. PL..PR) is kinda not worth it, therefore comented
/ L - N(x(Left2)-*(Left+0); // trying to expand the Pivet Pool (3.e. FL..FR) is kinda not worth it, therefore comented

000cH 45 33 ol sor réd, réd

Wicc B %4200 nov rax, GRORD PTR [16+rdy]

00Gd0 48 4208 cop rax, QUORD PTR [Berels]

Domdd 5 0f 4 17 coove rldd, rlnd

Dhads 43 3 a2 onp rax, QUORD PTR [rdx)

Q0bdh 5 0f M c7  coove r8d, rl5d

D0Bt 49 £7 de neg rld

D002 4 b £ s rld, 18

/fBefore: x0,20,52,83,54,55,%6 = 7,1,2,4,8,3,3
[{Refare: o, o1,02,03,04,05,06 =6 1250 34
[fufter ¢+ s0,s1,52,53,54,55,56 = 0,1,2,3,3.4,7
/FL,FR = 10980050, 10980050 // 50-58=40 i.e. 0/80 ar 7-7-0

[fRefore: x0,10,52,83,54,85,%6 = 7.7,7.4,0.3,3
/fBefore: of, 01, 02,03,04,05,06 =4 5630812
[fufter - s0,s1,52,53,54,55,56 = 0,3,3.4,7.7,7
//PL, PR = 10930040, 10980050 // 50-40-10 1.e. 16/8-2 or 7-5e2

[fRefore: x0,20,52,83, 84, 55,%6 = 7.0, 10,10,
[{Refare; o, o1,02,03,04,05,06 =0 123456
[fpfter - sf,s1,s2,53,84,85,56 = 7,0, 0,0,
//FL,PR = 10980020, 10580050 // 50-20=30 1.e. 48/8-6 or 7-1-6

Pivat = R,

 nark description "Intel(R) C++ Compiler JE for applications ruming on Intel(R) 64, Version 15.0.0.108 Build 28140726":
+ mark_description "-FAcs 03 -FeQS_bench_r13_ICL15.0_6dbit. exe -D_N_HIGH FRIORITY":
o 196-4+6=177 bytes, 2/0 condit ional Amcondit onal juops; 53 instructions
: 'Magnetica’ partitioning, nainloop rev.6-[
607

000f4 o 8 6d 08 mov r13, QUORD PTR [S+rip]

0003 40 3 dd omp 11, 113

Dlath 41 83 fa nov rldd, edi

Dfe 41 89 18 ooy réd, edi

e 41 0f 972 seta rldh

D@41 0f %l sethrdh

00109 44 20 dd s 11, 18

0iac 44 89 4 ooy 18, rlf

omat 49 17 da neg rll

2ol 83 sarrd, 6

069 cl a3 sar rld, 63

0illa 4o &0 3 nov 114, QORD PR [rsi)

0mtd 40 3 de omp 11, rid

020 73 0 Jae B60.11

J60.9:;

M2 B 83chfs  addrsi, B

0026 4c 8 3 nov 114, QORD PR [rsi)

00123 40 3 de oop rdl, rld

0l 2 f4 Jh Be0.9

36011,

00122 40 89 ¢l now 19, 18

0m31 4 89 ef ooy rl5, i3

03 49 1741 ot 19

0m3T 40 23 1 and rld, 1§

03 40 23 19 and r1, 1§

00134 4 03 fe add r15, rld

Q040 4o 89 7 08 mov QUORD FTR [B+rhpl, 115

0044 44 89 ¢7 ooy 115, g

AT g em  andrd, 1

MM B8 cH @ add rhp, 8

A 9cled @3 shlrd, 3

0m53 40 23 il and r15, 13

0u56 49 7h €8 aub rfp, 18
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00155 44 23 ea
00l5c 40 8h 3
autat 4 23 £1
00162 44 03 fe
00185 41 89 df
00168 40 89 3
00160 49 £7 de
001e 41 8 & 24
01Tz 49 2 fo
00175 4c 8 45 0
w4 2w
0017 40 23 of
wrE 483 el il
00183 4 03 o
00186 40 89 44 0
0018 4 8 3 24
0018e 4 23 fe
0151 41 03 ef
48 2 4
00198 4 & 24 4
0019 48 3 ee
0015f Of 82 4f £f 1f
ff

!

I Y T
T T T T T T T T T T T T T T T T T TSt Tttt T T T

Jx

and r13, rld

nov 114, GORD PR [rsi)
and rld, 9

add r15, rld

nov rld, rld

nov QUORD PTR [rsi], r5
not rld

nov 19, QUCRD PTR [r12]
sub rsi, 18

nov 18, QUORD PTR [rip]
and 19, rld

and 18, rld

and 110, 1

add 19, 8

nov QWORD PTR [rho], 19
nov 115, QORD FTR [r12)
and 115, rl4

add r13, rlh

nov QUORD FTR [r12], ri3

lea 12, QUORD PTR [r12+103]

oup thp, sl
Jh Be0.7

Magnetica’ partitioning, nainloop rev.6-]

Magnetica’ partitioning, wainloop rev.6-[ t 700 SLOW !

for ;PR ¢ Jndx;) {

FR=MR+1

Temporary=+f;

Stefan Fdelkanp hrnin_Weiss = Scandun UINT64w(Pivet, Temporary);

Stefan_Flelkanp_Arnin_Weiss WA = (Stefan_Flelkanp Aroin fleiss ») 63);

Stefan_FdeLkanp_Aruin leiss MASKn = ((-Stefan Edelkanp ruin ieiss) ») 63),;
for (;Pivet ¢ *Jndz;) {

} Jodg = Jnds -
[/if (tetan_Fdelianp Arnin Weiss < 0) {  //]
/l 114_svapUnconditional (PR, Jndx): ] +
/f Jde = Jnd - 1, N |
! PR=PR-1 i !
[ /

R = ( wJndeBStefan_ Rdelkanp_Arnin Neiss WA ) + ( sPRE(Stefan_Edelianp_Aroin Vieiss MRSK) ),

*Jnix = ( Tenporary8Stefan_Fdelkanp_Arnin_Neiss MBSK ) + ( *Jndxb("Stefan_Rlelkanp_Arndn_eiss MA%K) ),
Jndx = Jndg - ( 185tefan_Edelkanp Arnin ledss 1A% ):

FR = PR - ( 18Stefan Fdelkanp Aroin leiss MA% ):

1} else if (Stefan_Fielkanp_Amin leiss ) 0) { N

I 114 seplhconditioal (L, B); ) — ‘
I Pzfl+l; N !
h 1 I
1} else { [ — /

#fR = ( PLAStefan_Edeliamg_Armin Yleiss JA%Kn ) + ( *PRR("Stefan Fdelkanp_ Armin Weiss {A%n) ),
1L, = ( Tenporary8Stefan Flelkaup_Aruin leiss M0 ) + ( PL&("Stefan Bdelkanp_Ain leiss MASkn) );
FL = FL + ( 18Stefan Fdelkanp Aroin leiss MA%n ),

i

Magnetica’ partitioning, wainloop rev.6-] ! 00 SLOV !

 nark_description "Intel(R) C++ Compiler ¥E for applications ruming on Intel(R) 64, Version 15.0.0.108 Build 20140726";
» mark_description “-FAcs 03 -FedS_bench_r13_ICL15.0_fdbit. exe -D_N_HIGH PRIORITY":

¢ d-Sh#2=68 bytes, 4/1 conditoral/unconditional junps; 23 dnstructions

* "Magnetica’ partitioning, nainloop rev.5alpl

BI83. T
D0k 43 83 o 08
0005t 4c &h 00
0002 49 3 0
0005 77 26
JB183.8::
0007 73 31
B183.9:;
0083 43 & 2f
W0dac 43 3 15
000af 73 0
18300
Qo1 48 83 o7 £8
Qs 48 & 2f
D08 43 3 15
Ddh T2 £4
318303
Ddid 43 83 28

add rag, 8
nov 18, QUORD PTR [raz]
op 13, 18
Ja B183.14

Jee L8315

nov thp, QUORD PR [rdi)
oup s, thp
Jae BIE3.13

add rdi, -8
nov rhp, GORD PTR [rdi]
onp s, the
Jb BRI

oy GUORD PTR [rax], rhp
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Q00ch 48 83 cd £ add rax, -8

B0acd 4c 89 07 nov GUORD PTR [rdd], r8
000cT 48 83 o7 £ add rdi, -8

Ddich e W Jip B183.15

183,140

0ded 48 8 29 nov thp, GORD PTR [rce)
00ede 4c 89 01 o GUORD PTR [rex], r8
D063 48 83 c1 8 add rex, 8

D0ad7 48 89 28 nov GUORD PTR [rax], rhp

18315,

D0bda 48 3 o7 op rag, i

00add 72 be b BIB3T
;/’Magnetiua‘ partitioning, nainloop rev.5aZpl

[/ Magnetica’ partitioning, nainloon rev. %l
far (PR ¢ Jndz:) §

PR=FR+1,

if (Pivat ) #) {
114 swaplinconditional (FL, PR):
PL=fL+ 1

} else if (Pivat ¢ FR) {
for (:Pivot < #Jnd:) {

Jodz = Jndg - 1

}

1114_suaplnconditanal (PR, Jndx);
Jodz = Jndg -
PR=FR-1,

}
// Magnetica’ partitioning, mainloop rev.%alp)
it () dod) { // ]
il 14 suaplincond it oval (SQUORDSIPR11, SQWORDSLIndx+11); // |

(e
==

| SyapCondit donal 1BV BUGY((uint6d_t)ondz, (uintfd_t)FR, FRe1, Judz+l); J{¢-=-=-/ Kinda ‘Desperate Measures' - debranchifying the nainloop as much as
possible
Jde = PL - 1
g = PR+ 1
{StackPtr = StackPtr + 2,
fif ((Right-Tndg) > (Jnds-Left) {
/ Stack(StackPtr - 1] = Ind;
/ Stack[StackPtr] = Right;
/ Right = Jnd;
/) else {
/ Stack(StackPtr - 1] = Left;
/ Stack[StackPtr] = Jnd;
/ Left = Ind;
/
/

