KepdaAaio 2

EVTOAEG: n YAwoOoa TOU
UTTOAOYIOTH




2UVOAO EVTOAWYV

2.UvoAo evioAwyv (Instruction set) — To
KPETTEPTOPIO» TWV EVTOAWV EVOC UTTOAOYIOTN

AIQQOPETIKOI UTTOAOYIOTEC €XOUV OIAPOPETIKA
OUVOAQ eVTOAWV
AANG g TTOAAQ KOIVA XAPOKTNPIOTIKA

O1 TTPWTOI UTTOAOYIOTEG €iXav TTOAU a1TAG oUVOAQ
EVTOAWV

ATTAOTTOINMEVN UAOTTOINON

[TOAAOI OUYXPOVOI £XOUV ETTIONG ATTAG CUVOAQ
EVTOAWV
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To ocUvoAo svTtoAwvV ToU MIPS

XpNnOoIJoTrolgiTal WS TTapAdelyua o€ OAo 10 BIBAIO
H MIPS Technologies ( ) EKAVE
eptTOPIKO TOV Stanford MIPS

MeyaAo pepiodlo TNG ayopdg TWV TTUPHVWV
(cores) EVOWMNATWUEVWY ETTECEPYAOTWYV

EpapuoyEc o€ KaTavaAWTIKA NAEKTPOVIKA, ECOTTAIOUO
OIKTUWYV Kal ATTOBNKEUONG, PUWTOYPAPIKEC UNXAVEC,
EKTUTTWTEG, ...

TuTtmKO TTOAAWV ouyxpovwy ISA (Instruction Set
Architecture)

[TAnpogopia otV ATTOOTTWHEVN KAPTA Avapopac
Aedopévwy MIPS (trpdoivn kKGpTa), Kal Ta
Mapaptiuara B kai E
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http://www.mips.com/

ApPIOUNTIKEG AEITOUPYIEG

[1p60BOeon Kal agpaipeon, TPEIC TEAEOTEO!
(operands)
AUO TTPOEAEVUTEIC KAl EVAC TTPOOPIOUOG
add a, b, ¢ # a gets b + c
OAec ol apIBuNTIKEC AEITOUPYIEC £XOUV QUTH TN
HopeN
2XE0IAOTIKN apxn 1. N AtTAOTNTA EUVOEI TNV
KOVOVIKOTNTO
H kKavovikoTnTa KAVEI TNV UAOTTOINON ATTAOUCTEPN
H atrAOTNTA EMITPETTEI JEYAAUTEPN ATTOO0CN ME
XAUNAOTEPO KOOTOGC
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ApIOUNTIKO TTapAdEIYHA

Kwolkacg C:
f=(g+h -G+ 3);
MeTayAwTTIOPEVOG KWOIKAC MIPS:

add t0O, g, h # t0O =g + h
add tl, 1, J #tl =1+ j
sub f, t0, t1 # f = t0 - t1l
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TEAEOTEOI-KATAXWPNTEC

O1 apIBUNTIKEC EVTOAEC XPNOIUOTTOIOUV
KATAXWPENTEC WC TEAEATEOUC
O MIPS 0100€T1el Eva apxeio KataxwpenTwy
(register file) pe 32 kataxwpnTeg TWv 32-bit
Xpnon yia ta 0edopEva TTou TTpoaTreAdlovTal guxva
ApiBunon kataxwpnTtwyv ammd 0 €éwg 31
Ta dedopéva Twv 32-bit ovopdadlovral «AEgn» (“word™)
Ovouarta Tou cupPoAoueTagppacTn (assembler)
$t0, $t1, ..., $t9 yia TTPOCWPIVEC TIHEC
$s0, $s1, ..., $s7 yia aToONKEUPEVEC HETABANTEC
2XE0IAOTIKN apxn 2. TO JIKPOTEPO €ival TOXUTEPO
TTAPABOAN YE KUPIA PVAMN: EKATOUUUPIO BECEWV
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Mapddelypa TEAEOTEWV KATOAXWPNTWV

Kwolkacg C:
f=0+h -G+ 3J);

ol f, g, h, i, j oTouc $s0, $s1, $s2, $s3, $s4
MeTayAwTTIOPEVOG KWOIKAc MIPS:

add $t0, $s1, $s2
add $t1l, $s3, $s4
sub $s0, $tO0, $tl
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TEAECTEOI NVAMUNG

H KUpia pyvAun xpnoligoTroigital yia ouvleta dedouiva
[Tivakeg (arrays), douEG (structures), duvauika dedopEva

[0 va EpapuooTOUV ApPIBUNTIKEC AEITOUPYIEC
PopTwon (Load) TiHWV atrd TN MVAMN O€ KATAXWPENTES
Atrobnkeuon (Store) atroTEAEOUOTOG ATTO KATAXWPENTEG OTN
MvNHN

H pvAun dicuBuvaolodorteital ava byte (byte addressed)
KaBe dieuBuvon trpoodiopilel Eva byte Twv 8 bit

O1 Aécelc ival «euBuypappiopévee» (“aligned™) otn

MVAMN
H d1evBuvon trpétrel va gival TToANatTrAdolo Tou 4

O MIPS cival «Meyalou akpou» (“Big Endian”)

To TeEPIOOOTEPO ONUAVTIKO byte BpioKeTal OTN MIKPOTEPN
d1eUBuvon pIag AéEng

2U0ykpion ue «Mikpou akpou» (“Little Endian”. To Aiyotepo
onUavTiKo byte BpiokeTal oTn MIKPOTEPN dIEUBUVON)
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MNapadeiyya 1 pe TEAEOTEOUG NVAUNG

Kwolkacg C:
g =h+ A[8];

g otov $sl1, h otov $s2, n dvon Baong Tou A
oTov $s3

MeTayAwWTTIOPEVOG KWOIKAc MIPS:

O d¢ikTnG 8 artraitei oXeTIKA atTrooTaon (offset)

ion pe 32

4 byte avd AéEn / karaxwpnrhc Baong

Tw $t0, ,32($s3) # load word
add $s1,/ $s2, $tO0

OXETIKA a1TO0TAON
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Mapadeiyua 2 P TEAEOTEOUG NVAUNG

Kwolkacg C:
A[12] = h + A[8];

h otov $s2, dicuBuvon Bdaonc Tou A otov $s3
MeTayAwTTIOPEVOG KWOIKAc MIPS:

O O¢€ikTnG 8 artraiTei OXETIKA aTTO0TACN 32

Tw $t0, 32($s3) # load word
add $t0, $s2, $t0
sw $t0, 48($s3) # store word
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KataxwpnTtéc evavti Mviung

