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Logical to Physical Processor Map:

K Physical Processor 0 (Hyperthreaded)
—*%____ Physical Processor 1 (Hyperthreaded)
—--%**__ Physical Processor 2 (Hyperthreaded)
------ ** Physical Processor 3 (Hyperthreaded)

Logical Processor to Socket Map:
skeoskoskeoskoskok skosk SOCket 0

Logical Processor to NUMA Node Map:
Fakakkkx NUMA Node 0

Logical Processor to Cache Map:

HHeme Data Cache 0, Level 1, 32 KB, Assoc 8, LineSize 64
HH oeme Instruction Cache 0, Level 1, 32 KB, Assoc 4, LineSize 64

i —— Unified Cache 0, Level 2, 256 KB, Assoc 8, LineSize 64
--**____ Data Cache 1, Level 1, 32 KB, Assoc 8, LineSize 64
--**____ Instruction Cache 1, Level 1, 32 KB, Assoc 4, LineSize 64
--**____ Unified Cache 1, Level 2, 256 KB, Assoc 8, LineSize 64
----**__ Data Cache 2, Level 1, 32 KB, Assoc 8, LineSize 64
----**__ Instruction Cache2, Level 1, 32 KB, Assoc 4, LineSize 64
----**__ Unified Cache 2, Level 2, 256 KB, Assoc 8, LineSize 64
------ ** Data Cache 3, Level 1, 32 KB, Assoc 8, LineSize 64
------ ** Instruction Cache 3, Level 1, 32 KB, Assoc 4, LineSize 64
------ **  Unified Cache 3, Level 2, 256 KB, Assoc 8, LineSize 64
gk Unified Cache 4, Level 3, 8 MB, Assoc 16, LineSize 64

Logical Processor to Group Map:
skeoskoskoskoskok skosk Group 0
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Logical to Physical Processor Map:

R Physical Processor 0 (Hyperthreaded)
e e Physical Processor 1 (Hyperthreaded)
e Physical Processor 2 (Hyperthreaded)
------ **.——————- Physical Processor 3 (Hyperthreaded)
-------- *%-———- Physical Processor 4 (Hyperthreaded)

---------- **.——- Physical Processor 5 (Hyperthreaded)
------------ **.- Physical Processor 6 (Hyperthreaded)
-------------- ** Physical Processor 7 (Hyperthreaded)

Logical Processor to Socket Map:
skkoskskokskskesk SOCket 0

________ wwwnensyt ocket 1

Logical Processor to NUMA Node Map:
seseskotokoskokk________ NUMA Node 0
........ wxdkkxikx NUMA Node 1

Logical Processor to Cache Map:

K Data Cache 0, Level 1, 32 KB, Assoc 8, LineSize 64
K Instruction Cache 0, Level 1, 32 KB, Assoc 4, LineSize 64
Ko Unified Cache 0, Level 2,256 KB, Assoc8, LineSize 64
L Data Cache 1, Level 1, 32 KB, Assoc 8, LineSize 64
L Instruction Cache 1, Level 1, 32 KB, Assoc 4, LineSize 64
L Unified Cache 1, Level 2, 256 KB, Assoc 8, LineSize 64
—— Data Cache 2, Level 1, 32 KB, Assoc 8, LineSize 64
—— Instruction Cache 2, Level 1, 32 KB, Assoc 4, LineSize 64
—— Unified Cache 2, Level 2, 256 KB, Assoc 8, LineSize 64
------ *%..—e——- Data Cache 3, Level 1, 32 KB, Assoc 8, LineSize 64
------ *%.oee——- Instruction Cache 3, Level 1, 32 KB, Assoc 4, LineSize 64
------ *%.o-e-—-  Unified Cache 3, Level 2, 256 KB, Assoc 8, LineSize 64
Aesokscksok®________ Unified Cache 4, Level 3, 8 MB, Assoc 16, LineSize 64
-------- #¥oeee= Data Cache 5, Level 1, 32 KB, Assoc 8, LineSize 64
-------- #¥eeee- Instruction Cache 5, Level 1, 32 KB, Assoc 4, LineSize 64
-------- #¥eeee—-  Unified Cache 5, Level 2, 256 KB, Assoc 8, LineSize 64



---------- **.—— Data Cache 6, Level 1, 32 KB, Assoc 8, LineSize 64
---------- **——w Instruction Cache 6, Level 1, 32 KB, Assoc 4, LineSize 64

---------- *%-..—- Unified Cache 6, Level 2, 256 KB, Assoc 8, LineSize 64
............ **_. PData Cache 7, Level 1, 32 KB, Assoc 8, LineSize 64
------------ *%_. Instruction Cache 7, Level 1, 32 KB, Assoc 4, LineSize 64
............ *%_. Unified Cache 7, Level 2, 256 KB, Assoc 8, LineSize 64
.............. ** PData Cache 8, Level 1, 32 KB, Assoc 8, LineSize 64
-------------- *% Ipstruction Cache 8, Level 1, 32 KB, Assoc 4, LineSize 64
.............. *% Unified Cache 8, Level 2, 256 KB, Assoc 8, LineSize 64
-------- wxxxxxxx Unified Cache 9, Level 3, 8 MB, Assoc 16, LineSize 64

Logical Processor to Group Map:
sk sk sk sk skesk st sk sk skeosk skeskok skeosk Group 0
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System.Threading. Tasks.Parallel ,.5s \-\-Y
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using System.Threading. Tasks;
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LS o Sliy | For Jais
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Parallel.Invoke Y-\-Y
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ConvertEllipses v
ConvertRectangles v/

ConvertLines v/
ConvertText Vv

U Sl nl &S A Bl alls a5 5 A e 3l Solse Sl Zupe S LS e 5 S ) eslend
- .:LVoid of S oM b das o S8 6 S e el a8 S eslanad sla

Parallel.Invoke(ConvertEllipses,
ConvertRectangles,
ConvertLines,
ConvertText);
V=Y US &S

solie Invoke we iy a3 53 S e sl 1 55l A a4 o Lil ST (¢ Deligate us (I b s
c3 g Ll (63lee Oy s U el & a5 (System.Action [ ] ) Action g sle wlyl 9L
:M;Liarl.?u'\ucljé\ﬁlj Lambda ol le & a8 de s |y SLS @l:.}ﬂ)'.xs

Parallel.Invoke(() => ConvertEllipses(),
() => ConvertRectangles(),
() => ConvertLines(),
() = ConvertText());
YoYU oSS

