Chapter 1: About Performance
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@ Random Word Search — O ot

Unsortad sk 370101 words loaded
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[wop (3444 ms)
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timeout

timeout
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Word length: ﬁm_de ict |24 ms

Dictionary

@ Random Word Search — O x

Unsark=d st annexed (377 ms) -
rarebit (387 ms)
agonize (3520 ms)

; gaolers (104 ms)
Sorted list pielike (5 ms)

unvague (1373 ms)
s 1 |soakers (54 ms)
autoput (53 ms)

wherves (223 ms)

adviser (22 ms)
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timeaut

amitotic (4460 ms)
Word length: squirmer (2807 ms)
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@ H\clanki\knjige\Packt Publishing\Delphi High Performance\Chapter 1\Win32\Debug\SlowCode.exe - O X

How many numbers (@ to exit)?

> 10

2357

How many numbers (@ to exit)?

> 100

2 357 11 13 17 31 37 71 73 79 97

How many numbers (0 to exit)?

> 1000

2 357 11 13 17 31 37 71 73 79 97 101 107 113 131 149 151 157 167 179 181 191 199 311 313 337 347 353 359 373 383 389 7|

01 709 727 733 739 743 751 757 761 769 787 797 907 919 929 937 941 953 967 971 983 991

How many numbers (0 to exit)?

> 10000

2 357 11 13 17 31 37 71 73 79 97 101 107 113 131 149 151 157 167 179 181 191 199 311 313 337 347 353 359 373 383 389 7|
T27 733 739 743 751 757 761 769 787 797 907 919 929 937 941 953 967 971 983 991 1009 1021 1031 1033 1061 1069
1103 1109 1151 1153 1181 1193 1201 1213 1217 1223 1229 1231 1237 1249 1259 1279 1283 1301 1321 1381 1399 1409
1453 1471 1487 1499 1511 1523 1559 1583 1597 1601 1619 1657 1669 1723 1733 1741 1753 1789 1811 1831 1847 1867
1913 1933 1949 1979 3011 3019 3023 3049 3067 3083 3089 3109 3121 3163 3169 3191 3203 3221 3251 3257 3271 3299
3343 3347 3359 3371 3373 3389 3391 3407 3433 3463 3467 3469 3511 3527 3541 3571 3583 3613 3643 3697 3719 3733
3821 3851 3853 3889 3911 3917 3929 7027 7043 7057 7121 7177 7187 7193 7207 7219 7229 7253 7297 7321 7349 7433
7481 7507 7523 7529 7547 7561 7577 7589 7603 7643 7649 7673 7681 7687 7699 7717 7757 7817 7841 7867 7879 7901
7951 7963 9001 9011 9013 9029 9041 9103 9127 9133 9161 9173 9209 9221 9227 9241 9257 9293 9341 9349 9403 9421
9467 9479 9491 9497 9521 9533 9547 9551 9601 9613 9643 9661 9679 9721 9749 9769 9781 9787 9791 9803 9833 9857
9923 9931 9941 9967

ow many numbers (0 to exit)?




Chapter 2: Profiling the Code
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@ H:\clanki\knjige\Packt Publishing\Delphi High Perfformance\Chapter 1\Win32\Debug\SlowCode.exe

94781
95279
95881
96329
96953
97579
98257
98729
99251
99923

94793
95287
95911
96337
97001
97609
98269
98731
99289
99989

numbers (@

Total time spent in
Total time spent in
Total time spent in

94837
95317
95929
96377
97007
97651
98299
98779
99317

94849
95393
95947
96431
97169
97711
98317
98801
99349

to exit)?

SlowMethod: 966 ms
ElementInDataDivides: 959 ms
Filter: 266 ms

@ H\clanki\knjige\Packt Publishing\Delphi High Performance\Chapter 1\Win32\Debug\SlowCode.exe

96953
97579
98257
98729
99251
99923

97001
97609
98269
98731
99289
99989

97007 97169 97187
97651 97711 97729
98299 98317 98389
98779 98801 98849
99317 99349 99397

numbers (0 to exit)?

Total time spent in SlowMethod: 894 ms

97259 97327 97373
97787 97789 97861
98407 98411 98473
98873 98887 98909
99401 99409 99563

Total time spent in ElementInDataDivides: 887 ms
in Generate phase: 652 ms
in Filter phase: 235 ms

Total time spent in Filter: 239 ms

Net time spent in SlowMethod: 3 ms

Net time spent in Filter: 4 ms

1000000

97379
97879
98491
98993
99571

97381
97961
98507
98999
99611

nput interpratation:

fir

Least-squares best fit

(110000, 15}, (25 000, 79}, (50 000, 250],
(75000, 506}, (100000, 837), (250 000, 4515),
(500000, 15564}, (750000, 30806}, (1000000, 54219

polynomial of degree 2

4.76372x10° x* +0.0064733 x - 143.666

Fit diagnostics

137.978

138.767

Plot of the least-squares fit

97397
97987
98533
99023
99661

95111
95597
96179
96797
97423
98009
98543
99053
99713

97423
98009
98543
99053
99713

97429
98017
98573
99109
99721

0.999682

97441
98081
98597
99119
99793

0.999576

95153
95747
96263
96847
97459
98123
98621
99133
99817

- a X

95203
95791
96269
96857
97463
98129
98627
99139
99829

97459 97463
98123 98129
98621 98627
99133 99139
99817 99829

95213 952§
95801 958|
96281 962
96893 969
97511 975
98207 982
98689 987
99173 991
99877 998

[m] X

97511 97544
98207 982
98689 987
99173 991
99877 998



8 Profiling - O
Running Process

File: |H:\5:Iar1ki\|lmjige‘lPadct Publishing\Delphi High Performance\Chapter 1\Win32\Debug'SlowCode.exe

Q Select process h—a Stop process now

Start New Process

File: |H:\danld\]mjige‘lPad<.t Publishing\Delphi High Performance\Chapter 1\Win32\Debug'SlowCode.exe

Params: |

: =5 Select exe r’[} Start process now

[ stop after profiing

Options

Sampling interval: ms (-1 and 0 = contineous mode, only on multicore processors!)

Sampling interval: | 2: Mormal ~

] only sample when UI is busy for more than ms

@ Start sampling Stop sampling Show results

Profiling

Samples taken: <>
Sample rate: Eae
Actual interval: <>

m Sampling Results -

General Results

Threads Function Overview  Detailed View Thread Chart Raw stack traces

Sial ducads Module Funcian Calls Own% OwneChid% Owntime  Chid time

4500 {cpu: 00:00:00.000) d TextIn$ggrr 155ystem. TTextR: 2510 8432 8432 5 6ms  0.00ms

14384 (cpu: 00:00:00.000) ElementInDataDivides $ggrp: i B - : 0.00ms

16108 (cpu: 00:00:00.000) SlowCode.exe SlowMethod Sqgri 557 3.76 1 252.47ms 715.94ms
SlowCode.exe Filter $qqrp40System.Generics. Collections, % TList__ 1% 166 1.25 84.05ms 177.14ms
SlowCode.exe TextOutsqqgrr 155ystem. TTextRec 43 1.24 1.24 83.23ms 0.00ms
SlowCode.exe TestSaqary 3111 0.03 100,00 2.0ims 6717, 3%ms
SlowCode.exe 3111 0.00 100.00 0.00ms 5719.40ms
SlowCade.exe @GetAnsiChar$aagrr 155ystem. TTextRecrous 2510 0.00 84,32 0.00ms 5665, Tams
SlowCode.exe @SeckEofSggrr 155ystem, TTextRec 2510 0.00 84,32 0.00ms 5665, Jams
KERNEL32.DLL BaseThreadInitThunk 3111 0.00 100.00 0.00ms 6719.40ms