O1 KataxwpnTEC €ival TAXUTEPQ TTPOCTTEAQCIUOL
aTTO TN PVAMN
O1 Asitoupyiec o€ dedopEVaA PUVMNG ATTAITOUV
(POPTWOEIC KAl ATTOBNKEUOEIC

EKTEAOUVTAI TTEPICOOTEPEC EVTOAEC

O HYETAYAWTTIOTAC TTPETTEI VO XPNOIUOTTOIEI TOUC
KATAXWPENTEC YIa JETABANTEC OO0 TTEPICCOTEPO
ViveTal

Na «diaokopTriler» (spill) otn pvApn HOVo TIC AlyoTEPO

OUXVQA XPNOIUOTTOIOUMEVEC METABANTEC

H BeATIOTOTTOINON KATAXWENTWYV £ival ONUAVTIKHA!
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Apeocol TeAeoTeol (Immediate)

2.100epa 0edopEVa KaBopilovTal O€ PIa EVTOAN
addi $s3, $s3, 4

Aev UTTAPXEI EVTOAN ANEONG agaipeonc (subtract
Immediate)

ATTAWC XPNOILOTIOIEITAI JIO ApVNTIKI OTABEPA
addi $s2, $s1, -1

2xe01a0TIKn apxn 3. Kave Tn ouvnBiopévn
TTEPITITWON ypNyopn
O1 yIKpEC O0TABEPEC ival ouvnBIOUEVEC
O Aueocog TEAEOTEOC ATTOPEUYEI MIA EVTOAN POPTWONG
(load)
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H otaBepa Mnosgv

O kataxwpntc 0 Tou MIPS ($zero) €ival n

oTaBepa O
Agv UTTOPEI va ypa@ei He GAAN TIUN

XpNoiun yia ouvnBIouEVEC AEITOUPYIEC
[1.X., METAKiIVNON (Move) JETAgU KATaXwPNTWV
add $t2, $sl1, $zero
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MIPS assembly language

ot | _insnction | | Weming | Commemte __

add 351,352,952 [3s]1 =952 + $s2 Three register operands
Arithrmetic subtract sub 351,952,953 | 351 =352 - 353 Three register operands
add immediate addi %$sl.,3s2,20 Fs1=9%s2 + 20 Used to add constants
load word Tw $s1,2003s2) 351 = Memory[$sZ + 20] Word from memory to register
store word sw o $s51.2003s2) Memory[$s2 +20] =351 Word from register 1o memory
load half Th $s1.200%s2) 351 = Memory[$s2 + 20] Halfword rmemory to register
load half unsigned Thu $s51,200%3s2) | 351 =Memory[$s2 + 20] Halfword mermory to register
store half sh  3s1,200%s2) Mermory[$s2 + 20]=%s1 Halfword register to memory
t[ggrtwaafer load byte Th $s1.2003s2) |9s1 =Memory[$s52 + 20] Byte from memory to register
load byte unsigned [Thu  $s1,200%s52) | $s1 = Memory[$s2 + 20] Byte from memory to register
store byte sbh $s1,200%s2) Memory[$s2 + 20] =351 Byte from register to mermory
load linked word 11T $s1,200%s2) 351 = Memory[$s2 + 20] Load word as 1st half of atomic swap
store condition. word [ sc $s1,200%<s2) Memon{$s2+20]=%$s1;$s1=0 or 1 | Storeword as 2Znd half of atomic swap
load upper immed. |Tui  $s1,20 $51 =20 * 28 Loads constant in upper 16 bits
and and 351,352,353 351 =352 & $s53 Three reg. operands; bitty-bit AND
or aor 351,352,353 | 3sl =952 | $33 Three reg. operands; bitby-bit OR
nor nor 351,352,333 | 3sl=~{3s2]|3s3) Three reg. operands; bithy-bit NOR
Logical and immediate andi $s1.%s2,20 |3sl=19s2 & 20 Bit-by-bit AND reg with constant
or immediate ori 3s1,.3s2,20 $s1=9%s2 |20 Bit-by-bit OR reg with constant
shift left logical <11 $21.%3s2,10 351 = $s2 == 10 Shift left by constant
shift right logical s $51,.%s2, 10 451 = $s52 == 10 Shift right by constant
branch on egual beq $s1,3%s2.25 if(fs]l ==3Fs2)g0to Equal test; PC-relative branch
PC + 4 + 100
branch on notequal |bne 3$sl,3s2.25 if($sll= 3s2) g0 to Mot equal test; PCrelative
FC + 4+ 100
zef on less than sTt 351,952,953 |if(3s2 = 3531 $s1 =1, Compare less than; for beq, bne
Conditional glse §s1 =0
branch set on less than sltu  $s1.9s2,%s3 | if($s2 =$323) $s1 =1, Compare less than unsigned
unsigned else §s1 =0
set less than s1t1 3sl,.3s2,20 if($s2 =207 $s1 =1, Compare less than constant
immediate elze 351 =0
zet less than sTtiu $s1.3s2.20 [if($s2 =20) 351 =1 Compare less than constant
immediate unsigned glze sl =0 unsigned
N jurmp J 2500 go to 10000 lump to target address
Unconditional jump register Jr Jra goto fra For switch, procedure returm

jump

jump and link

Jal 2500

$ra=PC + 4, go to 10000

For procedure call




ATTpOoonuol OUOOIKOI AKEPAIOI

Me dedopEvo Evav aplBuo Twv n bit
X=X 2"+ X 2" +A +X, 2" +X,2°

EUpoc: 0 Ewg +2" -1

[Mapadelyua

0000 0000 0000 0000 0000 0000 0000 1011,
=0+ ...+ 1%x23 +0%x22 +1x21 +1x20
=0+...+8+0+2+1=11

Me xpnon 32 bit
0 w¢ +4,294,967,295
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NMpoonNUACHEVOI OKEPAIOI OE CUHTTANPWHA WS
TTPOG 2

Me dedopEvo Evav aplBuo Twv n bit

n-1 n—2 1 o)
X=—X 2 "+X ,2 “+A +X,2°+X,2

Eupoc: —2"-tw¢g+2"-1 -1

[Mapadelyua

1111 1111 1111 1111 1111 1111 1111 1100,
—1x231 + 1x230 + |+ 1x22 +0x21 +0x20
—2,147,483,648 + 2,147,483,644 = -4,
Me xpnon 32 bit

—2,147,483,648 w¢ +2,147,483,647
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NMpoonNUACHEVOI OKEPAIOI OE CUHTTANPWHA WS
TTPOG 2

To bit 31 €ival To bit TTpooruou

1 yia apvnTIKOUG apIBuoug

0 yia un apvNnTIKOUG aplBuouc (BeTIKOUG Kal NOEV)
To —(=2"-1) dev ptTOPEi VO TTAPACTAOEI
O1 yn apvnTiKoi apiBuoi €xouv Tnv idla
ATTPOONUN KAl TTIPOCNUACKEVN OE CUMTTANPWHA
WC TTPOC 2 avatTapaoTaon
MepIKOi OUYKEKPIUEVOI apIOUOi