Ll le b el O sla Delegate Lambda &l )le 5l eslinl U cdics o0 05 Jle 53 a5 (5, 5b o
LS

Parallel.Invoke(

0=>
{
ConvertEllipses();
// Do something else adding more lines
}s
0=>
{
ConvertRectangles();
// Do something else adding more lines
}s
delegate()

£q



ConvertLines();
// Do something else adding more lines
5>
delegate()
{
ConvertText();
1);

okzey @b" ol Ok sla Delegate s Lambda i,le jl eslizal S50 sla Coso
STl Slol gl wb i 4 5l Sl dab Sl (Silse sl) sl L ki o
A=l sls Delegate IS Gl g b 4SO ol ik 30 (Sl 30 (5T 40l o TPL L s yls b
S ooleze] cowlis (slal>= 5 Lambda &l,le

|l ys o od 5 O VY-V -Y
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! Exceptions
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ol el ol s Gl e L5 el IS L b w5 Sl i s sy L

S Sl Ll 0l s s 3 e il ol 2 b s 5 sl oS
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Sl 53 Ll 3L e 08 o oS ol l (6 5 as 55 015 e il (I8 sl b sl

oS b s 3, 3L g i by ConvertLines « c...s ConvertText GU (ol abs sl b

LSl ($3555 Sba 03l 0L 2 5 OLLSS (ool 1 S s

D95 B s digd e Ll il Dl das e &1 Al LB Cands Sl sed il

Soloms ool IS 0bej 4y dpder Sl 038 8LS1 5 Olojen glaTask iles gl 3L 5,50 Obej

sl

o Sl ol Sl 5 Oloyon e 53 LS 0T 53 5 das 0 OLES 1 SSUS la sl 33 s s

gars ConvertRectangles Ao, s OLL « ConvertEllipses 45 jloj s s 51 SG 53 5508 5525

355 o gs» ConvertText i ples 2,8 ConvertLines «5 Sl S5 s 33 5 D4d o

5,8 o (S Oles bs b plas gl sl 2 (3 (652t 4 o ParallelInvoke

£33 slagad b GLSG Olej Ly 8 e o OLES Olojes soos a b 1) (6,505 (S0l o o 5

L& ool pbs o)ls 5L 1l gl s 2is Obey ConvertLines <l -nl js 5 LS 0 O3,

Silse gpn S = &S o |l &5 el B (sl 4 Sl (g4l Obes s Parallel. Invoke

2 el aslal ¢l
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ConvertEllipses l

ConvertRectangles
slaTask ol : h it
Parallel.Invoke | '
ole e Parallel.Invoke
ConvertLines I

ConvertText I

ole s

ConvertEllipses ConvertRectangles
cwTask cals; ez,
Parallel.Invoke : Parallell k
il ) ! arallel.Invoke
ConvertLines ConvertText

Ol

Y

Y

ConvertEllipses H

. I el ]
ConvertLines Parallel.Invoke
ConvertText ConvertRectangles H
Ol

-y s

ST
Ole on

Y

|, Parallel.Invoke ;5 S jlojen ;3 15 12l C 5 00k a8 sl (gl osli J s ol 0 V=Y o)

using System;

using System.Collections.Generic;
using System.Ling;

using System.Text;

using System.Threading.Tasks;

namespace Listing2-1

{

class Program

{

static void Main(string[] args)

oY



Parallel.Invoke(

() => ConvertEllipses(),

() => ConvertRectangles(),
() => ConvertLines(),

() => ConvertText());
System.Console.ReadLine();

j
static void ConvertEllipses()
{
System.Console. WriteLine(“Ellipses converted.”);
j
static void ConvertRectangles()
{
System.Console. WriteLine(“Rectangles converted.”);
j
static void ConvertLines()
{
System.Console. WriteLine(“Lines converted.”);
j
static void ConvertText()
{
System.Console. WriteLine(“Text converted.”);
j
j
j
S B s cews 5 s ParallelInvoke i 4S gl 5 5 S s Jle gl
ConvertEllipses();
ConvertRectangles();
ConvertLines();
ConvertText();

5 Gl QLSS Cilises (gl atens wor sl S 56lS js Console s ol andy > 9 5 ased

%jyeﬂm‘)fjfﬂ))sg;w|é@>b>|

Ellipses converted.
Rectangles converted.
Lines converted.
Text converted.
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Y Ced sl ks Slie i (S | ] Ol syl Csew b 2> |, ParallelInvoke S|
G aea L S 5lS Olea js Ol 4w ;3 a5 ol (gl Console 4l 5 )5 e o3l OLES b Jola ¥
A

V=Y e 3 sl S ) sl il sl Ol S LSy (lse IS sl gl YT

C Gl el el OLES

FIRST TIME
Ellipses converted.
Rectangles converted.
Lines converted.
Text converted.
SECOND TIME
Ellipses converted.
Lines converted.
Rectangles converted.
Text converted.
THIRD TIME
Ellipses converted.
Lines converted.
Text converted.
Rectangles converted.

L 63lsn 5 o 5 6l S o s Ol 51 G esle Jls ol s ol > 5 op A rectangles

A

a0 S K g S g b g5 Y-V Y
S s obes o b olse slxl el 55, s> ParallelInvoke S eslizal S (5 5 5
Parallel.Invoke —oles 5 Llse aslsl j3 s onlio ba g )l aan L adl .cslaTask 5 s & ook