[ S S S S S S S P U S S

[l

if (Indz + M14_InsertionsortTHRESHOLD ¢ Right) {
StackPtr = StackPtr + 2
Stack{StackPtr - 1] = Indx;
Stack[StackPtr] = Right;

[{-=-=-/ Operation ‘Maxinm Underkill’, getting rid of conditional jumps as if there isno tonorrow

i
Right = Jndz;
/{ Stack is full, hail out and finalize with Insertiomsort

StackNotOverflon = (StackPtr + 2 <= W14 StackBntries-1);

StackPtr = StackPtr 8(-StackNotOverflow): // StackPtr should he enforced FALSE; also, ensure the next 'mush’ above is sanctimed - the vax index of Stack[] heing
"StackEntries-1'

Right = (uint64_t=)((uint64_t) (Right) &(-StackNotOverflow); // Left + M14_Tnsert ionsortTHRESHOLD < Right should be enforced FALSE:

*
/{ Stack 1s full, bail out and firalize with Insertiamsart ]
} /suitch (Right-Left) {
}//far(; (414_Insert donsortTHRECHLD < Right-Left):) { // if not 1Right-Left then Right=Left (i.e. @), or adjacent (i.e. 1) ... or Left)Right
DirtyBypass:,;
[/ Caution: Inhere ‘Left’ could he higser than ‘Right’,
1/ Too sl [[[
I for (Indx=Left+]; Indy = Right; Indxs+) { // Inhere, ve mist sort the [Left, Risht] micro-partition [[[
! Jds = Indx;
! for (;ondz )= 1) {
I if (QUORDS[Indz-1] > QHORDS[Jndx]) M14_svaplinconditional (BQUORDS[Jndz-1], SQUORDSLIndx]): else break;
! Jde = Jnd - 1,
! }
I }// Tnhere, we must sort the [Left. Right] nicro-partition 1]
1/ Tou slaw 1)
}uhile ( (StackPtr 1= 0) ),
11 Slow [[[

Jx
if (*StacklotOverflo)
for (Indy=LeftBackupl; Indx <= RishtBackup; Indye+) {
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Jndg = Inds;

for (;ndx )= LeftBackupe;) {
if (+{Jnde-1) > *Jndz) 114 swaplnonditional (Jnds-1, Jndx); else break:
Jodg = Jnds - 1

¥/
{/ Slaw 11

[/ This is the initial variant, without any optinizatims:
Jx
/] Magnetica’ partitioning [
Jndz = Right,;
PL = Left;
PR = Left;
svap (BQUORDSL (Left + Right)>»1], SORORDSIRRD):
Pivot = QUORDS[PR];
for (PR Cnix;) {
if (Pivot > GUORDSCER + 10 {
s (BQUORDSTPLY, GQUORDSIFR + 10),
=P+
=M+
}else if (Pivot == QUORDSIFR + 11) {
=P+
}else {
for (:Pivat ¢ QUORDSLJdz];) {
oz = Jnds - 1

}
if (PR + 1 < Joedx) suap (GORORDSIER + 11, GQWORDS[Jndx]):
Jodg = Jndy - 1

}

Judg = PL - 1,

Ik =R+ 1;

// Magnetica’ partitioning ]
*
[ ttps: //stackoverflow, con/auest ans/ 2861245/ hoi-to-subtract -tuo-unsigned-ints-with-wrap-around-or-overflon
Jx
Here's a 1itt1e nore detail of why it ‘just works' when you subtract the ‘swaller’ from the ‘larger’,
& couple of things going Into this.

1. In hardware, subtraction uses addition; The appropriate operand is sinply negated hefore heing added,
2, Intw's complenent (which pretty nuch everything uses), an integer is nesated by inwerting all the hits then adding 1.

Barduare does this nore efficiently than it sounds froo the ahove description, hut that’s the basic algorithn for subtraction (even when values are unsigned),
50, lets figure 2 - 250 using Sbit unsigned integers. In himary we have
pacoaelo
11111eto
fle negate the operand being subtracted and then add, Recall that to negate we lmvert all the bits thenadd 1. After iwerting the hits of the second operand we have

paepnlel
Then after adding 1 we have

=+ F =F =F 4F 2F 2F 4F =5 =5 =F =F =F 4F +F =F =& =&

paepallo
How we perforn addition...

poeaoeld
poeeaolle

+

ponl = §, which is the result we wanted fron 2 - 250

*
//ttps: /stackoverflov. con/quest ions/ 7221409/ is-umsianed-nteger-subtract ion-tef ined-behavior Mnoredirect=1

finclude (stdint.h
finclude <stdio.h>

nt min()
{
uinthd_t SaDnax = ILLKES,
uint6d_t NSGNDmax = -1;
i
uinte_t 1 = WL
ity =g+ 20
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I
I
I
I
I
I
I
I
I
I
I
I
I
It -
I
I
I
I
i
I
I
I
I
I
I
i
I
I
I
I
I
I
I
I
I
I
I
I
I
I
It

S o 4 o F =F F 2F 3F 4F =8 =& =F =F =F 4F +F +F =8 =F =& =%
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Care nust he taken not to provide conparison function for sorting, searching, tree huilding that uses unsigned integer subtraction to deduce which key is higher or lower.

[ 8t resl:

M I8t resd,

1

I

{14 [1e], an wnsined integer subtraction has defined behavior, also it isa tricky thing,
{14/ Nhen you subtract two unsigned integers, result is pronoted to higher type int if result (lvalue) type is not specified explicitly,
Jf4 //Tn the latter case, for example, int8_t result =& - by (uhere a and b have int8_t type) you can chtain very wedrd behavior,
[14 11T nean you nay loss transitivity property (Le ifa) band b ) o it is true that a ) o).
/1% [{The loss of transitivity can destroy & tree-type data structure work,
]

114 /15 example belon,

I

[ uintdta = 25,

M uint8th= 100

M uintdtc= 150

I

[/ //Tn Linug 1t 15 %10u and In Windows it is AT6du

/4 printf("uint64t SAsax = 1LCE3 = S1luln", SANDmax);

/4 print("vint4_t INSGHDmax = -1 = S1lu\nin", UNSGNDmaX)

[4 printf("uint64_t SEmax = 1LL¢(E3 = ﬂx/llX\n” SGNDmaX)

/4 printf("uint64_t UN9GNDnaz = -1 = BN\, UNSGNDrrﬂx)

I

I

M printf("(uintd_t)x = 4\, (uint8_t)x);

%# printf("(uint8_t)y = %", (uint8_t)y);

i

M printf("(int8 )z = ", (int8_t));

%# printf("(int8_thy = 4d\n", (imt8_t)y);

i

M resl= (int )z -y

M rest = (int8 gy - 4

M printf("(int8 t)x - v = 4", res);

M printf("(int8 £y - x = %", resd);

I

M resl = (uint8 t)x - (uintd )y,

M res? = (uint8tly - (uintd t)y;

M printf('s and v % and 20N, %, 9

(4 printf("(uint8_t)x - (uintd_t)y = ", resD);

4 printf("(uint8_t)y - (uint8_t)x = o, resd);
1N

I

M printf("uint8 ta =%, b= %, o= fedioln’ &, b, o),
I

Ik prmtf( b-a = dvtpronction to int typeln'
I " (int8t)(h - a) = hdnln"

I ! b+a = fdvpronotion to int tvpe\
Ik "(uint8_t)(h + a) = %ed\tnodular arithoeticin'

I "obea = R,

I h a, (intt)h-a),

I 3, (uint8 t)(h + a),

I UINT8 118NN

I (bea) (UINTS_MAX+1));

I

114 /1 Mdified by Raze:

M it i b-c=D), bisath-a=il), MDcisa(c-a=idn'
I (Imt8t)(h-o) 7" ™", (intdt)b- o),
I (Imt8t)(h-a) CO7"C ", (intdt)h-a),
I (imt8.t)(c-a) CO7"C" ", (I8 t)lc-a));
M retum 0,

I}

I

[t [

114 F:\Quicksart_says_rev++notepad e.c

I

/1% F:\Quicksort_says_revB++)icl e.c

/14 Tntel(R) Ce+ Compiler JE for applications ruming on I3-32, Version 15.0.0,168 Build 20140726
%# Copyright (C) 1985-2014 Intel Corporation, 211 rights reserved
i

e

/14 Wicrosoft (R) Increnental Lirker Version 16.00.40219.01

/14 Copyright (C) Microsoft Corporation, ALl rights reserved,

11

114 -out e, exe

114 e.0hj

11

/14 F:\Quicksort_says_revd+)e

{14 uintfd_t SBNDuax = ALLC(3 = 9233720368547 75008

/14 uintfd_t DNSANDuay = -1 = 1944674407 3709551615

I
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§ uintfd_t Snax = ILLKCEI = Ceu0R00AGATGRG0Y
§ uinttd_t ONSGNDuax = -1 = BxFRRFEEFFRRFEREFF

(uint8_t)x = 255
(uint8_t)y - 19

(intB t)x -

(int8 t)y = 19

(int8 t)x -

(int8 )y - x 2@

pand v 295 and 19

( (uint8 t)y = -20
( (vint8 t)r = %

uintd t)s -
uintd tly -

UInt8_t a = +299, b = +100, ¢ = +150

h-a = -155 pronotion to Int type
(int8_t)(h - ) 0

h+a = +355 pronotion to Int type

(uint8_t)(b + &) = +99 modular arithnetic
beah 2= 99

hiclh-

“\Quicksort_says_revg++)

*
Test rum; 2022-Yar-08.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I F
Il

=+ F F =F #F 4F 4F 4F =8 = 8 =F =F 4F =F =& =8 =F =F 4F +F =F =& =&

e, boath-a=100), Mo dale-as-1E)

Laptop "Conpressimette”, Intel ‘Kaby Lake' 15-T2000 3.16Hz vax turbo, 3638 DOR Z133Hz.

