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Mooot. >1 By o Mv. Byte-Adddressable

AN

* Mvnun Byte-Addressble

* NMivakec katd avéovoec & OUVEXOUEVEC

dlevbuvoele, mavro
—11.X. array of char @ base addr. 10

Moocotntecg peyaAvtepec amo 1 Byte:

* AteUBuvon = n 6LevBuvon ekeivou amo

Ta Bytes Touc mou €XeL TN ULKPOTEPN

dtevBuvon, navia

* Ta. Bytes peoca otnv moootnta: mtou;;

—TU.X. akEpaog 2003 (bekaetadiko 7d3)
— 1oV mawve ta Bytes 00, 00, 07, d3 ?

4
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int @4<

AN
7/

int @8¢

7/
AN

int @c<

FhDO Q Q O ® ©Wo Joy U1

7/
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ApiBunon twv bits peoca og pia Ae€n Akepaiou

AkepaloG=b, x2"1 1+ b x2"2 + |+ b,x2% + b,x21 + b ,x2°

Most Significant (MS)
31 29 27 25 23 21 19 17 15 13 11 9 7 5 3 1

30 28 26 24 22 20 18 16 14 12 10 8 6 4 2 O

|

Least Significant (LS)
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ApiBunon Twv Bytes neoa oe pia Ae€n Akepaiou;

word 12
!

MS

[Big—Endian _
12 13 14 15
00 00 07 d3
000000000000000000000111{11010011
16, , 17, , |18 ,, |19, ,
K a t e
01101011/01100001/01110100/01100101
20, , 21, , 122, , 123 ,,
Y e n |
011101100110010101101110/01101001
24 ., 125, . 126 27
S \O T
01110011/00000000

Byte Addresses

MS
LS

_Little—Endian]

15
00
00000000

14
00
00000000

13
07
00000111

d3 12

11010011

, 5, 19
e
01100101

., 18
1
01110100

, 5, 17
d

01100001

o, 16
K
01101011

23

|
01101001

, oy 22
n

01101110

, , 21
e
01100101

, , 20
Vv

01110110

277

26

|

25
\O
00000000

, , 24
S
01110011

Byte Addresses

AUO otpatoneda KATOOKEVAOTWV («lEpPOG TOAELOGY)
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Big-Endians versus Little-Endians: o Llepo¢ MOAELOC

* Big-Endians: «ta strings va propoupue va ta dtafalovpe»!
e Little-Endians: «onw¢ apBpovpe ta bits, €tol & ta Bytes»!

e rfc-editor.org/ien/ien137.txt “On Holy Wars and a Plea for Peace”

* Big-Endians: IBM S/360, Motorola 68000, early PowerPC
* Bi-Endians (configured as either): ARM, PowerPC, MIPS
e Little-Endians: Intel x86, AMD, RISC-V, early ARM
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TLpe vowalel epeva; — (1) KavoviKa TtpoypappLoTo

ypadw buf[0] = ‘k’

e ypadw buf[l] =@’

e Stapfalw buf[0] — K’

e StaBalw buf[l] — ‘@’

e bLa, owotn -
ocupmnepldopd 5
0€ O,TL Lnyovn
KOl val TPEEW TO
MPOYPALLUA LOU

MS

e bLa, owotn cuumnepldopa
O£ O,TL LYoV Kol val TPEEW

|Big—Endian
12 13 14 15

00 00 07 d3
000000000000000000000111/11010011
16’! 17!7 18!! 197!

k t
01101011011000010111010001100101
20, , |21, , 22, , 23 ,,
01110110011001010110111001101001
24, , |25, -, 126 27

\O

0111001100000000

Byte Addresses

MS
LS
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char buf[10] pe base addr. 16 * int year=2003 otn 6tevBuvon 12
e StoBalw int amo 12, Bplokw 2003

_Little—Endian|
15 14 13 12

00 |00 |07 | d3
000000000000000000000111/11010011
, , 19 ,, 18, ,17 ,, 16

t K
01100101011101000110000101101011
v 23|, , 22 ,,21 ,, 20
01101001/0110111001100101001110110Q
27 26] w25 , , 24

\0
0000000001110011
\

Byte Addresses

wordT1 2

LS



Tu pe volalel speva; — (2) «mapaésva» TPoypauLaTo

e ypadw string “katevenis”

Eekwvwvtac amno tn OLeuB. 16
StaBalw int (!) amo 6. 16:

— 6b617465
aAAov (little-e.) — 6574616b

aAlou (big-e.)

non-portable
program !

n cuumnepldpopa
aAAAeL ATTO UN-
XQvr) O€ punxavn
e (koL paAAov avonto
Tpoypaupa)

word 12
!

