APXLTEKTOVIKEC ZUVOAOU EvToAwv

!
Instruction Aptudc evtoAwv
Fetch (IF)
| | Mopn EvtoAwv:
nstruction HetaBAnTo r otabepd peyeBog bytes yia kabe
Decode (D) evtoAn; (8086 1-17 bytes, MIPS 4 bytes)
1
Operand Nwg yivetal n anokwdikomnoinon (ID);
Fetch (OF)
| lMou Bpiokovtal ta opiouarte (operands) kat to
Execute (Ex) anoteAeoua:
l MvAun-Kataxwpnteg, mooa oplouata, Tu
Result uEVéGOUC,
Stori (WB) Mota elval ot pvApn Kat eota Oxy;
NeXt_ [1ooot kUukAoL yia kade evtoAn;
Instruction
]
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Katnyopiec ApXLlteKToViKWY ZUVOAoU EvtoAwv

1. Ap)tektovikec 2uoowpeutn (accumulator architectures)
(Lo Bupidel kaTL?)

2. ApPYXLTEKTOVLKEC ETIEKTOMEVOU CUCCWPEUTA N KATAXWPNTWV
eldkov okormou (extended accumulator i special purpose
register)

3. Apyltektovikec Kataywpntwyv FevikoU 2Kkomou
3a. register-memory

3b. register-register (RISC)
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ApPXLTEKTOVLIKEC Zuoowpevtn (1)

1n yevid vrtoAoylotwv: h/w akptBo, peyalo peyeboc
Kartaywpnt.

Evoc Katoxwpentng yLa OAEC TIC aplOUNTIKEC eVTOAEC (ouoowpEUE
OAEC TIC Asttoupyiec — Zuoowpeutnc (Accum)

2uvnidec: 1o oploua eivatr o Accum, 20 n uvnun, anoteAecua
otov Accum rt.x. add 200

Mapadswyua: A=B+C
Accum = Memory(AddressB); Load AddressB

Accum = Accum + Memory(AddressC); Add AddressC
Memory(AddressA) = Accum; Store AddressA

OAec oL petaBAntec amoBnkevovtol otn HvApn. Aev umtapyouv
BonBnTtikol kataxwpenTeC
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APXLTEKTOVIKEC ZuoowpevTn (2)

Korta:
Xpelalovtol TOANEC EVTOAEC yLaL EVOL TIPOYPOLLLOL

KaBe dopad mRyave-pEPE amo tn HvAun
(? Kako eivol auto)
Bottleneck o Accum!

Ynép:
EVkoAoL compilers, katavontoc mPoypaAUUATIOMOC,

gvkoAn oxedbiaon h/w

AOon; NpooBeon KATAXWPNTWYV YLOL CUYKEKPLUEVEC AELTOUPYLEG
(ISAs kaTtaxwpnTwyv £L01KOU oKoTtoU)
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APXLTEKTOVIKEC EMEKTAMEVOU ZUGCWPEUTN

Kataxwpnteg eldkol okorov 1t.X. Oelktodotnon, oplOUNTIKEC
MPAELELC

YIidpxouVv EVTOAEC TTOU Ta oplopata eivol OAa o€
KOTAXWPNTEC

Kata Baon (m.X. o€ aplOunTKEC EVTIOAEC) TO Eva OpLOMA 0T
HvAun.

© © © © Nahonal Technical Un

cslab@ntua 2012-2013 5 §§@SL



ApxtektovikEG Katayxwpntwv Fevikou ZKkomou

1. CISC 2. RISC

* Complex Instruction Set Computer * Reduced Instruction Set Computer
* EvtoA&c yla ipagelc Register-Memory * MNpagelc povo Register-Register

N Memory-Memory (load store) (1980+)

*Adrivouv To €va OpLoU VA Elval oTN
uviun (rx. 80386)

Load R1, B Load R1, B
AddR1, C A=B+C Load R2, C
Store A, R1 Add R3, R1, R2
Store A, R3
extended-accumulator register-register
| [l I [l i
Memory-memory accumulator register-memory

! echnical University of Athens .f‘i'd .?
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ApXLTEKTOVIKNA ZTOoiBac

KaBoAou registers! Stack model ~ 1960!!!

Ytoilfa mou petadEpovTal TAL OpLopATA TTOU aPXLKA BplokovTtol
otn pvnun. Kabwe Byaivouv yivovtal oL mpAEELC Kal TO
amoteAsopa Eovaumaivel otn otoifa.

Ouuadote ta HP calculators pe reverse polish notation

push Address C

A=B+C | ) push AddressB
Add

pop AddressA
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Apxitektovikeg CISC

EvtoA&c petaBAntol pnKouc:

« 1-17 bytes 80x86

. 1-54 bytes VAX, IBM

Mati??

* [nstruction Memory akptBn, owkovopuia xwpou!!!!

Compilers o SuokoAot!!!

Epeic oto pabnua: register-register ISA! (load- store). MNoti??

OL KOTaXWPNTEC €lval ypnyopOTEPOL ATTO TN UVAHN

Melwvetat n kivnon pe pviun

Avvatotnta va urtootnpxBetl otaBepd URKOC EVIOAWV

(ta oplopata gival kataxwpnteg, apa 0 apLlOpoc tou (my. 1-32
KATOXWPNTES) OXL 6/VOELC LVANG

B wnh e
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Baowec Apxec 2xediaonc (Patterson-Hennessy COD2e)

1. H opolopopdia tTwv Asttoupylwyv cUUBAAAEL OTNV AITAOTNTA TOU
LALkoU (Simplicity favors Regularity)

2. 000 pkpotepo tooo taxutepo! (smaller is faster)

3. H kaAn oxebiaon amottel onpaviikouc cupuBLBacpouc (Good
design demands good compromises)

[evikotntec? Oa ta SOUUE OTN CUVEXELA......
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JUvoAo EvtoAwv MIPS

* H MIPS Technologies ekave epmoptko tov Stanford MIPS

e MeyaAo pepibLo tng ayopac Twv MUPAVWY EVOWUOTWUEVWVY
eneEpPyOoTWY

* EpappoyEc o€ KATAVAAWTIKA NAEKTPOVLKA, EEOTIALOUO
SIKTUWV Kot aroBnkevonc, dwToypaPLKES LLNXOVEC,
EKTUTIWTEG, ...

e Turiko MoAAwV ocuyxpovwv ISA (Instruction Set Architecture)
* MAnpodopia otnv anoontwpevn kapta Avadopac AsdSopEvwy

MIPS (mpaoivn kapta), kat ta Mapaptipoata B kat Ex

© © © © Mational Technscal
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JUvoAo EvtoAwv MIPS

* \éeLc Twv 32 bit

* MvrLn opyovwuEVN o€ bytes Memory [0] 32 bits
» KaBe byte elval pla Eexwplotr) dvon  Memory [4] 32 bits
o 230 Ag€e1c pvNUNG Twv 32 bits Memory [8] 32 bits
* AKoAouBei To povtélo big Endian Memory [12] 32 bits

* Register File
* 32 KATAXWPNTEG YEVLKOU OKOTIOU
* EvtoA&c :
* amoBnkevong otn pvAun (lw, sw)
* aplBuntikéc (add, sub kAm)

