APXITEKTOVIKEC ZUVOAOU EvtoAwv

Instruction AptIuoc evroAdwv
Fetch (IF)
b Mopepn EvtoAwv:
Instruction LETAPANTO N oTaBepo PEyeBoc bytes yla kabe
Decofe (D) evtoAr; (8086 1-17 bytes, MIPS 4 bytes)
Operand Nwg yivetal n anokwdikomnoinon (ID);
Fetch (OF)
| [ou Bpiokovtal ta opiouata (operands) kat to
Execute (Ex) anoteAsoua:
| MvAun-KataxwpnTteg, Tooa opiouata, Tl
Result LlEVéeOUq,
Storei (WB) Mola elval otn Hvn Kot oo OxL;
NeXt_ [16oot kukAot yia kade evtoAn;
Instruction
|

© © © © Nahonal Technical Un
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Katnyopiec ApXtteKtovikwv ZuvoAou EvtoAwv

1. Apytektovikec 2uoowpevutr (accumulator architectures)
(poc Bupitel kaTL?)

2. ApPYXITEKTOVIKEC EMEKTOMEVOU CUCCWPEUTH N KATAXWPNTWV
eldkoV okormou (extended accumulator 4 special purpose
register)

3. ApyxltektovikeC Kataxwpntwv MNevikol Zkomou
3a. register-memory

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

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

Evoc katoxwpntnC yLa OAEC TLIC aplOuNTIKES eVTOAEC (ouoowpEUE
OAEC TIC Asttoupylec — Zuoowpeutnc (Accum)

2uvnidec: 1o oploua eivat o Accum, 20 n uvnun, 0rmoteAecua
otov Accum rt.x. add 200

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

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

OAec oL petaPAntec amoBnkevovtal otn pvAun. Agv umtapyxouv
BonOnTikol KAToXWPNTEC

© © © © Mahonal Techmcai
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APXLTEKTOVIKECG Zuoowpevtn (2)

Korta:
Xpelalovtol TOAAEC EVTOAEC yLa Eval TIPOYPOLLLOL

KaBe bopa nmnyove-pepe amo tTn Hvnun
(? Kako eival auto)
Bottleneck o Accum!

Ynép:
EUkoAoL compilers, katavontoc MPOoypPaUATIOMOC,

guKkoAn oxebiaon h/w

AOon; NMpooBeon KATOXWPNTWV YLOL CUYKEKPLUEVEC AELTOUPYLEC
(ISAs kaTtaxwpnTwv €L61KOV CKOTIOoU)

© © © © Mahonal Techmcai
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APXITEKTOVIKEC ELEKTAHEVOU ZUCOWPEUTH

Katayxwpntéc eldkol okomou 1t.X. 6elktodoTNOoN, APLOUNTIKEC
MPAEELC

Yridpxouv EVTOAEC TTOU Ta oplopata eivol OAa o€
KOTOXWPNTEC

Kata Baon (m.x. o€ aplOunTkeC EVTIOAEC) TO £va OpLOUA OTN
Hvnun.

© © © © Nahonal Technical Un
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Apxttektovikeéc Kataxwpntwyv Mevikou Zkomou

1. CISC 2. RISC

e Complex Instruction Set Computer e Reduced Instruction Set Computer
e EvtoAec yla mpaéelc Register- e MTpaéelc povo Register-Register
Memory i Memory-Memory (load store) (1980+)

e Adrjvouv To Eva OpLopa va Eival oth
uvnun (rx. 80386)

Load R1, B Load R1, B

Add R1, C A=B+C Load R2, C

Store A, R1 Add R3, R1, R2
Store A, R3

extended-accumulator register-register

Memory-memory accumulator register-memory
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Ap)LteKkToviKn Ztoifag

KaBoAou registers! Stack model ~ 1960!!!

Ytoifa mou petadEpovtal Ta OplopaTa Tou apXLka Bplokovtol
otn pvnun. Kabwce Byaivouv yivovtol oL mPAEELC KoL TO
amoteAeopa avapmaivel otn otoifa.

Oupuadote ta HP calculators pe reverse polish notation

push Address C

A=B+C | == | Push AddressB
Add

pop AddressA

© © © © Mahonal Techmcai
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Apxttektovikeg CISC

EvtoAEc petaBAnTol HNKouc:

e 1-17 bytes 80x86

e 1-54 bytes VAX, IBM

rati??

