HY 232
Opyavwon Ko
>xeblaon YrnoAoyLotwy

AlaAeén 3
EvtoA€c tou MIPS (2)

Nikoc MmeAAag
Tunuo HAektpoAoywv Mnyavikwv kat Mnyavikwv H/Y

Opydvoon ko Xyedioon Ymoroyiotdv
(HY232)



Napadeypa (cuvexelo amno mpony. OLaAeén)

$s3 = &A[Q] = 0x0001080 &A[8] = 0x00010A0
\

A[0] A[1] A[2] A[3] A[4] A[5] A[6] A[7] A[8] A[9] ...

pd ~
~ 7

Amnootaon (Offset)

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

— To g sivat otov Ssl, to h otov Ss2, kat n StevBuveon (Baon)
ToU A otov Ss3

 MetayAwTttiopevoc kKwodikac MIPS:
— H B¢€on 8 Bploketal 32 bytes peta tnv apxn tou A
* 4 bytes ava A&én

Tw  $t0, 32($s3) # load word
add $s1, $s2, $tO
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Aekaeéoediko (hex)

* Baon 16
— [EPLEKTIKA QVOTTOPAOTAON
— 4 bits yia kaBe hex Pndlo

O (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

[Mapadeiyua: eca8 6420
1110 1100 1010 1000 0110 0100 0010 0000

Opyavoon kot Xyedioon
Ynoloyiotov (HY232)



EvtoAec yia Bytes/Halfwords

* MIPS byte/halfword load/store

— ZuvnBwc yia dtaxeiplon cupBolooelpwy (strings)
b rt, offset(rs) :  Eméktaon npoorjpou o€ 32 bits otov rt
Th rt, offset(rs)

Tbu rt, offset(rs) ; EméktaonO oe 32 bits otov rt
Thu rt, offset(rs)

sb rt, offset(rs) ;AmoBnkelelLto Sefidtepo byte/halfword
sh rt, offset(rs)

Opydvoon ko Xyedioon Ymoroyiotdv
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Napadeiypata evioAwyv petadopac Se6opUEVWV

Ac Bempnoovpe TIC TopakATm 0EGEIC LVIUNG KOl T, TEPIEYOUEVO TOVG

ADDRESS DATA
0x100080A2 0x21
Ox100080A3 0x00

‘Eoto 011 apyikd:

$s1 = 0x10008100 0x10008105 Ox11

0x10008106 0x33
Enionc o MIPS etvan 0x10008107 0x80
Little endian.

Exteleiton n evioln:
Exteleital ) evioln: Iw $s0, 5($s1)

lw $s0, 4($s1) AA®OZ (run-time error)

[IpooPaocn e un evbuypappicuevn o1evbbvvon (un

[ota 1y véa tyun Tov $s07? roALaTAGGIa TOV 4).

*AtevBvvon TIpoécsPaong : $s1 + (4),, =
0x10008104

*Doptmvovpue 4 bytes Eekivovtag omd v

otevBuvon 0x10008104

* Tehkd $s0 = 0x80331101
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Napadeiypata evioAwyv petadopac Se6opUEVWV

Ac Bempnoovpe TIC TopakATm 0EGEIC LVIUNG KOl T, TEPIEYOUEVO TOVG

ADDRESS DATA
0x100080A2 0x21
Ox100080A3 0x00

‘Eoto 011 apyikd:

$s1 = 0x10008100 0x10008105 Ox11

0x10008106 0x33
O MIPS sivan 0x10008107 0x80
Little endian.

"Exteleitar n evioAn:

Ib $s0, 7($s1)

I[Towo 1 véa Tipn Tov $s0?