! Trade-Offs
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Sl b ok 4S5 65 Glogan 5 Glojen o) e3sad sdalin 0o JKE 5 L3 e 55wl
Aols
Shosbie 5 I gl enss 53 s Ll s 1 0SS ks el 15 e et o5 6T lesan
WS Glesan 53 s o ) 55 e s (G L b sl s e Slgas ol S S 0L
e Lpd e Ll e ates SO L s aelS 5 0SSl ool sl ankd el el S
b 13l e ol 53 &S o el 1 (S3lse slim) SoBls s il s s e s time slicing
SO S Gl cand e U8 5ol gle 4S5 Gl sl el 4T AT Sleen 5 (s3L 0l
gl 4 s sl Oligan sla IS A3 esls OLES L3 Slssel 3 amiliar L5 353 e o S
S35 S il S ool il o 5 4SS Glasan e wgd Sl e S e B, (ol S
g o et e Sl (Ol (31 Olge el 4T AT Gl e LA G0 SOOL e SO o
S skilen Lpd 1l Ailg e ati sy Dpgea IS S Gk Sbe 45 A5 Sl s pl s Gl e
el i I e s Gl Sl 3l s CllB Sl eslial d esls md s S b o
e 33 4 PBlis 0 (30 gl sl Bl el Glil dkie ates KL 6T aelS 3 lesen
Aol o s (5 SVL (6 SpeedUP «p s o oozl 2By (3l (5310 31 aSSiles o 5L il
o ot S 0ds elS gl IS 0l a5 Wsd e Ll S5l D SIS Sl ol sla 4SS L
L3S @l 5 Silse Sla gl et lsgel dias e ialS |
sps ol Coms 3 — (a8 L) (ke e Sler 3 3le ilpe ol s Glajen
iy el sl e a3 a6 Sl cl 51 plaS e sl fea
Sz Sl eslimal Gy 1 Sl b Bl 3l (Slse 1 Slagen 5 odd 4SS5 T Glisen oS5 Y

Slse O s GUJL@:;JALSLA Jordl s S — (4 S 35) 558 o iles azen 53

o . \
sbl i

o1



SS Gl 038 o a s b Ol F 5 9355 e Il Oglite i anes Gl o
ol ol el edd S S gl Slse b Slesen (93550 e 3 A Time-Slice
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ConvertEllipses |

ConvertRectangles

Convertlines | | | | | | | | |

ConvertText

Olej "
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ConvertEllipses I:I::I:I | | |
ConvertRectangles I:I:I:I:I I:I:I:I:’
Converilines I:I:I:I:I I:I:I:I:’

ConvertText I:I:I:I:I | | |
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! Real Time operating system (RTOS)
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Hotspot aseis 4 36 S o TPL 9,818 LIS LIS @ g0 S oK s e
it o 5 AS 3 (il (s lse LG
&l 5lse LB Hotspot  asels V=YY
el s |l 53 5 a8 5 AS g3 LS wil e Console (g5 58 asl K slesle Jl Y=V
ol by yols AES sl S slael W)y gl 1) For (¢l aal> : GenerateAESKeys v/
System.Security. S Lo GenerateKey GU LS 1=l NUM_AES_KEYS
ol s ml s g uls &S e ol e zes s Cryptography. AesManaged
Ssi ooe3ls L3 hexString e st s Hexadecimal ' s, 4 Byte
(ConvertToHexString)
Sleslatal b ekS ol b e sl acslses (6l 5 |5 (For «il> : GenerateMD5Hashes v/
bl Olse & 8 o6 5 NUM_MD5_HASHES o= <ot L.g 5 ADE V;Jdij\
s B Sl e 534S WIS 51 5 1S e eslatul ComputeHash &b Sl el
sw VUoad; o Byte all b mboar g oo Sl L e
-3l 5l 3 (hexString) Jse st 53 505 S 6,05 (ConvertToHexString )

MD5 LSLAJ"S}AC""“":‘.J )AES LSLA')":‘:lS)‘LS|°‘>L"“L§J“" Y‘—Yw

using System;

using System.Collections.Generic;
using System.Ling;

using System.Text;

// Added for the Stopwatch
using System.Diagnostics;

// Added for the cryptography classes
using System.Security.Cryptography;

// This namespace will be used later to run code in parallel
using System.Threading.Tasks;

\'\ét.,a‘
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namespace Listing2 3

{

class Program

{
private const int NUM_AES KEYS = 800000;

private const int NUM_MDS5 HASHES = 100000;

private static string ConvertToHexString(Byte[] byteArray)

{
// Convert the byte array to hexadecimal string
var sb = new StringBuilder(byteArray.Length);
for (int i = 0; i < byteArray.Length; i++)
{
sb.Append(byteArray[i]. ToString(“X2”));
j
return sb.ToString();
j
private static void GenerateAESKeys()
{
var sw = Stopwatch.StartNew();
var aesM = new AesManaged();
for (inti=1; i <= NUM_AES KEYS; i++)
{
aesM.GenerateKey();
byte[] result = aesM.Key;
string hexString = ConvertToHexString(result);
// Console.WriteLine(“AES KEY: {0} , hexString);
j
Debug.WriteLine(“AES: “ + sw.Elapsed.ToString());
j

private static void GenerateMD5Hashes()
{
var sw = Stopwatch.StartNew();
var md5SM = MD5.Create();

for (inti=1;1<=NUM MDS5 HASHES; i++)

{
byte[] data =
Encoding.Unicode.GetBytes(
Environment.UserName + 1. ToString());
byte[] result = md5M.ComputeHash(data);
string hexString = ConvertToHexString(result);



/I Console.WriteLine(“MD5 HASH: {0}”, hexString);

}
Debug.WriteLine(“MDS5: “ + sw.Elapsed.ToString());

}

static void Main(string[] args)

{

var sw = Stopwatch.StartNew();

GenerateAESKeys();

GenerateMD5Hashes();
Debug.WriteLine(sw.Elapsed.ToString());

/I Display the results and wait for the user to press a key
Console.ReadLine();

}
b O slaws ks |5 (kS el eslatwl J 28 (¢l w1 it 5l GenerateAESKeys &b 2 For 44>~

31 GenerateMDS5Hashes &b For «il> .8 o JuS 1) 558 o )y AES sl ulS &
R e el 4B Sl el 3y 50 S selS (5 U 4 s3de 038 WBlSl s S gl i
8 3,8 o ol eslind 5y sm Celn 5 palS Sl e ol oS B Sl 55 el (63555 Ol 4,

el o esls O 3 IS

for (inti=1; i <= NUM_MD5 HASHES; i++)

{
byte[] data = Encoding.Unicode.GetBytes(Environment.UserName + i. ToString());
byte[] result = md5M.ComputeHash(data);
string hexString = ConvertToHexString(result);
/! Console.WriteLine(hexString);
}

FoY e 5l S oSS

L JS et (g Olos 5 b n gl Oles b ol 0dd Lol Y=Y ) 0 WL 0ls O b shax
O 3 s da)'l_&i I, = Stopwatch b gl s StartNew sl 5 L .aS (5 .8 o3l

.Jj,iL;aCJJDebug oA o3y IS el (6w 0L
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353 0l (68 o3l s s It s sl Kas 45 358 o UK I 5
C).Lj:;:}GU}JJALS‘JP.-‘OLA)'MJJQ&&JJ{)SMUJ{O.:‘LS‘J{|)$3'J3L§|J.>.-|JJJ‘)—\—YJ.(..jl