MS

* ypadw int year=2003 otn 6. 12

e StaBalw char (!) amo dieub. 12:

e aAloU (big-e.) Bpiokw: ‘\0’ (00)

|Big—-Endian _

12
00
00000000

13
00
00000000

14
07
00000111

15
d3
11010011

16,0

01101011

17,
a
01100001

18 ,,
t
01110100

19, ,
e
01100101

20,
V

01110110

21, ,
e
01100101

22,
n

01101110

23 7i!
01101001

24 |
S
01110011

) 25 ’\0’

00000000

26

!

277

Byte Addresses

MS
LS
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* aAlou (little-e.) Bplokw: 2’ (d3)

_Little—Endian|

15
00
00000000

14
00
00000000

13
07
00000111

d3 12

11010011

, , 19
e
01100101

v 18
t
01110100

, 5, 17
a
01100001

o 16

01101011

7i! 23
01101001

y o, 22
n
01101110

, , 21
e
01100101

, , 20
\Y

01110110

27

26

!

\0 27

24
S

Byte Addresses

0000000001110011
!

wordT1 2

LS



TLpe vowalel epeva; — (3) petadopa apyeiov we text

word 12
!

MS

Big-Endian __—fransfer as text —, _ Little-Endian|

12 d3

11010011

13
07
00000111

14
00
00000000

15
00
00000000

16 ,, ,
K
01101011

17,

d
01100001

18 ,,,
t
01110100

19, ,
e
01100101

20, ,
\'

01110110

21,
e

01100101

22,
n

01101110

23

|
01101001

24,
S
01110011

25, -,
\0
00000000

2.6

|

271

Byte Addresses

MS
LS

15
00
00000000

14
00
00000000

13
07
00000111

d3 12

11010011

19

e
01100101

., 18
1
01110100

, 5, 17
d
01100001

o, 16
K
01101011

23

|
01101001

, oy 22
N

01101110

, , 21
e
01100101

20

\Y
01110110

277

2.6

|

25
\O
00000000

24

S
01110011

Byte Addresses

WO rdT1 2

LS

O akepatog 2003 yivetal -754.515.968 otnv aAAn pnxavn!
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TLpe vowalel epeva; — (4) utd. apyeiov we binary (int)

word 12
!

MS

Big-Endian __—ransfer as int —_ _Little-Endian|

12
00
00000000

13
00
00000000

14
07
00000111

15 d3

11010011

l6 , ,
e
01100101

17 ,,
t
01110100

18, ,
d
01100001

19, ,
K
01101011

20

|
01101001

21,
N

01101110

22,
e

01100101

23, ,
\'

01110110

24

01111001

25, ,
X

01111000

26, .
0$ \O

000000

271

S
01110011

Byte Addresses

MS
LS

15
00
00000000

14
00
00000000

13
07
00000111

d3 12

11010011

, 5, 19
e
01100101

., 18
1
01110100

, 5, 17
d
01100001

o, 16
K
01101011

23

|
01101001

, oy 22
N

01101110

, , 21
e

01100101

, , 20
\Y

01110110

27

01111001

26

X
01111000

25
\O
00000000

, , 24
S
01110011

Byte Addresses

03b - Little-Endian vs. Big-Endian, EuSuypduuton/Tayxvtntoa - HY-225 © U.Crete

To string @16 yivetat “etakinevyx” otnv aAAn punxovn'!