*AevBvvon IpocPaong : $s1 + (7), =

0x10008107
*Doptdvovue 1 byte amd v dievbvven 0x10008107. ITavta oto Least
Significant Byte tov katoywpnt.
» Kavovue enéxtaon mpoonuov yio va, yepicooue (fill) ta 3 MSB tov $s1
* Tehkd $s0 = OXFFFFFF80
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MIPS EvtoAec popdnc R

op rs rt rd shamt funct

6 bits 5 bits 5 bits 5 bits 5 bits 6 bits

* Mebdla evtoAng
— op: opcode (kwdikac Aettoupyioag)
— rs: TeAeoTEOC MPoEAEVONG 1°Y kaTaxwpntN
— rt: teAeot€oc npogAevonc 2°Y kataxwpentn
— rd: TEAEOTEOC KOTAXWPNTA MPOOPLOUOU

— shamt: moootnta oAicOnonc (shift amount) (00000 yia
Twpo)
— funct: kwdwocg ocuvaptnonc (function code)

Opydvoon ko Xyedioon Ymoroyiotdv
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MNapadeypa popdnc R

op rs rt rd shamt funct
6 bits 5 bits 5 bits 5 bits 5 bits 6 bits
add $t0, $s1, $s2
op $sl $s2 $t0 0 add
0 17 18 8 0 32
000000 | 10001 | 10010 | 01000 | OOOOO | 100000

00000010001100100100000000100000, = 0232402044

Opydvoon ko Xyedioon Ymoroyiotdv
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MIPS EvtoAec popdpnc |

op rs rt oT1aBepd ) dievBuvon
6 bits 5 bits 5 bits 16 bits

e Apeoec aplBUNTIKEC EVTOAEC N EVTOAEC peTAPOPAC
dedopevwv
— rt: TeEAEOTEOC KATAXWPNTA TIPOEAELONC 1) TTPOOPLOUOU
— JtaBepa: -2 cwc +2 -1
— AlevBuvon: mpootiBetal anootaon (offset) otn dtevBuvon
Baonc mou BploKeTal oTo rs
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MNedla tou MIPS

o Jyeblaotikn Apxn : H kaAn oxedlaon amattel KaAou¢
ocupBLBacpouc
— H Umapén dtadpopeTikwyv popPpwVv TTEPLITAEKEL TNV
armokwoLKoTolnon aAAal ETUTPETIEL OpOLOMOP DL OTO UNKOG
TWV EVTIOAWV.
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/AOYLKEC TIPAEELC

* EVTOAEC yLa XELPLOMO akepaiwv og eminedo bit

Operation C Java MIPS

Shift left << << sl

Shift right >> >>> sri
Bitwise AND & & and, and
Bitwise OR | | or, ori
Bitwise NOT ~ ~ nor

XPNOIYEC VIa ECaywyn N €l0aywyn
OUAdWYV aTTo bits o€ pia AEen.
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Mpateilc oAloOnonc (shift)

op

s

rt

rd

shamt

funct

6 bhits

* shamt: moootnta (B€oelc) oAtoBnonc

5 bhits 5 bits

* ApLotepn oAloOnon

— Metadopa apLotepa Kot YEULOUA KEVWV HE O
— s 11 katd i bits toAamAaodlet pe 2!

* Agfla oAioOnon
— Metadopa Se€La Kol YEULOMOL KEVWV UE TIPOCNO

(sra)

— sr ] katad i bits Statpel pe 2/ (Loévo ampoonua)

Opydvoon ko Xyedioon Ymoroyiotdv

(HY232)

5 bits

5 bhits

6 bhits

13



Mpaén AND

* Xpnowun we paoka ("kaAvmntel" kamota bits
otn A&€n)

— Emelete kamola bits, kave ta urtoAouna O

and $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 0000 1100 0000 0000

Opyavoon kot Xyedioon Ynoroyiotdv
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Mpaén OR

e Xpriowun yla va cupnepltAapet kamota bits o€
lor A€€n

— Kawve karmola bits 1, doe ta utoAouta we £XOUV

or $t0, $tl1, $t2

$t2

$tl

$t0

0000 0000 0000 0000 0000 1101 1100 0000

0000 0000 0000 0000 0011 1100 0000 0000

0000 0000 0000 0000 0011 1101 1100 0000

Opydvoon ko Xyedioon Ymorloyiotdv
(HY?232)
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Apeool Teheoteol

>taBepa dedopeva ov epdavilovtal o€ Yo EVIOAN
addi $s3, $s3, 4

Aev UTTAPXEL EVTOAN yLa apeon adaipeon

— ATAQ XpNOLUOTIOLELOTE pLaL apvNTIKA otaBepa.