0: 0000 0000 ... 0000
-1 1111 1111 ... 1111

O 1Mo apvnTIKOC: 1000 0000 ... 0000
O 110 OETIKOC: 0111 1111 ... 1111
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[lpoonupaocueEvVn apvnon

2UUTTANPWHAO Kal TTpooBeon Tou 1
«2ZUUTTANpWHO» onuaivell - 0,0 — 1

X+x=1111...111, =-1

X+1=-X

[Tapadeiyua: Bpeite Tov avriBeTo (Gpvnon)
TOU +2
+2 = 0000 0000 ... 0010,

—2=1111 111 ... 1101, +1
= 1111 1111 ... 1110,
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ETTéKTOON TTPOCH MOV

AvaTtrapdoTtaon evog aplBuou Je TTepIcoOTEPA bit
Alatripnon TNG apIBuNTIKAG TINNAG
2.T0 OUVOAO evToAwv Tou MIPS
add1: eTrékTaon TTPOCAMOU OTN TIP Tou Auecou (immediate)
1b, Th: erékTaon Tpoorjuou ato byte/nUIAEEN TTOU POPTWVETAI
beq, bne: eméktaon TTpoorjyou oTtn petatotion (displacement)
ETravaAnyn Tou bit TTpocrjuou TTpo¢ Ta apIoTEPA
TTapaBoAn: ATTPOCNMEG TIMEG: ETTEKTAON ME NNOEVIKA
[MapadeiyuaTa: 8-bit oe 16-bit
+2: 0000 0010 => 000 0010
—-2: 1111 1110 = 111 1110
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AvaTTapACTACT EVTOAWYV

O1 eVTOAEC KWOIKOTTOIOUVTAI OTO OUADIKO
Ovouadletal kwdikag pnxavr¢ (machine code)

EvioA&éc MIPS

KwOIKOTTOIOUVTAI WG AECEIC EVTOANG TwV 32 bit

MIKpOG apIBuoG poppwyv (formats) yia Tov Kwdiko
AciToupyiag (opcode), Toug apIBPoUC KaTaxwpenTwy,
KATT. ...

KavovikoTtnra!

ApiIBuoi KaTaxwpenTwyv
$t0 — $t7 cival o1 kKaTaxwpnTéc 8 — 15
$t8 — $t9 civail o1 kaTaxwpnTtég 24 — 25
$s0 — $s7 cival ol kaTaxwpnTtéc 16 — 23
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EvToA£g popopnc R tou MIPS

op rs rt rd shamt funct
6 bit 5 bit 5 bit 5 bit 5 bit 6 bit

[1edia evTOANC
0p: KWAIKOC AciToupyiag (opcode)
IS: APIOUOC TTPWTOU KATAXWENTH TTPOEAEUONC
rt: apIOUOC OEUTEPOU KATAXWPNTN TTPOEAEUCONC
rd: apIBuoC KaTtaxwpenTr TTPOOPICUOU
shamt: TToooTnTa 0AiocBnong (00000 yia Twpa)

funct: KwdIKOC ouvapTnoNng (ETTEKTEIVEI TOV
KWOIKO AgIToupyiag)
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Mapadsiypa pop@ng R

op rs rt rd shamt funct

6 bit 5 bit 5 bit 5 bit 5 bit 6 bit

add $t0, $s1, $s2

special $s1 $s2 $t0 0 add

0 17 18 38 0 32

000000 | 10001 | 10010 | 01000 | OOOOO | 100000

00000010001100100100000000100000, = 0232402044
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AgKAeCADIKO

Baon 16
2 UUTTaYNC avatrapaoTaon oeipwyv bit
4 bit ava 0eKaeCadIKO Wwneio

0 |0000 |4 |0100 |8 |1000 |c [1100
1 |0001 |5 |0101 |9 |1001 |d |1101
2 0010 |6 |0110 |a |1010 |e |1110
3 |0011 |7 (0111 |b |1011 |f |1111

Tapadelyua: eca8 6420

1110 1100 1010 1000 0110 0100 0010 0000
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EvToA£g poponc | Tou MIPS

op rs rt oT100epa ) d1evBuvon
6 bit 5 bit 5 bit 16 bit

AuECEC apIBUNTIKEC EVTOAEC Kal EVTOAEC load/store
rt: apIOUOC KATaXWPENT TTPOOPICHOU 1 TTPOEAEUCNC
2T00epd: —21° éwg +25 -1
AigevBuvon: oxeTikA arréoTtaon (offset) TTou TTPOOTIOETAI OTN
d1eUBuvVON BACNG TTOU TTEPIEXEI O IS

2xe01aaTtikn apxn 4. H KaAr) axediaon amaitei KAAoUg

OUMBIBaocuoug
O1 JIAQOPETIKEC HOPPEC TTEPITTAEKOUV TNV ATTOKWAIKOTTOINON,
AAAQ ETITPETTOUV TTAVTOU EVTOAEG TWV 32 bit

Alatipnon 600 1o dUVATOV ATTAOUCTEPWYV HOPPWV
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YTtroAoyiotég AtroOnkeupévou lNMpoypAduparog

EmreiepyaoTng

AoyIoTIKO
! Tpéypauua
| (KWOIKAG UNXAVg) |

Mpdypaypa
d10pBwTAH

| (KWBIKAS uNXavAc) i

i MetayAwttiotng C i
| (Kwdikag pnxavig) |

_____________________

_____________________

Aedopuéva
HI0B0d00iag

_____________________

_____________________

_____________________

_____________________

i Mnyaiog kWdIkag C !

| YO TO TIPOYPANMNO E
TOU d10pBWTH

_____________________

O1 eVTOAEC avaTtTapioTavTal O€
OUAdIKO, OTTWC Ta OEDOUEVA

O1 evTOA£EC Kal Ta OedouEva

aTTOONKEUOVTAI OTN UVAMN

[Mpoypduuata utropouyv va

ETTEVEQYOUV O€ TTPOYPAMMATO
M.X, compilers, linkers, ...

