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[Mooot. >1 By o Mv. Byte-Adddressable

AN

* Mvnun Byte-Addressable

* Mivakec kata avéovoec & CUVEXOUEVEC

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

Moootnteg peyaAvtepec amo 1 Byte:

* AtevBuvon = n dltevBuvon ekelvou amo

To Bytes Toucg mou €XeL TN WKPOTEPN

dlevBuvon, navia

* Tat Bytes pecoa otnv moootnta: tou;;

—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 ® ©W o Joy U1

7/

PR RRPRPR R
oUW RO




AplOunon twv bits ueoa oe o Ag€n Akepaiou

AkEpaloG = b, x2"1 + b, x2"2 + .+ b,x2% + b,x21 + bx20

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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AplOunon twv Bytes pueoa os pia A€én Akepallou:;

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 KATAOKEVAOTWV («lEPOG TTOAEUOGY)
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Big-Endians versus Little-Endians: o LlepO¢ MOAEOC

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

* 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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https://www.rfc-editor.org/ien/ien137.txt

Tu e volalel epeva; — (1) kavovikd mpoypapuota

ypadw buf[0] = ‘k’

e ypadw buf[l] =@’

e StaBalw buf[0] — ‘K’

e StaBalw buf[l] — ‘@’

* 0l0, owotn ~
oupumepLdbopd 5
O£ O,TL unxavn
Kol val TPEEW TO
NMPOYPOAULUA LoV

MS

e OLa, owotn oupmnepldopa
0€ O,TL LNXAVN KAl VoL 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 6tevBbuvon 12
e StoBalw int amno 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 ue volalel speva; — (2) «mmapd&eva» mpoypauLota

* ypadw string “katevenis”
EeklvwvToc aro tn Oleub. 16

aAAov (big-e.)

non-portable
program |

n cuunepldopa
aAAAeL Ao UNn-
Xavn o€ pnxavn
* (koL paAAov avonto
TPOYPOUUL)

word 12
!

MS

Stafalw int (!) amo 4. 16:

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

e ypadw int year=2003 otn 6. 12

Stapfalw char (!) amo dievb. 12:
aAAou (big-e.) Bpiokw: “\0’ (00)
aAAov (little-e.) Bplokw: ‘2’ (d3)

|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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_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 e volalel epeva; — (3) petadopa apysiov wc text

word 12
!

MS

Big-Endian __—ransfer 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, -,
\O
00000000

2.6

|

271

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

277

2.6

|

25
\O
00000000

, , 24
S
01110011

Byte Addresses

WO rdT1 2

LS

O akeparog 2003 yivetal -754.515.968 otnv aAAn pnxavn!
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Tu e volalel epeva; — (4) utd. apysiov wce 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
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To string @16 yivetat “etakinevyx” otnv aAAn punxovn'!

WO rdT1 2

LS



Npooneldoelc o Qapdlec Mvnuec: EvuBuypapuion

e OL TIPOYUATIKEC PVNEC ouvnOwc dapbdlec (32, 64,... bits)
— yld AOyou¢ Taxutntac: nepltoocotepa Bytes oe kaBe mpooPfaon
— Qv 0 eneéepyaoTnC xpeLaletal Alyotepa Bytes, n pviun divet
OAaL TaL Bytes otnv «ypappn» ekelvn, KoL 0 EMeEEPYAOTAC,
E0WTEPLKA, ETILAEYEL KOl KPATA EKELVAL TTOU BEAEL

— XWpPLOTO onua writeEnable yLd kaBe Byte position: yLa va
ypapoupe Atyotepa Bytes amo pia oAOKANpn «ypappn»,
avapBoupue povov ta wrEnab’s ekel mov B€Aoupe va ypaloupe

* H mpaypatikn pvnun npooneAalel mavta
cUGUYPOUULOUEVEC KYPAUUES», OTNV KABE mpocoBaon
* [Méoec npooneddoeic xpeLdlovtol yid moootnta K Bytes?
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YrievOuuion: MNpapuecg, 2tnAec < MnAiko, YtoAouto

- Y ® o A o T O
Yman4 Xmin3 ZmAn2 Xminl Zmino0
g ['pouun O|[_item 4 item 3 item 2 item 1 item O
~ | Tpapun 1| item 9 item 8 item 7 item 6 item 5
—| Tpapun 2 |[item 14 ||| item 13 ||| item 12 ||[ item 11 ||| item 10
= | Tpoun 3 |[item 19 ]|[item 18 ]|[item 17 ] |[item 16 ||[item 15
\

* [pappec peyeBouc A = A eival o dtapetne, edbw A=5
e To otowxeio M eival otnv Opada = Mpapun = lnAiko (M/4),
» otn B€on = ZtNAN = YrtoAouro (M/A)

HY-120 Epy. 6a (slide 5)
www.csd.uoc.gr/~hy120/
23f/06a_m_d_wrap.pdf 11
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NAdtoc = 2% = Mpauun: n-k MS, SthAn: k LS Addr. bits

000001

000000

000011

000010

000101

000100

numbers
inside Bytes are
Byte—Addresses

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

« ‘Otav NAdtoc MvAunc = Atawpétnc A = 2K Bytes:
— Mpappn = NnAiko (Byte-Address / 2K) = n-k MS Addr. bits (yaAddia)
— 3tAn = Yiiohouro (Byte-Address / 2¥) = k LS Addr. bits (kitpwa)
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ALevB. («Evbuypappiopévner) Moootntoc peyebBouc Fpotung

000001

000000

000011

000010

000101

000100

numbers
inside Bytes are
Byte—Addresses

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

e Otav MAdtoc MvAuncg = Atapétng A = 2K Bytes:

— Ipappn = NnAiko (Byte-Address / 2¥) = n-k MS Addr. bits (yaAdZo)
— STAAN = Yndouro (Byte-Address / 2X) = k LS Addr. bits (kitpwa)

* AleUBuvon moooTNTAC ATTOTEAOUEVNC Ao ta Bytes utac Mpoupne =
SdlevBuvon ekeivou aro ta Bytes pe tnv pkpotepn dtevBbuvon =
ekelvou pe Yrtohourno 0, dnAadn otn 2tnAn 00...0 = ekeivou pe AleuO.
QAKEPOILO TTOAAXITAQOLO TOU PEYEBOUC TNC TTOCOTNTOC = UEY. YPOAULUNG
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[Nooec mpoomneAAoELC yia R Bytes oe Mv. mAatouc W7

 [ta va Safacoupe/ypdaloupe po Moootnta peyEbouc
R Bytes amno/oe pia Mviun mAdatouc W Bytes:

—Minimum /R/W [ npoome\aceLg

* [lwc va e€aodpaliocovpe mavia AvToO TO Minimum?

—Otav 1o (6Lto ipoypappa (binary executable) tpexel oe
Sdladopa povteAa uTtoAoylotwy UE diapopa W

—Otav R=2" kaL W=2" givou SuvALELC TOU 2

03b - Little-Endian vs. Big-Endian, EuvSuypauuton/Toyuvtnta - HY-225 © U.Crete 14



Mwc va e€aodaAloOULE TavTa TIC Min. TIPOCTIEAACELC;

Minimum = /R/W[, ue R=2" kaw W=2" SuvAuELG ToU 2:
* Otav R=2"> W=2"10te R/W €lvaL akEpaLog >1, Kal TOTE;
— MNpéemnel kaBe koppatt W tng Noocodtntoc R va eivatl mARPNE YPaUUA
¢ Mvnuncg W, apa va €xet dtevBuvon moAAanAactlo tou W=2w
— AleBuvon Moootntog = SLEVB. «TTPWTOU» KOUUOTIOU = TIOA. W
* Otav R=2" < W=2v1ote [R/W]=1, koL TOTE:
— MNpémneL n MoooT. R va pnv dtactaupwvel ypapun tng Mvaung W
— Eav €xel 6LevBuvon moAAartAdoLo tou R=2" e€aodaAiletal mavia
e Otav R=2" = W=2%1ote R/W =1, KO TOTE:
— MNpéenel n Noootnta R va eivat ypapun tng Mvaung W apa va €xel
SlevBuvon akEpato moAAAAAGCLO Tou R=2" = W=2W

= JUVOALKQ, yla min. yio KOs I: AievB. moAAamA. Tou R

03b - Little-Endian vs. Big-Endian, EuvSuypauuton/Toyuvtnta - HY-225 © U.Crete 15



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 11011 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 18b_, 3021 1] 0 706 514132 1] 0
y 76 | 5@ 1514 | 1312 [11][10] 9 ||[8
1170 9138 (22 [ 21120 | 19][A8 | 171|[@6

151|[14 [ 13]/[12 <« 64 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 16

NESe e~
SlElElElEEESES S




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

0| |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 [ 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]

<« 64bits=8Bytes ———»

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 17




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]
(119 118 [ 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]

< 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

18



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 |20 [ 19 [ 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 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 |22 |21 |20 [ 19 [ 18117 | 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 19




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 65141312 [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
23 122 |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 8 123 122 | 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 2Q




[ tayvutnta: EvBuypaupion ota «puolkd opLo»

HOwov Aibaypua:
* [l ToVv eAdytoto Suvato aplBO MPOOTIEAACEWY UVAUNG,

* 0€ UVNUN otoudnmote mAatouc (mavta duvapn tou 2)
— &nAadn ya npoypappota pe “portable efficiency”:

e Half-words (2 Bytes) o 61euB. akeparia toAAarA. tou 2

* Words (4 Bytes) oe OleuBuvoelc akepata TtoAAaTA. Tou 4

* Double-words (8 Bytes) oe 6leuB. akep. moAAarA. tou 8

e Fevikd: Euduypduuton tnc kdBe moodtnTac (2 By)
OTO «QUOLKA» TNC OpLa. (akep. TtoA. Tou 27)
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Obnyiec otov Assembler yid EuBuypapuuion

* Y€ HEPLKOUC eTe. UTTOXPEWTLIKN N evBuypap. (r.x. MIPS)

e Y aA\ouc npoatpetikn: RISC-V (k.a.)

— TIAVTOU CUMDEPEL O TAXVTNTA, E0TW KOl LLE KATIOLOL KEVAL OTN
XPNOLLLOTL. TOU XwPou puvAuNnG (Atyotepa eav BeAtiotonolnBbouv)

* Odnyiec Assembler va euBuypappiosl To emopevo item:
.align 2 = o€ AKEPOLO TTOAAATTA. TOU 22 -4

.align 3 = o€ aképao MOAAATIA. TOU 23 =38

kave tn 61evB. omou Ba ap)ioel To emopevo payua oto data
segment akep. MOA. Tou 2 (avédvovrtag tnv Aiyo av Sev eivat 1dn)

.sSpace 32 = kpdtnoe edw xwpo 32 Bytes (dpno€ tov kevo)
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napd6€wl.la: .align . space mystr=

mystr: .asciz “katevenis”

.align 3 # nnda oto enoOpevo
OKEP. TIOA. TOU 23=8

p dbl: .space 8 i ovopooe tn B¢on

“p_dbl” kal kpata
Xwpo 8 Bytes ekel  p_dbl
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1 wrd: .space 4 ¥ enop. Beon ovopatt
“i_wrd” kat kpata
Xwpo 4 Bytes ekel
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