* StakAadwonc (branch instructions)
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Big Endian vs Little Endian

 Big Endian: H 6von tou mo onpavtikov byte (MSB) eival kat dvon

NG Aggng
e Little Endian: H 6von tou Awyotepo onpavtikol byte (LSB) siva kait

évon tng Aegng
* H A€€n amoBnKkevEeTAL TTAVTA OE CUVEXOUEVEC DEDELC:
dvaon, évon+1, dvon+2,6von+3

BIG_ENDIAN LITTLE_ENDIAN
Al0] 0 [MSB T——— | gbits A[0] 0 [LSB

1 1

2 2

3 |LsB 3 |MsB
A[l] 4 |MSB A[l] 4 |LSB

5 5

6 6

7 |LsB 7 |MsB
A[l2] 8 |MSB A[2] 8 |LSB

9 9

10 10

11 [LSB 11 |MSB

© © © © Nahonal Technical Un

cslab@ntua 2012-2013 12 §§@SL



MIPS ISA : AplOunTIKEG AELTOUPYILEG

e [IpooBeon kat adaipeon (add, sub)
— Mavta 3 oplopata — MOTE dvon pvAung
— AUO TIPOEAEVOELC KOl EVOLC TTPOOPLOUOC

adda,b,c #a=b+c

e OAec oL aplOUNTIKEC AELTOUPYLEC EXOUV QUTN TN HopPN

e 1" apyn oxeblaong: n armAoTnta EVUVOEL TNV KAVOVIKOTNTA
— H kavovikotnTta KAVeEL TNV vAoTolnon AmAoUoTEPN

— H amAotnta enutpemnel peyaAutepn amnodoon He XoUNAOTEPO
KOOTOC
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TeAeotec - Katoxwpntec

 OLOpLBUNTIKEC EVTOAEC XPNOLLLOTIOLOUV KOTOXWPNTEC
w¢ TeAeotec (operands)

e O MIPS 6LaBeteL eva apyelo kataxwpntwv (register
file) pe 32 kataxwpntec twv 32-bit

— Xpnon ya ta 6edopéva rtov npoomeAalovtal cuxva
— ApiBunon kataxwpntwv ano 0 ewg 31

e Ovopata tou cupPorouctadpaotn (assembler)
— St0, St1, ..., St9 yLa MPOCWPLVEC TILEC
— $s0, Ss1, ..., Ss7 yla armoBnKeUHEVEC LETABANTEC

e 2" apyn oxedblaong : To ULKPOTEPO Elval THYUTEPO
— mopaPoAn HE KUPLA LVAMN: EKOTORHUPLO BECEWV

© © © © Mational Technscal
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Napadsiypa

Kwoékag og C

a=b+c;

d=a-—e;

Metadpaon o kwdiko MIPS
add a, b, c
sub d, a, e

© © © © Nahonal Technical
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Napadeypa

Kwoikac og C
f=(g+h)—(i+])
TLmapayetl o compiler?

Metadpaon o€ Kwdwka MIPS

add $t0, Ss1, $s2  # mpoowpvn petaBAntn t0
add St1, $s3. $s4  # mpoowplvn petaBAntn tl
sub Ss0O, StO, St1

: © © © © Mahonal Techmcal Unwversity of Athens ﬁzﬁ‘j‘ﬁ? .
cslab@ntua 2012-2013 16 CSI.ab ‘i



TeAeoteg - Mvnun

OL YAWOOEC TIPOYPALLULATIOHOU EXOUV:
e AMAEC pHETABANTEC

e ogUvOetec dopEc (.. arrays, structs)

O umoAoylotnc Tic avamaptota NANTA 2TH MNHMH.

* Emopévwce xpelalopaote eVtoAeg petadopac dedopevwy
Qo KO TtPOC TN UVAMN.
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TeAeoteg - Mvnun

e EvtoAn petadopadc Sedopevwy Ao T KVAUN
load kataxwpntic, otabepa(katoxwpntnc)
lw St1, 4(Ss2)

* doptwvoupue otov Stl tnv TR M[Ss2+4]

: 8800 Nahonal Technical University of Athens géé:;m‘ns.? .
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Napadsyua

 Kwdwkac C
g=h+A[8];

e gotov Ssl, h otov Ss2 kat n dvon Baong tou A otov
Ss3.

* MetayAwttiopévoc Kwdikac MIPS
* O beiktne 8 amattel offset 32 (4 byte ava A&€n).

offset \, ] base register
lw $t0, 32(Ss3)
add Ss1, $s2, St0

() O MNanonal Technical
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Opyavwon Mviung

e Mvnun eivat byte addressable

e AUO OLadoyLkeC AEeLc .
Sltadbépouv katd 4 11000
e alignment restriction o1
(euBuypapuion) 1
— Ae€elc Eekvave mavia o€ Address Data
SlevBuvon moA/olo tou 4 | Processor Memory
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Napadsyua 2

 Kwdwkac C
A[12] =h+ A[8];
* h otov Ss2 kat n dvon Baonc tou A otov $s3.

* MetayAwttiopévoc Kwdikac MIPS
* O beiktne 8 amattel offset 32 (4 byte ava Ag€n).

offset \ 1 base register

lw 5t0, 32(Ss3)
add St0)\St0, Ss2

sw StO0, 48(Ss3)

() O MNanonal Technical
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Apegol TeAeotéol (Immediate)

* >taBepa dedopeva kabBopilovtal og pLa EVIOAN
addi Ss3, Ss3, 4
* Aev UTtAPXEL EVTOAN apeonc adaipeonc (sub immediate)

e ATTAWC XPNOLUOTIOLELTAL Lo apvNTLKA oTtaBEpa

addi Ss2, Ss1, -1

* 3" apxn oxeblaonc: Kave th cuvniouevn nepintwon
ypnyopn

* OL MKPEC oTtaBepEC elvall ouvnOLOUEVEC
* O dpeooc teAeoteoc anodevyel pLa evtoAn poptwonc (load)

© © © © Mational Technscal
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H otaBspa MHAEN

* AkoAovBwvtac maAL tnv 3" apxn oxediaoncg, o MIPS €xel
OTOV KaTtoxwpntn Szero amodnksvpévn tn otabepa O.
* Aev umnopet va eyypadel aAAn TN

* XpNolun o€ TTOAAEC AELTOUPYLEC
* Metakivnon dedopeEvwv HETAEY KATOXWPNTWV
r.x. add St1, St2, Szero

: © © © © Nahonal Technical University of Athens ﬁ;‘m‘»s.? .
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Yuvon — TeAeoteol MIPS

2uvortika, otov MIPS o TeAe0TNC KATTOLAG EVTIOANC
LLTTOPEL vaL Elval :

1. Evac amo touc 32 KATaXwPNTEC
2. Mia amno tic 239 Ag€eic TnC HVAUNG
3. Eva amno ta 232 bytes tn¢ pvnuNg

\ © © © © Hahonal Technucal University of Athens ﬁzm‘ns.?
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Kavoveg Ovopatodoaiac kat Xprnon twv MIPS Registers

e EKTOC armd 1o ouvAOn cUUBOALOUO TWV KOTOXWPNTWV ME S akoAouBoUpevo
arto Tov aplBuo Tou Kataxwpntn, Hmopouv eniong va noapaoctabouv Kot