WO rdT1 2

LS



[MpoonieAaoelc o Qapdiec Mvnuec: EvBuypauuion

e OL TIpOYHATIKEC PVEC ouvnOwc dapdlec (32, 64,... bits)
— yld AOyou¢ Taxutntac: nepltoootepa Bytes og kaBe mpooPaon
— €AV 0 eMeéepyaoTnC xpeLlaletal Alyotepa Bytes, n pvun tou
Sivel OAa ta Bytes otnv «ypappL» EKELVN, KOL O EMEEEPYAOTNC,
EOWTEPLKA, ETLAEYEL KOl KpATA EKELVAL TTOU BEAEL

— XWpPLOTO onua writeEnable yLa kaBe Byte position: yLa va
ypapoupe Atyotepa Bytes amod pio oOAOKANPN «YPOUn»,
avaBoupue povov ta wrEnab’s exel mouv B€Aoupe va ypaloupe

* H mpaypatikn pvnun npooneAaleL mava
cUGUYPOUULOUEVEC KYPOAULES», OTNV KABOE mpooBaon
* [100ec npoomneAacelc xpeldalovtal yld moootnta 71 Bytes?
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2—-Byte "Half Words" Aligned on Addresses that are integer multiples of 2

Acédresses [ 3 2 ||| 1 0 | | 7 6 |5 4 ||| 3 2 || 1 0 |
rawn

assuming: |17 1 65| 4] 115 | 14(|[13 [ 12]|[11 [ 109 | 8 |
Little Endian |11 1101 9 | 8 | 123 1 22|21 [ 20|[19 | 18]|[17 | 16

layout 115 [ 14]|[13 | 12] l«————— 64 bits =8 Bytes ———————————»

19 (181117 | 16] e Numbers inside boxes are Byte Addresses
(123 | 2221 | 20| —NOT Contents

< 32 bits = 4 Bytes —»] e The address of each 2—Byte "half word"

is shown in Bold
(the address of a multi-Byte quantity is the address of that Byte inside it

that has the smallest address among all the Bytes inside the quantity)

2—Byte "Half Words" at Addresses

N
o

SEEEEEEFRARF
$8sazgcmnnne

that are NOT 1nteger multiples of 2

L 16b_, 3021 1] 0 706 514132 1] 0
y 76 | 512 1514 | 1312 [11][10] 9 ||[8
1170 918 (22 [ 21120 | 19][A8 | 171|[@6

151|[14 [ 13]/[12 <« B4 bits = 8 Bytes |

19118 [ 17]|[16 o Some (even if not all) of these 2—Byte half-w.
122 | 21]|[20 incur a performance penalty when accessed 11

NESe e g~
SlElElElEEESS S




4—-Byte "Words" Aligned on Addresses that are integer multiples of 4

Q0| |0 | &[N

13 | 12

15 | 14

17116

19 | 18

211 20

23 | 22

L 16b_ |

2 By

Addresses
drawn
assuming:

Little Endian
layout

a;jo\lm‘w-n

17116
19 | 18

(3121 [0]
L7 [ 6 | 5] 4]
(11 [10] 9 | 8 |
115 [ 14 | 13 [ 12]
(119 118 [ 17 [ 16|
123 122 | 21 | 20|

«— 32 bits = 4 Bytes —»|

L7 | 6 [543 [2[1]0]
(15 [ 14 [ 13 [12]/[11 [10 [ 9 | 8 |
(23 [ 22 [ 21 [ 20]/(19 [ 18 [ 17 [ 16]

<« 64bits =8 Bytes ———»

o Numbers inside boxes are Byte Addresses
—NOT Contents

e The address of each 4—Byte "word"
is shown in Bold

(the address of a multi-Byte quantity is the address of that Byte inside it
that has the smallest address among all the Bytes inside the quantity)

4—-Byte "Words" at Addresses that are NOT multiples
of 4, but are 1-off, 1.e. Addr mod 4 ==

I3 12 110
(7165 4]
(11 [10 ] 9 11 8 |
115 [ 14 [ 13112
(19 [ 18 [ 1716 ]

20|

7 1615143 21] 0
15 14 [13][12 [11 [ 10 9 ||[8
[20 [19 [ 18 [ 17]|[16

<« 64 bits = 8 Bytes

e Some (even if not all) of these 4—Byte words
incur a performance penalty when accessed 12




4—-Byte "Words" Aligned on Addresses that are integer multiples of 4

23 | 22

< 16b |
2 By

4—-Byte words

at multiples of 2
but not of 4

are OK in 2—Byte
wide memories,
but NOT in wider!