ntdll.dll RiGetAppContainerMamedObjectPath 3111 0.00 100,00 0.00ms 6719, 40ms

Ovan+Child

261,20ms
83.23ms
65719.40ms
5719.40ms
5665.76ms
56865.76ms
65719.40ms
6719.40ms



i Sampling Results - m} X

General Results

Threads Function Overview Detailed View  Thread Chart Raw stack traces
0 (all threads] - e " . .
8528 (cou: 00 Pait Calls Own % OweeChild %2 O time Child time Owen+Child
4500 {cpu: 00 £ SlowCode.exe 14889 100,00  481.88 6719.40ms  25661.38... 32380.78...
14384 (cpu: O System 7573 85.55  254.18 5743.98ms  11331.51.. 17080.50...
16108 {cpu: 00:00:00,000) - SlowCode 4205 14.44 127.70 970.42ms 7510.47ms  8530.89ms
Testsqqry 3111 0.03 100.00 2.01ms 6717.39ms  6719.40ms
= SlowMethodSagri 557 3.76 14.41 252, 47ms 715.94ms 968.41ms
Line 586 391 391.00ms
Line 58 166 166.00ms
| || B ElementinDataDivides$qqrp40System. Generics, Collections, % TList__19%i
Line 156 371 371.00ms
[Z- FilterSqgrp40System.Generics, Collections, %TList__15i% 166 1.25 3.89 84.05ms 177.14ms 261.20ms
Line 40 165 165.00ms
Line 39 1 1.00ms
3111 0.00 100.00 0.00ms 6719.40ms  6719.40ms
KERNEL32.DLL 3111 0.00 100.00 0.00ms 0719 40ms  6719.40ms
ntdll.dll 3111 0.00 100.00 0.00ms 6719.40ms  6719.40ms
Child calls (called ...)
Module Function Calls Own % OwntChild % Own time Child time O+ Child
Parent calls (called by ...)
Module Function Calls Owr % OweeChild %2 O time Child time (Oven+Child
SlowCode. exe SlowMethod$qqri 258 440,42 1389.55 29595,26... 63778.90... 93374.15...
SlowCode.exe Filter sqgqrp405ystem. Generics. Collections. 3&TList__18i% 113 65,71 214.25 4415.83ms  9981.16ms  14396.99...
AsmProfiler (1.1.5.0) hod
Main
m Start Stop
State: <stopped:
Prafile
B Selectitems | | [ Show results
Selected: 4
B Select profile items - O X

Map file items  |ntemnal ikems  Program loaded dil:  Custom items  Plugins

Marne Address End addrezs  File
0 0 0 -

=+ M SlawCode WCL_main_instrumented 1933160 1935396 System. Generics. Collections. pas

[ SlowCode VCL_|nstrumented.Finalization 1930396

M SlewCade VCL_main_instrurented. ThmSlowCode. bin T estClick 1935240

[® SlowCode VCL_main_instrumented, ThmSlowCode ElementinDataDiv... 1334040

™ SlowCode_WVCL_main_instrumented. TS lowCode. Filer 1934416

[ SlowCode VCL_main_instrumented, ThmSlowCode, FormCreate 1934768

M SlowCode_VCL_main_instrumented. TimSlowCode. Reverse 1334204

[ ShowCode VCL_main_instrumented, ThmSlowCode, ShowE lements 1934984

® SlowCode_VCL_main_inztrumented. Tim5lowCode. Slowkethod 1934800
[ _udsmProfDILoader 1931232 1933160 _uagmProfDlILoader. pas
[ Vel Samples.Spin 1921340 1931232 Yl 5 amples. Spin pas
[ “elButtons 1900396 15921340 System. Generics. Collections. pas ]

Incremental zearch; [)



B Profile Result Viewer — O X

(5 Profile times | Info

Part
Thread: 5388 ~ | |@ Refresh | [] Overhead compensation
[ Function overview | | B Unit overview | T2 Trace tiee Infa Errors & Warnings
Overview:
Unit Class Functions  Calls Part % Total % Total+ CT % Total time Child time Total + Child ~ Averagetime  Awg +CT
= SlowCode WCL main_instium 3 100.00 100.00 528.19ms
= Slowethod ThmSlowCode 1 2.06 2.06 100.00 10.86ms B17.33ms  528.18ms 10.86ms 528.19ms
ElementinDataDivides  ThmSlowCode 93933 71.72 7172 71.72 37B.83ms 0.00ns 378.83ms 379 3.79%:
A 4 13

1 01.584 (1.584 4 46ms 134 04ms

1359 3710 Ins
1 0.84 0.84 4 46ms 134.04ms

138 Blms

ElementinDataDivides  ThmSlowCode 9532 96.78 0.00ns 13.97ps 13.97ps
Parents
Unit Class Functions  Calls Part % Total % Total + CT % Total time Child time: Total + Child  Average time  Awg+ CT
= SlowCode YCL main instrum... 2 57.10 a710 512.87ms
Filter TfrmSlowCode 9552 30661 809483 28191977 42,76 1286.745 1328605 4. 46wz 138.80ms
Slowbethod TS lowCode 95533 211697, 206859, 999330000 1085.74s  B173246:  B281820: 10.86mz 528.18ms

Details (ElementinD ataDivides)

Min: Max: Avg: Total
Call: (3L Owntime: [ 040ps || 06Tms || 4Eds 512 87ms

et B e [0 vt [ o [ ol
g o] oo = = = I AT \

Chid calls; [0 | Totsitime: [ na0us ][ oFms [ aB8us | [ 51287ms |
Childs
Unit Class Functions  Calls Pat % Total % Total + CT % Total time Child time Total + Child ~ Average time  Awg+CT
SlowCode YCL main_instrum... o ari1o ario 512 87ms
V’ Close
- O *
[ SamplingProfiler RealTir %
<« C | @ localhost:880 %1 # 8 & e O m M A A :
SamplingProfiler RealTime Monitor
SlowCode.exe 21:12:08 1]
Samples | Percent| Location Module Unit Procedure Line
G610 | 39.8% | 004D0F29 | SlowCode.exe | SlowCode Generics.Collections. %TList__15i%. TEnumerator MoveNext3gary 0
513 | 33.5% | 004CEC42 | SlowCode.exe | SlowCode ElementinDatalDividesSgqrp40System. Generics. Collections % TList__15i%i 7
58 3.8% | D04CEC4D | SlowCode.exe | SlowCode ElementinDatalDividesSgqrp40System. Generics. Collections % TList__15i%i 16
57 37% | 004CEC33 | SlowCode.exe | SlowCode ElementinDataDividesSqarp40System. Generics. Collections % TList_ 15i%i 17
51 3.3% | OD4DOE1A | SlowCode.exe | SlowCode Generics.Collections. % TList__15i%. TEnumerator. GetCurrent3agry 4602
50 3.3% | D04CEC28 | SlowCode.exe | SlowCode ElementinDatalDividesSgqrp40System. Generics. Collections % TList__15i%i 16
49 3.2% | 0D4CEC3F | SlowCode.exe | SlowCode ElementinDatalDividesSgqrp40System. Generics. Collections % TList__15i%i 7
49 3.2% | 004D0OF18 | SlowCode.exe | SlowCode Generics.Collections. % TList__15i%. TEnumerator. MoveNext3qary 4611
43 3.1% | 004CB7DE | SlowCode.exe | System.Generics.Collections | Generics.Collections. TListHelper. CheckltemRange 1158
48 31% | D04DOE32 | SlowCode.exe | SlowCode Generics.Collections. % TList__15i%. TEnumerator. GetCurrent3agry 4603




1 Sampling Profiler

SlowCode whlethodEaqri

FitterSggrp405ystem Generics.Collections. %6 TList___15i%

Samples 7

1051

File  Profiler Options Tools ¥
2B P O E 3 B P | unfitered [
[ Project || SlowCode.exe - 21:12:45 [ \
Callz to procedure ElementinDataDividesSqgrp40System Generics.Collections. % TList_ 15i%i
Unit Procedure Local Ratio Global Ratio

9429 %

11.39 %;

SlowCode 571 % 0868 %
Entity Samples | LocalRstio | Giobal Ratio |
- nitdildll 98453 | 64165 % | 6455 %
~ . SlowCode.exe 53823 | | 3534% | | 3534%
- SlowCode 51234 9519 % 3364 %
+ Generics.Collections. %TList__15i% TEnumerator. MoveNextSqgry 23877 45,60 % 15,68 %
— ElementinDataDivides3gqrp40System Generics. Colections . %TList_ 15i%i 123403 3592 % 12.08 %
: Line 17 15725 [ 0 1033%
Line 18 2672 1452 % 1.75%
Line 18 5 0.03 % 0.00 %
P Line 20 1 0.01% 0.00 %
temp := TList<Integer>.Create;
try
for i := 2 to highBound do
if not ElementInDatalDivides(temp, i) then
temp . Add (1) ;
L4 >
21:13:33 - 27102017 Design & Analysis 152 3k samples Sampling Profiler - ©2013 Eric Grange

“» AQtime - C\work\clanki\knjige\Packt Publishing\Delphi High Performance\Chapter 1\Win32\Debugh\SlowCode_exe.act
File Edit View Project Run Options Try Help .