H duadikny cuuardétnta
ETTITPETTEI TA PETAYAWTTIOUEVA
TTPOYPAMMATA VO EKTEAOUVTAI
o€ OIAPOPETIKOUC
UTTOAOYIOTEC

KaBiepwuéveg ISA
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N\OVYIKEG AEITOUPYIEC

EVTOAEC yia xeIpiopoucg ava bit
AgIToupyia C Java MIPS
Shift left << << S11
Shift right >> >>> sri
Bitwise AND & & and, andi
Bitwise OR | | or, ori

Bitwise NOT ~ ~ nor

XPNOIJEC VIa ECaywyn Kal eI0aywyn
oMadwV bit o€ pia Aéen
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A&giToupyieg oAiocOnong

op rs rt rd shamt funct
6 bit 5 bit 5 bit 5 bit 5 bit 6 bit

shamt: apiBuo¢ BEoewv oAiocBnoncg

Shift left logical (apioTtepri Aoyikri oAiocOnon)
AplioTepr) oAiocBnon kail cupttAnpwaon ue bit O
s 11 kartd i bit roAAatTAao1alEl pE 2!

Shift right logical (de€1a Aoyikry oAiobnon)
AecId oAioOnon kal cupttAnpwaon e bit O
sr1 kard i bit diaipei pe 2' (arrpdanuol Ppoévo)
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AgiToupyiec AND

XPNOIYEC yIa TNV «attokpuwn» (masking)
bit o€ pIa A&€N

EtmiAoyn Katmoiwyv bit, yndEVIOUWY TWV GAAWYV
and $t0, $t1, $t2

$t2 | 0000 0000 0000 0000 0000 1101 1100 0000

$t1 | 0000 0000 0000 0000 0011 1100 0000 0000

$t0 [ 0000 0000 0000 0000 0000 1100 0000 0000
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AgiToupyieg OR

XPNOIYEC VIO VO CUPTTEPIANPOOUV KATToIa bit o€
LI AECn

KaTtroia bit TiBevral oto 1, Ta uttOAOITTA APETABANTA
or $t0, $tl1, $t2

$t2 | 0000 0000 0000 0000 0000 1101 1100 0000

$t1 | 0000 0000 0000 0000 0011 1100 0000 0000

$t0 [ 0000 0000 0000 0000 0011 1101 1100 0000
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Asitoupyiec NOT

XPNOIYEC VIO TNV avTIOTPOPN bit o€ pia Aé€En
AMNayrpTou 0 oe 1, kaiTou 1 o€ O

O MIPS di1006€tel evioAr) NOR Twyv 3 TEAEOTEWY
aNORDb==NOT (aORDb)

nor $t0, $tl, $zero —  |KamaxwpnmgO:

TTAVTA i00G PE
uNOEV

$t1 | 0000 0000 0000 0000 0011 1100 0000 000O

$0 (1111 1111 1111 1111 1100 0011 1111 1111
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A&giToupyiec ouvbnkng

AlakAadwoaon (branch) oe pia evioAn Ue
ETIKETA AV MIa ouvOnkn €ival aAndng

AIQQOPETIKA, OUVEXIOE OKOAOUBIOKA
beqg rs, rt, L1

av (rs == rt) dIaKAGdWON OTNV EVTIOAN UE
eETIKETO L1

bne rs, rt, L1

av (rs = rt) d1IaKAGOWON TNV EVTOAN PE ETIKETA
L1

j L1
AAMO Xwpic ouvlnkn otnv evioAn ue eTikETa L1
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MeTOYAWTTION EVTOAWV If

Kwodikag C:
if (iz=i) f = gsh; P ree: |
else ¥ = g-h;

f,g,...omoug $s0, $s1, ... ... oo |

MaTay)\wTTlcpavog K(U6IKG§ MIPS:

bne $s3, $s4, Else
add $s0, $s1, $s2
] EXit

Else: sub $s0, $s1, $s2

EXTT: "o

0 oupBoAopeTaPpacTAS uttoAoyilel TIC dIEUBUVOEIC
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MeTayAWTTION EVTOAWYV LOOP

Kwolkacg C:
while (savel[i] == k) i += 1;

| oTov $s3, k oToVv $s5, n d/von Tou save oTov
$s6

MeTayAWTTIOMEVOC KWOIKAc MIPS:

Loop: sll $tl1, $s3, 2
add $tl, $tl, $s6
Tw  $t0, 0($tl)
bne $t0, $s5, Exit
addi $s3, $s3, 1
J Loop

EX1t: ..
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Baoika p1rAok

‘Eva Baoikd gtrAok (basic block) givar pia
OKOAOUBIa EVTOAWYV XWPEIC

AIOKAAOWOEIC (EKTOC ATTO TO TEAOG)
[TpoopiououUc dlakAGdwWaONC (EKTOC ATTO TNV
apxn)

‘Evac HETAYAWTTIOTAC
. ! TTpoodlopidel BaoiKA
MTTAOK Yia BEATIOTOTTOINGN

‘Evac TrponyuEvocg
ETTECEPYAOTNG MTTOPEI VO
ETTITAXUVEI TNV EKTEAEON TWV

BaoIKwV MTTAOK
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Kal aAAec AsiToupyiegc ouvBNKNG

To atroreAeoua traipvel TN 1IN 1 av Jia
ouvenkn €ival aAnbng

Ala@OPETIKA, TTaipvel TN TipN O
slt rd, rs, rt

av (rs<rt) rd = 1- diagopeTika rd =0
slti1 rt, rs, constant

av (rs < constant) rt = 1- dia@popeTiKa rt =0

Xpron o€ cuvduaouo Pe TIC beq, bne

st $t0, $s1, $s2 # if ($sl1 < $s2)
bne $t0, $zero, L # branch to L
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2XE0IO0N EVTOAWYV OIAKAAdWONG

MNati 6x1 b1t, bge, KATT;
To UAIKO yIa TIC <, 2, ... €ival TTIO ApyO ATTO
QUTO YIA TIC =, #

O ouvduaouoc ouvonkwy yia pia dlakAadwaon
TepINapBavel TTEPIOCOTEPN DOUAEIA ava
EVTOAN, Kal ATTAITEI TTIO APYO POAOI

EmiBapuvovTtal OAEC 01 EVTOAEC!