Addresses
drawn
assuming:

Little Endian
layout

(3121 [0]
L7 [ 6 | 5] 4]
(11 [10] 9 | 8 |
115 [ 14 | 13 [ 12]
119 [ 18 [ 17 | 16|
123 122 | 21 | 20|

«— 32 bits = 4 Bytes —»|

L7 | 6 [543 [2[1]0]
(15 [ 14 [ 13 [12]/[11 [10 [ 9 | 8 |
(23 [ 22 [ 21 [ 20]/(19 [ 18 [ 17 [ 16]

- 64 bits =8 Bytes —————————»
o Numbers inside boxes are Byte Addresses
—NOT Contents

e The address of each 4—Byte "word"
is shown in Bold

(the address of a multi-Byte quantity is the address of that Byte inside it

that has the smallest address among all the Bytes inside the quantity)

4—-Byte "Words" at Addresses that are multiples of 2,
but NOT multiples of 4 (i.e. Addr mod 4 == 2)

312 1|0
[(7 6\ 5 [ 4]
110\ 9 [ 8]
05 [1a\J3 [ 12]
(19 [18\\17 | 16]

21 [20]

Z 1615432 1|0
15[ 14|13 [ 12 [ 11 [10][9 | 8
121 [ 20 | 19 [ 18]|[17 [ 16

<« 64 bits=8Bytes ———»

e Some (even if not all) of these 4—Byte words
incur a performance penalty when accessed

13



8—Byte "Double Words" Aligned on Addresses that are integer multiples of 8

23 | 22

16b |
2 By

8—Byte doubles

at multiples of 2
but not of 4 or 8
are OK in 2—Byte
wide memories,
but NOT in wider!

Addresses
drawn
assuming:

Little Endian
layout

312|110 17 1 6 5[4 1312 [1]0]
/ | 6 |5 | 4 (15 [14 [13[12[11 [10] 9 | 8 |
11110 9 | 8 123 [ 22 |21 (2019 [ 18 [ 17 | 16]
15114 [ 13 | 12 < 64 bits =8 Bytes —————————»
19 18 | 17 | 16 e Numbers inside boxes are Byte Addresses
23 |22 |21 |20 —NOT Contents

<32 bits = 4 Bytes —» e The adir:ii \?vfn eianclll3 EOSI—dByte double word

(the address of a multi-Byte quantity is the address of that Byte inside it
that has the smallest address among all the Bytes inside the quantity)

8—Byte "Doubles" at Addresses that are multiples of 2,
but NOT multiples of 4 or 8 (i.e. Addr mod 8 == 2)

3 2 1 0 | 7 6 5 4 3 2 1 0
/ 6 5 4 115114 |13 [ 12 [ 11 [ 109 8 |
11 110 9 8 123 122 |21 120 [ 19 [ 18\\17 | 16]
15114 |13 | 12 }4—64bits=8Bytes —»\
19 | 18 ||| 17 | 16 - .

e In 4— and 8—wide memories, all of these doubles
23 | 22 . 21120 incur a performance penalty when accessed 14




8—Byte "Double Words" Aligned on Addresses that are integer multiples of 8

23 | 22

16b |
2 By

8—Byte Doubles

at multiples of 4
but not of 8

are OK in 2— & 4-
wide memories,
but NOT in wider!

Addresses
drawn
assuming:

Little Endian
layout

O N Ofjw|—
(oo RN NIF 1IN \C RN )

13 | 12
15 | 14
17 1 16
19 | 18
211 20
23 | 22

312|110 17 1 61541312 [1]0]
/ | 6 |5 | 4 (1514 [13[12[11[10] 9 | 8 |
11110 9 | 8 123 |22 |21 (2019 [ 18 [ 17 | 16]
15114 [ 13 | 12 - 64 bits =8 Bytes —————————»
19 18 | 17 | 16 e Numbers inside boxes are Byte Addresses
23 |22 |21 | 20 —NOT Contents

<32 bits = 4 Bytes —» e The adir:ii f;fn eianclll3 EOSI—dByte Double word

(the address of a multi-Byte quantity is the address of that Byte inside it
that has the smallest address among all the Bytes inside the quantity)