5,8 o1y dual-core s li3ls 555 b6 5 sanlS o

s el cla Jslssls 5Lt ol adb Ve 4 Ly & GenerateAESKeys y GenerateMDSHashes
o Sy b pecie S i psdse b Oley cpl oS ol iy 3 Ko Ol Ll sl sl 2 g 5
SIS st ol I S b bl ol s bl s AL e sl e kg s
Lo oS Gla Cupe 5l dipd o Ul (00 5l e (K S sk S il i K0S
e S el gl eslanal 5,8 e 18 Olalel s el Wl s anes dw s 5 (silse 5
SpeedUP « liws 4 (5le (5lse &S 5w 55 L o &l)l 1, 515 hotspot &b s RE
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$ilse &)l v i SpeedUP 3540 (5 8 o3l 01 Y=Y-Y
Parallel.Invoke ;| &5 (S 30l 55 Ll aseud b ool ols OLES Y=Y o) 53 oS Lol =
-3 45 o oslisl GenerateMDS5Hashes ; Generate AESKeys &b 5o Solse pu s Sl

static void Main(string[] args)

{

var sw = Stopwatch.StartNew();

Parallel.Invoke(
() = GenerateAESKeys(),
() => GenerateMD5Hashes());

Debug. WriteLine(sw.Elapsed. ToString());

/I Display the results and wait for the user to press a key
Console. WriteLine(“Finished!™);

Console.ReadLine();

Parallel.Invoke ;| sstizul L Y=Y coJ 51 guS &S

@U 35 2 Sl Ol ramen 5 (63,58 @l 5l i ases Gl 1 (S3lse Sl K, VY S
s e 0lis |y Dual-Core oli3ls 55, S L (6 5500l 5o
Sl s els gl Ll sl b & L;Ja_, GenerateMD5Hashes 5 GenerateAESKeys Y~
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Speedup =
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b 4l OLL olsyl >l b Delegate sl B A=Y S5 & a5 gl (25 Llas 5 a6 6 5,8
JKie Ghls oS anns O3l by U an by ol by ey 028 1, (6 luds Parallel.Invoke

LS oslanal Ll s o] load-imbalance
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per sl b Sl S o osliiad S & s 0 peilis] (sls 35 Ce S S
il o e i D5 S hotspol G sl sl S50

Obojor (gl >l S 55 ¥-Y-Y

s GenerateAESKeys @U 53 a5 S S ey Sl andly e bk o ‘T.\,_.,

: Liw 4 Console 4 1, > > GenerateMDS5Hashes

Console.WriteLine(“AES KEY: {0} “, hexString);
Console.WriteLine(“MD5 HASH: {0}”, hexString);

o 5l Ol s o3Il @ Db ol (g5l sl o = LSS sl Eol Console s oy g
o L Gl Y Cad S el WS e Sl Sosa ) mU 5 e s S (B0
Bold cJl>) ao YVl o xali S s o lad yedd a8 ol >l 4l ol b 5 4 Console
AES 1JS a uiS e @l |, AES sla adS V1 slus sl 4z, L0 MDS o L (cd s
AES la udS Ave/een 0 &S sl bl 5,8 e MD5S Jsds 4 G (§ S Ol

S e 55 |, (NUM_MD5_HASHES) MD5 ood V¢ +/+ v+ 5 (NUM_AES_KEYS)

Silge Ssas S MDS sla o 5 b WIS oS W8 haw g o W 5 Jle oY )

Ll ol 2l
AES KEY: 296 ADFE332DSAED2423E8CB820624900D78E79495674F1CBBBDA411CB2E23DC5
MDS5 HASH: CEE3F2C283F460B668FC97A53368A9ES
MDS5 HASH: BFCDA3087E249C7DE1D305870AB399CC
MDS5 HASH: 164E54003C1CBD3B4AFBF45FSFBAE35C
AES KEY: A11B7FC47629C03E0A7FI9B46A9C65857B4101ESE84744AAB261B58EEDS546556C
AES KEY: 30C4DC5168D4816F2D264EA9231C77C1EDCI9BB022B673FC6F665A6B38A7316FC
AES KEY: 5898F745937BC5989515FF55E982DAA67FA445C4F60AF71BBE14B6641F8B64CB
AES KEY: F5D925B92021E5F21A943AC5SCCADSIESE929FC1A7407B789A794DFC68D63E220
AES KEY: DB6A3D03644E363A8950C69A32C724E623CB18B86BCICB5SDID92F54891C85864
AES KEY: 41473B9A27124F4D9D50B8536F0CSE39ACF28F5A11E4DB06B80F9BBF0561549E
AES KEY: 26C2EB68720236CC15C2426378108BDABOF6C29931930C864A692AE4D6BE62FC
AES KEY: 02FBD19C8509F9D4AF389D80SFE40FEA2C1C89811C345A908EAAS8AB4818A7B8
MDS5 HASH: 5A041EF4132CCB7AA4EBBD6B92C80FB9
MDS5 HASH: DEB81F14E7F7DD55367C15D45359D984
MDS5 HASH: 1FCD39BB3BD2C1115623D51BF2C917AD

bottleneck '
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AES KEY: EE42C8B44A828BB79F11FB54D9F7202315D6BACCAEC3B413755C0C2C798B1F67

AES KEY: 862423B344622829A9CAS54FEZC8619FBAD11694C849753996CD3599973C0C36C
AES KEY: 5927AFF242E24241BA1CFD2364E6B96303D8366A0AE6BE1FC6E6511819F305DA
AESKEY: D586E06A9623ADE1FD44827AE6AFAFC0274718A4EE4A98B3892879A0D7324A85
AES KEY: CF00B0268B9E1B19E9E9COBSA9F1ESB8795F24A0FDEB862FACE886F5B6C7ASA39
AES KEY: 4ED2B64C4F34A00F7830AAF10E3CFEDOCCDO02D7F1BCCF18A891062C94556C7E9
AES KEY: 751206B6E98DEC7832CBEB441ASEE48ACIF5C16500DA89C93D34104B83A76FC2
AESKEY: 5865588BE6E8832EF1C8056AD3B9926456778 A52FA83E355FF66F4B6295742B0