O1 beq kail bne gival n ouvribng
TTEPITITWON

KaAOC oxedIaOTIKOC CUUBIBACUOC
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[MPpOCNUACHMEVEG KAl ATTPOCNMEG

[Mpoonuaopévn ouykpion: s1t, s1t1
Atrpéonun ouykpion: s1tu, s1tu1
[Mapadelyua

$s0 = 111111111111 111111111111 1111 1111

$s1 = 0000 0000 0000 0000 0000 0000 0000 0001

st $t0, $s0, $sl1 # mpoonNUOOMEVN
-1<+1=%t0=1

sTtu $t0, $s0, $s1 # ampodonun
+4,294,967,295 > +1 = $t0 = 0
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KAnon d1adikaciag

ATraiTouueva BAuaTa
TotroBETNON TTAPAPETPWY OE KATAXWPENTEC
MeTagpopa eAEyXou oTn OladIKaaid

ATTOKTNON XWPEOU aTTOONKeEUOoNC yia TN
dladikaaoia

ExTEAEON AcITOUPYIWY TNC OIADIKATIAC

TotroBETNON ATTOTEAEOUATOC O€ KATAXWPENT
yia TOV KaAouvTta

EmioTpor otn B£0n TNS KANONG
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Xpnon Karaxwpntwyv

$a0 — $a3: opicpata (kataxwpenTtéc 4 — 7)
$vO, $v1: TipEC atTOoTEAEOPATOC (KAaTaxwpenTéC 2 Kal 3)
$t0 — $t9: TTpoowpIvoi (temporary)
MT1TOpOUV Va YPAPOUV JE VEEC TIMEC ATTO TOV KOAOUUEVO
$s0 — $s7: amrodnkeupévol (saved)
[MpétTel va atroBnkeuTouv/eTTava@epBouv atrd ToV KAAOUUEVO

$gp: kaBoAiko¢ deiktne (global pointer) yia oTaTIKA
OedopEva (Katay. 28)

$sp: deikTn¢ oToiBac (stack pointer) (katay.29)
$fp: d¢ikTnc TTAaiciou (frame pointer) (kaTtay.30)
$ra: dvon emoTpoPnc (return address) (katay. 31)
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Preserved on
Reglstar number Usage call?

$zero The constant value 0

$v0-$vl 2-3 Values for results and expression evaluation no
$a0-%$a3 4-7 Arguments no
$t0-$t/ 8-15 Temporaries no
$50-$s/ 16-23 Saved yes
$t8-$t9 24-25 More temporaries no
$ap 28 Global pointer yes
$sp 29 Stack pointer yes
$tp 30 Frame pointer yes
$ra 31 Return address yes




EVTOAEG KANONG O100IKATIOG

KAnon diadikaoiag: jump and link

jal ProcedureLabel
H &/von Tn¢ eTTOEVNC EVTOANC YPAPETAI OTOV $ra
AAua otn dieubuvon TTPoopIoUOU

EmoTpoon amro diadikaaia: jump register

jr $ra

AvTiypdpel Tov $ra oTO JETPNTH TTPOYPAMMATOC
(program counter)

MTTOpPEI €TTIONC VO XpNOINOTTOINGEI yIa UTTOAOYIOUEVA
aApara

T.X., YIO EVTOAEC case/switch
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Mapadeiypa d1adikaoiac (UAAOU

Kwolkacg C:
int leaf_example (int g, h, 1, J)
{ 1nt f;
f=0@+h -0+ 73);
return T;
}

OpiouaTta g, h, i, j otoug $a0, $al, $a2, $a3

f otov $s0 (ouveTTWC TTPETTEI VO OTTOBNKEUBEI
o $s0 otn oT0ifa)
AtrotéAeopa otov $vO0
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Mapadeiypa d1adikaoiac (UAAOU

Kwoikag MIPS:

leaf_example:

addi $sp, $sp, -4 | |
SW $ sO , 0 ($ S p) Anobnkeuon $s0 otn oToiBa
add $t0, %$a0, %$al
add $tl, %$a2, %$a3 >opa diadikaoiag
sub $s0, $t0, $til
add $v0, $s0, $zero | anorreona
Tlw  $s0, 0($sp) |
addi $Sp, $Sp, 4 Enavagopa Tou $s0
jr  %$ra EnioTpopn
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A10OIKACIEG HN @UAAQ

AladIKaaieC TTOU KOAOUV GAAEC OIOOIKATIEC

[la evBeTn(nested) KANON, 0 KAAWV TTPETTEI
va aTTo0OnKeuoel oTn oToifa:
Tn d1euBuvaon emoTPOPNC TOU

Ortro10 opicpaTa Kal TTPOCWPIVEG TIMEC
Xpeladovtal JETA TNV KANON

ETravagopa atro Tn oToifa HETA TNV KANON
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Mapddeiypa d1adikaoiag pn @UAAou

Kwolkacg C:

int fact (int n)

{
1f (n < 1) return 1;

else return n * fact(n - 1);
}

Opiopa n otov $a0
AtroTéAeopa fact otov $vO0
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fact:

L1

addi
SwW
SwW

slti
beq
add1
addi
jr
addi
jal
Tw

Tw
add1

mu |
jr

$sp, $sp, -8 # adjust stack for 2 items
$ra, 4($sp) {# save the return address
$a0, 0($sp) # save the argument n
$t0,%$a0,1 # test for n < 1
$t0,%$zero, L1 # if n>=1, go to L1
$v0,%$zero,1 4 return 1
$sp,$sp,8  # pop 2 items off stack
$ra # return to caller
$a0,%a0,-1 # n >= 1: argument gets (n - 1)
fact # call fact with (n - 1)
$a0, 0($sp) ff return from jal: restore argument r

$ra, 4($sp) # restore the return address
$sp, $sp, 8  {f adjust stack pointer to pop 2 item:

$v0,%$a0,$v0  # return n * fact (n - 1)
$ra #f return to the caller



Mapdadeiypa di1adikaoiag pn @UAAou

Kwolkag MIPS:

fact:
addi $sp, $sp, -8
sw $ra, 4($sp)
sw  $a0, 0($sp)
slti $t0, $a0, 1
beq $t0, $zero, L1

adjust stack for 2 items
save return address

save argument

test for n < 1

H | H H R

addi $v0, $zero, 1 if so, result is 1
addi $sp, $sp, 8 pop 2 items from stack
jr  $ra and return
L1: addi $a0, $a0, -1 else decrement n
jal fact recursive call

Tw  $a0, 0($sp)
Tw  $ra, 4($sp)
addi $sp, $sp, 8
mul $vO0, $al0, $vO
jr  $ra

restore original n

and return address
pop 2 items from stack
multiply to get result
and return

| H H HH HHH R
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Totmika 6edopEva OTN oTOoIRO

YwnAn dievBuvon

Sfp— Sfp—

$ Sp+ $ Sp—b*
$fp— ATTOONKEUPEVOI
KATaxwpnTéG OPICHATWY
(av utradpyouv)

ATTOONKEUMEVN
diguBuvon emMOTPOYPNS
ATT0OnKEUHEVOI KOTAXW-
pNTEG o€ aTToBAKEUON
(av uttdpxouv)

ToTTIKOI TTiVaKEG
Kal OOMEG
Ssp— (av uttdpxouv)

XapnAn diglBuvon  a. B. Y-
Totrkd 0edopuéva deOUEUOVTAl OTTO TOV KOAOUUEVO
TT.X., Ol AQUTOMATEC JETABANTEC TG C
[TAaiolo diadikaaiag (procedure frame) | eyypagr) evepyoTroinong
(activation record)