PO~ @ b 11 © Peformance Profiler
StartPage Setup Results

3 @ "2 @ 0| Defautt

Fe@l@oawa|R-. X,

Mol gled s s,

[ £ entire .NET Code
[ (& Entire Script Code
[ ] entire Java Code
=[] & All Project Modules
i) Routines only
L. @ Collect info about lines
New Area 1 (colect info about lines)
< SlowCode::ElementinDataDivides [SlowCodz. exe]
s SlowCode: Filter [SlowCode.exe]
4 SlowCode::SlowMethod [SlowCode. exe]

= (] SlowCode.exe

£ % slowCode
- W, IComparer__1<int>
w3 Enumerable__1<int>
¥ [Enumerator_1<int>
w3 System::Generics::Collections:: TAmray
W System::Generics:: :
w3 System
¥}, System::Generics::Defaul ‘omparer__1<int>
-3 Defaults: TDel
W TComparer__1<int>
4 TComparison_1<int>
) TDelegatedComparer__1<int>
¥ TEmptyFunc
~ Wi TEnumerable_1<int>
w3 TEnumerator
w3 TEnumerator__1<int>
w3 Tlist__1<int>
- W Tlist__1_Pack_0__ActRec<int>

eneri

tedC

(7] Assistant
£/ Analyze Results &

®E] 7 =)

View Results in AQtime Panels

The main profiling results are displayed in the
Report panel, The Summary panel gives you
brief statistics on the entire profiler run,
AQtime uses some other panels to provide
more information in addition to results
displayed in the Report and Summary panels:

[ summary
Report

& explorer
[ petals

£3 Call Graph
EE Cal Tree
[ editer
Disassembler
PE Reader

@) More about AQtime panels
€ More about analysis of results
Manage Profiling Results

Chonse a category of results:
7 search Results. .
Filter Resus...

b Finalization

b initislization rs and Actions

<« Reverse N Initial Profiling Status for Threads
b ShowElements

&

s Test

Aoply 2 view:
<Current View > A

Show Additional Fields.
Format Columns...

©) Comparing Results

@) Merging Results

Eunnvk nv Duint Dasnlts




*b AQtime - C Chapt de_enesqt - 8 x
file Edit View Project Bun Qptions Ty Help .

23 @ b 11O sampingProfis Fed@roal@-. mx.
StartPage Sehp Resuts [ Assstant
) Exlerer TFUET SIS report summary £ Anabyze Results ¢
M@, -B-|BOIE. seconss M@, View Resalts in AQtime Panels A
Hame. < | [Routin Hame: Time % Samples (Frofied Code) 7 Sample Count %6 Total Sancies The mai profilng reats are depiayed n e
5 Last mesus | 16.79) 95.08 % 2408 804 5% mrmﬁmhmmmﬁm
& [ 210c17 130748 Sowethod I e 343 w1l 0.32%| | AQBme tses some sther pans ioprovide:
e I X L% 52 0.09%| | Gapioyed n the
[ sunmary
3 eport
D el
SorpleCount  Woampes |11 zunction L value: Integer): beolesn: | | ‘rose a category of resuits:
= var
13 11 Incegez: £ seachRemit,
1 0.02|14 begin [ it Remite
0 0.00[15 Result := True: i avm
2166 45.15(16 For 1 in dsts do —
1332 2s.62(27 T (value <> 1) ana ((value mod 1) = 0) then
o .00[18 Exit: [ show adsisorel Feids...
o .00/ 28 Result := False: Entmdt Cobnos..,
o o0.00|20 end: @ Compriafeui
21 ) v Readts
22 function Reverse(s: string): string: Export or Print Results
2 [r=r Bisessoarie.
=2 °h:oenar [ Lol homa .
5 pegin
26 Result is '; -
27 for ch in s do 4 pootreni..
28 Result := ch + Result:
28 end:
20
Ei function Falter(i3t: Tiistcintegers): TAEray<integers:
az var
33 15 Integer:
24 reversed: Integess
o 0.00/35 begin
o 9.50| 36 SerLengtn(Result, 0):
o 0.00)37 for 1 in list do
a8 begin
1 1.82(38 reversed := Striolnt{Reverse(IncToStr{t))}:
50 56,1540 if not ElementInDeraDivides (1ise, reversed) then -
< >
[ 1682 e 1,780 bytes.
Eventiien Mot Dasserbler Edtor Delsds Cal Gaph CelTree PEResder M
G Method Timer (Trial edition) - H:\clanki\knjige\Packt Publishing\Delphi High Performance\Chapter 1\Win32\DebughSlowCode.nmt - ] X
] File View Charts Options Help H All Called Routines - |
[D@EE S < mmson ~[1 8|V B BB [SAQE]

Gross Average

£.5013
876.201218 876.201218
SlowCode.exei:SlowCode:Filter(System: Genericsi:Collections:TList__1<int> *) 1 0.000000 0.00 0.000000 235751895 235751895

[ | 109,593 876201218 | |

| Calls To Current Routine | Calls From Current Routine

[Routine Calls| Time ©| Average | | [Routine | calls| Timet| Average|
SlowCode.exe::SlowCode:SlowMethod(int) 99,999 640.44.. 0.006...

SlowCode.exei:SlowCode:Filter(System: Genericsi:Collections: 9,592 235.75.. 0.024..

| 109,591 876.20...| | [ ol 0.000...|

Calls: 109,593 Threads: 0 |Application has terminated P




Eile Wiew Options Help‘

I Source with Total time and hit count M

|
EETY AL RS

EINEECY]

@ MNOS LineTimer (Trial edition] - Hi\clankivknjige\Packt Publishing\Delphi High Performance\Chapter T\Win32\Debug\SlowCode.nlt

Binary Module

|Sourc9 M \Name \Sco 13 | Li e|

Total 3 r| % of Total Hils| Average

Min Time\

SlowCode.exe SlowCode ElementinDataDivides(Sy.. <global> 17 138.403388 3933 64,327,465 0.000002 0.055001 0.000000
SlowCode.exe SlowCode ElementinDataDivides(Sy.. <global> 18 4,222545 1.20 228,798 0.000018 0.020741 0.000000
slowCode.exe lowCads Fil - i alnhal 2a 2497631 nog 1821 0000323 0.019392 0.000060
SlowCode.exe @ HACLANKNKMJIGE\PACKT PUBLISHING\DELPHI HIGH PERFORMANCEVCHAPTER T\SlowCode.dpr - [m] X )06 0.025495 0.000000
SlowCode.ex€ ripe s Total Time Hit Count| Source 02 0.028597 0.000000
SlowCode.exe 4 - (4R *.res) ~ 102 0.019160 0.000000
SlowCode.exe s - 15 0.031138 0.000000
SlowCode.exe € - uees 101 0.018534 0.000000
Sovcosesss ] g [y 45 0061942 0016343
SlowCode.exe N _  System Classes; 05 0.018131 0.000000
SlowCode.exe 10 - 124 0.003318 0.000000
SlowCode.exe 11 - function ElementInDataDivides(data: TList<Integer>; value: Integer): bo [22 0.019410 0.002035
SlowCode.exe 1z - war 17 0.010217 0.001017
SlowCode.exe e R - b:;;nm“"“‘ J01 0.000275 0.000000
SlowCode.exe N o ooosses Resuir 100 0.000031 0.000000
SlowCode.exe 61 0.000402 0.000321
SlowCode.exe 138 4033838 £4,327, 465 if (walue <> i) and ((value mod i) = 0) then 103 0.000006 0.000000
SlowCode.exe 4.222545 228,798 Exit; 0O 0.000000 0.000000
SlowCode.exe 13 0.064251 12,240 Result := False; J00 0.000000 0.000000
SlowCode.exe = - s J0O 0.000000 0000000
SlowCode.exg 22 - function Reverse(s: string): string; PO 0000000 0.000000
SlowCode.exe 23 _ war 100 0.000000 0.000000
SlowCode.exe 24 - ch: chaz; 100 0.000000 0.000000
SlowCode.exe s - begin 100 0.000000 0.000000
SlowCodle.exe e T ResalE o= JOO 0.000000 0.000000
SlowCode.exe = - forewinsde ¥ oo 0.000000 0.000000
SlowCode.exe > Joo 0.000000 0.000000 .
[ 351.032811/ I I