8—Byte "Doubles" at Addresses that are multiples of 4,
but NOT multiples of 8 (i.e. Addr mod 8 == 4)

3 2 1 0 | 7 6 5 4 3 2 1 0
7 6 5 4 11514 |13 [ 12011 [ 10 [ 9 8 |
11 110 | 9 8 123 |22 | 21 120119 | 18 [ 17 | 16]
15114 | 13 | 12 e 64 bits = 8 Bytes \
19 1 18 | 17 | 16 - .
e In 8— Byte wide memories, these Doubles
23 122 21|20 incur a performance penalty when accessed 15




[l toyvtnto: EvBuypauuion ota « UoLKO opLoy

HOwov Albaypua:
* [l Tov gAaytoto Suvato aplBpo MPooTEAACEWV UVAUNG,

* 0€ UVNUN oloudnmote mAAtouc (mavta duvapn tou 2)
— &nAadn yia mpoypappata pe “portable efficiency”:

* Half-words (2 Bytes) o 61euB. aképaa toAAarA. Tou 2

* Words (4 Bytes) oe dteuBuvaoelc akEpoia TToAAQTTA. Tou 4

* Double-words (8 Bytes) o€ 0leuB. akep. moAAarA. tou 8

e Fevikd: EuBuypduuton tnc kdBe mooodtnTac (2" By)
OTO «QUOLKA» TNC OpLa (akep. TtoA. Tou 27)
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Obnyiec otov Assembler yia EuBuypappion

* Y€ HEPLKOUC €Te. UTTOXPEWTLKN N evBuypap. (rt.x. MIPS)

e e aAlouc poatpetikn: RISC-V (k.a.)

— TTAVTOU CUUPEPEL 0 TaXUTNTA, E0TW KOL LE KATIOLO KEVAL OTN
XPNOLLLOTL. TOU XwPou puvAung (Alyotepa eav feAtiotonotnBbouv)

* O0nyiec Assembler va euBuypappiosl To emopevo item:
.align 2 = o€ akEPaLo TTOAAQTTIA. TOU 22 -4

.align 3 = o0& akEpao MOAAATTA. TOU 23 =38

KAve tn OLevB. omou Ba apyioel To emouevo npaypa oto data
segment akep. TOA. Tou 2" (avédvovtag tnv Aiyo av Sev givat idn)

.space 32 = kpdtnoe 5w xwpo 32 Bytes (ddnoe Kevo)
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Napadewypa: .align . space mystr=

mystr: .ascilz “katevenis”

.align 3 #mnnda oto emoOuevo
OKEP. TIOA. TOu 23=8

p dbl: .space 8 # ovouaoe th 0éon
“p_dbl” kot kpaTa
Xwpo 8 Bytes ekel  p_dbl

L T A T T A S T T T A T A T T A T YA AT AT A
NNNNRPRPRPRPRPRPRPRPRPRPROOOOO0OO0O0O00O000O
NROWOJOUTPWNROWOJOYUTPRWNRO

space for one

i wrd: .space 4 # endp. Béon ovouatt
“i_wrd” kat kpata
Xwpo 4 Bytes ekel

NN
N
w

1_wrd=424

IS
NN
o Ol
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double word

space for

one word
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EuBuypaputopevec NMoootnteg & ta bits AteuBuvonc

000001

000000

000011

000010

000101

000100

000011

000010

000001

000000

000111

000110

000101

000100

001011

001010

001001

001000

000111

000110

000101

000100

000011

000010

000001

000000

001111

001110

001101

001100

001011

001010

001001

001000

010111

010110

010101

010100

010011

010010

010001

010000

 ST1¢ suduypauutouévec moootnteg peyéBouc 2”7 Bytes, Ta 71 LS bits tng

SdlevBuvonc tou kKABe Byte toucg deiyvouv tn B€on tou Byte péoa otnv mno-
ootnta, Ko Ta bits autad eivat oAa 0 otn dtevBuvon TNg mMocoTNTAC, EVW
ToL uTtoAownta bits tne OtevB. eival 6Aa idla og O0Aa Tta Bytes tng moootntag

e Opolwc: «Mpappec» Kpupwv Mvnuwv, «ZeAidbec» Elwkoviknc Mvnung
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