XPNOIUOTTOIEITAl ATTO MEPIKOUG METAYAWTTIOTEG YIA TO XEIPIOWO TNG
atroBnikeuong TG oToifacg
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Ailaragn Tng MVAMNG

Keipevo (Text): Kwdlkag Tou
TTPOYPAMMATOC

2TaTIKG Odedouéva (Static Ssp—TEEEf fEfc,

data): kaBoAIKEC HETABANTEC ZTTB“
TT.X., OTOTIKEG PETAPANTES TNG C,
TTivakeg oTaBepwyv (constant
arrays) Kai cuuBoAooEIpEC 1
(strings) Auvapika dedopéva

O $gp TTAipVEl apler] TIUA TTOU Sap—=1000 8000

2TATIKA dedOoPEVA
£TI'ITp£Tr£I +OX£TIK€§ G1TOO'TGO'£I§ 1000 0000

hex

UEOQ OTO TUNUA AUTO nex Keilevo

Auvapika dedoueva: owpog pc—-0040 0000, ,
(h e ap) . Aeopeupévn

11.X., malloc otn C, new o1n
Java

2.T0ifa (stack): autoparn
aTToOnKeuon
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AcOONEVA XAPOAKTNPWV

2.UVOAQ XapaKkTipwyVv o€ KwdIkoTToinon byte

ASCII: 128 xapakTApEeS

95 ypa@iknc avarrapacTaong, 33 eAEyxou
Latin-1: 256 XapaKTAPEC
ASCII, +96 mITTAEOV XAPOAKTNPEC YPAPIKAG AVATTAPACTAONG
Unicode: ouvoAo xapakTtnpwyv 32-bit
Xpnjon o€ Java, kail o€ wide characters tng C++, ...
Ta TeploocoTeEPa aAPapnTa Tou KOOUOU, Kal cUUBOAA
UTF-8, UTF-16. KwWOIKOTTOINOEIC METABANTOU UAKOUG

2
1D012

~

1D022

v

::‘2’
10032

X

10042

1D052
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Asitoupyiec Byte/HUIAEENG

@a utTopoucayv va XPNOINOTIOINOOUV AEITOUPYIEC
ava bit
MIPS byte/halfword load/store

Etrecepyacia oupBoloocipwy (strings): ouvnong

TTEQITTTWON

b rt, offset(rs) Th rt, offset(rs)
Etréktraon trpoonuou ota 32 bit oTov rt

Tbu rt, offset(rs) Thu rt, offset(rs)
Etréktraon pndevikou ota 32 bit oTov rt

sb rt, offset(rs) sh rt, offset(rs)
ATT0Onkeuon (store) povo Tou OECIOTEPOU
byte/nUIAEENC
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MNapadeiyya avtiypa@ng string

Kwoikag C (atTAoIkog):
2 UUBoAoceIpa (string) tTou TepuaTideTal PE
uNOeVIKO Xapaktipa (null char)

void strcpy (char x[], char y[])

{ 1nt 1;
1 = 0;
while ((x[1]=y[1])!'="\0")
1 += 1;
}

AligeuBuvoeic Twy X, y otov $a0, $al
To i oTtov $s0
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MNapadeiyya avtiypa@ng string

Kwolkac MIPS:

strcpy:
addi $sp, $sp, -4 # adjust stack for 1 1item
sw  $s0, 0($sp) #-save—$s0
add—9$s0,—$zero, $zero#1 =90
L1t add $tl1l, $s0, $al # addr of y[i] in $tl
Tbu $t2, 0(%$tl) # $t2 = y[1]
add $t3, $s0, $a0 # addr of x[i] in $t3
sh $t2, 0(C$t3) # x[1] = y[1]
beq $t2, $zero, L2 # exit 1oop if y[i] == 0
addi $SO, $s0,—1 # T =11
J L1 # next iteration of Tlopp
L2} Iw  $s0O, 0($sp) # restore saved $s0
addi $sp, $sp, 4 # pop 1 item from stack
jr  $ra # and return
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L]1:

L2:

MNapadeiyya avtiypa@ng string

trcpy:

addi
SW
add
add
Tbu
add
sb
beq
addi
]

Tw

add1
jr

$sp,
$s0,
$s0,
$t1,
$t2,
$t3,
$t2,
$t2,
$s0,
L1
$s0,
$sp,
$ra

$sp, -4
0($sp)
$zero, $zero
$s0, $al
0($tl)

$s0, $a0
0($t3)
$zero, L2
$s0, 1

0($sp)
$sp, 4

HHHFHHFHHHHHHHH

adjust stack for 1 1item
save $s0

1 =0

addr of y[i] in $tl
$t2 = y[1]

addr of x[i] in $t3
x[1] = y[1]

exit loop if y[1] ==
1 =1+ 1

next 1teration of loop
restore saved $s0

pop 1 1tem from stack
and return



2T00epEC TWV 32 bit

OI TTEPICOOTEPEC OTABEPEC
‘Eva aueoo 1redio Twv 16 bit

gival MIKPEC
gival apKETO

['1a TIC TTEPIOTACIOKEC OTABEPEC TWV 32 bit

Tu1l rt, constant

AvTiypael TN oTaBepd Twv 16 bit ota 16

apIoTEPA DIt TOU 1t

Mnoevicel Ta decid 16 bit Tou rt

Tui $s0, 61 0000 0000 0011 1101

0000 0000 0000 0000

ori $s0, $sO, 2304 | 0000 0000 0011 1101

0000 1001 0000 0000
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AleuBuvoi1000TNOoN OIGKAAOWOEWYV

O1 evToAec dlakAadwaonc (branch) kaBopilouv
Opcode, duo kKaraxwpnTteg, d/van TTPOoPICUOU

O1 TTEPICCOTEPOI TTPOOPICHOI DIaKAAdWONG €ival
KOVTA OTNV €VTOAN OIOKAGOWONG

[1pOC T EUTTPOC KAl TTPOC TA TTIOW

op rs rt oT1a0epa ) dievbuvon
6 bit 5 bit 5 bit 16 bit

AieuBuvoi000TnonN OXETIKA WS TTpo¢ PC
(PC-relative addressing)

A/von Trpoopliopou = PC + offset x 4

O PC cival ndn aucnuévog kata 4
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AleuBuvoi1000TNON AAMATOG

O1 TTpoopIouoi GApaTOC (VIO TIC EVTOAEC ] KOl
jal) ytropei va BpiokovTtal oTToUdNTTOTE OTO
TMHAMA KEIMEVOU (KWOIKAQ)

KwdikoTtroinon NG TTARpouc d/vong JECA OTNV EVTOAN

op address
6 bit 26 bit

Weudo-aueon (Pseudo-Direct)
dl1EUBuUVOI000TNON AAUATOC

Alvon Tpoopiopou = PCy; g @ (address x 4)
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Napadeiypa d/vong TpoopIcHuoU