Hits: 129,418,384 |

|App|iraliun has




Chapter 3: Fixing the Algorithm

Progresshar >

0 - 2.000.000,000: 2385 ms
0-100: 8 ms

@ Virtual TreeView — O

Add 10,000 lines Listbox: 68 ms; Virtual TreeView: 16 ms; VTV -autoSort: 12 mg; VTV +Onlnit: 3

E Add 1 line 100 times ; Listbox: 17 ms; Virtual TreeView: 184 ms; VTV -autoSort: 17 ms; VTV +0nInit: 17

listbox virtual TreeView virtual TreeView -autosort virtual TreeView +OnInit
Line 1 L Line 1 ~ Line 1 ~ Line 1
Line 2 ) . .
Line 3 Line 2 Line 2 Line 2
Line 4 Line 3 Line 3 Line 3
Line 5 Line 4 Line 4 Line 4
Line @ ) . .
Line 7 Line 5 Line 5 Line 5
Line 8 Line & Line & Line &
Line 9 . . .
Line 10 Line 7 Line 7 Line 7
Line 11 Line 8 Line 8 Line 8
tine ﬁ Line 9 Line 9 Line 9
ine
Line 14 Line 10 Line 10 Line 10
Line 15 Line 11 Line 11 Line 11
Line 16 Line 12 Line 12 Line 12
Line 17
Line 18 Line 13 Line 13 Line 13
Line 19 Line 14 Line 14 Line 14
Line 20 ) . .
Line 71 Line 15 Line 15 Line 15
Line 22 Line 16 Line 16 Line 16
Line 23 Line 17 Line 17 Line 17
[ine 22 v ine " ine " ine




@ Fibonacci — O *

Element number: |50 = | I Recursive I Recursive + memoization Iterative

fib{30) = 832040 in 7 ms

fib{40) = 102334155 in 749 ms
fib{42) = 267914296 in 1959 ms
fib(43) = 433494437 in 3139 ms
fib(44) = 701408733 in 5087 ms
fib(45) = 1134903170 in 8219 ms
fib{46) = 1836311903 in 13626 ms

fib(50) = 125856269025 in 96525 ms

2 3

Next — Next
L Previous Previous

5 7

Néxt — Next —
Previous «~—— Previous




Chapter 4: Don’t Reinvent, Reuse

IEnumerable<T:>
IReadOnlyCollection«T=> ICollection«T> IMultiMap=K, V> IS8tack«T= IQueue<T>
IReadCnlyList«T= IListeT= ISet«T=
IReadCnlyMap=K, V= I0bjectList Isortedset«Ts
IInterfacelist IOrderedSet<Ts>
TReadOnlyDictionary<k, Vs
IMap<K, V= IMultiSet<T=

IReadtnlyOrderedbictionary<K, V=

IDictionary<K, Vs
TReadOnlyMultiMap<K, V=

ISortedDictionary<K, Vs

IReadCnlyMultiSet=T=>
IOrderedDictionary<K, Vs

IBiDiDictionary<K, Vs

(® IEnumerable<T>, TEnumerable - a X

|[Enumerable ftfrt
for .. in =>1

72
73
== 3
24
Chaining 75
== 5

Where

Deferred execution

Deferred execution 2

Single

) Stack, Queue, Deque — O >

1 Stackk 7654321

E Stack Stack remove: 76543 2 1

Queue
BoundedQueue

EvictingQueue

Double-ended gueue

1

IDequesTx>



(® stack Queue, Deque — | X

Queue: 1234567

Stack Cueue remove: 1234567
BoundedQueue: 12345
Queue EvictingQueue: 34567
BoundedQueue
EvictingQueue

Double-ended gueue

Stack, Queue, Deque — O >
q

Deque: 7531246

Stack Deque remove: 7654321

Queue
BoundedQueue

EvictingQueue

Double-ended queue




@ Trees

— O

>

| RB tree depth-first

RE tree breadth-first

REB tree <Key, Value>

Enumerator: 1234567891011 1213 1415
InOrder; 1234567891011 1213 1415
PreCrder; 1286421357109111413 15
PostOrder: 132547691110813 151412




(® Trees — O x
- 1: one
RB tree depth-first 2 two
3: three
RE tree breadth-first
REB tree <Key, Value>
(® Set, MultiSet, MultiMap — O
Setb4321

| Set

SortedSet: 123 4

Dictionary

Bidirectional dictionary

MultiMap

MultiSet: 432 11
SortedMultiSet: 1123 4

() set, MultiSet, MultiMap
Set
Dictionary

Bidirectional dictionary

MultiMap

MultiMap: 3.ccbbaa, 2:.ccbbaa, 1:.ccbbaa
HashMultiMap: 3:cba, 2:cba, 1:cba
TreeMultiMap: 3:abc, 2:abc, 1:abc
SortedMultiMap: 1.ccbbaa, 2:.ccbbaa, 3:.ccbbaa
SortedHashMultiMap: 1:cba, 2:cba, 3:cba
SortedTreeMultiMap: 1:abc, 2:abc, 3:abc




Chapter 5: Fine-Tuning the Code

& Project Options for CompilerOptions.exe (Win64 - Debug)

~ Building
~ Delphi Compiler
Compiling
Hints and Warnings
Linking
Output - C/C++
> Resource Compiler
Build Events
~ Application
Forms
Manifest
lcons
Services
Version Info
Appearance
~ Packages
Runtime Packages
~ Debugger
Symbol Tables
Environment Block
~ Deployment
Provisicning
~ Project Properties
Getlt Dependencies

@ Compiler options

Debug configuration - Windows 84-bit platform  ~

Compiling

Target

~ Code generation

Apply... Save...

I) Code inlining control

On I

» Code page
» Emit runtime type information

» Minimum enum size

0
D false
Byte

» Optimization

> Record field alignment

[ ] false

Quad word

* Stack frames
~ Debugging

true

I > Assertions

true I

» Debug information

» Local symbels

» Symbol reference info

» Use debug .dcus

» Useimported data references
> Other options
“ Runtime errors

> 1/0 checking

Debug information

true

Reference info
true
true

true

» Overflow checking

» Range checking

[ ] false
[] false

~ Syntax options

Cancel Help

| pod

E Optimization

Range checking

With optimization: 42 ms, Without optimization: 277 ms
With optimization: 44 ms, Without optimization: 274 ms
YWith optimization: 45 ms, Without optimization: 279 ms
With optimization: 43 ms, Without optimization: 272 ms
With optimization: 44 ms, Without optimization: 287 ms

address 0 1 2 3 4 5 6 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

alignment
$A1 |F1|F2 [F3 |4 |
sA2| [F1] x]r2 EEE

$adl | x x x[m2

F3 x x |F4

SA8 F1><><><><><><><|F2

F3|><><><><><><F£].




@ Compiler options — | X

with overflow chedking: 723 ms, Without averflow chedking: 711 ms
with overflow chedkdng: 723 ms, Without averflow chedking: 739 ms
with overflow chedkdng: 722 ms, Without overflow chedking: 710 ms
with range chedcking: 94 ms, Without range checking: 43 ms
with range chedcking: 67 ms, Without range checking: 42 ms
with range checking: 66 ms, Without range chedcking: 43 ms
with range chedcking: 65 ms, Without range chedcking: 44 ms