WG €&NG :
Ap. Kataxwpnti

0

1
2-3

4-7
8-15
16-23
24-25
26-27
28

29

30

31

Ovoua

Szero

Sat
Sv0-Sv1

Sa0-Sa3
St0-St7
Ss0-Ss7
St8-St9
SkO-Sk1
Sgp
Ssp
Sfp
Sra

Xprion
Constant value O

Reserved for assembler
Values for result and
expression evaluation

Arguments

Temporaries

Saved

More temporaries

Reserved for operating system
Global pointer

Stack pointer

Frame pointer

Return address

cslab@ntua 2012-2013
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oxL
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vall
oxL
vall
oxL
vall
vall
vall
vall
vall
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Avamnapaoctaocn EvtoAwv (1)

* OL evtoAec kwdkomotlouvtal oto Suadilkd cuoTnua
* Kwdkag pnxavnc (machine code)
* YAkO uttoAoylotwyv = vPnAn-xapnAn taon, KA.

* EvtoAec MIPS :
e Kwbikomolouvtal we AEEeLc evioAnc Twv 32 bit
* MwkpOc aplOuoc popdpwv (formats) yla tov kwdiko Aettoupylog
(opcode), Touc aplBuoUC KATAXWPNTWVY, KATT. ...
e Kavovikotnta!

* AplBpuol katoxwpnTwv
e St0 — St7 elval oL kataxwpntég 8 — 15
* St8 — St9 elval oL kataxwpnteg 24 — 25
e SsO — Ss7 sivol oL katoxwpntée 16 — 23
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Avamnapaoctacn EvtoAwv (2)

2UMBOALKN avamapaotoon:

add $t0, Ss1, $s2 »| Assembly
NMwc¢ tnv KataAoPBaiver o MIPS?
Ss1 Ss2 $t0 unused
I I I |
0 17 18 8 0 l 32
v
add +- Kwéwag pnxovng
000000 | 10001 | 10010 | 01000 | OOOOO | 10000
6 bit 5 bit 5 bit 5 bit 5 bit 6 bit

cslab@ntua 2012-2013
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Mopdn EvtoAng — Instruction Format

OuunBeite tnv 1" apyn oxediaonc: H ouotouoppia Twv Asttoupylwv
ouuBaAAeL otnv arrAotnta tou UAlkoU

R-Type op rs rt rd shamt | funct
(register type) 6 bits Sbits Shits Shits Shits 6bits
Op: opcode

rs,rt: register source operands
Rd: register destination operand
Shamt: shift amount

Funct: op specific (function code)

add Srd, Srs, Srt
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MIPS R-Type (ALU)

R-Type: OAeg oL evtoAég tng ALU mou XpnolpomolouV 3 KAToXwpPNTES

oP rs rt rd shamt funct

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

e Mapadelypata :

— add $1,52,S3 and $1,52,53
— sub $1,52,53 or $1,52,53
Destination register in rd Operand register in rt

Operand register in rs

© © © © Nahonal Technical Un
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Avanapaotaon EvtoAwv otov YtoAoyiwotn (R-Type)

op s It rd shamt | funct
6 bit 5 bit 5 bit 5 bit 5 bit 6 bit

Tuylvetou pe tn load?

Mw¢ XWPAVE Ol TEAECTEC TNC OTO TOPATIOVW
rniedla? MN.x. n otaBepa tnc Iw.

lw $t1, 8000($s3)
\

0€ TtoLo TIES L0 XWPAEL,

© © © © Mational Technscal
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MIPS I-Type

« Aev po apkel to R-Type
* TLylvetal pe evtolecg mou BEAouv oplopata dtevBuvoelg n
otaBepec?
* QuunOBeite, BEAoue otaBepo peyeboc kabe evtoAnc (32 bit)

« H kaAn oxediaon arnattei onuavtikouc cuuBiBaocuouc
(3n apxn)
I-Type:

op rs rt address_offset
6 bits 5 bits 5 bits 16 bits

Ilw Srt, address_offset(Srs)

Ta 3 mpwta nedia (op,rs, rt) E€xouv to idLo oOvopa Kot HEyeBOC
OTIWG KoL TLPLV
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Avanapaotaon EvtoAwv otov YrioAoyiotn (I-Type)

Napadeypua: ( 5
Kataxwpntec (oKovakl
Iw 5t0, 32(5s3) SsO, ..., Ss7 avtiotouyilovtol otouc 16 - 23
Sto, ..., St7 avtiotoyilovtal otouc 8 - 15
I-format
op S It otabepd 17 OevOvvoN
6 bit 5 bit 5 bit 16 bit
XXXXXX | 19 8 32

© © © © Mational Technscal
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MIPS I-Type : Load/Store

oP rs rt address

6 bits 5 bits 5 bits 16 bits

— address: 16-bit memory address offset in bytes added to base
register.

e Mapadelypata :

source register in rt ;ffSEt
base registerinrs
— Store word: sw $3,500(84) —— 8
— Load word: lw S1, 30(S2)
/ \ \ base register in rs
Destination register in rt Offset

© © © © Nahonal Technical Un
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MIPS I-Type : ALU

OL I-Type evtoAec tng ALU xpnoLpomoloUyv 2 KataxwpnTteS Kat pio otabepn Twun
I-Type eival kot oL evtoAég Loads/stores, conditional branches.

OoP rs rt immediate

6 bits 5 bits 5 bits 16 bits

— immediate: Constant second operand for ALU instruction.
e Mapadeiypata :

— add immediate: addi $1,52,100

— and immediate andi $1,52,10

/ / \ Constant operand

in immediate
Result register in rt

Source operand register inrs

© © © © Nahonal Technical Un
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MIPS data transfer instructions : Napadsiypoata (1)

Instruction

JYOAL

sw $3, 500($4)
sh $3,502($2),
sb S2, 41(S3)

Iw $1, 30($2)
Ih $1,40($3)
lhu $1, 40($3)
Ib $1,40($3)
lbu $1, 40($3)

lui $1, 40

Store word
Store half
Store byte

Load word

Load halfword

Load halfword unsigned
Load byte

Load byte unsigned

Load Upper Immediate (16 bits shifted left by 16)

LUl R5

/

R5

0000 ... 0000

cslab@ntua 2012-2013
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MIPS data transfer instructions : Napadsiypoata (2)

TLylveTol pe TIC LeyaAUTEPEC OTAOEPEC;
e Eotw OTL BEAou e var dopTwooupe pLa 32-bit otaBepd oe kamoLo
kataywpntn, r.x. 1010101010101010 1010101010101010

e QOa xpnolpomnotioovpe tnv “Load Upper Immediate” evtoAn
rm.x. lui $t0, 1010101010101010 MnSevikd
/

Sto 1010101010101010 0000000000000000

® JTN CUVEXELO TIPETEL vaL BEcoupe cwoTtd ta lower order bits
n.x. oriSt0,1010101010101010

1010101010101010 | 0000000000000000

ori 0000000000000000 | 1010101010101010

1010101010101010 | 1010101010101010
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Avanapaoctacn EvtoAwv otov YnoAoyiwoti

EVIOAN | LopoN op s It rd shamt | funct | address
add |R 0 reg reg reg 0 32tn | O.€.
sub |R 0 reg reg reg 0 34ten | O.E.
addi Bten reg reg 0.€. 0.€. 0.E. otob.
1w 35ten | I€Q reg 0.€. 0.€. 0.E. otevd.
SW A3ten | 1eQ reg 0.€. 0.€. J.E. o1ev0.