Perforner/Keys | 41, FEU distinct 1 #2, MANY distinct 1 §3, MBllnore distinct 1 44, ALL distinct | 45, ALLnore distinct 1 #f, ALLnax distinct |
I Operating Systen, | Windows 10, | Fedora 35, | Windows 10, | Fedora 35, 1 Windows 16, | Fedora 35, 1 Windows 10, | Fedora 35, ! Windows 10, | Fedora 35, 1 Windows 10, 1 Fedora 35, |
i Compiler, 03 1 Intel v15.0 1 G0C 1021 1 Intel w150 1 GOC 11,21 1 Intel v15.0 1 G0C 11,21 1 Intel w15.0 1 GOC 11, 21 Intel vlﬁﬂ e 1. 21 P Intel v15.0 G011
1 gsort 159 seconds | 377 seconds | 336 seconds | 541 seconds | 157 seconds | 195 seconds | 435 seconds | 534 seconds | 851 secnnjs | 1036 seconds | NA N |
[ lagnetica v, 13 1 31 seconds | 30 seconds | 202 seconds | 196 seconds 88 seconds | 85 seconds | 259 seconds | 250 seconds | 506 seconds | 493 seconds | NA N |
| BentleytclIroy 1 38 seconds | 36 seconds | 205 seconds | 208 seconds | 92 seconds | 94 seconds | 279 seconds | 281 seconds | 544 seconds | 553 seconds | NA WA i
I Crunsort 130 seconds | 32 seconds | 132 seconds | 150 seconds | 64 seconds | 70 seconds | 134 seconds | 192 seconds | 357 seconds | 376 seconds | NA N
! Best Tine (hare | ! ! ! | ! !
! hone in-place Q5): | 30s PARITY i 1325 for Crunsort I Bds for Crumsort 1 1845 for Crumsort 1 375 for Crumsort A |

Perforner/Keys | 41, FEU distinct | 42, MANY distinct | §3, MBnore distinct 1 44, ALL distinct | 45, ALLnore distinct | #f, ALLnax distinct |
I Operating Systen, | Fedora 35, 600 10,21 | Fedora 35, GOC 10,21 1§ FPedora 35, @C 11,21 1 Fedora 35, GCC 1021 1 Fedora 35, G0C 10,21 1 Fedora 35, GOC 11.2.1 |
i Coopiler, 03 1 instructions; IFC  instructions; IFC { instructions; IFC I Instructions; IFC { instructimns; IFC | nstruct ions; IFC |
| gsort b3, 302,993,54,520; .78 1 2,983,579,082, 155, 1.7 1 B86,263,153,476; 1411 2,352,769, 75,563, 138 1 4,527,367,288,814; 1.39 1 NA
| Magnetica w13 1 130,873,917,28C; 1001 698,478,89%,600; 1.02 1 309,149,5%4,743; 1081  BBd4,257,729,161; 1.66 1 1,726,931,029,634; 1.0 1 [
| Bentley-Mcllroy 1 164,905,835,204 109 1 681,%%6,1%5,364; 1.00 1 322,%04,009,352; 1.04 1 944,038,909,690; 1.02 1 1,719,825, 062,847, 0.97 1 NA
! Crimsart b 302,308,457, 447: 2,25 1 1,295,560, 817,497, 25T 643,276, 500,007; 2.53 1 1,557,685,290,53; 2.46 1 3,091,001, 982, 86, 2.51 | A

Rank 41 2683
Rank #2: 2683
Rank #3: 2683
Rank #4: 2683

§- 320 =
10%= 2,54 -
1172= 2,28 =

=2 el el el

Test run; 2022-1%r-09;

Spee] Roster, (the base speed 1,00z is GLIBC's qsort):
32+150+ T0+192+ 376= 820 seconds for Crumsort
0+196+ 8250+ 493 1084 seconds for Magnetica v.13
3+208+ 94281+ 53 1172 seconds for Bent leyellray
2683= 1,06z = 377+541+195+534+ 1036= 2683 seconds for GLIRC's qeort

Laptap "Brutalitte”, A ‘Renoir’ 4800H 4.30Hz vax turbo, 64GB DORA 3200z

Performer/eys 1 B1, FEW distinct

| ﬁZ, MY distinct

1 #3, 1Bmare distinct

| 44, BLL distinct

| 45, ALLnore distinct

I 4, ALLnax distinct

Operating Systen,
(onpiler, 03

Windows 10, | Windows 10, | Windows 10, | Windows 16, | Windows 10, | Windows 10, | Windows 10, | Windows 10, | Windows 16, | Windows 16, | Windows 10, 1 Windows 10, |
Intel 915.0 1 60 1.2 1 Intel w50 1 GOC 10,20 1 Intel 9150 1 60 112,10 1 Intel vi5.0 0 GOC 10,21 1 Intel w150 § G0C 1121 1 Intel w50 1 GO0 1021 |

gsort
Magnetica v.13
Bentley-icIlroy
(runsort

20 seconds |

19 seconds |

91 seconds |

81 seconds |

44 seconds |

211 seconds |

567 seconds |

42 seconds | 45 seconds | 242 seconds | 280 secands | 113 seconds | 131 seconds | 319 seconds | 304 seconds | 620 seconds | 695 seconds | 1282 seconds | 1438 seconds |
22 seconds | 21 seconds | 135 seconds | 134 seconds | 60 seconds | 59 seconds | 177 seconds | 177 seconds | 350 seconds | 349 seconds | 724 seconds | 722 seconds |
24 seconds | 24 seconds | 146 seconds | 142 seconds | 66 seconds | 64 seconds | 200 seconds | 193 seconds | 391 seconds | 376 secords | 850 seconds | 803 seconds |

38 seconds | 126 seconds | 109 seconds | 246 seconds | 479 seconds |

Best Tine (hare
bane in-place Q5):

| 195 for Crunsart

813 for Crunsort

385 for Crmsort

{ 10% for Crunsort |

2115 for Crunsart

4795 for Crumsort

Il
I
Il
I
I
Il
Il
I
Il
Il
I
Il
Il
I
Il
Il
I
Il
I
I
Il
Il
I
Il
Il
I
Il
Il
I
Il
Il
I
Il
Il
I
Il
Il
I
I
Il
I
Il
Il
I
Il
Il
I
Il
Il
I
Il
I

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

Page 17 of 37


https://twitter.com/Sanmayce

Speed Roster, (the hase speed 1,00z is GLIBC's qeort):

Rank #1. 2943/937 3.0 = 19+ 81+ 38+109+211+ 47%= 937 seconds for Crunsort
Rank #2: 2943/1462= 2,00x = 21+1%4+ 59+177+349+ 722= 1462 seconds for Magnetica v.13
Rank #3: 2943/1602= 1.8% = 24+142+ £4+193+376+ 803= 1602 seconds for Bentley-ticIlroy
Rank #4: 2943/2943= 1,00 = 45+280+131+354+695+1438= 2943 seconds for GLIEC's ggort

Test run; 2022-Yar-14;
Laptop "Conpressimette”, Intel ‘Kaby Lake' 15-T2000 3.16Hz vax turbo, 3638 DOR Z133Hz.

Perforner/Keys | 41, FEU distinct 1 #2, MY distinct {43, MEYnore distinct | #4, AL distinct | 45, AlLnore distingt 1 46, AlLmax distinct |

Operating Systen,

Fedora 35, G0 1.2,
Conpiler, 03 I

i
instructions; IFC | instructims;

Fedora 35, G0 10.2.1
instructions; IFC

Fedora 35, G0 10.2.1
instruct ons; IFC

Fedora 35, G0 11.2,
instructions; I

Fedora 35, G0C 11.2.1
IR0

Fedora 35, &€ 11.2,
I

1 i
f0 instructons; IFC I

385/342 secand

5 R2T/234 second
6,448,450, 744,497: 2.82 |

qort 5 | 165/% secunds 516/128 seconds | 999/252 seconds |
4,921,980, 445,033, 2.06 1 1,369,822,972, 984, 194 3,260,596, 357,540, 1,58 1

N,
f,250,299, 799,611, 1,591 L,

29/8 secands |

5 198/47 second
171,452,642, 615, 1.4

5 86/22 secund
936,751, 248,598, 1.17

5 241/66 second
443,844,553, 192; 1. 25

5 472/134 seconds |
1,251,624,832,265; 1.28

Magnetica v, 14 I
2,503,542, 225,085, 1.28 1 Il

38/13 second

5 203/47 second
246,587,334, 436, 1.23

s 304765 second
1,105,253, 285,645, 1.5

5 597/139 seconds |
1,460,132, 564,676, 1.22

Bentey-lcTIroy | 100/26 secund A
1 2,048,210, 143,410, 1.22. 1 A,

5
507,140, 963,617, 1.23

Crumsort 1.1.5.3 2974 seconds | 129/4 seconds | 6172 secunds 173/3 seconds | 339/7 seoonds | i
| 1,605,371, 408,284, 2.64 1 3,102,283, 088,926, 2.71 1 i,

351, 332,884,902; 2.43 1 1,284,147,329,%00; 2.80 1 603,085,127, 518, 277

/

/

/

/

/

/

/

/

/

/1

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/ Legend (The tine is exactly the Sort process tine, first values is for wsorted, second one is for sorted):

| 1, FE = 2,233,061, 800 keys, of then distinct = 1; 178,708, %4 bytes 22338618 QUORDS. bin: elenents = 178,708, 944/8 #100; // Keys are 16 tines duplicated

| 42O = 2,482, 300,900 keys, of then distinct = 2,047,531: 24,823,016 bytes nobythesaurus.tet: elenents = 24823016 -8+1 // BuildingBlocks are size-order+l, they are 100 tines duplicated
/43 iNnore = 1137 582,073 keys, of then distinct = 77, 275 994, 1,137,582, 080 hytes lmux515 25.tar; elenents = 1137582@8@ -§+1; // BuildingBlacks are size-order+l

[ 44,00 = 2,009,333, 753 keys, of then distinct = 1,912,608, 132; 2,009,333, 760 hytes Fedora-Workstation-Live-x86_64-25-1.2. 1s0; elenents = 2009333760 -8+1: // BuildingBlocks are size-order+]
{45, ALLnore = 3,003,483, 825 keys, of then distinct = 3,345,259,533; 3,003,483, 832 hytes Fedora-Workstat ion-35-1.2,aarchfd. raw. xz; elenents = 3803483832 -8¢1; // BuildingBlocks are size-order+!l
5 #6,ALLnax = 7,798, 235 435 keys, of then distinct = 6,770, 144 4@5 7,798, 235 447 bytes nath, stackexchange, con_en_all 2019-02. zim; elenents = 7798230442 -8+1; // BuildingBlocks are size-order+]
/
/-
{-
/-
/
/
/
/
/
/
/
/
/
/
/-
/
/-
/
/-
/
/-
/
/-
h
/-
/
/

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
1/ Netes:

/- Scandun's Crunsart is the FASTEST in-place sorter, known to ne, hail Scandun!