Optimization

Overflow chedking
CompilerOptionsMain ‘ ExtractCommonExpressionMain DataTypesMain ParameterPassingMain InliningMain PointersMain SlowCode_Sieve_v2 SlowCode_¢ < >
Thread #29136 EAX 02F10BFO ~|cFe
ExtractCommonExpressionMain.pas.38: begin EBX 02F10BFO PE 1
=+ ® DO29EC70 55 push ebp ECX @ODBF784 AF @
@@29ECT71 8BEC mov ebp,esp EDX ©2F10BFO 7FE 1
0@029ECT73 83C4EQ add esp,-$20 ESI 00284260 SF o
QO29ECT6 33C9 XOr ecx,ecx EDI 002A8ATA F o
@O29EC78 894DF0O mov [ebp-$10],ecx EBP QODBF71C IF 1
Q029ECTB 8955F4 mov [ebp-$0c],edx ESP GODBFEFC DF o
QO29ECTE 8945FC mov [ebp-$04],eax EIP 0®29ECT70 OF @
QO29EC81 33C0 XOr eax,eax EFL 00200246 00
0029EC83 55 push ebp s ae23 NE @
0029EC84 6848ED2900 push $0029ed48 DS 0828 RF @
QR29EC8S 64FF30 push dword ptr fs:[eax] S5 @o2B v woe
BO29ECSC 648920 mov fs:[eax],esp
ExtractCommonExpressionMain.pas.39: ListBoxl.Items.BeginUpdate; ©@ODBF77C FF14E23C Vl§<
0029EC8F 8BASFC mov eax, [ebp-$04] ©eDBF778 @@DBF79C .U
QO29EC92 8SBSVECH30000 mov eax, [eax+$000003ec] ©BDBF774 00000008 .
0V29ECIS 3B30CPO20000 mov eax, [eax+$000002c0] ©ODBF770 00000000
©@029ECSE EB89EBECFF call $@@16d52¢ ©ODBF76C 00000000
ExtractCommonExpressionMain.pas.40: try ©BDBF768 B029ESFC
BO29ECA3 33C0 Xor eax,eax BODBF764 QB2A8AT4 .
0@029ECAS 55 push ebp ©@DBF760 ©2F10BFQ
0029ECA6 6829ED2900 push $0029ed29 ©eDBF75C Q@DBF784 .
0029ECAB 64FF30 push dword ptr fs:[eax] @0DBF758 @00C8C29
QO29ECAE 648920 mov fs:[eax],esp ©@DBF754 ©EDBF78C
ExtractCommonExpressionMain.pas.41: for i := 1 to (MaxItems do ©0DBF750 002841FD
©@029ECB1 C745F801000000 mov [ebp-$08],$00000001 ©ODBF7AC BODBF784 .
ExtractCommonExpressionMain.pas.42: ListBox1.Items.Add(Format('Author %d-Title %d', [i, 1i])); ©0DBF748 ©2F10BFO
0029ECB8 8DA5F0 lea eax,[ebp-$10] ©0DBF744 00000000
©Q029ECBB 50 push eax ©0DBF740 00284260 (
@029ECBC 8B45F8 mov eax, [ebp-$08] ©ODBF73C BO2ABA74 o
Q029ECBF 8945E0 mov [ebp-$20],eax ©@DBF738 ©@@DBF74C
OD29ECC2 C645E400 mov byte ptr [ebp-$ic],$00 00DBF734 000C8C85
@029ECC6 8B45F8 mov eax, [ebp-$08] ©ODBF730 BODBF754 .
0O29ECCI 8945E8 mov [ebp-$18],eax ©ODBF72C 800C8C78
OB29ECCC C645ECH0 mov byte ptr [ebp-$14],$00 00DBF728 00000000
0Q029ECDO 8D55EQ lea edx,[ebp-$201 ©ODBF724 00284260

BODBF720 00284242
©ODBF71C QODBF74C
©0DBF718 ©2F10BFQ
BODBF714 02F10BFO
©ODBF710@ 00284260
v ©ODBF70C ©02ABA74 7St

00410000 FF FF 14 51 00 00 A 00
00410008 00 00 00 00 00 00 12 00
00410010 00 02 FC FF FF FF DF 67
00410018 00 00 2A 48 B0 00 60 06
00410020 00 00 10 0@ @2 00 BE 50

AAAIANAG AA AM AA AA AE AD AA AA




ExtractCommonExpressionMain.pas.55: ListBox1.Items[i] :=

ExtractCommonExpressionMain.pas.75: s :=

VO5DEERF 8D45D0 lea eax,[ebp-$30] = | @05DFO2B 8DADF4 lea ecx,[ebp-$0c]
©O5DEE12 50 push eax 005DFO2E 8BASFC mov eax,[ebp-$04]
BOSDEE13 8D4DCC lea ecx, [ebp-$34] 005DFO31 S8BSOECO30000 mov eax,[eax+$000003ec]
VO5SDEE16 8B45FC mov eax, [ebp-$04] 005DF037 8B80C0020000 mov eax, [eax+$000002c0]
©O5DEE19 SBSOEC@30000 mov eax,[eax+$000003ec] 005DFO3D 8B55F8 mov edx,[ebp-$08]
POSDEELF 8BSACR020000 mov eax, [eax+$000002c0] 005DF040 8B18 mov ebx, [eax]

©OO5DEE25 8B55F8 mov edx, [ebp-$08] ©05DF@42 FF530C call dword ptr [ebx+$0c]
©O5DEE28 8B18 mov ebx, [eax] ExtractCommonExpressionMain.pas.76: p := Pos('-", s);
OOSDEE2A FF530C call dword ptr [ebx+$6c] 005DFO45 B901000000 mov ecx,$00000001
QO5DEE2D 8B45CC mov eax, [ebp-$34] 005DFO4A 8B55F4 mov edx, [ebp-$0c]
QO5DEE30@ E85FBAE2FF call @UStrLen 005DFe4D B85CF15D00 mov eax,$0@5df15¢
BO5DEE35 50 push eax B05DF@52 E8C163E2FF call Pos

©VO5DEE36 8D4DC8 lea ecx,[ebp-$38] 005DFO57 8945F@ mov [ebp-$10],eax
©O5DEE39 8B45FC mov eax,[ebp-$04] ExtractCommonExpressionMain.pas.77: ListBox1.Items[i]
POSDEE3C SBSVECO30000 mov eax, [eax+$000003ec] ©05DFO5A 8D45C8 lea eax,[ebp-$38]
©VO5DEE42 8B8OCO020000 mov eax, [eax+$000002c0] ©@05DFO5D 50 push eax

©O5DEEA8 SBS55F8 mov edx, [ebp-$08] 005DFO5E 8BASF4 mov eax,[ebp-$0c]
OO5DEE4B 8B18 mov ebx, [eax] 005DFO61 E82EBSE2FF call @uStrLen

©OO5DEEAD FF538C call dword ptr [ebx+$0c] 005DFR66 8BCS mov ecx,eax

©O5DEE5S@ 8B55C8 mov edx, [ebp-$38] 005DFO68 8B55F0 mov edx,[ebp-$10]
0O5DEE53 B901600000 mov ecx,$00000001 B05DFO6B 42 inc edx

©PO5SDEE5S8 BSACEF5DOQ@ mov eax,$0@5defac 005DFR6C 8BA5F4 mov eax, [ebp-$oc]
QO5DEESD E8BG65E2FF call Pos Q05DFO6F E868CIE2FF call @ustrCopy

OOSDEEG2 48 inc eax @05DFO74 FF75C8 push dword ptr [ebp-$38]
©VO5DEE63 50 push eax 005DF077 685CF15D00 push $005df15c

©O5DEE64 8D4DC4 lea ecx,[ebp-$3c] 005DFO7C 8D45C4 lea eax,[ebp-$3c]
OOSDEEG7 8B4SFC mov eax, [ebp-$04] QO5DFO7F 50 push eax

PO5DEEGA 8BBOEC@30000 mov eax, [eax+$000003ec] 005DF080 8BADFO mov ecx,[ebp-$10]
©O5DEE70 SBSOC0020000 mov eax,[eax+$000002¢0] 005DFO83 49 dec ecx

OO5DEE76 8B55F8 mov edx, [ebp-$08] B05DFO84 BAO1000000 mov edx,$00000001
©PO5DEE79 8B18 mov ebx, [eax] @05DFQ89 8BASF4 mov eax, [ebp-$oc]
©O5DEE7B FF538C call dword ptr [ebx+$0c] 005DFO8C E84BC1E2FF call @ustrCopy

OOSDEE7E 8B45C4 mov eax, [ebp-$3c] 005DF091 FF75C4 push dword ptr [ebp-$3c]
PO5DEESL1 5A pop edx ©05DF@94 8DA5CC lea eax,[ebp-$34]
QO5DEE82 59 pop ecx 005DFO97 BAQ3000000 mov edx,$00000003
QO5DEE83 E854C3E2FF call @UstrCopy B05DFO9C E853COE2FF call @ustrCatN

©OO5DEES8 FF75D@ push dword ptr [ebp-$30] ©05DFOAL 8B4DCC mov ecx,[ebp-$34]
QO5DEE8B 68ACEF5D0OQ push $eesdefac 005DFOA4 8B45FC mov eax,[ebp-$04]
0OO5DEES0G 8D45C0 lea eax, [ebp-$40] 005DFOA7 8BSOECO30000 mov eax, [eax+$0000083ec]
OO5DEES3 50 push eax @05DFRAD 8B8@C0020000 mov eax, [eax+$000002c0]
©O5DEE94 8D4DBC lea ecx,[ebp-$44] 005DFOB3 8B55F8 mov edx,[ebp-$08]
0OO5DEES7 8B45FC mov eax, [ebp-$04] @05DFOB6 8B18 mov ebx,[eax]