KwolIKac Bpdxou atro TTPponNyoUHEVO TTAPADEIVUA
YTroBeToupe OT11 TO Loop €ival otn B€on 80000

Loop: sl1 $tl1, $s3, 2 80000 | O 0O | 19| 9 4 0
add $t1, $t1, $s6 80004 |- 0 9 22 9 o) 32
Tw $t0, 0($tl) 80008 | 35 9 8 o)
bne $t0, $s5, Exit 80012 | 5 8 | 21 2
addi $s3, $s3, 1 80016 | 8 19 | 19 1
i Loop 80020 | 2 20000

Exit: .. 80024
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Makpuvn AlakAddwon

AV 0 TTPOOPICHOC TNC OIOKAGOWONC Eival
TTOAU JOKPIA VIO VO KwOIKOTToINOEi oTa 16
bit TOU TTEDIOU OXETIKNG ATTOOTAONG
(offset), 0 CUYPOAOUETAPPOACTHC
cavaypa@el Tov KwOoIKa

[Mapadelyua
beq $s0,%$s1, L1
l
bne $s0,%$s1l, L2
j Ll
L2: ..
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[MepiAnwn TpOTTWYV OI1EUB/ONG

1. Apeon SleuBuvoiodoTNOoN

op rs rt Apeco

2. AleuBuvoi1odOTNON HECW KATAXwPNTA

op rs rt rd ... | funct Karaxwpnrtég
[

Kartaxwpntig

3. AleuBuvol10ddTnon Baong

op rs rt AleBuvon MvApun
[
Karaxwpntrg @—» | Byte | HuiAéEn NAEEN
I A
4. 2 XeTIKA dleuBuvoiodoTnon wg TTpog PC
op rs rt AieBuvon MvAun

PC

| [
>
o
3

5. Weudo-atreuBeiag digubuvoiodoTnon

op MAievBuvon MvAun

= CO—r reen
A
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WeudoevToAEG CUNPBOAOMETAPPAOCTN

Ol TTEPICCOTEPEC EVTOAEC TOU
oUpBoAopeTapPOOTH avatTapioTouV
EVTOAEC UNXAVNG MiO TTPOG Mid

O1 WeudoevToAEg (pseudoinstructions):
OnuUIoUPYyNUATA TOU CUUPOAOUETOPPAOCTN
move $t0, $tl — add $t0, $zero, $tl

b1t $t0, $t1l, L — s1t $at, $t0, $tl
bne $at, $zero, L
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MNapadeiyya Tagivounong o€ C

Agixvel TN Xxpnon Twv eVTIOAWY OUMPBOAIKNG
YAWOOQC O€ YIa ouvapTnon Tacivopunong
¢uoaAidag (bubble sort) C

Aladikaoia swap (QUAAO)

void swap(int v[], 1nt k)
{

int temp;

temp = v[k];

vik] = v[k+1];

vik+1l] = temp;
}

To v otov $a0, 1o k otov $al, to temp oTov $t0
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H diadikaoia Swap

swap: sl11 $t1, $al, 2 # %t1l = k * 4
add $tl1, $a0, $tl # $t1 = v+(k*4)
# (address of v[k])
Tw $t0, 0($tl) # $t0 (temp) = v[k]
Tw $t2, 4(%$tl) # $t2 = v[k+1]
sw $t2, 0($tl) # vik] = $t2 (v[k+1])
sw $t0, 4($tl) # vik+1l] = $t0 (temp)
jr $ra # return to calling routine
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H o1adikaocia Sort og C

Mn @UAAO (KOAEgi TN swap)
void sort (int v[], int n)
{
int 1, J;
for (1 =0; 1 <n; 1 +=1) {
for (3 =1 - 1;
j >= 0 && v[j] > v[] + 1];
j =1 {
swap(Vv,]J);
}
}
}

?I$;o v atov $a0, 10 k oTtov $al, 1o i oTov $s0, 10 j OTOV
sl
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To cwua TG d1adIKACIaC

MeTagpopd
TTOPAMETPWV

ESwTtepikdg
Bpoxog

Eounemkég‘
Bpoxog

MeTaBiBaon
TTOPANETPWV
Kal KAon

move $s2, $a0 # save %$a0 into $s2
move $s3, $al # save $al into $s3
move $s0, $zero #1i =0
forltst: s1t $t0, $s0, $s3 # $t0 =0 if $s0 > $s3 (i > n)
beq $t0, $zero, exitl # go to exitl if $s0 > $s3 (i > n)
addi $s1, $s0, -1 #3 =1 -1
for2tst: slti $t0, $s1, O # $t0 = 1 if $s1 < 0 (j < 0)
bne $t0, $zero, exit2 # go to exit2 if $s1 < 0 (j < 0)
s11T $tl1, $s1, 2 # $tl =3 * 4
add $t2, $s2, $tl #%$t2 =v + (j * 4)
Tw  $t3, 0(%$t2) # $t3 = v[j]
Tw  $t4, 4($t2) # $t4 = v[j + 1]
st $t0, $t4, $t3 # $t0 = 0 if $t4 > $t3
beq $t0, $zero, exit2 # go to exit2 if $t4 > $t3
move $a0, $s2 # 1st param of swap is v (old $a0)
move $al, $sl # 2nd param of swap is j
jal swap # call swap procedure
addi $s1, $s1, -1 #3 =1
j for2tst # jump to test of inner Tloop
exit2: addi $s0, $s0, 1 #1 +=1
j forltst # jump to test of outer Tloop

EounamKég‘
Bpdxog
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H 1TAnpng d100IKaoIi

sort:

addi $sp,$sp, -20
sw $ra, 16($sp)
sw $s3,12($sp)

sw $s2, 8($sp)

sw $s1, 4($sp)

sw $s0, 0($sp)

make room on stack for 5 registers
save $ra on stack
save $s3 on stack
save $s2 on stack
save $s1 on stack
save $s0 on stack

HH H OH B W R

procedure body

exitl: 1w $s0, 0($sp)
Tw $s1, 4($sp)

Tw $s2, 8($sp)

Tw $s3,12($sp)

Tw $ra,16($sp)

addi $sp,$sp, 20

restore $s0 from stack
restore $sl1 from stack
restore $s2 from stack
restore $s3 from stack
restore $ra from stack
restore stack pointer

jr $ra

H(H H OH W H R

return to calling routine
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Eidopaon BEATIOTOTTOINCEWYV HETAYAWTTIOTN