{1 - 811 the rims were in ‘Current priority class is REALTIYE PRIORITY CLASS" for Windows and "Current priority is -20." for Linu;

/f - 811 the rins were executed by Core 1 (1.e, SetPrucessﬁfflmtyMask(GetCurrenthcess() 1;) In Windows, not in Linx (the task vas nigrating hetueen the cores);

/1 To see nore stats (the tahles were deriving from) see 'log i5-T2000 MARI. txt';

/- Benchuark needs 3268 RAM, and 6488 for the fth testset;

/1 - The uhole package (except the 3rd, 4th, 5th and fth datasets) 15 donloadable at;

/1w, sanmayee. oon/08_showdoun_rld, 7z

1/ Wttps://forun, 4064, org/ Inde, phw?topic=3518 sy 141225nsy 141225

/1 - To reproduce the roster, run on Windows or Limi:

/1 - BENCH_ICL323B BAT

/1 - BENCH_ICLA4GR BAT

11 - sh hench_geo32. sh

{{ - sh bench gcof4@B. sh

/f - 3rd dataset is donloadable at:

/1 ttps: //odn kernel. arg/pub/ Line kernel 5. 1/ 1imig-5., 16,25 tar.xz

/1 - th dataset is downloadahle at:

/1 ttps: /fdownload. Sedoraproject  org/pub/ fedara/inux/releases/35/Morkstat don /28664 iso/Fedora-Workstat ion-Live-286_64-35-1.2. 130

/- th dataset is donloadable at:

// https://dounload. fedoraproject  org/pub/ fedora/Tinux/ve leases/ 35 lorkstat in/aarchAd) inages Fedora-orkstat ion-35-1. 2, aarched, raw. xz

/- fith dataset is donloadable at:

/1 ttps: /fdownload  kuix, oo/ zin/stack_exchange/uath, stackexchange. con_en_all 2019-62. zin

/- Managed to reduce the nainloop down to 68 bytes (fron 71 in r.12), the oain cones fron suitching to pointers, had to do that long tine ago, wanted to keep the etude BRRRY-syntax friendly. Now, r.12 uses arrays,
whereas 1,13 uses pointers, Another turning point, GCC now heats ICL in all tests.

{f - Tn order to suitch to "Benchiark node":

/[ cat /sys/devices/systen/cpu/cpud/cpufreg/scaling_overnor

/1 echo perforuance | tee /sys/devioes/systen/cpu/opu/cpufrey/scaling governor

Jx

yoid quicksort_Bentley Mol lroy_Juay partitioning(uintfd_t al], Intfdt 1, imtfdt r)

{

mbdti=1-1 j=r,p=1Lq=1;
mted £ &,

Uintfd_t v,

if (r ¢= 1) return;

siap(falr], Sal(r+)»10); // Nodified by Kaze
v=alr]:

for (1))

{

while (a[+i] <) ;

uhile (v < al--j1) if (G == 1) break;

if (1= ) reak;

susp(falil, faljl):

if (@[i] == v) { p++; suap(Balp], fali)); }
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https://download.kiwix.org/zim/stack_exchange/math.stackexchange.com_en_all_2019-02.zim

if (v==alj]) { o suap(Bal3], fala)); }

}

siap(alil, Salr]):

Jeil =1

for (k=1 k Cp; ke, =) sumplBalk], Galjl):

for (k= 1L k) @ k-, i++) suap(Bali], Balk]);
quicksort_Bent1ey McIlroy Juay partitioming(a, 1, j);
quicksort_Bentley Mellroy Juey partitioning(a, 1, 1)

/1 hnd the Assebly code generated by 60 11,2, for Magnetica vi3:
/1 001 Quicksort_QB64_v13:

/002 LFR2I4:

1/ 103 GF1_startproc

/1 1 pushy il

11 F1.def cfa_offset 16

/1 10 GFL offset 15, -1

[ leag -§(hrdd, ors1,8), 4rl0

1/ 108 oy rdi, %o

119 oy i, frax

it pushy i

u F1.def cfa_offset %

1 GF1_offset 14, -24

[ 3 0oV 410, %um?

114 vl 52, il

1 pushy Il

[/ 06 .Gf1_def_cfa_offset 32

u GF1_offset 13, -2

1 purpcklody  %amn, xond

At pushy i

] F1.def cfa_offset 40

1l GF1_offset 12, -40

i pushy it

113 F1.def cfa_offset 48

114 .t offset 6, 43

i pushiy ik

i T3 def cfa_offset %

1w .t offset 3, -5

/18 suhy 5143920, rsp

/1129 .ot def cfa_offset 14397

11 NOVIRS Yl -%6(hrsp)

11l Jalin 4,10

11 align 3

/1033 L5105:
Il
!
!
Il
!
!
Il
!
!
Il
!
!
Il
!
!
Il
!
!
Il
!
!
Il
!
!
Il
!
!
Il
!
!
Il
!
!
I

% vy arld, frex
i suby 52, 4rls

] sy hrag, ey
W testy rex, ey
038 Jle L5096

] leag B(hraz), %rh
a4 | Lo113;

Ml oV hreg, rsi
M oy (4rax), frdx
3 sary 63, frsi

i g 65, ‘e
[ a L5097

pf Jip * L5095 ( rsi, 8)
w7 Section Todata

{8 align 8

M9 align 4

050 L5099

il Jquad L5097

[ uad Lol

i3 Jquad L5103

! Jquad L5102

] uad Lol

] Jquad Lo100

i Jquad L50%

it} text

i Jaalign 4,,10

] JPéalign 3

061 .L50%8;

i oy B(hraz), %rhp
i oy 16(rax), 4rbx
i wrl %ect, fecx
] oy Ulhrax), 4l
] oy 32(rax), 4rld
i opy rdz, frp
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/1 068 vy Wiraz),
/1 089 novg Blhrar), 4l
/1 seth il
f1m Py rdz, frlx
1/ adcl 50, fecx
[ m g Urdz, 4
1/ adcl 50, %o
/11T g Yrdz, 10
1/ 16 adcl 50, fecx
[ Py hrdz, %9
1/ 08 adcl 50, fecx
/1 m g Irdy, 412
1 180 adcl 50, %o
11wl narl dd,
/82 g Urd, ‘rkp
/1183 vl Yecy, -108(krsp)
/084 setnh Wb
111 narl et Yec
/1 186 Py Urhe, e
/10 st il

1/ 18 ald] Bect, Al
/1 183 wrl Yecy, feox
1/ 0 capy Arll, rp
/1 1 st il
/1 addl Yecy, rdd
1119 narl Yecx, Yec
1/ 1 il Arld, rp
/185 seta il

11 1% addl Yecx, rdd
1w narl et Yec
[ o %9, Sl
/09 st il
/100 addl Yecx, 48
/11 wrl Yecy, feox
11w g Ur12, Yrtp
/118 st il
/1M wrl Yedi, fedi
1116 addl Yece, 8l
/1 106 g Urdy, b
11w setth il
11168 narl et Yec
/1169 g b, Yrkp
/110 sethe il
IR addl Becx, fedi
1 narl et Yec
1113 Py Wrld, e
/114 st il
i addl Becx, fedi
/1 116 wrl Yecy, feox
T g U1,
/1118 st il
/1119 addl Yecy, fedi
11120 narl Yecx, Yec
11 g %9, b
11 seta il
1112 addl Becx, fedi
1114 narl et Yec
115 Py W12, e
[ 12 st il
1 narl Uest, fesi
1128 addl Yecy, fedi
111 g Irdz, 4l
/113 setnh hil
113 wrl Yecy, feox
1113 g U1, Yty
/113 sethe il
/1134 addl Yecy, fes
1% narl Yecx, Yec
I11% g U1l ke
113 sethe il
111% addl Becx, fesi
1113 narl et Yec
/1140 g i, il
/1141 st il
14 addl Becx, fesi
/1143 wrl Yecy, feox
/114 g w9,
/1145 st il

/1 146 addl Yecy, fes
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/147 wrl Yecy, feox
/1148 g 12,
/1149 st il

/1 150 addl Yecy, fes
115 narl Yecx, Yec
I/ 182 g Urdz, 10
/183 setth il

1 14 narl Wrtd, %1
[/ 15 g 10, ‘rtp
/1 156 sethe irldh
115 addl 13, %ec
1158 narl Wrtd, %1
/1159 Py i, ik
1 160 sethe Il
1161 addl 13, %ec
/1162 wrl Irldd, Al
/183 g I,
1/ 164 sethe Il

/1 165 addl W13, fecy
11 168 narl Irtd, %1
[ 167 g %9, hrlg
/1 168 seta irldh
1169 addl 13, %ec
1 narl Wrtd, %1
11 g Wiz, i
/11mn st 1%
1n narl ridd, fridd
11 addl W13, fecy
/117 g ird, 9
11 setmh Iridh
i wrl Irldd, Al
1 i %9, Ybp
1m sethe Il

/1 180 addl hrldd, wrldd
11181 narl rldd, %rdd
11182 g %9, b
/1183 sethe irldh

/] 184 addl hrldd, drdd
1115 narl Wrtd, 1
/1186 Py a9, el
11187 sethe Il
/1188 addl hrldd, 4