PO5DEESA 8BSOECO30000 mov eax, [eax+$000003ec] ©05DFOB8 FF5320 call dword ptr [ebx+$20]

ListBox1.Items[i];

1= Copy(s, p + 1,

@ Data types

— d x

string copy-on-write

s1 = 005DF610 [-1:Delphi]
51 = 02EFASSC [1:Delphi]
51 = 02EFABSC [2:Delphi], s2 = 02EFASSC [2:Delphi]

51 = 02EFAS5C [1:Delphi], 52 = 02EFAS9C [1:delphi]

shared dynamic arrays

@ Datatypes

O

et

string copy-on-write

shared dynamic arrays

arrl = 02E3A743 [1, 2,
arr1 = 02E8A748 [1, 2,

3, 4, 5], arr2 = 02E3A748 [1, 2, 3, 4, 5]
42, 4, 5], arr2 = 02E8A748 [1, 2, 42, 4,
arrl = 02E3A748 [1, 2, 17, 4, 5], arr2 = 02E3A908 [1, 2, 42, 4,




@ Data types

a=0b="c=4227471
string copy-on-write a=0,b=",c=0
shared dynamic arrays
record initialization
@ Data types
TUnmanaged: & ms
string copy-on-write TManaged: 31 ms
shared dynamic arrays
record initialization
record copying




@ Data types

string copy-on-write

shared dynamic arrays

record initialization

record copying

custom managed records

array of custom records

...inftializing "Record 1":8685979

...inftializing "Record 2":32

...inftializing "Record 3":26720344

Create a

..Initializing "Record 4":0

...creating "record A":42 (was "Record 4":0)
...copying "record A":42 == "[Copy] record A":42
...finalizing "record A":42

a = "[Copy] record A":42

...creating "record B":17 (was "Record 2":32)

b = "record B":17

Assign ¢ ;= [Copy] record A

...copying "[Copy] record A":42 == "[Copy] [Copy] record A":42
c = "[Copy] [Copy] record A":42

Exit

...finalizing "[Copy] [Copy] record A":42

...finalizing "record B":17

...finalizing "[Copy] record A":42

@ Data types

string copy-on-write

shared dynamic arrays

record initialization

record copying

custom managed records

array of custom records

...inftializing "Record 1":0

...inftializing "Record 2":9897528

Initialize a1

...initializing "Record 3":0

...initializing "Record 4":0

...inftializing "Record 5":0

al[0] = "Record 3":0

Assign a2

a2[0] = "Record 3":0

Copy a3

...copying "Record 3":0 == "[Copy] Record 3":0
...copying "Record 4":0 == "[Copy] Record 4":0
...copying "Record 5":0 == "[Copy] Record 5":0
a3[0] = "[Copy] Record 3™:0

Clear a1

Clear a2

...finalizing "Record 3":0

...finalizing "Record 4":0

...finalizing "Record 5":0

Exit

...finalizing "Record 1":0

..finalizing "Record 2":9897528

...finalizing "[Copy] Record 3":0

...finalizing "[Copy] Record 4":0

...finalizing "[Copy] Record 5™:0




ParameterPassingMain.pas.271: sum

91090812C 8D55C8 lea edx,

0109012F B909000000 5
01090134 8BASFC mov eax, [ebp-$04]
81090137 EBJVOFFFFFF call $@10908ac

©109013C 8945F4 mov [ebp-$0c],eax
ParameterPassingMain.pas.272: ListBoxl.Items.Add(IntToStr(sum));
0109013F 8D55C4 lea edx,[ebp-$3c]
01090142 8BASF4 mov eax, [ebp-$0c]
01090145 ESAEAFE4FF call $0@0ed50f8

0109014A 8B55C4 mov edx, [ebp-$3c]
9109014D 8BASFC mov eax, [ebp-$04]
01090150 SBSEFPV30000 mov eax, [eax+$000003f0 ]
91090156 B8B8OCLO20000 mov eax, [eax+$000002c0 |
9109015C 8BOS8 mov ecx, [eax]

0109015E FF513C call dword ptr [ecx+$3c]
ParameterPassingMain.pas.273: sum

91090161 8D55C8

01090164 B902000000

81090169 8BASFC mov eax, [ebp-%$64
0109016C ES83BFFFFFF call $010980ac
91090171 8945F4 mov [ebp-$0c],eax
@ Parameter passing — O x
array Array: 174ms, arr[1] = 1
Constarray: O0ms, arr[1] =1
Tarray<Integer=: 0 ms, arr[1] = 42
const array Const TArray <Integer=: 0 ms, arr[1] = 42
array of Integer: 468 ms, arr[1] = 1
dyn array const array of Integer: O ms, arr[1] = 1
TIntArray: O0ms, arr[1] =1
5 3 Const TIntArray: O ms, arr[1] = 42
String: 260 ms
Const string: 46 ms
const dyn array Record: 165 ms
Constrecord: 51 ms
3 3 Interface: 240 ms
Const interface: 49 ms
string
const string
record
const record
interface
E const interface i




bit 31 24 23 16 15 8 7 0
Transparency Blue Green Red

bit 31 24 23 16 15 8 7 0
Transparency Red Green Blue

byte 0 1 2 5 7 8 10 11
R G B T R B T R G B




Chapter 6: Memory Management

@ Initialize/Finalize

New Mew: 42 o
GetMem +nitialize: 42
GetMem + Initialize Initializefinalize
Geth

E i I Access violation at address 0040A08C in module 'InitializeFinalize.exe’,

Read of address 28282422,
@ Allocate — *
Ohjects: 358 ms [Create] [ 238 ms [Free]
Allocate objects Ohjects: 367 ms [Create] [ 238 ms [Free]

Allocate records

Allocate node <string =

Objects: 366 ms [Create] [ 235 ms [Free]
Records: 76 ms [Mew] [ 56 ms [Dispose]
Records: 73 ms [Mew] [ 56 ms [Dispose]
Records: 76 ms [Mew] / 62 ms [Dispose]
Ohjects<string>: 631 ms
Records<string=: 134 ms

Objects <string=: 669 ms
Records<string=: 133 ms
Objects<string=: 675 ms
Records<string=: 133 ms




Small block allocators

8-byte allocator

A 4 A 4
A
16-byte allocator
4
z T
other allocators
e |
- |
LH””"“"““"“"“"""“"““”"""“"*””"”""””““"“""j
H
b e e -
Medium block allocator
h 4
A
Large block allocator
Run test Single threaded: 12587; Multi-threaded: 3458 (3,6x faster)

Single threaded: 12632; Multi-threaded: 3546 (3,6x faster)
Single threaded: 12654; Multi-threaded: 3601 (3,5x faster)
Single threaded: 12816; Multi-threaded: 3632 (3,5x faster)




() LoggingMm — O >

E Test ; GetMem($000000000000002C) = $00000000035FFBAD
GetMem({50000000000000018) = $00000000035EAB50
ReallocMem{$00000000035EAE50,$0000000000000023) = $000000000360DA30
ReallocMem($0000000003500A80,50000000000000038) = $000000000350DA80
ReallocMem{$000000000360DA80, $0000000000000078) = $00000000035AD300
ReallocMem($00000000035AD300,50000000000000088) = $00000000035AD300
ReallocMem{$00000000035AD300,$00000000000000F8) = $0000000003584730
ReallocMem($00000000035684730, 50000000000000138) = $0000000003584730
ReallocMem{$0000000003584730,50000000000000100) = $0000000003564730
ReallocMem($00000000035684730, 500000000000002684) = $00000000035A 1010
ReallocMem{$000000000354 1010, $0000000000000408) = $0000000003541010
ReallocMem{$000000000354 1010, $0000000000000608) = $000000000356FD00
ReallocMem{$000000000356FD00, $0000000000000908) = $000000000356ECE0
ReallocMem($000000000356EC30, $0000000000000083) = $000000000356ECE0
ReallocMem{$000000000356ECE0, $0000000000001448) = $000000000356ECE0
FreeMem{5$000000000356ECS0) = $0000000000000000
FreeMem($00000000035FFBAD) = S0000000000000000

ParallelAllocation.exe: Locking Report

% Top locking contention sites

19020 x

407092 [Systemn.pas][System][@FreeMemSqqrpv][4662]

SFB1AD

[System.Generics.Collections.pas][ParallelAllocationMain][ Generics.Collections, % TList__1$p27Parallelallocationmain. TFoo%.InternalMotify$ qqrpiovs 15y stem.Generics. Collections. TCollectionNotificati
on][4290]