MDS HASH: EDD39FC8108492B6BB4D9ABD806D4927

&6 s o3 e e Console « ) s S gl bt S opd el mes s ddee N~
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ORIGINAL SEQUENTIAL FOR VERSION
private static void GenerateAESKeys()
{

var sw = Stopwatch.StartNew();

var aesM = new AesManaged();

for (inti=1; i <= NUM_AES KEYS; i++)

{
aesM.GenerateKey();
byte[] result = aesM.Key;
string hexString = ConvertToHexString(result);
/I Console.WriteLine(“AES KEY: {0} “, hexString);
H
Debug. WriteLine(“AES: “ + sw.Elapsed. ToString());
j

PARALLELIZED VERSION USING PARALLEL.FOR
private static void ParallelGenerateAESKeys()

{
var sw = Stopwatch.StartNew();
Parallel.For(1, NUM_AES KEYS + 1, (int i) =
{
var aesM = new AesManaged();
byte[] result = aesM.Key;
string hexString = ConvertToHexString(result);
/I Console.WriteLine(“AES KEY: {0} “, hexString);
13
Debug. WriteLine(“AES: “ + sw.Elapsed. ToString());
}

A G5lpe a5nd 5 o5 5 For «dl> L GenerateMDSHashes Jol o6 : -V

ORIGINAL SEQUENTIAL FOR VERSION
private static void GenerateMD5Hashes()
{
var sw = Stopwatch.StartNew();
var md5SM = MD5.Create();
for (int i =1; i <= NUM_MD5 HASHES; i++)
{
byte[] data =
Encoding.Unicode.GetBytes(

v



Environment.UserName + 1. ToString());

byte[] result = md5M.ComputeHash(data);

string hexString = ConvertToHexString(result);

/I Console.WriteLine(“MD5 HASH: {0}”, hexString);

H
Debug. WriteLine(“MDS5: “ + sw.Elapsed. ToString());

PARALLELIZED VERSION USING PARALLEL.FOR
private static void ParallelGenerateMD5Hashes()

{
var sw = Stopwatch.StartNew();
Parallel.For(1, NUM_MDS5 HASHES + 1, (int i) =>
{
var md5M = MDS5.Create();
byte[] data =
Encoding.Unicode.GetBytes(
Environment.UserName + i.ToString());
byte[] result = md5M.ComputeHash(data);
string hexString = ConvertToHexString(result);
// Console.WriteLine(“MD5 HASH: {0}”, hexString);
s
Debug. WriteLine(“MDS5: ““ + sw.Elapsed. ToString());
}
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aesM.GenerateKey();
byte[] result = aesM.Key;
string hexString = ConvertToHexString(result);
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byte[] result;
string hexString;

var aesM = new AesManaged();
byte[] result = aesM.Key;
string hexString = ConvertToHexString(result);

/I Console.WriteLine(“AES KEY: {0} “, hexString);

1
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{

var mdSM = MDS5.Create();

byte[] data = Encoding.Unicode.GetBytes(Environment.UserName + 1. ToString());

byte[] result = md5SM.ComputeHash(data);

string hexString = ConvertToHexString(result);

/I Console. WriteLine(“MDS HASH: {0}”, hexString);
$);
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static void Main(string[] args)

{

var sw = Stopwatch.StartNew();

ParallelGenerate AESKeys();
ParallelGenerateMDS5Hashes();

Debug. WriteLine(sw.Elapsed. ToString());

/I Display the results and wait for the user to press a key
Console. WriteLine(“Finished!”);

Console.ReadLine();

}

0-Y Cod 31 (IS &S

Oley 3L 0Ad 1>l (gl ParallelGenerateMDS5Hashes 5 ParallelGenerate AESKeys &b N~
o L aten b edd wll anes 53 gla Suge SIS GS e S a0 B
G S &S 3L s s 5 IS 3 mis (V7 V0) = VAV X edel ey SpeedUP cpl ply b 5
Gl e &S L e ail> cpl |5 ol 0 2 (1.07x) ParallelInvoke Lo 5 odsl <oty SpeedUP

Lols ana a8 L a0 sl 53 e il la wilen Wpd e |

Sys o>l aUYY s ParallelGenerateMDSHashes 5 45U £.Y s ParallelGenerate AESKeys

\Al



S e oozl atus 53 io oS Sl ParallelFor jleslinad U (gile gl (6,500 sls oo
! quad-core odi3ls 55 b (6 5 5aalS (605 asl p opl S 5 Akl 5wl Wiy e SLS S
A 1050,5 68 el sdame LU o 5 S gl Oy oyl Oley 456 L—’;‘-’ 45k 0 |~
SpeedUp bl cran 0 5)ls $5lse 5 o 5 gl &S gl lses i (ol (601531 o (s 0 S
s Als (ol Pl S (g 0 S 3 ol bt a0 5L adies LS (68 o310 adilaas
Sb el sk GU Al Ll gl s asb £ 4 3L 5 s ad ¢ ParallelFor 3l sslanal U olld ag
= YA X ool ey SpeedUP -l by .S o oslinesl sl o aS1) ateen gz Lo 5 45 (la oo
s 45U YOY  ParallelGenerateAESKeys .JLiL o 55 &S 31 i (V)Y /£ )
a )y )8 el s QLo oo s ad> -l 5505 5L 11 (6l s 43U ) QA arallelGenerateMDSHashes
Cely Cod (Kon (GO) s wkile oy sl o (258 i OIS o) iy 5 by o pl
Lok S sl 5 1 GO s 5l b (S Ve feab 55 53 alie Olpe JRalS
CA S e Al (g i s ey Laiass
ol Parallel Invok aseo ;5 45 Ayls [ asl il 58] aies sl anglio Ul (6lse (sla US
ST s s o L Lt ol SpeedUP  (sjlse (sla S fimr G o yiwnd 3 OGO
wied jl ol sldai w0 (Slse sla US 4ST Jloj o,ls ez g (6 ks deslée (sla U gdoee 3] 50
oo Caws il i YL SpeedUP L idsso 4 (s ils0 (slo f,.::./._fl/ ol o g s
S b pl ple b s LSS s el (gl b adls S B o LS e o
OS 1 ites sl 5 5l zi Delegate st 5 5 Cos o 5 15 Sl S 45 258 o LS|
Localies gls 4SO gl ) 5o 558 o Col bl s LIS 5 ParallelFor piomas 558 olad
£X 4 SpeedUP s roen w553 Ll (5305 Sl 035 Salen 5 w55 S5 & (g5lpe gla 1SS

il sl @i, slse I s Sl VX s LB anes Sl b L) s Ll sss s s

! garbage collection

VY



Sl olare 5w sl U Las e sla 8LIS pemen s oS &l I, gl k= SpeedUP
SU s Ses Cuge ST S e sl ates slad 5 0 5o |y gd 51 e Ol Ladls (sl e
S e 1 SpeedUP o3l L (S bl (g5l 50 S 5l Juol b & S