/1189 wrl Irldd, drldd

/1150 g %9, hrle

1119 sethe Iridh

/1192 addl hrldd, dridd

1119 narl Wrtd, %1

/1% g Ir12,

/1195 seta irldh

/1 19 addl hrldd, 4

119 novsly -188Chrsp), 4rld
/1198 0oV hrdz, (hraz 414, 8)
/1199 novsly Urdd, e

/1 0 oyl -188Chrsp), 4rldd

/1 m 0oV Urhp, Chrax, 4z, )

I m novsly Yed, e

11203 oy U, Chra, ez, 9)
/W novslg Yesi, fnix

11 oy Artd, Chra, ez, 8)

1 20 novsly e, it

[ 0oV hrle, Chraz 4, 8)
1128 novsly Irl3d, fnd

110 oy %9, (iraz ndz, 8)

/1 8 leal (r1d,%r®) ey
1 addl Yo, et

1 addl Yesi, el

13 addl Yecy, fedx

114 vl 521, %o

Il addl 13, Ged

/1 U6 ahl ez, feox

i novsly Yecx, Yt

11 oy W12, Chra, sz, 9)
/129 Jalin 4,10

1120 align 3

{120 1509

I testy W, s

IR Je L50%

[/ 24 15121

/125 vy -104C4rsp, r15,8), %rle
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/126 vy -1120rsp, 5r15,8), fra
i Jnp L5115
118 alim 4,10

/11 plalign 3

{1230 L516s:

13 oy B(rag), %rdi
3 vy 16(hraz), 48
1133 narl ey, Yo
1% oy s, fndi
11 2% seth il

1123 capy fntx, %8
1w adcl 50, Jecx
/138 wrl Uesi, fesi
11 oy s, fndi
] setmh Jsil

/1% wrl hrd, et
1 oy %8, rdi
1 seta e

/] addl U, fesi
1% novsly Yecx, 9
14 oy Urds, Chrax, %09, 8)
[ U novslg Yesi, fnix
111 addl Uest, Yo
1% oy Urdi, Chrag, e, 8)
/1 T i §3, e
1B subl Becx, Yol
15 novsly Yed,
/153 0oV %8, (hrax rdz, )
1] T4 testy Wrts, s

[ 5 Jne L1512

/f 756 . Log:

I addg 6143920, rsp
118 GF1_renenber _state

/1 59 .f1_def_cfa_offset 5

11 20 PRy e

1 %1 F1.def cfa_offset 48

/1 262 o it

11 263 F1.def cfa_offset 40

11 24 popg Il

/1 %65 .of1_def_cfa_offset 32

11 U8 PRy Uik

1 F1.def cfa_offset %
e pop Wl

1269 F1.def cfa_offset 16
1 popg s

im .of1_def cfa_offset §
Im et

1m alim 4,10

[ plalign 3

{1275 L5164:

L] T restore_state

i 0oV 8(0hrax) , hrex
11 capy iy, Yrex
1m shiy s, frsi
/1280 anil 83, fesi
1181 oy s, e
118 oy rds, Chra, frsi)
11283 i §1, el

1] %4 sthl 50, ez
1% novsly Yed, fnd
/1 %6 0oV hrcx, (hraz 4z, )
{8 Jnp L5096

11 2% alim 4,10

/1 39 plalign 3

{1 290 L5leL:

119 oy B(raz), %rl0
/8 vy 16(hraz), 43
119 narl Becx, Yo
1% i 2Alhrax), I3
[l 1% vy Nlhraz), hrdd
11 19% g s, %rl0
{17 seth il

/1 138 Py hrdz, %9
1119 adcl 50, Jecx
113 il fntx, %8
1130 adcl 50, %o
1130 oy s, fndi
1383 adcl 50, Jecx

/1 W wrl Uesi, fesi
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/1 3% Py rdz, frld
/1 36 setnh hil
130 narl Urtld, %rdd
/13 Py Wd, il
/130 st il
/30 addl Arild, fesi
/130 wrl hrldd, 4rldd
1130 g ur8, hrlg
/133 st il

/1 34 addl Wrldd, fesi
1135 narl Artd, %rld
/1 316 g Urdi, 410
11307 seta irlth
/138 addl Yesd, rlld
1130 narl Uest, fesi
/130 Py hrdz, %9
/13 setnh hil
113 narl el el
11303 Py %9, %o
1 34 sethe "
1138 addl Uelm, fesi
/1 36 wrl e, felx
I g w8, 4
/38 st il
/130 addl Uele, fesi
11330 narl el el
Rl g rdi,
1133 seta 7l
1133 addl Yesi, el
1 3% narl Uest, fesi
/1 3% Py hrdz, %8
/1 3% setnh hil
133 narl ehn, hebp
/1338 Py Wd, i
1339 sethe pl
1134 addl Uebp, Yesi
/1% wrl Yelm, el
13 i I, 4
1] 43 sethe pl
/1 addl Uetm, fes
1% narl ehn, hebp

[ 4 g Urdi, 8

11347 seta el

1138 addl Uebp, fesi

113 novsly Yece, Yrlp

/1 %0 addl Wrldd, fecy

13 oy s, Chra, b, 9)
I %2 novsly Urldd, fndx

/183 addl e, feox

1 4 oy Wrtd, Chra, ez, 9)
[ 35 novsly Yeby, ‘e

/1 %6 addl Uesi, feox

1 3 oy %9, (hraz oz, 8)
/38 novsly Yesi, iy

/1 359 0oV %8, (hrax rdz, )
1/ 30 il 610, %edz

1 %1 subl e, el

/1362 novslg ez, frix

1 363 oy i, Chra, ez, 8)
[ %4 Jnp L5096

/1365 Jalin 4,10

11 %8 align 3

{1 37 L5l62:

/1 368 0oV 8rax), 4rld

/1 %9 novg 16(krax), 49
113 narl Yecx, Yec

m vy Uliraz), I8

/1 m g Urdz, 10

/1m seth il

/13 Py hrdz, %9

1/ 318 adcl 50, fecx

1 376 g rdz, 8

i adcl 50, %o

113 narl Yedi, fedi

/131 g Urdz, 10

11380 setth il

11 %1 narl Uest, fesi

/1% g %9, hrlg

11383 seta Uil

Quicksort Showdowm - quicksort Magnetica_partitioning vs quicksort Bentley Mcllroy 3way partitioning; for more updates: https://twitter.con/Sanmayce Page 23 of 37



https://twitter.com/Sanmayce

/1 addl Yesi, fedi

11 3% narl Uest, fesi

1 36 g ur8, hrlg
11387 seta Jsil

/138 addl Yesd, el

11 3% narl Uest, fesi

/1 390 Py hrdz, %9

/1 %1 setnh hil

1139 narl Artd, %rld
/13 Py Wd, il

1 3% sethe Uit

/1 3% addl Arild, fesi
/1 3% wrl hrldd, 4rldd
1139 i I,

/1 398 st il

/1399 addl Wrldd, fesi
[/ 400 novsly Yec, rll

1 40 addl Yo, e
/14 0oV hrdz, (hraz 411, 8)
/148 novsly Yed, e

11 404 addl Yesi, e

/1 485 0oV hrle, Chraz 4, 8)
/1 436 novsly Yesi, iy

11 407 oy %9, (hraz, oz, 8)
11 408 vl 56, Yl
1409 subl Yecx, el
/410 novsly Yedy, ‘e

[ 41 0oV %8, (hrax rdz, )
/1412 Jnp L5096

11413 alim 4,10

/1 414 plalign 3

/{415 1516:

/f 416 novg Bhran), 4r12
47 vy 16(hraz), 4rip
11418 narl e, Yec
/149 novg WUlhrax), 4l
/142 vy Nlhraz), 4rlo
i1 4 g Urdy, 412
/14 novg $rax), b
11423 seth il

I 4 g rd, ‘rkp

1/ 4% adcl 50, fecx

/1 426 Py hrdz, %rll
14 adcl 50, fecx
114 g rdz, 10
11428 adcl 50, %o

11 4% g rde, ‘b
1141 adcl 50, fecx
/143 wrl hrd, et
1143 g Irdy, 412

[/ 44 setnh %

/1 435 wrl Uesi, fesi

11 4% g b, 12
{14 st hil

/1438 addl Yesd, %
1143 narl Uesi, fesi

[ 440 g I,
/14 seta Jsil

/f 442 addl Yesd, rdd
11443 narl Uest, fesi
/4 g i, il

/] 45 st hil

/] 46 addl Yesd, rdd

[ 47 wrl Uesi, fesi
/448 g by, 2

/f 449 st hil

[ 450 wrl hrdd, b

/] 81 addl Yesd, rdd

I 482 g Urd, ‘rkp

11 453 setth irdh

11 454 narl Uesi, fesi

[/ 455 g by, 412

/1 456 sethe Jsil

/f 47 addl hesd, el

1 458 narl Uest, fesi

[ 453 Py Wl e

/1 40 st hil

/] 41 addl hesd, el

/1 462 wrl Uesi, fesi
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/1 463 Py irle, G