43FE36 [System.Generics.Collections.pas][System.Generics.Collections][ Generics.Collections. TListHelper.InternalDoDeletedd gqri515ystem.Generics.Collections. TCollectionNotification][2063]

5FABC3 [ParallelAllocationMain.pas][ParallelAllocationMain] TSpeedTest.Execute| 3_ActRec. 0_BodySqqri][130]

5E2B44 [System.Threading.pas][System.Threading][Threading. TParallel.ForWorker_45_ActRec._0_Body$qqrv][1339]

SE436C [System. Threading.pas][System. Threading] [Threading. TTask.ExecuteReplicates_116_ActRec._0_Body$qqrv][2046]

5E40B0 [System.Threading.pas][System.Threading][Threading. TTask.ExecuteSqqrv][2021]

SE4DEE [System.Threading.pas][System.Threading][Threading. TTask.InternalExecuteSqqrip22System. Threading. TTask][2356]

SE4E73 [System.Threading.pas][System.Threading][Threading. TTask.InternalWorkSqqro][2383]

5EBDBS

[System. Threading.pas][System.Threading][Threading. TThreadPool TQueueWorkerThread.ExecuteWorkltemS qqrr755ystem. % Delphilnterface$48System. Threading TThreadPool.[ThreadPoolWorklte
m%][3236]

5E6A10 [System. Threading.pas][System.Threading][ Threading. TThreadPool. TQueueWorker Thread.ExecuteSqqrv][3165]

®

| Run test Single threaded: 12919; Multi-threaded: 2389 (5,4x faster)
. Single threaded: 12912; Multi-threaded: 2365 (5,5x faster)
: Single threaded: 12630; Mult-threaded: 2382 (5,3x faster)
Single threaded: 12884; Multi-threaded: 2485 (5,2x faster)

(® parallel allocation — O >
l Run test i Single threaded: 12625; Multi-threaded: 2388 (5,3x faster)

Single threaded: 12854; Multi-threaded: 2379 (5,4x faster)
Single threaded: 12558; Multi-threaded: 2502 (5,0x faster)
Single threaded: 12317; Multi-threaded: 2379 (5,2x faster)




® rarallel allocation - O P4

Run test Single threaded: 13142; Multi-threaded: 1949 (6,7x faster)

Single threaded: 12892; Multi-threaded: 2002 (6,4x faster)
Single threaded: 12638; Multi-threaded: 1992 (6,3x faster)
Single threaded: 12655; Multi-threaded: 2031 (6,2x faster)

ParallelAllocation speed with different memory managers

12000

8000

Time [ms]

6000

200

[=]

Serialized Parallel

M Delphi (FastMM4)  ® FastMM4+UseReleaseStack  ®m FastMM5  m TBBMalloc

@ Parallel allocation

— O

Run test

Single threaded: 58327; Multi-threaded: 10595 (5,5x faster)

@ Parallel allocation

— 0

Run test

Single threaded: 12518; Multi-threaded: 6529 (1,9x faster)




Chapter 7: Getting Started with the Parallel World

@ Parallel Paint — O X




& Inc/Dec — | *

0 [67 ms]
Single threaded -2349383 [139 ms]
15860904 [102 ms]
B 11922073 [106 ms]
Hitithreade 1479083 [103 ms]

-2464783 [101 ms]
Multithreaded with locking  |-1869270 [104 ms]
1708013 [103 ms]
6198579 [116 ms]
-1133151 [104 ms]
3494996 [104 ms]

MT with interlocked

MT with TMonitor 1732103 [98 ms]
@ Read/Write — O x
0000000000000000, 000000007 7777777, 777 7777700000000, 777777777 7777777
Read/Write Total time: 389

Read/Write with locking

@ Read/Write — O *

0000000000000000, 0000000077777777, 7777777700000000, 77777777777777177
Read/Write Total time: 362
0000000077777777, 7777777700000000

Read/Write with locking | | T0t@l time: 1643

@ Call Stack - Thread task 1 (62... O *

:77B2393c ntdIl.NtWaitForAlertByThreadld + Owe ~
1 T7b3bfbe;

1 T7b3bebs:

:77b53b3f1;

:77b5b313 ntdll.RtlEnterCriticalSection + (xd3
System.SyncObjs. TCriticalSection. Acquire

200309378 TCriticalSection. Acquire + 510

deadlockl. TfrmDeadlock.btnTask1 ClickSActRec.S05Bod
Systemn. Threading. T Task.Execute

Systermn. Threading, T Task.InternalExecute(32DEC2ZFD)
Systemn. Threading. T Task.InternalWork({777)

System. Threading. T Task.ExecuteWork

" &% &8 & & ® © ® © |0 o o 4



@ Inc/Dec — O x
Single threaded: 0 [75 ms]

Single threaded Multithreaded: 8012044 [122 ms]
Critical section: 0 [1017 ms]
Multithreaded Mutex: 0 [78377 ms]

TMonitor: 0 [700 ms]
Spinlock: 0 [493 ms]
MT with locking Interlocked: 0 [407 ms]

MT with mutex
MT with TMonitor

MT with spinlock

MT with interlocked

{®) Read-write locking - O d
TCSSync: Writer 7Readers 777777
TCriticalSection TMREWSync: Writer 18 Readers 35 35 35 35 35 35
TLightweightMREW
() Shared list - O X
Chared fists TCriticalSection [ elapsed time = 7377

TCriticalSection [ elapsed time = 7942
TCriticalSection [ elapsed time = 7310
Laded ists MREW [ elapsed time = 2317

acred s MREW | elapsed time = 2337

MREW [ elapsed time = 2321
TThreadLlist [ elapsed time =991

S s TThreadLlist [ elapsed time = 1018
TThreadlist [ elapsed time = 964
TThreadList |
@ Read/Write - O X
0000000000000000, 0000000077777777, 7777777700000000, 7777777777777777
Read/Write Total time: 329

0000000077777777, 7777777700000000
Locked total time: 1572

Read/Write with locking | o 30300077777777. 7777777700000000

Interlocked total time: 1212

R/W with interlocked




@ Inc/Dec with communication
Windows message
Message + AllocateHwnd
Synchronize

Queue

TThreadedQueue + TTimer

object + interface

Windows message: 0 [16 ms]
Windows message: 0 [18 ms]
Windows message: 0 [18 ms]

Message + AllocateHwnd: 0 [21 ms]
Message + AllocateHwnd: 0 [22 ms]
Message + AllocateHwnd: 0 [23 ms]
Synchronize: 0 [14 ms]

Synchronize: 0 [14 ms]

Synchronize: 0 [14 ms]

Queue: 0 [13 ms]

Queue: 0 [13 ms]

Queue: 0 [14 ms]

TThreadedQueue + TTimer: 0 [19 ms]
TThreadedQueue + TTimer: 0 [24 ms]
TThreadedQueue + TTimer: 0 [22 ms]




Chapter 8: Working with Parallel Tools

@ ThreadComm

Start thread

Change

Stop thread

Start thread
17 21| | Change

Stop thread

14:01:55. 284
14:01:55. 284
14:02:00.281:
14:02:05.281:
14:02:05.9584:
14:02:06.621:
14:02:08.8382
14:02:10.998:
14:02:12.415:

0 from thread 4350
42 from thread 4360
42 from thread 4360
42 from thread 4350
17 from thread 4360
17 from thread 4360
2 from thread 4380
9 from thread 4360
0 from thread 4350

@ Multiple Workers

WaitForMultiple

CondVar

Output xoxxoxxe.x oxxoxxoxoxxox 22/1/1




Chapter 9: Exploring Parallel Practices

Ancnymous methods — O X
i

21212121 21212121212121212121212121212121

Anon problem
12345678910111213141516 171831920

E Anon fix ;

@ Parallel tasks — | Pt

Run tasks 564579 prime numbers from 1 to 10000000 found in 2550 ms with 4 tasks, 4 running at the same time
564579 prime numbers from 1 to 10000000 found in 4186 ms with 2 tasks, 2 running at the same time

564579 prime numbers from 1 to 10000000 found in 6647 ms with 1 tasks, 1 running at the same time
Async TTask

@ Async/Await — O et

Button dick in thread 13852

E Long 2k ; Long task started in thread 5636
Button dick in thread 13952
Long task started in thread 12084
Button dick in thread 13952
Long task started in thread 17176
Long task stopped in thread 5636
Bwait in thread 13952
Long task stopped in thread 120384
Tl Await in thread 13952