Avanapaoctacn EvtoAwv otov YnoAoyiwoti

Napadadeyua: MetayAwttiote to A[300] = h + A[300]
Stl dvon Baong mivaka A (32 bit/otoweio A[i]), Ss2 petapAntn h

lw StO, 1200(St1)
add St0, Ss2, St0
sw St0, 1200(St1)

op rs rt rd shamt funct

35 9 8 1200

0 18 8 8 0 32

43 9 8 1200

op s rt rd shamt funct
100011 01001 01000 0000 0100 1011 0000
000000 10010 01000 8 0 32
101011 01001 01000 0000 0100 1011 0000
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Noyikéc Aewtoupyieg (Mpaéewc) (1)

Aoywcég Aertovpyieg Teheotéc C Evtoléc MIPS
Shift left << S11 l<O Sghiicfatl )1eft
Shift right > sl (shift right
AND & and, andi
OR | or, ori
NOT ~ nor

© © © © Nahonal Technical Un
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Noyikec Aewtoupyieg (Mpaéewc) (2)

SHIFT
$s0: 0000 0000 0000 0000 0000 0000 0000 1001 = 9¢en ©

sll $t2, Ss0, 4

Kavoupe shift aplotepd to meplexopevo tou SsO kata 4
Beoelc

0000 0000 0000 0000 0000 0000 1001 0000 =144 +cn
Kol TOTtOOETOU UE TO ATOTEAECHO OTOV St2.

I1To neplexOpevo tov $sO pevel apetapfinto!!

© © © © Mational Technscal
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Noyikec Aewtoupyieg (Mpaégewc) (3)

SHIFT Katayopntéc (ckoviki ©)
sll $t2, $s0, 4 $s0, ..., $s7 avtictoryilovror otovg 16 - 23
$t0, ..., $t7 avriotoryilovron otovg 8 - 15

6 bit 5 bit 5 bit 5 bit 5 bit 6 bit
op s It rd shamt | funct
0 0 16 10 4 0

000000 | 00000 | 10000 | 01010 | OO100 | OOOOOO

U

sll: opcode=0, funct=0
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Noyikec Aewtoupyieg (Mpaéewc) (4)

AND, OR

St2: 0000 0000 0000 0000 0000 1101 0000 0000
St1: 0000 0000 0000 0000 0011 1100 0000 0000

and StO0, St1, St2 # Mdaokao
St0: 0000 0000 0000 0000 0000 1100 0000 0000

or $t0, St1, St2
St0: 0000 0000 0000 0000 0011 1101 0000 0000

© © © © Mational Technscal
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Noyikec Aewtoupyieg (Mpaégewc) (5)

NOT, NOR
St1: 0000 0000 0000 0000 0011 1100 0000 0000
St3: 0000 0000 0000 0000 0000 0000 0000 0000

not $t0, $t1 6EV UTTAPYXEL yLaTl Belovpe navta 2
KOATAXWPNTEC source. Apol XpNOLUOTIOLOULLE TN
nor:

A NOR 0 = NOT (A OR0) = NOT A

nor St0, St1, St3
St0:1111111121111121111000011 11111111
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MIPS Arithmetic Instructions : Napadsiypota

Instruction Mapadeyuo Evvola 2YOALx

add add $1,52,53 S1=52+8S3 3 operands; exception possible

subtract sub $1,52,53 S1=52-S3 3 operands; exception possible

add immediate addi $1,52,100 S1=52+100 + constant; exception possible

add unsigned addu $1,52,S3 S1=52+8S3 3 operands; no exceptions

subtract unsigned subu $1,52,53 S1=52-S3 3 operands; no exceptions

add imm. unsign. addiu $1,52,100 S1=52+100 + constant; no exceptions

multiply mult $2,53 Hi, Lo=52xS$3  64-bit signed product

multiply unsigned multus$2,53 Hi, Lo=52xS$3  64-bit unsigned product

divide div $2,53 Lo =S2 +S3, Lo = quotient, Hi = remainder
Hi = S2 mod S3

divide unsigned divu $2,53 Lo =S2 +S3, Unsigned quotient & remainder
Hi = S2 mod S3

Move from Hi mfhi S1 S1 =Hi Used to get copy of Hi

Move from Lo mflo S1 Sl=Llo Used to get copy of Lo
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MIPS Logic/Shift Instructions : Mapadsiypota

Instruction MNapadeyua Evvola Yol

and and $1,52,53 $1=52&S3 3 reg. operands; Logical AND

or or §1,52,53 $S1=S52|5S3 3 reg. operands; Logical OR

xor xor $1,52,53 $1=52@ S3 3 reg. operands; Logical XOR

nor nor $1,52,53 S1="(52 |S3) 3 reg. operands; Logical NOR

and immediate andi $1,52,10 $1=52&10 Logical AND reg, constant

or immediate ori $1,52,10 $1=S52 1|10 Logical OR reg, constant

xor immediate xori $1, $2,10 S1="~52 &~10 Logical XOR reg, constant

shift left logical sl $1,52,10 S1=52<<10 Shift left by constant

shift right logical  srl $1,52,10 S1=52>>10 Shift right by constant

shift right arithm. sra $1,52,10 S1=52>>10 Shift right (sign extend)

shift left logical sllv §1,52,53 S$1=52<<S3 Shift left by variable

shift right logical  srlv $1,52, S3 S$1=52>>83 Shift right by variable

shift right arithm. srav $1,52, $3 $1=52>>83 Shift right arith. by variable
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EvtoAéc AnPnc Anodacewv (1)

beq, bne
beq regl, reg2, L1 #branch if equal
Av oL kataxwpntec regl kot reg2 eivan toot,

NNYALVE otV €TkeTa L1

bne regl, reg2,L1  #branch if not equal
Av oL katoxwpntec regl kat reg2 dev gival ioot,

NNYALVE otV €TkeTa L1

© © © © Mational Technscal
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EvtoAéc AnPnc Anodacewv (2)

Nopadeyua:

ifi==j)f=g+h;elsef=g-h;

ue f, g, h, i, j avtiotolyouvtal o SsO, ..., Ss4

Else:

Exit:

version 1

bne Ss3, Ss4, Else
add Ss0, Ss1, Ss2
j Exit

sub Ss0, Ss1, Ss2

version 2

beq Ss3, $s4, Then
sub Ss0, Ss1, Ss2
j Exit
Then: add Ss0, Ss1, Ss2
Exit:

© © © © Mational Technscal
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EvtoAéc AUng Anodacswv (3)

Bpoyol (Loops)
while (saveli] == k) i +=1;
ue i = Ss3, k = Ss5, save base addr = Ss6

Loop: sl St1, Ss3, 2 #moA/lw i enti 4
add St1, St1, Ss6
Iw St0, 0(St1)
bne  St0, Ss5, Exit
addi Ss3, S$s3,1
j Loop
Exit:

() O MNanonal Technical
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EvtoAéc Andnc Anodacewv (4)

2UVKPLOELC

slt St0, Ss3, Ss4 # set on less than

O kataxwpntne Sto tidstal pe 1 av n T otov Ss3 sival
LLLKPOTEPN OO TNV TLUN OTOo Ss4.

e >T0OepEC WC TEAEOTEOL ElvOlLl ONUODIAELC OTLC CUYKPLOELC

slti StO, Ss2, 10 # set on less than immediate
O kataxwpntnc Sto tistal pe 1 av n TR otov Ss2 sival
LULKpOTEPN armo tnv twun 10.