‘*

ParallelGenerateAESKeys

2

'Jj':”

ParallelGeneraheMD5Hashes

N

Rt

! bottleneck
2 serial execution

Vi



kS OIS (5080 OSSP vy

OIS osb a0 lpe gl o 83151 (ool sl s (63150 MK s oS i oS O1SS
2 S e 0o Sl i eole i esls 00 13 Jle s a1 55 gl eiS
oS O (65150 VS Ygome ool oS 0L (65150 IS L SIS ok &3l TPL Law g5 a5
Gle IS 038 Wlal a4 3L (3l ooy o sl p L3 LI sy Sales sla il w0 (g5l
o313 s 5 TPL gla bl o jtage das Caand 3 ol (55150 sla Task o blojl  Sesles ¢l 5
das e i 1y ans, S TPL (gls Jlstlu o tege 53 45 Soales (sla Sl 0 fusb 53,8
Parallel.Foreach Y-Y-Y

5 ol sk S A eols o3 JB 53 &S (S 4 s FOT Al 058 aod Sl S
S 55 obml (eoby Sl (Wil 0550) LIS 2 5 550 0 Sl S e sl US 5 &S S
Sla oo s 53 15 L esls oo oS ol pl e gla sl 51 SG das e RalS 1 S s Shee
Sheslasad b kisd Ll ol g @ Jies o5 la e U s gnlsy S5 S
whd Sl G 5 s 0l el o gt Dsear lS e 1) gl B Parallel. ForEach
LS e by Sesle (gile 4o LTy o5 5 sla adl> 5 i

Sl as o anld gla ool Sl gl asseme S5l Gl 1 Gl S V_.ML{A Parallel. ForEach
F Sl b e G eiS el 5 AS esliial s esls Sl gl assamme Sl e Sde 03 s
Gl Sl Dosar (sl o adl 53 a8 Gl AT s IS (S S b 4S5 @ s pdeee ()
Ol 33 aS Wy oo 35w (gl 0l 4Dt (gla ail> 51 a8 ol o gls S (gl V=Y ) Lol o
Al el axs 5 Parallel. ForEach law 55 odl €11 (g5l (g5150 DIl Jols (6550 la Cand 5 s
System.Collections.Concurrent. ol slad Sl o pas odiS Cand 5 o S For «al> L Gt’ oy
s ParallelPartitionGenerateAESKeys o> ke GU RSV NS VS PR Partitioner
Soo s Aol s anes lad 51 e eslinal ;3 aw coees ¢ ParallelPartitionGenerateMDS5Hashes

&5 DS kel plasil ed g 53 5 il es S slezel ParalleL ForEach L. & la L8 oui ol

Vo



ot s 53 ela s 3l a3l b (e 3lpe e el 3 1y S S sl ails

oS oS G L Parallel. ForEach i slical U Jol o5 5 adl> 5l (6,505 (g5l aend 1 V=Y

[t e

private static void ParallelPartitionGenerate AESKeys()
{
var sw = Stopwatch.StartNew();
Parallel.ForEach(Partitioner.Create(1, NUM_AES KEYS + 1), range =>
{
var aesM = new AesManaged();
Debug.WriteLine(
“AES Range ({0}, {1}. TimeOfDay before inner loop starts: {2})”,
range.Iteml, range.Item2,
DateTime.Now.TimeOfDay);
for (int i = range.Iteml; i < range.Item2; i++)
{
aesM.GenerateKey();
byte[] result = aesM.Key;
string hexString = ConvertToHexString(result);
// Console.WriteLine(“AES KEY: {0} *“, hexString);

1)
Debug. WriteLine(“AES: “ + sw.Elapsed. ToString());

private static void ParallelPartitionGenerateMD5Hashes()
{

var sw = Stopwatch.StartNew();
Parallel. ForEach(Partitioner.Create(1, NUM_MD5 HASHES + 1),

range =>

{

var md5M = MDS5.Create();
Debug.WriteLine(

“MDS5 Range ({0}, {1}. TimeOfDay before inner loop starts: {2})”,
range.Iteml, range.Item2,
DateTime.Now.TimeOfDay);
for (int i = range.Iteml; i < range.Item2; i++)
{
byte[] data =
Encoding.Unicode.GetBytes(
Environment.UserName + i.ToString());

va



byte[] result = md5M.ComputeHash(data);
string hexString = ConvertToHexString(result);
/I Console.WriteLine(“MDS HASH: {0}”, hexString);

j
Debug. WriteLine(“MDS5: ““ + sw.Elapsed. ToString());

}
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using System.Collections.Concurrent;
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Partitioner.Create(1, NUM_AES KEYS + 1)
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Debug. WriteLine(“AES Range ({0}, {1}. TimeOfDay before inner loop starts: {2})”,
range.Iteml, range.ltem2,

DateTime.Now.TimeOfDay);
V=Y QM.“.:S 3les oSS

o s ParallelPartitionGenerateAESKeys Sl Gy ddes s L ] &b sl

: ParallelParallelGenerateMD5Hashes
static void Main(string[] args)

{

var sw = Stopwatch.StartNew();

ParallelPartitionGenerateAESKeys();
ParallelPartitionGenerateMD5Hashes();

Debug. WriteLine(sw.Elapsed. ToString());

// Display the results and wait for the user to press a key
Console. WriteLine(“Finished!”);

Console.ReadLine();
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quad-core S jls o

AES Range (133333, 199999. TimeOfDay before inner loop starts: 15:45:38.2205775)
AES Range (66667, 133333. TimeOfDay before inner loop starts: 15:45:38.2049775)
AES Range (266665, 333331. TimeOfDay before inner loop starts: 15:45:38.2361775)
AES Range (199999, 266665. TimeOfDay before inner loop starts: 15:45:38.2205775)
AES Range (1, 66667. TimeOfDay before inner loop starts: 15:45:38.2205775)