[ 44 st hil

[/ 45 addl hesd, el

/1 466 wrl Uesi, fesi

[ 487 g b, Yrtp

[/ 488 st hil

/1 463 wrl Yedi, fedi

{4 addl hesd, el

i an g Irdz,

/14 setth il

1141 narl Uesi, fesi

I/ 41 g I,

11475 sethe Jsil

/47 addl Yesd, el

11 4n narl Uest, fesi

/1478 Py Wl e

{141 sethe hil

/1 480 addl Yesd, el

/1481 wrl Uesi, fesi

I 482 g I, il

/148 st hil

/1 48 addl Yesi, fedi

1 4% narl Uesi, fesi

11 436 g by,

11487 seta Jsil

/1 488 addl Yesd, el

1489 narl Uest, fesi

/1 490 Py rdz, frld

/f 481 setnh hil

1149 narl Wrtd, %1
11433 Py i, il

1/ 4% sethe Il

[/ 4% addl hrld, fesi

/1 436 wrl Irldd, Al
147 il Arld, rp

11 4% sethe Il

/1 499 addl W13, fesi

11 500 narl U1, 1
il g I, il

115 sethe il

1/ 503 addl Urlad, %esi

1/ 504 narl U1, 1

/1 585 Py Urhe, Grld

/1 50 st 1%

11 507 addl 13, Gesi

/1 588 novslg Yooz, i3

1/ 509 oy s, Chraz,%r13,9)
/510 novsly U, e

/1511 0oV W12, Chraz 4, 8)
/1512 novsly Urdd, e

11513 oy Urbp, Chra, ez, 8)
/1 514 novslg Yedi, frix

11505 oy Artd, Chra, ez, 8)
[/ 516 novsly Yesi, iy

{1807 0oV hrle, Chraz 4, 8)
11518 leal (hrex, 29, et
11509 vl 515, %ec

/1 520 addl Urld, fedx

152 addl Yo, et

11522 addl Yesi, el

/153 ahl ez, feox

I 54 novsly Yecy, iy

1158 oy U, Chra, ez, 8)
11 526 Jmp L5096

{1527 Lag:
/58 ay 5
/159 leag (
1/ 53 it (
11531 oy s, (hrex)
1153 vy 48, (hrax)
/1 5% g Yrax, 10
/f 54 Jhe L5185

/1 5% 0oV Yraz, fnix
11 5% oy rag, 9
I 5% oy o, o
115% Jmp L5111

11 5% alim 4,10

1154 align 3

/f 541 1812
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11542 (i (4r9), i
/] 543 iy s, (hr9)
/1 544 leag 16(krdx), frsi
1545 addy 53, %9

[ 546 novg hrdd, 8(hndx)
1] 87 oy U1, e
/548 LA

/1 549 g Ui, oy
{1 550 Jhe L5112
/{551 LA

/52 novg Bhrd), rsi
{1553 leag Bhrd), 4rll
1154 Py 8, s

/] 555 B L5122
/56 a L5120
1157 Leag 16(krdz), %rsi
[ 58 oy U1l e
1 59 g Ui, oy

/1 560 B! o111
/{561 L5102

/52 novg Bhrd), rdi
/1 563 0oV Wrsd, %umd
/1 564 oy Yrer, rsi
11 56 oy W10,
/1 566 by hrdz, frsi
[ 567 leag -8(4r9), 4l
11 568 purpcklody  %amnd, xond
/1 569 iy §2, Irls
/570 oy hrdi, 8
1150 sary 563, s
/51 suhy 8(rex), %rd
/151 novups Y@, -1120krsp, 4r15,8)
I/ 5 andy W8, st

/1 578 by frsd, fndi
{1 57 novg hrdd, 8(hndx)
{5 aldy hrsd, Blhrex)
/1578 0oV hrle, frox
/1 519 suby Yrax, oy
/1 580 testy e, oy
I/ 581 Jn o113
/1582 Jnp L5096
1583 alim 4,10

/1 plalign 3

/f 585 Late:

11 5% suby 5, drox
/587 Lal2e:

/1 588 novg (hrex), frdi
/1 589 g 8, i

/1 590 B! o110

/1 %91 novg hrdd, 8Chndx)
1159 suby 5, Jrox
11583 vy hrsd, 8C%rey)
[/ % oy U1l st
/5% Jnp L5107

/1 5% Jalin 4,10

1597 align 3

/{98 . La1e6:

/1599 0oV b, frsi
// a0 oy Yrax, ‘rdx
I/ fiL oy rag,

/1 81 0oV hrle, frox
/683 Jnp L5112

/1 604 GF1_endproc

/1 hnd the Assenbly code generated by 60 11,2, for Magnetica vid:
/081 Quicksort QBG4 v14:

/002 LFR212:

1/ 103 GF1_startproc

1/ 104 pushy Ity

/1 185 .of1_def_cfa_offset 16

/1 10 GFL offset 15, -1

1w leag -80hndi, rsi, 8), re
// 18 0oV hrdd, %umd

119 vl 52, il

il pushy Irid

[l .of1_def_cfa_offset 24

1 GF1 offset 14, -24

1 oy rcs,

i pushy Gk
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/1 15 .of1_def_cfa_offset 32
118 GFL_offset 13, -2

i purpcklody  %amn, xond
it pushy i

JTait] F1.def cfa_offset 40
] GF1_offset 12, -40

Al 0oV hrdd, il
1 pushy it

113 F1.def cfa_offset 48

[ 14 .ofi_offset 6, -48

1 is pushy i

i T3 def cfa_offset %
i .ofi_offset 3, -Af

1108 Uy 6143936, %rsp
/1129 .ot def_cfa_offset 143992
/1 130 novps Yamd, -80Crsp)
1wl alim 4,10

11 align 3

/1833 .Llet:

114 oy rcx,
1% suby 52, ik

/1 136 by W2, fnix
1w testy s,
/1038 Jle L5127

111 leag 8Cr12), rtd
11 leag 164r12), 4l
/f 041 L5164:

/1 W2 0oV hrdz, frsi
113 oy (4r12), frax
1 4 sary 53, rsi

1] W oy 5111, fndx

[ 06 a L5128

/] w7 Jnp * L130( rsi, 8)
/1 8 gectiom rodata
I align 8

1 T align 4

/f 61 .La3:

1 e 1518

13 e 15142

/] B4 uad Lol

1 1 e L5140

1 T8 e 15139

/] 07 uad L0138

1 18 e L5137

119 e 1513

Ji] uad L1013

1l e 1513

1162 e 1513

/] 083 uad 1013

11 16 e 15131

116 e 15129

/1 966 et

11 w7 alim 4,10

1/ 168 align 3

/069 .L5129:

1 oy B0r12), e
L} vy Yrax, iy
[m vy T2e12), drsi
1m i 88412, 413
1/ 4 g rax, e
/1178 aovhe ey, fndx
111 cnovh rax, e
i i 16(4r12), frax
/118 lich hrex, Yrip
11 capy Yy, rax

1/ 10 cnovhe rax, frlp
/1Bl aiovh ey, frax
118 i A0r12), ez
11183 oy rax, Yl

I/ 14 g hrax, %rez
111 cnovhe rex, il
118 cnovh rax, e
/87 vy 2012, dray
11188 oy rex, frll
1119 g rcx, fra

/1 190 0oV by, %
11wl cnovhe rax, frll
119 cnovh rcx, fra
/1193 vy 01D, frex
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/] 1 0oV Yraz, rld

[/ 1% g Yrax, oy

11 1% oy Artd,
11 cuovhe ez, 10

11 1% cnovh rax, e
/09 novg Br12), dray
/1 108 purpckldy s, %
JLil VRS Bannd, 16(%r12)
11w g e, rax
118 0oV ez,
/1w oy 410, ol
/116 covhe Yrax, 4r9

/1 186 aiovh ey, frax
{10 novg 56(hr12), drex
/111 oy rax, 8
/1109 Py raz, frox
/110 oy %9, annd
JZ! movhe ez, 4l
102 aiovh Yraz, frox
/1113 novg 64(hr12), fray
1114 purpcklody  %amnd, xond
/1115 novps Yamd, 320%r10)
/1 116 g e, rax
T oy ey, rdi
/118 0oV %8, Yol
JE] cnovhe rax, i
11120 cnovh e, Yrax
i1 Py Yraz, frsi
1112 oy Yrax, oy
1112 oy rdi,
/14 aovhe hrsd, frox
1115 cnovh rax, frsi

[ 12 novg 80Ckr12), fray
i purpckldg s, %
1112 VRS Yol 48(4r12)
111 g s, rax
/1130 0oV hrsd, frld
113 oy rcs,
1% cnovhe rax, rld
113 aiovh Ursd, frax
/1% g Urag, 43
1% oy Yrax, ‘rsi
/1136 0oV Urld, -%%rsp)
13 cnovhe W13, s
11138 cnovh rax, 413
/1139 vy 96(%r12), drax
[/ 140 oy W13, i
/14 g W13, rax
/114 novhps ~S6Cirsp), Yl
1114 cnovhe rax, rld
114 cnovh W13, drax

/1 145 vy 1040r12), 13
[ 146 NOVIRS Dol B4(%r12)
I oy s,

/1 148 0oV Urld, -100rsp)
/1149 g Yrax, 413

[/ 150 oy Urax, rid
/115 aovhe W3, frld
118 cnovh rax, 413
/1183 novg hrld, -1020rsp)
/115 novhps -104Chrsp), amnd
/15 novg hr13, 1m0
[/ 15 VIR Yol 80(%r12)
Jf 157 Lolds:

1/ 18 capy frby, Andx
115 oy Urkp, frax

/1 168 0oV Wrll, frld
/161 oy I, i3

/1 162 aovily Urdz, e
/1163 aovhe rdz, frax

I/ 184 oy by, ‘e

[/ 165 g b, Yrkp

/1 166 covh by, ik
/1167 movhe Urhp, oz

11 168 i 49, ‘i
11169 Py Wl b
1 covh I, drld
1 cnovhe I, rld
im 0oV Wl e
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111 g i, il

1 1% oy Urtd,
11175 aovily il frld
/1176 aovhe il i3
m oy Ui, 4l

1 1m g %9, hrlg
/117 0oV 413, %um?
11180 aovily arld, %
/1181 movhe urld, G
/118 pupckldg s, %
1118 oy rer, rl0
/1% VIR Yannd, 16(%r12)
/1185 Py 8, 4l
118 oy Urbp,
J aovily g, frd
/1188 cuovhe %9, b
/1189 g Urdi, 8
1119 oy g,
/119 covh 8,
1119 movhe s, il
1119 purpcklody  %amnd, xond
/1% 0oV hrsd, 8

/1 1% NOVIRS Bl 3204r12)
/1 1% g Yrex, rdi
/119 0oV arll, %umd
111% covh i, Yrex
11199 movhe hrdd, frld