() O MNanonal Technical
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EvtoAéc AUng Anodacswv (5)

e [wati oxL blt, bge kTA;
* To UALKO yLa TIG <, 2, ... ElvalL TILO apyO Ao aUTO yLa TLG =,
£

* O ouvbuaopog cuvenkwv yLa pLa StakAadwaon replthapBavel
NMeEPLOcOTEPN SOUAELA ava EVTOAN.

* [1lo apyo poAoL

e EmBapuvovtol OAec ol eVToAEc!

* OLbeqg, bne sivat n cuvnBNC epimtwon
e KaAoc oxedlaotikoc ocupuBLBaopuoc.
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MIPS Branch, Compare, Jump : Napadsiypota

Instruction Mapadeyua Evvola
branch on equal  beq $1,52,100 if (51 == $2) go to PC+4+10
Equal test; PC relative branch

branch on not eq. bne $1,52,100 if (51!=52) go to PC+4+100
Not equal test; PC relative branch

set on lessthan  slt $1,52,53 if (52 <S3) S1=1; else $1=0

Compare less than; 2’s comp.
set less than imm. slti $1,52,100 if (52 < 100) S1=1; else S1=0

Compare < constant; 2’s comp.
set less than uns. sltu $1,52,53 if (52 <S$3) S1=1; else S1=0

Compare less than; natural numbers

setl. t.imm. uns. sltiu $1,52,100 if (52 < 100) S1=1; else S1=0
Compare < constant; natural numbers

jump j 10000 go to 10000

Jump to target address
jump register jrS31 go to S31

For switch, procedure return
jump and link jal 10000 S31 = PC + 4; go to 10000

For procedure call
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EvtoAécg StakAadwoncg — branching instructions

Z;igclh ' beq $s3, 4s4, L1 # goto L1 if $s3 equals $s4

'IOVa”CT it bne Ss3, 454, L1 # goto L1 if $s3 not equals $s4
lequa

unconditional

Jump jr St1 # goto St1

..... glval | =Type €VTOA£Q
slt StO, Ss3, Ss4  #set StOto 1 if Ss3 is less than Ss4;else set St0Oto 0
Ouwe:  j114#goto L1

Moco peyalo sivol to punkog tov address L1;
Moco «ueyaAo» UITOPEL vaL Elvoll TO AAMQ;

cslab@ntua 2012-2013 52




MIPS Branch I-Type

oP rs rt address

6 bits 5 bits 5 bits 16 bits

— address: 16-bit memory address branch target offset in words
added to PC to form branch address.

Final offset is calculated in bytes,

’ equals to
® I_I OLpOLSELV LlaTOL . Registerinrt {instruction field address} x 4,
Registerinrs e.g. new PC=PC+ 400
\ /
e Branch on equal beq $1,52,100
e Branch on not equal bne $1,52,100
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MIPS J-Type

J-Type: jumpj, jump and link jal

OoP jump target

6 bits 26 bits

— jump target: jump memory address in words.

final jump memory address in bytes is calculated

e napaéeivuata from {jump target} x 4
/
— Jump j 10000
— Jump and Link jal 10000
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EvtoAéc Jump

e Jump (J-type):
— j 10000 # jump to address 10000
e Jump Register (R-type):

jrrs # jump to 32 bit address in register rs

e Jump and Link (J-type):

jal 10000 # jump to 10000 and save PCin R31

Xprion ywa kKAnon dtadikaotwv/pebodwv.

AmoOnkelel T StevBuvon emtotpodric (PC+4) otov kataxwpntn 31 (Sra)
H emiotpodr amo tn Stadikaoia emttuyxavetal pe xprion “jr Sra”

Ot epdpwAtacpévec Stadikaoisc Oa mpemet va amobnkelouv tov Sra otn
otoilfa Kat va XpnoLonolovV Toug Katoxwpnteg Ssp (stack pointer) kat
Sfp (frame pointer) ywa va xelpiovtal tn otoifa.
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Yuvoyn — MIPS Instruction Formats

e R-type (add, sub, slt, jr)

op rs rt rd shamt funct

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

e |-type (beq, bne + addi, lui + lw, sw)

op rs rt immediate value / address offset
6 bits 5 bits 5 bits 16 bits
* J-type (j, jal)
op jump target address
6 bits 26 bits

© © © © Nahonal Technical Un
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‘Evvola anoOnKEUUEVOU TIPOYPOLLLLOLTOC

O VTOAOYIGTNC KAVEL TOAAEC Memory
4 4 T __ T __i
| Accounting program
Sp'Y(XG]:SQ (POpT(DV,OVT(XC_, | (machine code) i
SSBOLLSV(X OTO Uvnunm. CTTTTTTTIIIII

Editor program :
(machine code) :

A€OOpEVA KOl EVIOAES elval
GTOUYELD OTN UVIUN. TR
I
I

|
|
(machine code) :

. , Processor
I[1.y. compilers petagppdlovv =
otolyein o€ kdmota GAla . Payollidata |
GTOIXE{(X,. :_________________________fi
| Book text :
| |

el |

: Source code in C
| for editor program

_— e — — o — — — — — —_— — —
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Awataén tng Mviung

e Keipevo (Text)
— KwoLkoc mpoypappuatod
e Jtatka Asdopeva (Static data)
— KaBoAwkec MetaBAntec (m.x.
oTaTlkeC petaPAntec tng C, constant
arrays kot cupBoAooelpec (strings)
e Avvopka Aedopeva S —1000 8000

- préC (Heap) 1000 0000
— 1.x. malloc otn C

e JtoiBa (stack)
— Avtopatn anobnkeuvon

$sp—>Tfff fffc, .,

hex

hex

pc—>0040 0000

hex

0

210iBa

'
f

Auvapuika dedopéva

2TATIKA OedOPEVA

Keipevo

Agopegupivn

© © © © Nahonal Technical Un
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Tunoi Asdopgvwy

 Applications / HLL « Hardware support
— Integer — Numeric data types
— Floating point — Integers
Character — 8/16/32/ 64 bits