AES Range (333331, 399997. TimeOfDay before inner loop starts: 15:45:39.0317789)
AES Range (399997, 466663. TimeOfDay before inner loop starts: 15:45:39.0317789)
AES Range (466663, 533329. TimeOfDay before inner loop starts: 15:45:39.1097790)
AES Range (533329, 599995. TimeOfDay before inner loop starts: 15:45:39.2345793)
AES Range (599995, 666661. TimeOfDay before inner loop starts: 15:45:39.3281794)
AES Range (666661, 733327. TimeOfDay before inner loop starts: 15:45:39.9365805)
AES Range (733327, 799993. TimeOfDay before inner loop starts: 15:45:40.01458006)
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AES Range (799993, 800001. TimeOfDay before inner loop starts: 15:45:40.1705809)
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Partitioner.Create(
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NUM_AES KEYS,

((int)(NUM_AES KEYS / Environment.ProcessorCount) + 1))
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Partitioner.Create(

1,

NUM_MDS5 HASHES,

((int)( NUM_MDS5 HASHES / Environment.ProcessorCount) + 1))
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. quad-core :5ls o o U ParallelPartitionGenerate AESKeys

Range (1, 200002. TimeOfDay before inner loop starts: 16:32:51.3754528)

Range (600004, 800000. TimeOfDay before inner loop starts: 16:32:51.3754528)
Range (400003, 600004. TimeOfDay before inner loop starts: 16:32:51.3754528)
Range (200002, 400003. TimeOfDay before inner loop starts: 16:32:51.3754528)
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AES Range (1, 100002. TimeOfDay before inner loop starts: 00:07:21.4111496)

AES Range (500006, 600007. TimeOfDay before inner loop starts: 00:07:21.4601524)
AES Range (100002, 200003. TimeOfDay before inner loop starts: 00:07:21.4111496)
AES Range (200003, 300004. TimeOfDay before inner loop starts: 00:07:21.4111496)
AES Range (400005, 500006. TimeOfDay before inner loop starts: 00:07:21.4381511)
AES Range (300004, 400005. TimeOfDay before inner loop starts: 00:07:21.4361510)
AES Range (700008, 800000. TimeOfDay before inner loop starts: 00:07:21.5181557)
AES Range (600007, 700008. TimeOfDay before inner loop starts: 00:07:21.5181557)
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S assee K LS 5 5440 ForBach gla adl> (g5l aod= gl Parallel. ForEach

Co g peeslial Gl WS sl (14l 4 TEnumerable

SOl s Int slael s 5 45 s s ol GenerateMDSInputData . &b gl g =Y Cnd

sla integer sie ol Enumerable.Range es> bl Al e NUM_AES KEYS s+ U &

IS b SIS sl 1y sl a5l eslinad gl S o a5 L VL 01 G 65 Gl b iy
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private static [IEnumerable<int> GenerateMDS5InputData()

{

}

/I Generate a sequence of NUM_AES KEYS integral numbers
// The value of the first integer in the sequence (start) is 1

// The number of sequential integers to generate (count)

//'is NUM_AES KEYS

return Enumerable.Range(1, NUM_AES KEYS);

private static void ParallelForEachGenerateMDS5Hashes()

{

var sw = Stopwatch.StartNew();
var inputData = GenerateMDS5InputData();
Parallel.ForEach(inputData, (int number) =>
{
var md5SM = MD5.Create();
byte[] data =
Encoding.Unicode.GetBytes(
Environment.UserName + number. ToString());
byte[] result = md5M.ComputeHash(data);
string hexString = ConvertToHexString(result);
/I Console.WriteLine(“MD5 HASH: {0}”, hexString);

1)
Debug. WriteLine(“MDS5: ““ + sw.Elapsed. ToString());
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Parallel. ForEach(inputData, (int number) =>
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data = Encoding.Unicode.GetBytes(Environment.UserName + number. ToString());
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private static void DisplayParallelLoopR esult(ParallelLoopResult loopResult)
{

string text;
if (loopResult.IsCompleted)

{
text = “The loop ran to completion.”;
j
else
{
if (loopResult.LowestBreaklteration.HasValue)
{
text = “The loop ended by calling the Break statement.”;
j
else
{
text = “The loop ended prematurely with a Stop statement.”;
j
j
Console. WriteLine(text);
j
private static void ParallelForEachGenerateMD5HashesBreak()
{

var sw = Stopwatch.StartNew();
var inputData = GenerateMDS5InputData();
var loopResult = Parallel. ForEach(inputData,
(int number, ParallelLoopState loopState) =>
{
// There is very little value in doing this first thing
// in the loop, since the loop itself is checking
// the same condition prior to invoking the body delegate
// Therefore, the following if statement appears commented

AO



//if (loopState.ShouldExitCurrentlteration)
114
/] return;
1}
var md5SM = MD5.Create();
byte[] data =
Encoding.Unicode.GetBytes(
Environment.UserName + number. ToString());
byte[] result = md5M.ComputeHash(data);
string hexString = ConvertToHexString(result);
/I Console.WriteLine(“MD5 HASH: {0}”, hexString);
if (sw.Elapsed.Seconds > 3)
{
loopState.Break();
return;

DisplayParallelLoopResult(loopResult);
Debug. WriteLine(“MDS5: ““ + sw.Elapsed. ToString());

&L Sk o dlay LS e 0 ) Parallel. ForEach &b Sl Jol> loopResult Jowo aze N>

CAS e 2Bl 43U sl el L Ol gie 4 |y ParallelLoopState i gl « 400 Delegate

var loopResult = Parallel. ForEach(inputData,
(int number, ParallelLoopState loopState) =>

V=Y Cd 5l S oSS

ParallelLoopState < ;s \-¥-¥-Y

L Parallel.For gl >l ~U 5 & &S £\, |, ParallelLoopState ;I ¢l « s loopState
2 S b oo APl p B S

1 LS i3 g |, Parallel. ForEach

gl el o LIS L;\ﬁ\x\QTcla:ermw|yéu¢a>456u L3, ol : Break
Break 45 lej ( ijls 51,85 Ve 55 S Ll o plosil 4 (s Ses Game 4 |, S
LES o il 5V ) S Sl 1SS el il g e 0
s O 350 o San Gams 4 6l alad Jsts (S350 sla ail> oS gla b3yl 2l : Stop