addi $s2, $s1, -1

O kataywpntnc SO tou MIPS (Szero) sival n otaBespa
0

— H tun tou kataxwpntn avtol & UmopeL va
Staypadel/petaBAnOsel

XpNoLoC yLa TTOAAEC TIPAEELC

— TL.X., HETAKIVNON 6ebouEvwy o AANO KaTaxwpnth

add $t2, $sl1l, $zero
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2xedlaotikn Apxn

e Kavte tn ouvnOlopevn epimtwon ypnyopn.
— Mkpec otaBepéEc eivatl cuvnBeLg

— Me tn Xxprnon ApUecwV TEAECTEWV AodpEVYOULE TN
Xxpnon pLag enutAeov evtoAnc load.
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>taBepec Twv 32-bit

* OLmeplooOTEPEC OTOOEPEC Elval HULKPEC

— Apeool teAeoctéoL Twv 16-bit emapkouv

* [l otoBepec Twv 32-bit:

Tuil rt, constant (Load upper Immediate)

— Avtlypadel ta avwtepa 16 bits tng otaBepac constant ota
aplotepa 16 bits tou rt

— Kavel 0 ta aAAa 16 bits tou rt ko peta pmopou e va
npocBeoou e oto rt ta utoAoura 16 bits tou constant.

:store the 32-bit constant OXAABBCCDD to $sO

addi $s0, $0, $0 ; $s0 = O;
Tui $s0, OXAABB ; $s0 = OxAABB00OO
ori $s0, $s0,0xCCDD ; $s0 = OXAABBCCDD
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EvtoAec StakAadwaonc (1)

MetaBaon oe aAAn evtoAn av n ocuvBnkn givol

aAnOng

— AL0POPETLKA, TO TIPOYPOLUUO. CUVEXL(EL OTNV
ETIOLEVN EVTOAN

beq rs, rt, L1

— av (rs == rt) mnyouwe otnv evtoAn pe eTkeTA L1;

bne rs, rt, L1

— av (rs != rt) mnyowe otnv evtoAn pe etketa L1

i Ll
— SlakAadwaon xwplc cuvOnkn AyaLVE oTnNV EVIOAN
LLE eTKETA L1
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MetayAwTttion evtoAwv if

* kwdkac C:
if (i==j) f = g+h;

else f = g-h; =

—f, g, h, i, jotoug Ss0, Ss1, ... o
* MetayAwttiopevoc Kwdikac MIPS:
bne $s3, $s4, Else

add $s0, $s1, $s2
J EX1t

Else: sub $s0, $sl1, $s2
O assembler (CUPBOAOPETAPPACTAG)

EX1t: T—0__
uTToAoyilel TIC dlEUBUVOEIC

Opyavmon Kot 2yeolaoT Y TOAOYIGTWV
(HY?232)
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MetayAwTttion Bpoxwv

* Kwdkac C:

int save[100];

Wh-i-le (Save[-i] —= k) 'i_|__|_;

— i otov Ss3, k otov Ss5, StevBuvon Tou save otov

Ss6

* MetayAwttiopevoc Kwdikac MIPS:

Loop:

S]]
add
Tw
bne
add1
]

EXit: ..

$tl, $s3, 2
$t1l, $tl, $s6
$t0, 0($tD)
$t0, $s5, Exit
$s3, $s3, 1
Loop

Opydvoon ko Xyedioon Ymorloyiotdv
(HY?232)

# $tl1=4%*1
# $tl=&save[i]
# $tO=savel[i]
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EvtoAec StakAadwaonc (2)

O¢coe 10 amnoteleopa o 1 av pua cuvOnkn
elvat aAnBdnc, aAAwwc B€oe to 0 0

slt rd, rs, rt
—if(rs<rt)rd=1; elserd =0;
slti1 rt, rs, constant
— if (rs < constant) rt = 1; else rt = 0;

>e ouvbuaopo pe Tc beq, bne

st $t0, $s1, $s2 # if ($sl < $s2) $t0=1
bne $t0, $zero, L # branch to L

Avtiotowyn Yevdo-evioAn
b1t $s1, $s2, L

Opydvoon ko Xyedioon Ymoroyiotdv 29
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2xeblaon evtoAwyv StakAadwaonc

[Lott 6€V UTIAPYXOUV OL TIPOYLOTLKEC EVTOAEC

blt, bge, ktA?