Long task stopped in thread 17176
Await in thread 13952

Long task async

Long task async

| @ Taraliclioin o x|

: Starting tasks
Join 2 tasks Task1 started in thread 20536
- Task2 started in thread 18956
Task1 stopped in thread 20938
Task2 stopped in thread 18956
Join 142 tasks Starting tasks
Task1 started in thread 39944
Task? started in thread 20536
Task3 started in thread 18956
Task1 stopped in thread 33944
Task3 stopped in thread 18956
Task? stopped in thread 20936

DHP Join

DHP Join Exception




@ TParallel Join - | x

Jain 2 tasks Starting tasks )

Taskl started in thread 12696

) Task3 started in thread 11376

Join 3 tasks Task2 started in thread 19356

Task2 stopped in thread 19356

Join 142 tasks Task1 stopped in thread 12696

Task3 stopped in thread 11376

Tasks stopped

Starting tasks

Taskl started in thread 19356

TaskZE started in thread 12696

Task3E started in thread 11376

E CHP Join Exception ; Task1 stopped in thread 19356

TaskZE raising exception in thread 12696
Task3E raising exception in thread 11376
Tasks stopped

Task raised exception: Task2 exception
Task raised exception: Task3E exception

DHP Join

&) TParallel.For — | Py

far For: 664579 primes, Total time: 6404

Parallel for - bad: 656464 primes. Total time: 1459
Parallel for - bad: 655448 primes. Total time: 1459
Parallel for - bad: 656497 primes, Total ime: 1458
Parallel for: 664575 primes. Total time: 1472
Parallel for: 664579 primes, Total time: 1443
Parallel for: 664573 primes, Total time: 1428

E parallel for - good ;

parallel for - bad

() TParallel.For — O X

for

2|

: Exception: Exception in thread 39708
: Exception: Exception in thread 25024
: Exception: Exception in thread 35124
: Exception: Exception in thread 30328
: Exception: Exception in thread 12032
: Exception: Exception in thread 33324
: Exception: Exception in thread 23408
: Exception: Exception in thread 9540

parallel for - good

parallel for - bad

e BT O I S I

: Exception: Exception in thread 23408
: Exception: Exception in thread 38138
: Exception: Exception in thread 30328

async parallel for

2

parallel for exception : Exception: Exception in thread 39708
: Exception: Exception in thread 11036
: Exception: Exception in thread 18168
: Exception: Exception in thread 20640

: Exception: Exception in thread 20796

00 L L D

Downloader

Filter Im' Downloader

Display
on screen

Parser

Downloader




@ Pipeline pattern

|hth::H'A"A"N.ﬂﬂedelphigeek.com

Start

http: ffwmwew, thedelphigeek. com /201202 blaise-pascal-magazine-rerun-4. hitml
.thedelphigeek. com/2012/02 blaise-pascal-magazinererun-5-four. html
.thedelphigeek. com 201202 blaise-pascal-magazine-rerun-&. hitml
.thedelphigeek. com/2012/02 blaise-pascal-magazinererun-7. html
.thedelphigeek. com /201202 blaise-pascal-magazine-rerun-5. hitml
htip:/fwww, thedelphigeek. com2012/02 blaise-pascal-magazine-rerun-3-high. himl
https: /fwww. thedelphigeek. com/2012/02/blaise-pascal-magazine-rerun-3-high. himl
htips:/fwww.thedelphigeek. com,2012/02 blaise-pascal-magazine-rerun-&. himl
https: /fwww. thedelphigeek. com/2012/02/blaise-pascal-magazine-rerun-5-four . himl
htips:/fwww.thedelphigeek. com,2012/02 blaise-pascal-magazine-rerun-4. himl
https: /fwww.thedelphigeek.com/2010/11blaise-pascal-magazine-rerun-3-real.html
htips:/fwww.thedelphigeek. com,2010/11/blaise-pascal-magazine-rerun-2-advanced. him
https: /fwww. thedelphigeek. com/2010/11/blaise-pascal-magazine-rerun-1.html
htips:/fwww. thedelphigeek. com/searchlabel fwriting

https: /fwww. thedelphigeek. com/search label fwiki

htips:/fwww. thedelphigeek. com,2012/01/omnithreadlibrary-documentationan. himl
https: /fwww. thedelphigeek. com/2011/08 /meet-me-in-verona. html

htips:/fwww. thedelphigeek. com,2011/03/delphi-down-under. himl

https: /fwww. thedelphigeek. com/2010/11/itdevcon-2010. html

htip:/fwww, thedelphigeek. com 2017/ 10 /writing-simple-dsl-compiler-with-delphi. hitml

b fhananas HemAmlmbimmmle e WA T AN i s mimmmls Al cmmemilee i Amlmbi A -]

W




Chapter 10: More Parallel Patterns

{(®) Blocking collection — O >
| Producer/Consumer 42173484126 51 168 68 210 85 102 252 294 119 136 336 133 378 170 420 462 187 204
504 221 546 238 588 630 255 672 272 289 714 306 756 323 798 340 840 357 882 374 924
Stop 391 966 408 1008 425 1050 STOP END/1T7 END/42
) TParallel Join - O d
Join 2 tasks Starting tasks

Task1 started in thread 32532

; ; Task?2E started in thread 21278

Join Exception Task3E started in thread 20864

Task2E raising exception in thread 21276
Task3E raising exception in thread 20864
Task1 stopped in thread 32932

Tasks stopped

Task raised exception: Task2 exception

Jin.NoWait Task raised exception: Task3E exception

Join.MoWait Exceplion

() Parallel task — O >
| Create random data | Data written in 2664 ms / 1 task(s)
Data written in 2729 ms / 1 taski(s)
Mum tasks: 16 A Data written in 2665 ms / 1 task(s)

Data written in 881 ms / 4 task(s)
Data written in 852 ms / 4 task(s)
Data written in 834 ms / 4 task(s)
Data written in 515 ms / & task(s)
Data written in 334 ms / 8 task(s)
Data written in 504 ms / & task(s)
Data written in 436 ms / 16 taski(s)
Data written in 419 ms / 16 task(s)
Data written in 396 ms / 16 taski(s)




@ Background Worker

|OmniThreadLibrary Search Open

Loop a Delay in a thread??

Mot Threadsafe??

Hands-On Design Patterns with Delphi

OmniThreadLibrary Issue - WaitFor() Doesn8#03%:t executes the
Is this project still Alive T

OmniThreadLibrary 3.07.8

[Q] OmniThreadLibrary - TaskGroup

Installing en Delphi 2007

Problem install OmniThreadLibrary-3.07.7 with Delphi tokyo 10.:
Strange Benchmark Results; Am | Missing Something?
Experience/opinions on FastMh3

Am | using threads correctly?

OmniThreadLibrary 3.07.7

OmniThreadLibrary 3.07.6

Omni Thread Library resources

Parallel processing question

thread-safe ways to call REST APls in parallel

Meed help on some C# to Delphi Conversion

Delphi Package Manager - choices?

thread-safe ways to call REST APls in parallel

Delphi books

Planning for V4 (FMX support)

Planning for V4 (FMX support)

Parallel Algerithm for resampling bitmaps - very infrequent fails
Determining why Delphi App Hangs

R R R R R R R R R R]RRE R R R R RR R

Posted December 25. 2021 (edited)

I have a class that contains some logic that's applied to data selected by
the user. The selections are added to a TListView, and an instance of the
object is attached to the .Data property for each ListItem.

They're being processed more or less in sequence right now, and I believe
the overall processing time can be sped up a lot if I process each one as a
task.

I want to update columns in the ListView as each one finishes with a
status message and elapsed time.

But using the PPL. there's nothing that says when a task has completed.

»  FileReader

Pipeline I b{ FolderScanner
Input

> il FileReader — » | I

‘ »  StatCollector

Pipeline.
.I:D b{ StatAggregator » Output |

L»  SstatCollector

»  FileReader

@ Parallel Map

Serial

Parallel

— d x

553 ms, 70435 primes, sum = 1053634265899
544 ms, 70435 primes, sum = 1053634265899
580 ms, 70435 primes, sum = 1053634265899
86 ms, 70435 primes, sum = 105353426899
102 ms, 70435 primes, sum = 1053634265899
75 ms, 70435 primes, sum = 105353426899

m

@

Interval (sec): 10

Start Stop

— O .

Server time: |Tue, 16 May 2023 20:10:30 GMT |

Your TP |85.10.34.64 |




Chapter 11: Using External Libraries
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Chapter 12: Best Practices
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