— Signed or unsigned

— String — Binary coded decimal
_ Date (COBOL, Y2K!)
— Currency » Floating point
« 32 /64 /128 bits
- Text, Nonnumeric data types
— Obijects (ADT) N yP
 Characters
— Blob N « Strings
— double precision « Boolean (bit maps)
— Signed, unsigned » Pointers
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Tunoi Asdopévwv : MIPS (1)

e Baowkoc tumocg 6edopevwy: 32-bit word
— 0100 0011 0100 1001 01010011 01000101

— Integers (signed or unsigned)
e 1,128,878,917

— Floating point numbers
e 201.32421875

— 4 ASCII xapoKtnpEeg
e CISE

— AtevBuvoelc pvnuncg (pointers)
e 0x43495345

— EvtoA£c
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Tunoi Asdopévwv : MIPS (2)

e 16-bit otaBepec (immediates)
— addi Ss0, Ss1, 0x8020
— Iw St0, 20(Ss0)
e Half word (16 bits)
— |h (lhu): load half word |h S$tO, 20(Ss0)

— sh: save half word sh St0, 20(Ss0)
e Byte (8 bits)

— |b (Ibu): load byte sh St0, 20(Ss0)

— sh: save byte sh St0, 20(Ss0)
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EvtoA£cg Aettoupyioag Byte

Ib Ss1, 4(Ss0) Address  Memory Bytes
0x10000000

$s0: | 0x10000000

$s1: | OXFFFFFRAA )

lbu Ss1, 4(Ss0) 10101010

$s0: | 0x10000000
$s1: | OxOO0000(AA
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Napadswyua : Avtiypadn String

Void strcpy (char(], char y[]) { strcpy:
nti subi Ssp, Ssp, 4
_ sw Ss0, 0(Ssp)
'=0; add SsO, Szero, Szero
while ((x[i]=y[i]) != 0) L1: add St1, Sal, SsO +—
i=i+1; lb St2, 0(St1)
add St3, Sa0, SsO
} sb St2, 0(St3)
C convention: beq $t2, Szero, L2
addi Ss0, Ss0, 1
Null byte (00000000) i u
represents end of the string 12:lw $s0, 0($sp)
addi Ssp, Ssp, 4
Importance of comments in MIPS! jr__5ra

© © © © Mational Technscal
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2tafepEg

. YUXVA Xpnolpomnolouvtal UKkpeg otabepec (50% twv

TEAECTWV)
- e.g., A=A+5;
e AUoON

— AmoBnkevon ‘TuTikwyv otaBepwVv’ otn HvnUn Kot popTwaon Touc.
— Anpovyia hard-wired katoxwpntwv (m.x. Szero) yia otoBepEc

onwc 0, 1 KTA.

e MIPS Instructions:
slti S8, S18, 10
andi S$29, S29, 6
ori $29, S29, Ox4a
addi S29, S29, 4

8 29 29
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Tpomnot AtevBuvolodotnong

e AleuBuvoelg ylo SedouUeva Kol EVTOAEC
o Asgbopéva (teAeoteg / amoteAéopata)

— Koataxwpnteg
— OE0ELG HVAUNG
— 2toBepEg
e Amnodotikn kwdikomoinon dtevBuvoewv (xwpoc: 32 bits)
— Katayxwpntéc (32) => 5 bits kwdikomotlovv 1 32-bit dvon
— Destructive instructions: reg2 =reg2 + regl
— Accumulator
— Stack

e Ta opcodes pmopouv va xpnoLpomnolnBouv pe SLadpopETLKOUC
Tpomnouc StevuBuvolodotnong
— Orthogonality of opcodes and addressing modes
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AeuBuvolodotnon Asdopevwy

e AlevBuvolodotnon peocw kataxwpntn (Register
addressing)

— H o ocuvnBlopévn (cvvtoun ko toxvTotn)
— add S3, S2, S1
e AtevBuvolodotnon Baonc (Base addressing)
— O teleoteoc eival o plo B€on pvRpng pe karmoto offset
— lw $t0, 20 ($t1)
e Apeon dtevBuvolodotnon (Immediate addressing)

— O teleoTEoC €lval pLo pkpr otabepad KoL TTEPLEXETAL OTNV
EVTOAN

— addi StO, St1, 4 (signed 16-bit integer)

© © © © Mational Technscal
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AevuBuvolodotnon EvtoAwv

e OL6levBuvoelc €xouv pnkocg 32 bits

e Katayxwpntnc ebkov okorou : PC (program counter)
— AmoBnkevelL tn dlevBuvon TNC eVTOANC Mo eKTeAELTAL
EKELVN TN OTLYUN
e AlevBuvolodotnon ue xpnon PC (PC-relative
addressing)

— Branches
— Néa 6tevBuvon: PC + (constant in the instruction) * 4

— beq $tO, St1, 20
e Wevboapeon dtevBuvolodotnon (Pseudodirect
addressing)
— Jumps
— Néea 6tevBuvon:  PC[31:28] : (constant in the instruction) * 4

© © © ) Nanhonal Technical < =
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NepiAnyn Tponwv AtevBuveLlodotnong

1. Apeon dieuBbuvoloddTNOoN

op rs rt AUECO

2. AileuBuvo10d8TNO N NECW KATAXWPENTHA

op rs rt rd . .. | funct KataxwpnTtég
|

KataxwpnTtnig

3. AiguBuvoiodoTnon Baong

op rs rt AleBuvon MvAuNn
I

KataxwpnTtic dl—)—» [Byte | HuiAgen | NEEN
A

4. ZxeTIKA dleUOUVOI0dOTNON WG TTpog PC

op rs rt MAigvBuvon
[

PC

| [
>
o
5

5. Weudo-arteuBeiag dieuBuvoiodoTnon

op AleBuvon MvAun

PC Cb—» AEEN
A

© © © © Nanonal Technical University of Athens
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Napadsiypa : AMOUAKPUOUEVEC ALEVOUVOELG

Text Segment (252MB)

0x00400000

(0x07fe0000)
_217 <

PC (0x08000000) —

+217 <

beq $s0, $s1, L1

0x08020000 8
( ) bne $s0, $s1, L2
| L1
(0x08200000) L1: L2
0x10000000
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Agikteg (Pointers)

e Pointer: Miwa petafAntn, n omotia epLexeL tn dtevbuvon
mLoc aAANG petaPAnTAC
— AmotelAel tn HLL ékdppaon tng StevBuvonc uvNUNG o YAwooo
HnXavng
e [LOTL XpNOLUOTIOLOUE OEIKTEC;

— Karmolec popec eival o povadLKOC TPOTOC YLoL VoL EKGPACOUUE
KATIOLO UTTOAOYLOUO

— Mo amodoTIKOC KOl CUTITUYLLEVOC KWOLKOLG

e [Latl vao MH xpnoLpomolov e SELKTEC;
— MBavwce n peyoAutepn nminyn bugs
1) Dangling reference (Aoyw mpwipnc aneAevBepwonc)
2) Memory leaks (tardy free):

e ATOTPEMOUV TNV UTApPEn SLEPYACLWVY TIOU TPEXOUV YLa LEYAAX XPOVLIKA
SLaoTAMOTA HLOG KoL ortalttoVV TNV EMOVEVAPEN TOUG

© © © © Mational Technscal
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C Pointer Operators

e Eotw OtTL N pHetaBAnth ¢ €xeL tnv T 100 kot Bploketal
otn B€on pvnung 0x10000000

e Unary operator & - 6ivel tn 6tevBuvon:
p = &c; gives address of c to p;