/1 0 vy Shlhrsp), rdd
il g Urdi, oy

I m oy rdi,

[ m 0oV %10, %

I W covhe hrex, 49
11 cnovh i, Yrex

/1 6 purpckldg s, %
I VRS Yol 48(4r12)
I/ m g s, oy

/1 0oV %9, ol
1120 movhe ez, 4l
1 cnovh s, e
Ay vy -104rsp), Arsi
I g s, oy
AL oy Urs, rdi

/1 U5 0oV %8, Ysomf
118 cnovhe rcx, fndi
i cnovh s, e
/128 vy -12rsp), rsi
1 purpcklody  %amnf, xond
/12 VRS Dol B4(%r12)
il Py hrsd, frox
1 oy rdi, %o
11 cnovhe rcx, s
11 cnovh -12rsp), e
115 oy s, b

/1 16 oy rer, %6r12)
i pupcklgdy s, %
I VRS Yannd, 80(4r12)
/1209 15144:

/1 30 Py rdz, frax
Il oy Ui, oy
1 cnovhe rax, e
3 aiovh rdz, frax
I oy Urld, e

/1 1% g Urld, rax

/1 36 aovhe Yraz, fnix
1w cnovh Irld, drax
118 oy W13, i
/119 Py W3, frax
] cnovhe rax, rld
1M cnovh W13, drax
/1% 0oV Urhp, 13
/W g Uk, Arax
114 oy Urtd,

/] U5 aovhe hraz, 4rl3
114 cnovh Urbp, frax
1w oy i, Yrlp

/1 48 Py ke, frax
1% oy W13,

11 20 movhe Uraz, G
il aiovh ke, frax
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[l 5 pupckldg s, %
/] 283 oy U1l ke
/] 4 VIR Yannd, 16(%r12)
/1 355 Py Wrll, frax
1 oy by,
I cnovhe ax, i
/1 58 aiovh Wrll, frax
I/ %9 oy I, il
[/ 20 g U1, rax
/1 261 0oV rhe, famd
1126 cnovhe g, 4rld
1 263 cnovh Wl drax
/1 %4 purpckldg e, %
I 25 oy %9, hrle
I 26 VIR Bl 3204r12)
/1 %7 Py Wrd, fra
1 268 oy Artd,
11269 movhe Uraz, frld
/1 aiovh Wrd, fra
i oV I8, g

I m g W8, frax
im 0oV %10, %um?
/1 movhe hraz, 49
Im cnovh 8, ra
/1 216 pupckldg a2, %o
i oy Urdi, 8
I m VIR Yannd, 48(4r12)
/1 m Py hrdd, frax
/1 250 oy %19, %aund
/121 movhe hraz, %
/1B aiovh hrdd, frax
/8 oy Urs, rdi
Il % g s, rax
/1285 vy %8, o]
112 cnovhe rax, i
118 cnovh s, Yrax
/1 288 pupcklgdy s, %
/1 %9 VRS Dol B4(4r12)
/1 50 oy Iraz, Br12)
/f 181 L51d8:

I3 g Ui, oy
/3 oy Urd, rax
/% 0oV Wrld, frs
1% covh e, Yt
1% cnovhe e, Yrax
/o 0oV Wrld, frox
/] 1% g Urld, e
119 cnovhe s, frsi
/1 30 cnovh irld,
il oy W13, i
/1w g U1, iy
/1 aovhe rdz, frld
1 30 cnovh W13,
1136 oy kp, 13
/1 36 Py U, iz
I oy Urtd, fond
[/ covhe dz, 13
/130 aiovh Urhp, iz
1130 oy i, Yrlp
RN g by, ‘e
/132 0oV 413, %l
113 movhe rdz, e
1/ 314 cnovh i,
/1 315 pupcklgdy s, %
/1 316 VRS Bannd, 16(%r12)
RN g U1l e
/1318 0oV U, %
1130 cnovhe s, Yre
1130 cnovh Irtd,
iRl 0oV irle, il
I g 10, ‘e
1133 oy rcs,
/134 aovhe hrdz, %rll
1138 cnovh Wl
1 308 purpcklody  %amnS, xond
i3 0oV Wd, il
/1 NOVIRS Bl 3204r12)
/13 g %9, i
/130 0oV arll, %umd
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1131 cuovhe rd, 10
113 cnovh %9, rd
/13 oV I8,
/13 Py W8,
11 3% oy W10,
11 3% movhe dz, %9
IR aiovh W8,
11 3% purpcklody oo, xond
/1 3% oy Urdi, 8
/1 0 novps Yamd, 48(%5r10)
I g Urdi, rdx
11w oy %9, %aunld
11343 cuovhe g, r8
1 34 cnovh i, Ynd
/1 45 oy %8, e’
11346 vy rdz, 8BCr12)
1 purpcklody %, xond
/] 3 VRS Dol B4(%r12)
/] 349 L5le:

[ 30 g s, rax
I/ %l oy Ursi, iy
/1 %5 0oV Wrld, e
/383 oy U1, rdi
1 4 cnovhe i, Yt
/1 %5 aiovh Ursd, frax
[ 36 oy U1l st
/] % g Urld, rax
/1 358 aovhe hraz, frlx
1 39 cnovh Irld, drax
1/ 30 g U3, rax
/1361 aovhe hraz, fndi
1 %2 cnovh W13, drax
1 363 oy kp, 13
/134 Py Urhp, frax
1 %68 oy rdi, %o
11 %8 cnovhe rax, 413
/1367 aiovh Urhp, frax
11 38 oy e, Yrlp
1 39 g e, rax
/13m0 0oV 413, %
1131 movhe Uraz, e
1m cnovh e, Yrax
/1m purpckldg s, %
/1 oy %9, oo
/1 37 VIR Yannd, 16(%r12)
/1 376 Py Wrll, frax
1m oy by,
113 cnovhe rax, frsi
/131 aiovh Wrll, frax
/30 oy I, il
il g U1, rax
/18 0oV hrsd, %um?
11383 cnovhe g, 4rld
1 3% cnovh Wl drax
/1 35 purpckldy s, %
1 36 VRS Bl 3204r12)
/1% g %9, hrax
/1 38 0oV arll, %umd
11 3% cnovhe rax, e
1139 cnovh %9, rax
/138 0oV id, g
/1w g W8, rax
1139 oy rcs,
1139 cuovhe hrag, 4r9
11 3% cnovh 8, rax
11 3% purpcklody  %amn, xond
/139 novps Yamd, 48(%5r10)
/3% oy Yrax, T20r12)
/1399 L514T:

/1 400 Py b,
il oy by, Yrax
I 4 oy W13, o
/148 0oV hrsd, 8
I 4 covh rdz, frlx
[ 485 covhe dz, frax
[ 486 0oV hrdd, frdx
[/ 4 g Urdi, b
11 408 covh U, fndd
1149 cuovhe b,
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/1 418 0oV Urhp, el
Tl g Ur13, rdi
[ movhe hrdd, frld
[ 413 aiovh W3, i
/14 g kp, rdi
11415 oy W10,
/1 416 aovhe hrdd, e
114 cnovh Urbp, fndi
/148 g Ursd, rdi
/1 419 0oV ke, %t
11420 covh i, frsi
I movhe fd, %8
[ 40 pupckldg s,
1143 oy Il rdi
I 4 VIR Yannd, 16(%r12)
/1 4% Py Wrld, frsi
/1 426 oy %8, %aund
142 covh s, rld
/1428 aovhe frsd, fndi
/149 oy Yrer, rsi
11 4% g Irer, 4l
143 0oV hrdd, %’
1143 cnovhe Artd, frsi
1143 cnovh e, rld
/143 pupckldy s, %
/1 4% oy %9, oo
11 4% VIR Bl 3204r12)
1437 Py hg, rll
1143 oy s,
11 4% cnovhe Urtd, e
[ 440 aiovh hg, rll
1144 oy rcs, o
14 oy I, 64er12)
/1443 purpckldg s, %
[ 4 VRS Yol 48(4r12)
[/ 45 15148:

[ 446 Py rdz, frax
[ 447 oy rd,
/448 oy I, il
11449 cuovhe hrag, 4r9
11 40 cnovh s, Yra
[ 41 oy 48, i
/1 452 Py Wrle, frax
1453 cnovhe g, 4rld
1 454 cnovh Wl drax
/1 455 0oV Urhe, Grld
[/ 456 g by, Yrax
[ 457 movhe Uraz, frld
/1 458 aiovh ke, frax
[/ 459 g W8, rax
11 460 oy W10,
/1 461 aovhe Yraz, fnix
11 462 cnovh 8, rax
/1 483 oy Urdi, 8
[ 464 Py hrdd, frax
11 465 oy rds,
11 466 movhe hraz, %
[ 467 aiovh hrdd, frax
11 468 purpcklody oo, xond
/1 469 oy Urs, rdi
/14T novps Yamd, 1605r12)
i an g s, rax
I 4n oy %18, el
/14 aovhe hraz, fndi
1144 cnovh s, drax
[ 475 oy Yrer, st
/1 476 Py ey, frax
11 4m oy Urdi, o
1141 cnovhe rax, frsi
/1419 aiovh ey, frax
1 430 purpcklody %, xond
/1 481 VRS Bl 3204r12)
/482 vy hrax, S6r12)
/483 15149:

[ 48 g o1,
/1 485 0oV Wrll, frax
11 436 oy o, o
11487 movhe Wg, fra
/1 488 aiovh il
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/1 489 Py hrle, o
11450 movhe g, e
11491 cnovh I1d, 9
/148 0oV rdz, frld
1148 g rd,
1149 aovily W9, g
/1 495 cuovhe %9, %o
[ 4% oV I8, g
11497 g 48, i
/1 438 0oV 410, %umo
11499 movhe dz, %19
11 il aovh W8, g
{15 0oV hrdd, %8
I 5 g Urdi, rdx
[/ 5 oy %9, annd
115 cuovhe g, r8
11 56 cnovh i, Ynd
/1 5086 purpcklodg o, %o
{15 0oV frsd, fndi
1/ 588 OVES Yannd, 16(%r12)
1 59 g Ursi, iy
/1 518 0oV %8, Yol
118 cnovhe s, fndi
115 cnovh s,
/153 0oV hrdd, %
/1 54 oy Uiz, 480r12)
11505 purpcklody a5, xond
/1 56 novps Yamd, 320%r10)
{f 517 L15e:

/158 g e, rax
/1519 0oV ey, fndx
[ 50 oy %9, st
1521 cnovhe i,
/152 aiovh ey, frax
/15 oy o, o
I 54 g U1, rax
/1 %5 aovhe raz, frox
1528 cnovh Wl drax
[ 50 g %9, hrax
/1 528 aovhe Yraz, frsi
1159 cnovh %9, rax
/1 5% oV I8,
/151 Py Wl e
1153 oy s,
1153 movhe hraz, 49
/154 aiovh Wl e
/1 5% oy Urdi, 8
11 5% g Urdi, drax
[ 537 0oV %9, o3
1153 movhe hraz, %
11 5% cnovh Ui, Yrax
/1 0 purpckldy s, %
/18 VRS Bannd, 16(%r12)
1152 oy Yraz, 400r12)
/f 543 1515l

[/ 54 g e, ‘rdx
/1 545 oy e, rax
/1 6 0oV Wrd, i
1 547 cnovhe s, Yra
11548 cnovh e, Yt
/1 49 0oV hrsd, frox
[/ 50 g s, iy
1 51 cnovhe s, Yre
/1 L aiovh Ursd, fndx
1 53 oy W8, st
[ 5 g %9, i
/1 55 aovhe rdz, frdi
11 556 cnovh %9, rd
[ 5 g 48, i
/1 8 0oV hrdd, %umd
1 559 cnovhe s, frsi
11 560 cnovh 8, ‘rd
/1 561 0oV hrsd, %l
1/ 562 oy Uiz, 320r12)
11 563 purpcklody  %amn, xond
[ 564 novps Yamd, 1605r12)
/{565 L5152

/1 566 g e, rax
/1 567 0oV ey, fndx
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/1 568 aovhe Yraz, fnix

11 569 cnovh e, Yrax

/570 oy Ui, oy

{1 Py hrdd, frax

115n cnovhe rax, e

1151 cnovh i, Yrax

/1 54 0oV frsd, fndi

/1 5T g Ursi, rax

11578 cnovhe rax, fndi

[T aiovh Ursd, frax

/15 oy Yrax, 246r12)

/{579 L5153:

11580 Py e, rd

1 581 oy e, rax

11582 cnovhe s, Yra

/183 aiovh ey, fndx

[ 5 oy Ui, oy

1 5% g Urdi, rdx

/1 586 aovhe rdz, frox

1 581 cnovh i, Ynd

/588 oy Uiz, 166r12)

// 589 . Lo15d:

/590 g e, rax

/15 oy e, by

/1 aovhe hraz, frlx

11593 cnovh e, Yrax

1 5% oy g,

/1 5% 0oV hraz, %l

11 5% purpcklody  %amnd, xoud

/597 oS T, (r12)

/598 LAL2:

/599 testy WS, s

/ 60 Je L5126

/1 il vy -88Chrsp 4r15,8), frex
11 602 i -9rsp, r15,9), 4rl2
/683 Jnp L5166

[ M Jalin 4,10

1/ 665 align 3

/1 605 L5131

11 67 vy 96(4r12), %rbx

[ 688 novg 800kr12), s

/1 69 oy Yrax, ‘rdx

/1 818 vy B403r12), ey

/1 611 novg 56(hr12), frdi

/1 612 novg Br12), 4rd

11 613 vy 012, 49

/1 614 novg frbx, -1020krsp)

/] 615 novg 88Chr12), b

/1 16 (i 204r12), o

/1 617 novg Uhr12), w1

/1 818 novg 84r12), rhp

/1 819 0oV Utz -104Ckrsp)
/f 62 novg T20hr12), b
11621 oy I, -%6%rsp)
/1622 vy 16(4r12), b
/1 623 Jnp L5143

11 624 alim 4,10
[ 825 plalign 3

[/ 626 L5132:

11 621 i Bl
[ 628 vy 8l
1/ 629 i T
11630 g BACr
/1831 vy 6
1632 i 80
1/ 633 g 40l
/] 6% vy R
1/ 6% i Ul

[/ 63 novg 16(5r12), 4rd
11637 g 80r12), A
/] 638 Jnp L4

1/ 639 alim 4,10

/1 840 plalign 3

/641 L5133:

/1 642 novg 80Chr12), frdi
11 643 vy T2(r12), %l
[/ 64 oy Urax, oy

[ 645 novg 64(hr12), 49
/1 646 (i 56(4r12), %rl0
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T
T

L5134

LA13h:

LA136:

LT

L5138:

it

L34z

15135,
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vy

Joy

Jaalign 4,,10
JPéalign 3

Moy
Moy

oV

Jup

Jaalign 4,,10
JPlalign 3
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Jaalign 4,,10
JPéalign 3

Br12), Hrll
404r12), bz
3204r12), rbp
2012, w3
16(4r12), 4rld
Br12),

L5145

T20hr12), 48
64(hr12), 49
B6(r12), 4rlo
48(r12), 4l
40r12), e
20412, Urbp
1), W13
lﬁ("forﬂ), irld
8r12), frsi
L5146

64(hr12), 49
56(4r12), frex
rax,
8012,
4%(/r12), hrsi
20r12),
U0hr12), Wl
16(/r12), 4
8hr12), rbx
L5147

8(%r12), %rdx
L5148

48(4r12), rsi
A1), i
rag, 9
20hr12), s
(r12), rdz
16(4r12), rla
80r12), %l
Lol49

16(4r12), i
Br12), e
hrag,
L5153

B0r12), e
Lol
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T8 0oV 2012, s

T oy A1), %

(] oV hrag, ‘rdx

704 0oV 160r12), rsi

730 oy B0r12), e

73l Jnp o151

{E1 Jialign 4,,10

3 JPéalign 3

T L5e:

fEi Mo %

73 MoV 16
il
L

!
2,
), %

4
4
it MoV r
1

[SE Sy

Il

!

!

Il

!

!

Il

!

!

! (r

! (r
! il
1173 Jp Gl
1173 alim 4,10
114 align 3

/f 141 L5126

14 addg 6143936, %rsp
11 GF1_renenber _state
/14 .f1_def_cfa_offset 5
1 PRy e
114 F1.def cfa_offset 48
1147 s ik
1174 F1.def cfa_offset 40
11 popg Il

/1 T80 .of1_def_cfa_offset 32
11T PRy Uik
1T F1.def cfa_offset %
s pop Wl

1 T4 F1.def cfa_offset 16
1T popg s

/1 T56 .of1_def cfa_offset §
1T et

[ T8 L5128:

/1 59 .Gf1_restare_state

1 60 oy s, fndi
176l sary Irsi
/1762 0oV hrle, frdx

1763 sary 52, i

11 T leag (4r12,4rdi,8), %ndi
11765 g (hrdd), %t

11 68 oy rax, (4rdd)
167 leag (412, 4rsi,8), Yrax
11768 g 80r12), Ardi
1769 oy e, (rld)
Tl oy (4rax), frsi
1 vy Irdd, (hrax)
11 iy (4r1d), 8
1m narl e, feax

[T vy 16(4r12), %9
1 oy s, 8(r12)
1176 il frsi, r8

m seta fal

11 narl Yedi, fedi

1m oy %9, 8

11780 seta il

1181 addl Yedi, feax

1178 narl Yedi, fedi

/I8 mpg brsi, %8

1 T4 sethe il

1178 oy s, 9

/1 786 novslg YAz, rlx

118 adcl 50, Jedi

11788 oy 08, (4rl2 frie )
/1789 novslg hedi, %8

19 addl Uedi, feax

11 oy frsd, (hrl2 8,8
119 i §3, esi

1179 subl ey, fesi

1% novsly Uest, frax

/1 1% 0oV %9, (412 fraz, )
11 7% novy g, %9

1 g 80r12), %8
1% g (4r12), %t
1179 cmove W1,

1/ %00 oy Wrtd, e

/80 Jhe o156

150 oy rcx, fra

/18 Jnp L5162

/] W Jalin 4,10
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/1 85 plalign 3

/1 806 L517:

I 8 oy (4r9), i
/1 888 0oV Arsi, (g
/1 30 leag 16(hrdx), 4rsi
1 810 adg 63, 9
/181 vy hrdd, 8C%rdx)
/812 oy by, ‘e
/{813 15158:

/131 Py s, rax
/1 815 Jhe L5163
/f 816 L5162:

/1817 0oV 80hndx), Arsi
// 818 leag Bhrd), Arhx
1 819 g s, 8
/1 80 B! oI
/18 B L8172
/1 82 leag 16(krdx), frsi
/183 0oV by, iz
I 3 g Urd, rax
[/ 85 a L5162
/826 Lhl63:

182 oy s,
11828 oy rcs,
/1823 0oV 8ndx) , frsi
1 8% oy Urax, oy
Rl suby Ui, oy
/183 pupcklgdg s, %
1183 addy 52, ik
I 3% oy Ursd, rdi
1 8% sany 563, frox
/] 8% sy Bhran), rdi

1/ 8 OvpS Yaand, -%5(%rsp, 4r15,9)
/1 838 andy hrdd, frox

1 8% suby Yrer, rsi

/f %0 novg hrsd, Bhndx)

/184 addy hrcg, BC%rax)

1 82 leag -8(4r9), Arc

1 33 oy e, ‘rdx

[ by W2, fnix

1 845 testy Urd, e

/] 46 i L5168

11847 Jmp L5127

11 %48 alim 4,10

11 %9 align 3

/850 L5l6L:

1 81 suby 53, drax

/1 852 1817

/1853 0oV (hraz), Ardi

1/ 84 g Urdi, 8

/] 855 B L5161

/1 856 vy hrd, 8C%rdx)

1 8 suby 53, drax

[/ 858 novg hrsd, Blhrax)

/1 853 0oV b, frsi

/o0 Jnp L5158

/861 L5156

/1 862 0oV Wrld, frsi

/1 383 oy e, rax

/1 o4 Jnp L5163

/1 865 Gf1_endpros
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