MeTayAwTTION PE TOV gcc o€ Pentium 4 pe Linux

3 O ZxeTIKn anddoon 140000 O MARGoG evTOA®V
2,5 120000

2 100000

80000
1,5
60000

1 40000
0,5 20000

o T T T 0 T T T

Kayia 01 02 03 Kapia o1 02 03

180000 O KUkAo1 poAoyioU 2 OCPI
160000
140000 1,5
120000
100000 1

80000

60000 —

40000 — 0,5

20000 —

0 T T T o T T T
Kapia o1 02 03 Kayia o1 02 03
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ETidopaon TnG YAwWo oo Kal TOU aAyopiduou

3 O ZxeT1kn anodoon bubblesort

2,5

1,5

0,5
0 T T T T T
C/kagia Cc/01 C/02 C/03 Java/int Java/JIT

2,5 O ZxeTi1kn anodoon quicksort

1,5

0,5

0 , , , S N

C/xapia Cc/01 C/02 C/03 Java/int Java/JIT

3000 O EmTayxuvon quicksort évavTti bubblesort

2500
2000

1500
1000

500
0 T T T T T

C/xapia C/01 C/02 C/03 Java/int Java/JIT
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T1 paOapue

To TTANB0oC¢ evioAwyv kal To CPI dgv eival
KAAEC eVOEICEIC ATTOOOONC ATTO UOVEC TOUG
O1 BEATIOTOTTOINCEIC HETAYAWTTIOTN Eival
euaiobnrec oTov aAyopiOuo

O kwoikag Java/JIT gival onuavTiKa
TaXUTEPOC aTTO TN dlgppunveia TnG JVM

2. UYKPIOIUOG JE TO BeATIOTOTTOINMEVO KWOIKA C
0€ KATTOIEC TTEPITITWOEIC

TitroTe dev ptTOPEI Va dIopBwOoEl Evav
avonTo aAyopiBuo!
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[Mlivakeg Kal OEIKTEC

H apiBuodeikTodoTnoN TIVAKWY (array
iIndexing) TepIAauBAavel
"TOAAOTTAQOIOAOPO TOU APIOUODEIKTN PE TO
EYEDOC TOU OTOIXEIOU

'1p606eon o1n dieUBuvon BAong Tou TTivaka
O1 d¢gikTeC (pointers) avTioToIXouV
atreuBeiag o€ dleuBUVOEIC uvNPNG

MTTOpOUV VA JOAC YAITWOOUV QTTO TIC
OUOKOAIEC TNG apPIBODEIKTODOTNONG
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Mapadeiypa: JNOEVIOHOC TTIVAKO

clearl(int array[], int size) { clear2(int *array, int size) {
int 1; int *p;
for (i =0; 1 < size; 1 += 1) for (p = &array[0]; p < &array[size];
array[i] = 0; p=p+ 1)
¥ *p = 0;
}
move $t0,%$zero # i =0 move $tO0,
Toopl: s11 $t1,%$t0,2 #%tl =1 * 4 s11 $t1, 2 # $tl = * 4
add $t2,%a0,$t1l # $t2 = add $t2,%$a0,$t1 # $t2 =
# &array[i] # &array[ ]
sw $zero, 0($t2) # array[i] = O sw $zero,0( ) # =0
addi $t0,$t0,1 # i =1 + 1 addi $t0,$t0, #
st $t3,%t0,%al # $t3 = s1t $t3,$t0, # $t3 =
# (1 < size) #(
bne $t3,%$zero,Toopl # if (.) bne $t3,%$zero,Toop2 # if (.)
# goto Toopl # goto loop?2
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[MAaveg

loxupn evToA = uywnAoTEPN ATTOO00N
ATTaiTouvTal AMIyOTEPEC EVTOAEC

AANG 01 oUVOETEC EVTOAEC €ival DUOKOAO va
uAoTToinBouv

MTTopei va KaBuOoTEPOOUV OAEC TIC EVTOAEG, OKOMN KAl TIC TTIC
aTTAEG

O1 HETAYAWTTIOTEC €ival KOAOi OTO va TTApAyouUv
YPNYOPO KWOIKA E ATTAEG EVTOAEC
Xpnon Kwodika oUpBoAIKAC YAwooag yia uwnAn
amrodoon

AANG oI gUyXpPOVOl JETAYAWTTIOTEC Eival KOAUTEPOI OTO
XEIPIOPO TWV OUYXPOVWYV ETTECEPYAOTWV

MepIoooTEPEG YPAUUEG KWOIKA => TIEPIOTOTEPA
o@AAPOTA KAl MIKPOTEPN TTAPAYWYIKOTNTA
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[MAaveg

Avadpouikr cuppartornta (backward
compatibility) = 10 guvoAo evioAwv 0ev aAAalel

AANG TTPOOTIOEVTAI TTEPICCOTEPEC EVTOAEC
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MNayideg

O1 d1ad0XIKEC AECEIC OEV BpioKkovTal O€
OlaQOXIKEC DIEUBUVOEIC

Aucnon kata 4, ox! kata 1!
Alatnpnon evocg 0EikTN (pointer) TTpocg Jia
QuUTOMATN METARBANTA META TNV ETTIOTPOPN
TNC O1adIKOCIaC

T.X., METORIPaon Tou OEIKTN METW EVOC
OpIoUATOC

O O¢€iKTNG YiveTal AKUPOG META TO «ADEIQT U
TNG oToIacg yia TN dladIKaaoia
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2UHUTTEPOAOCHMATIKES TTAPATNPNOEIG
2. XEQIOOTIKEC APXEC

H atrAoTnTa €UVOEi TNV KavoviKOTNTA
To MIKPOTEPO €ival TOXUTEPO
Kave Tn ouvnBIopEvVN TTEPITITWON YPNyopen
H KaAn oxediaon atmraiTei KAAOUG
ouuBIBaououg
ETriTreda AoyiopIKoU/UAIKoU
METAYAWTTIOTNG, CUMPBOAONETAPPACTAC, UAIKO

MIPS: TUTTIKI] QpXITEKTOVIKI) OUVOAOU
evioAwv RISC

ouyKpion JE X86
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2UHUTTEPOAOCHMATIKES TTAPATNPNOEIG

MeETpnon ekTeAECEWY evioAwyY MIPS o¢
LETPOTTPOYPANMATO
Kave Tn ouvnBIopEvn TTEPITITWON ypnyopen
Kave cuuifacpoucg

Karnyopia [Mapadeiypara MIPS SPEC2006 Int SPEC2006 FP
EVTOANG
ApIBUNTIKEC add, sub, addi 16% 48%
MeTagpopdc Tw, sw, 1b, 1bu, 35% 36%
OedouEVWV Th, Thu, sb, Tui
NOYIKEG and, or, nor, andi, 12% 4%
ori, sll, srl
AlokAGdwong beq, bne, slt, 34% 8%

uTTé OUVONAKN

slti, sltiu

AApartog

j, jr, jal

2%

0%
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