— p “points to” ¢ (p == 0x10000000)

e Unary operator * - Slvel tnv Tl otnv omola SeLXVeL 0
pointer

— ifp=&c=>*p==100 (Dereferencing a pointer)

e Dereferencing - data transfer in assembler

— .= P - load

(get value from location pointed to by p)
- *p=.; —> store

(put value into location pointed to by p)

© © © © Mational Technscal
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Pointer Arithmetic

Intx=1, y=2; [*xandy are integer variables */

Int z[10]; /[* an array of 10 ints, z points to start */ D:

Int *p; [* p Is a pointer to an int */

X =21, [* assigns x the new value 21 */

z[0] = 2; z[1] =3 /[* assigns 2 to the first, 3 to the next */

p = &z[0]; /* p refers to the first element of z */ 4
p=12; /* same thing; p[i]==1z[i]*/ z[1] ] 3
p = p+1; /* now it points to the next element, z[1] */ z[O] 2
p++; /* now it points to the one after that, z[2] */ v [ 2
*p =4, [* assigns 4 to there, z[2] == 4*/ 21
p=3; /[* bad idea! Absolute address!!! */

P = &X; [* p points to X, *p == 21 */

Z2=&Y illegal!!!!! array name is not a variable
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Assembly Code : MNapadsiypa (1)

Eotw akEpatoc ¢ pe tiun 100 mou Bploketal otn B€on
nvnung 0x10000000, p otov Sa0 kat x otov SsO

1. p=&c; /* p gets 0x10000000*/
lui $a0,0x1000 # p = 0x10000000
2. x=%*p; [*xgets 100 */
lw $s0, 0(Sa0) # dereferencing p
3. *p=200; /* c gets 200 */
addi $t0,50,200
sw S$t0, 0(Sa0) # dereferencing p
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Assembly Code : Napadeilyua (2)

int strlen(char *s) {

char *p =s; /* p points to chars */
while (*p !1="\0")

p++; /* points to next char */
returnp - s; /* end - start */

mov $t0,Sa0
lbu St1,0(St0) /* derefence p */
beq St1,Szero, Exit

Loop: addi S$t0,5t0,1 /* p++ */
lbu St1,0(St0) /* derefence p */
bne Stl1,Szero, Loop

Exit: sub Sv0,5t0,Sa0
jr Sra

© © © © Mational Technscal
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Emwkowwvia Opiopatwyv (Argument Passing Options)

e 2 ueBobdol
— KAnon kata tun (Call by Value): Eva avtiypado oteAvetal
TOU OVTIKELUEVOU oTEAvETAL 0T HEBodo/dLadikaoia

— KAnon kata avadopad (Call by Reference): Evac pointer oto
QVTLKELHEVO oTéAveTal ot nEBodo/dladikaoia

e OLpetapPAntec pnkouc 1 Ae€nc oTtEAVOVTOL KOTA TLUN
e TiLylvetal otnv nepumtwon evog mivakao; t.X. a[100]

— Pascal (call by value): Avtiypadet 100 Ag€eic Tou a[] otn
otolfa

— C(call by reference) : Nepva €va pointer (1 word) mou
delyvel oto a[] og €va kataxwpntn

© © © © Mational Technscal
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Lifetime of Storage and Scope

e Avutopata (stack allocated)
— Torukéc petaBANTEC pLag pebodou/dladikaciog

— Anplouvpyouvtal Katd TNV KAnon Ko
arneAevBepwvovTal KATA TNV EMLOTPOPN

— Scope =n puEbodoc/dladikaoia
e Heap allocated

— Anpwoupyouvtal pe malloc

— AneAeuBepwvovtal pe free

— Avadopec pEocw pointers
e External / static

— EriloUv yLo oOAOKANPN TNV EKTEAECH TOU
T(POYPAUUATOG

Code

Static

Heap

!

Stack
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NMivakeg, Asikteg Kat M£Bodot/Atadkaoiec

e 4 ekbooelc ploc pebodou/dladikaciac n onola
NPOOoBOETEL 2 TIVAKEC KoL amoBOnkeveL To
aBpolopa o€ €va 3° ivaka (sumarray)

O 3°S rtivaikag oteAvetal otn nebBodo

2. Xpnon evocg torkov mivaka (otn otolfa) yia to
QTTOTEAEOHA KOL TIEPOLOLAL EVOC OELKTN OE QLUTOV

3. O 3°Snivakac tontoBeteitol oto heap
4. O 3° mtivakac opiletal wc static
* JKOTIOC TOU TtapadELyHATOC Elval va SELEOUE

™ xpnon twv C statements, twv pointers kai
TNC avtiotolync memory allocation.
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Mivakeg, Asikteg kot M€Bodor/Aladikaoiec : Version 1

int x[100], y[100], z[100];
sumarray(x, v, z);

e C calling convention :
sumarray(&x[0], &y[0], &z[0]);

® TNV MPAYUATIKOTNTO MEPVAUE pointers 0Touc
TIVOLKEC

addi $a0,5gp,0  # x[0] starts at Sgp

addi Sal1,Sgp,400 # y[0] above x[100]

addi Sa2,Sgp,800 # z[0] above y[100]

jal sumarray

: © © © © Nahonal Technical University of Athens ﬁ;‘m‘»s.? .
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Mivakeg, Asikteg kot M€Bodor/Aladikaoiec : Version 1

void sumarray(int a[], int b[], int c[]) {

inti;

for(i=0;i<100;i=i+1)
c[i] = ali] + b[i];

}
addi $t0,5a0,400 # beyond end of a[]
Loop: beq Sa0,St0, Exit
lw St1, 0(Sa0)  # St1=ali]
lw St2, 0(Sal) # St2=bl[i]
add St1,5t1,5t2  # Stl=a[i] + b|i]
SW St1, 0(Sa2) # c[i]=ali] + bl[i]
addi Sa0,5a0,4 # Sa0++
addi Sal,Sal,4 #Sal++
addi Sa2,5a2,4 # Sa2++
J Loop
Exit: jr Sra
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Mivakeg, Asikteg kot M€Bodor/Aladikacieg : Version 2

int *sumarray(int a[],int b[]) {
int i, c[100];
for(i=0;i<100;i=i+1)
c[i] = a[i] + b[i];

return c;
}
Ssp — T
‘ c[100]
a[100]
B[100]

Loop:

Exit:

addi $t0,5a0,400 # beyond end of a[]
addi Ssp,Ssp,-400 # space for c
addi St3,Ssp,0  # ptrforc

addi Sv0,5t3,0 # Sv0 = &c[0]
beq $a0,5t0,Exit

lw Stl, 0(Sa0) # Stl=ali]

lw  St2, 0(Sal) # St2=bJi]

add St1,5t1,5t2 # Stl=a[i] + b[i]
sw St1, 0(St3) # c[i]=a[i] + b[i]
addi Sa0,5a0,4 # Sa0++

addi Sal,5al,4 # Sal++

addi St3,5t3,4 # St3++

| Loop
addi Ssp,Ssp, 400 # pop stack
jr  Sra

© © © © Nahonal Technical Un
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Mivakeg, Asikteg kot M€Bodor/Aladikaoiec : Version 3

int * sumarray(int a[],int b[]) {

inti;
int *c; Code
c = (int *) malloc(100);
for(i=0,i<100;i=i+1) .
c[i] = ali] + bl Static
return c;
} C[100]
, : Hea
e O xwpoc movu OECUEVTNKE OEV _p
ETIOVOLYPNOLUOTIOLELTAL, EKTOC OV '
areAevBepwOel (freed)
— Elvaut miBavo va obnynoestL oe memory leaks 1
— Java, Scheme SlaB€touy garbage
, : , Stack
collectors yia va emmavaktouv eAevBepo xwpo
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Mivakeg, Asikteg kot M€Bodor/Aladikaoiec : Version 3

addi $t0,5a0,400 # beyond end of a]

addi Ssp,Ssp,-12 # space for regs
SW Sra, 0(Ssp) # save Sra
SW Sa0, 4(Ssp) # save 1st arg.
SW Sal, 8(Ssp) # save 2nd arg.
addi Sa0,5zero,400
jal malloc
addi St3,5v0,0 # ptr for c
lw Sa0, 4(Ssp) # restore 1st arg.
lw Sal, 8(Ssp) # restore 2nd arg.

Loop: beq S$a0,5t0,Exit

... (loop as before on prior slide )

J Loop

Exit: lw Sra, 0(Ssp) # restore Sra
addi Ssp, Ssp, 12 # pop stack
jr Sra

\ ochuscal Unversity of Athens 5‘15; n?
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Mivakeg, Asikteg kot M€Bodor/Aladikaoiec : Version 4

int * sumarray(int a[],int b[]) {
int i;
static int c[100];
for(i=0;i<100;i=i+1)
c[i] = a[i] + b[i];

return c;

}

e O compiler 6eopevel ywpo pa popa
ylot tTn HEBodo Kal 0 Xwpoc
ETIOLVOLXPNOLLLOTIOLETOLL

— Oa petaBAnBel tnv emopevn popa mou
Ba kAnOel n sumarray

— Tt tnv avadEpoupe; Xpnolpomoleital
otic C libraries!

Code

Static
c[100]

Heap

}

Stack

© © © © Mational Technscal
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EmavaAnyn (1)

MIPS operands

Name Example Commernts
S30-557, St0-5%tS, Szero, |Fastlocations for data. In MIFS, data must be in registers to perform
32registers |5a0-5a3, $v0-5v1, Sgp, arithmetic. MIPS register $zero alw ays equals 0. Register $at is

sfp, 5sp, Sra, sat reserved for the assembler to handle large constants.

Memonry(0], Accessed only by data transfer instructions . MIPS uses byte addresses, so
2% memory|Memony4], ..., sequential w ords differ by 4 Memory holds data structures, such as arrays,
words Memoryjd 284967292] and spilled registers, such as those saved on procedure calls.

© © © © Nanonal Technical University of Athens
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EmavaAnyn (2)

MIPS assembly language

Category Instruction Example Meaning Comments
add add $sl, $s2, $s3 $sl = $s2 + $s3 Three operands; data in registers
Arithm etic subtract sub $sl1, $s2, $s3 $sl = $s2 - $s3 Three operands; data in registers
add immediate addi $s1, $s2, 100 $sl = $s2 + 100 Used to add constants
load word lw $s1, 100($s2) $sl = Memory[$S2 + 100]|Word from memory to register
store word sw $sl, 100(S$s2) Memory[$s2 + 100] = $s1 |Word from register to memory
Data transfer |load byte b  $s1, 100($s2) $sl = Memory[$s2 + 100]|Byte from memory to register
store byte sb  $sl1, 100($s2) Memory[$s2 + 100] = $s1 |Byte from register to memory
load upper immediate [1ui $s1, 100 $s1 = 100 * 2°° Loads constant in upper 16 bits
branch on equal beg $sl, $s2, 25 if ($s1 == $s2)goto Equal test; PC-relative branch
PC + 4 + 100
branch on not equal |bne $sl1, $s2, 25 if ($s1 != $s2)goto Not equal test; PC-relative
o PC +4 + 100
Conditional
branch set on less than slt $sl, $s2, $s3 if (582 < $s3) $sl =1; Compare less than; for beq, bne
else $s1 =0
set less than slti $sl, $s2, 100 |if($s2 < 100) $s1 =1; Compare less than constant
immediate else $s1 =0
jump J 2500 go to 10000 Jump to target address
Uncondi- jump register jr Sra go to S$ra For switch, procedure return
tional jump jump and link jal 2500 Sra =PC + 4;90to 10000 |Forprocedure call
© © © © Nanonal Technical University of Athens
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ZUUTTEPAGLOTOL

e Ta 6edopeva pmopel va eivol otldNmoTe

— Datatyping meplopilet tic popdec twv dedopevwy
(data representations)

— OLedappoyec meplopilouv to datatyping
e MIPS Datatypes: Number, String, Boolean

e Addressing: Pointers, Values

— MNoAAarmAol tpomot dtevBuvolodotnonc (direct,
indirect,...)

— Memory-based address storage (jr instruction)
o [TVOKEC : UEYOAO KOUUATLO UVAUNC

— Pointers vs stack storage

— MNpoooyxn ota memory leaks!
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EmavaAnyn : Tpomot AtsuBuvelodotnong

Addr. mode Hopadocryuoa ‘Evvoia, xpyon
Register add r4,r3 Regs[r4]«— Regs[r4]+ Regs[r3] a value is in register
Immediate add r4,#3 Regs[r4]«— Regs[r4]+3 for constants
Displacement | add r4,100(r1) Regs[r4]«— Regs[r4]+Mem[100+ Regs[r1]] | local variables
Reg. indirect add r4,(rl) Regs[r4]«< Regs[r4]+Mem[Regs[r1]] accessing using a pointer

or comp. address
Indexed add r4,(r1+r2) Regs[r4]«< Regs[r4]+Mem[Regs[rl1]+ array addressing (base +offset)
Regs[r2]]
Direct add r4,(1001) Regs[r4]« Regs[r4]+Mem[1001] addr. static data
Mem. Indirect | add r4,@(r3) Regs[rd]«— iIf R3 keeps the address of
Regs[r4]+Mem[Mem[Regs[r3]]] a pointer p, this yields *p
Autoincrement | add r4,(r3)+ Regs[r4]«— Regs[r4]+Mem[Regs[r3]] stepping through arrays
Regs[r3]« Regs[r3]+d within a loop; d defines
size of an element
Autodecrement | add r4,-(r3) Regs[r3]«— Regs[r3]-d similar as previous
Regs[r4]«— Regs[r4]+Mem[Regs[r3]]
Scaled add r4,100(r2)[r3] | Regs[r4]« Regs[r4]+ to index arrays

Mem[100+Regs[r2]+Regs[r3]*d]
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