Cilas Ve B e ISS e Sh3ls  adl Stop Sl b plSia el 1S 1 S

A

v



o kS oslizal Break I SG Ve e s STasls i slies ULy BLol o &:}Break
g e il L Ve Sl e sl 1SS el 45 Al

Yl e ekl L 0l S SIS e Gl | Break mb VY-Y cd s el esls 0L oS

sl 4ot

if (sw.Elapsed.Seconds > 3)

{
loopState.Break();

return;

V=Y Cd 5l S oSS

ParallelForEachGenerateMD5HashesBreak > 45 sw s 4 Lambda (Delegate <. ;5 uS
Slp Gosiws S oK as Suilg Laib Property cnl pss (2550 5 3015 s eld i 1
SRl B i Wl e a8 5 e ML ol adle Gl s
Slosen b ool sl I SO bu g Wly ol s ol .S & | ShouldExitCurrentlteration
ShouldExitConcurrentlteration o ;3 45 &l s Lol lS bshs ola VY=Y ) 35l esls

sl e True Jloas

if (loopState.ShouldExitCurrentlteration)

{

return;
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(IsCompleted)
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((MIsCompleted) &&
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5 &S Jlelial System. AggregateException i OIS L ssd o la clinal 5 gl as gamme SO
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private static void ParallelForEachGenerateMDSHashesException()
{
var sw = Stopwatch.StartNew();
var inputData = GenerateMDS5InputData();
var loopResult = new ParallelLoopResult();
try
{
loopResult = Parallel. ForEach(inputData,
(int number, ParallelLoopState loopState) =>
{
//if (loopState.ShouldExitCurrentlteration)
14
// return;
1}
var md5SM = MD5.Create();
byte[] data =

A



Encoding.Unicode.GetBytes(
Environment.UserName + number. ToString());
byte[] result = md5M.ComputeHash(data);
string hexString = ConvertToHexString(result);
/I Console.WriteLine(“MD5 HASH: {0}”, hexString);
if (sw.Elapsed.Seconds > 3)

{
throw new TimeoutException(
“Parallel.ForEach is taking more than 3 seconds to complete.”);
}
1);
}
catch (AggregateException ex)
{
foreach (Exception innerEx in ex.InnerExceptions)
{
Debug.WriteLine(innerEx.ToString());
// Do something considering the innerEx Exception
}
DisplayParallelLoopResult(loopResult);
Debug. WriteLine(“MD5: “ + sw.Elapsed. ToString());
}

Wo¥ cd 5l S &S

catch (Exception SLwdS b & (gl pl oy 550y 513 Try S5, Parallel. ForEach 1y )

.Jﬂg&#‘).} b Ol el «catch J'.’.)EX)

catch (AggregateException ex)
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catch (AggregateException ex)

{
foreach (Exception innerEx in ex.InnerExceptions)
{
Debug. WriteLine(innerEx. ToString());
// Do something considering the innerEx Exception
}
}

Wo¥ cd 5l S &S
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System.TimeoutException: Parallel. ForEach is taking more than 3 seconds to complete.
at Listing2 13.Program.<>c¢__ DisplayClassd.
<ParallelForEachGenerateMD5HashesException>b b
(Int32 number, ParallelLoopState loopState) in
c:\users\gaston\documents\visual studio 2010\
Projects\Listing2 13\Listing2 13\Program.cs:line 220
at System.Threading.Tasks.Parallel.<>c__ DisplayClass32'2.
<PartitionerForEachWorker>b  30()
at System. Threading. Tasks.Task.InnerInvoke()
at System.Threading.Tasks.Task.InnerInvokeWithArg(Task childTask)
at System.Threading. Tasks.Task.<>c _ DisplayClass7.
<ExecuteSelfReplicating>b  6(Object )
System.TimeoutException:
Parallel.ForEach is taking more than 3 seconds to complete.
at Listing2 13.Program.<>¢__ DisplayClassd.
<ParallelForEachGenerateMD5HashesException>b b
(Int32 number, ParallelLoopState loopState) in
c:\users\gaston\documents\visual studio 2010\
Projects\Listing2 13\Listing2 13\Program.cs:line 220
at System.Threading.Tasks.Parallel.<>c__ DisplayClass32'2.
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<PartitionerForEachWorker>b  30()
at System.Threading. Tasks.Task.InnerInvoke()
at System.Threading. Tasks.Task.InnerInvokeWithArg(Task childTask)
at System.Threading. Tasks.Task.<>c _ DisplayClass7.
<ExecuteSelfReplicating>b  6(Object )
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private static void ParallelGenerateAESKeysMaxDegree(int maxDegree)
{
var parallelOptions = new ParallelOptions();
parallelOptions.MaxDegreeOfParallelism = maxDegree;
var sw = Stopwatch.StartNew();
Parallel.For(1, NUM_AES KEYS + 1, parallelOptions, (int i) =>
{
var aesM = new AesManaged();
byte[] result = aesM.Key;
string hexString = ConvertToHexString(result);
/I Console.WriteLine(“AES KEY: {0} “, hexString);
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1)
Debug. WriteLine(“AES: “ + sw.Elapsed. ToString());

}

private static void ParallelGenerateMDS5HashesMaxDegree(int maxDegree)
{
var parallelOptions = new ParallelOptions();
parallelOptions.MaxDegreeOfParallelism = maxDegree;
var sw = Stopwatch.StartNew();
Parallel.For(1, NUM_MD5 HASHES + 1, parallelOptions, (int i) =>
{
var md5SM = MD5.Create();
byte[] data =
Encoding.Unicode.GetBytes(
Environment.UserName + 1. ToString());
byte[] result = md5M.ComputeHash(data);
string hexString = ConvertToHexString(result);
// Console.WriteLine(“MD5 HASH: {0}”, hexString);

1)
Debug. WriteLine(“MDS5: ““ + sw.Elapsed. ToString());

}
ParallelGenerateMD5HashesMaxDegree  ParallelGenerate AESKeysMaxDegree GU Y-
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var parallelOptions = new ParallelOptions();
parallelOptions.MaxDegreeOfParallelism = maxDegree;
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// This code requires Environment.ProcessorCount > 2 to run
ParallelGenerateAESK eysMaxDegree(Environment.ProcessorCount - 1);
ParallelGenerateMD5HashesMaxDegree(Environment. ProcessorCount - 1);
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Parallel.Invoke(
() => ParallelGenerateAESKeysMaxDegree(2),
() => ParallelGenerateMD5HashesMaxDegree(2));
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