O UTMTOAOYLOMOC TOU <, 2, ... ELVOLL TILO APYOC
QIO TOV UTTOAOYLOMO TOU =, #

— O ouvbuaouoc ouykplong pe StakAadwaon xpeLtaletol

neEPLocOTEPN SOUAELA oV EVTOAN KoL OLTTOLLTEL TTLO aPYO
POAOL.

— AuTO KaBuotepel OAeC TIC evTOAEG!

beg kat bne eivat oL o cuvnOeLg EVIOAEC

AUTO eivol mapadelypo cupBLBacpou (trade-

off)

Opydvoon ko Xyedioon Ymorloyiotdv
(HY?232)
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WeudoevTtoAEc

* OLTEPLOOOTEPEC EVTOAEC TOU GUMBOAO-
LETAPPOOTH EXOUV Mia TIPOC Kot avTioToLyia pe
EVTOAEC TNC YAwooOC UNXOVNC.

 WeubdoeVTOAEC: OEV Elval LLEPOC TOU CUVOAOU
evtoAwv (ISA)
move $t0, $t1l —-> add $t0, $zero, $tl

blt $t0, $t1l, L - slt %$at, $t0, $tl
bne $at, $zero, L

— Sat (S1): dev pmopel va xpnoornolnBet armod tov
XpNoTn, mapa LOVOo arto Tov cupBolopetadppaotn

Opydvoon ko Xyedioon Ymoroyiotdv 24
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Mpoonuaocpevo / Ampoonuo

e Mpoonuoaopévn ovykpwon: slt, s1t1
e Antpoonun ovykplon: S 1tu, sltui
* Mapadeypa:
—6s0=111111111111 111111111111 1111 1111

— Ss1 = 0000 0000 0000 0000 0000 0000 0000 0001

-slt $t0, $s0, $s1 # signed
e —1<+1=>5t0=1

—sltu $t0, $sO0, $sl1 # unsigned
e +4,294,967,295 > +1 = $t0=0

Opydvoon ko Xyedioon Ymorloyiotdv
(HY?232)
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AtevBuvolodotnon SLokAoOWoEWV

* OLevtoAec StakAadwoewv npoodlopilouv:
— Opcode, U0 kataxwpntecg, dSlevBuvon MPOOoPLOUOU
— Mopon)-|

* O MPoOoPLOMOC Elval ouvnOwc Kovta
— Elte o pumpoota eite mio niow

— H address beiyvel aplOuo 32-bit words , kat oxL bytes

op s rt constant or address

6 bits 5 bits 5 bits 16 bits
AleuBuvol1000TnNOoN OXeTIKN WC TTPpo¢ PC
AigeuBuvaon mrpoopicuou = (PC+4) + constant X 4
PC cival n 01euBuvan TnG evToAnG diakAGdwaong

Opydvoon ko Xyedioon Ymoroyiotdv
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AtevBuvolodotnon oApATWY

* O PoopLopOC evog aApatoc (J n jal) pmopsi
vol elval ormtouSNMOTE OTO KELUEVO
— Xpetaletal oAokAnpn n 6tebBuvon otnv eVvioAn

— Mopdn-J
op address
6 bits 26 bits

(Weudo)atreuBeiag d1euBuvoiodoTnon AANATOC
AieuBuvon mpoopiopou = {PC;; ,5, address X 4}

Opydvoon ko Xyedioon Ymorloyiotdv 27
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Loop:

s11
add

Tw

bne
addi

Exit: ..

Mapadelypa

$s5,
$s3, 1

Opydvoon ko Xyedioon Ymoroyiotdv
(HY?232)

8000Q 0 (2] o
80004 [0 | 9 | 22| o | 0 |32
80008 | 35+ 9 | 8 0
goooc| 5 | 8, |21 | .- 2
80010 | 8 | 19 19 R
80014 | 247 20000
80018"|
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MoakpLveC SLAKAQLOWOELC

* Av 0 TPOOPLOUOC pLa StakAadwaonc eival T0oo
Hakpuad wote 16 bit 6ev elvall apketa yla tnv

anootaon, T0Tte o assembler petaaleL Tov
KwO LKA

e Mapadelypa

# L1 more than 2!°-1 words away
beq $s0,%$s1, L1

J
bne $s0,%$s1, L2
j L1
L2: ..

Opydvoon ko Xyedioon Ymorloyiotdv 29
(HY?232)