® |Instruction Memory akptpn, otkovopia xwpou!!!!

Compilers o SuokoAot!!!

Epeic oto paBnua: register-register ISA! (load- store). lNati??

OL KATaXWPNTEC £lvol ypnyopoTEPOL OO TN MVAHN

Melwvetal n kivnon Qe pvapn

Avvatotnta va urtootnpLxBel otaBepd HRKOC EVIOAWV

(tat oplopata eival kataxwpntee, apa 0 apLlbpoc touc (my. 1-32
KAToXwpNTeS) oxt 6/VoeLg uvnng

B wnh e

©© © © MNatonal Te
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Baowkec Apxec 2xediaonc (Patterson-Hennessy COD2e)

1. H opolopopdia Twv Aettoupylwv cUUPBAAAEL oTNV amAoTNTA TOU
LALkoU (Simplicity favors Regularity)

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

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

[evikotnTtec? Oa to SOUUE OTN CUVEXELA......

‘ hmical University of Athens ﬁ;ﬂa“"ﬂ: .
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JUvoAo EvtoAwv MIPS

e H MIPS Technologies €kave eumnopiko tov Stanford MIPS

e Meyalo pepidlo tng ayopac Twv MUPNVWV EVOWUATWUEVWY
ETMECEPYAOTWV

* EPapUOYVEC 0 KATAVAAWTLKA NAEKTPOVLIKA, EEOTIALOUO
SLIKTUWV Kal amodnkevoncg, dwtoypadLKEC LNXAVEG,
EKTUTIWTEG, ...

e Turttko oA Awv cuyxpovwv ISA (Instruction Set Architecture)
e [TAnpodopia oTNV AMoOCTIWHEVN KAPTA Avadopag
Aedopevwv MIPS (mpaowvn kapta), kot ta Moapaptipoto B kot

Ex

© © © © Mahonal Techmcai
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JUvoAo EvtoAwv MIPS

e N\é€elc Twv 32 bit

e MvAun opyavwuevn o€ bytes Memory [0] 32 bits
» KaBe byte eival pla Eexwplotn dvon  Memory [4] 32 bits
230 Ag€ec pvnung Twv 32 bits Memory [8] 32 bits
* AkoAouBsi To povtélo big Endian Memory [12] 32 bits

e Register File
* 32 KOTAXWPNTEC YEVLKOU OKOTIOU
e EVTOAECG :
e aroBnkevonc otn puvAun (lw, sw)
e aplOuntikec (add, sub kAm)

* StakAadwonc (branch instructions)
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Big Endian vs Little Endian

e Big Endian: H 6von tou mo onpavtkoU byte (MSB) eivat kot dvon

NG AEENG
e Little Endian: H dvon tou Alyotepo onpavtikov byte (LSB) sivat ko

dvon tnc Agénc
e H A&€n amoBnKeVETAL TTAVTO OE CUVEXOEVEC BECELC:
dvon, évon+1, évon+2,6von+3

BIG_ENDIAN LITTLE_ENDIAN
Al0] 0 [MSB T———— | 8 pits A[0] 0 [LSB
1 1
2 2

3 |LsB 3 |MsB
A[l] 4 |MSB A[1] 4 |[LSB

5 5

6 6

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

9 9

10 10

11 |LSB 11 |MSB

© © © © Nahonal Technical Un
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MIPS ISA : AplOunTtikeG AELTOUPYIEG

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

adda,b,c #a=b+cC

e OAec oL aplOUNTIKEC AELTOUPYLEC EXOUV QUTHN TN HopPN

e 1" apyn oxeblaong: n armAoTnTa EVVOEL TNV KAVOVIKOTNTA
— H kavovikotnTta KAVEL TNV UAoTIoLlNoN almAoUoTEPN

— H amAotnta entpemnel peyaAutepn anodoon UeE XapNAOTEPO
KOOTOC

© © © © Mahonal Techmcai
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TeAeotec - Katoxwpnteg

e OLopLlBUNTIKEC EVTOAEC XPNOLLOTIOLOUV KOTOXWPNTEC
w¢ TeAeotec (operands)

e O MIPS dLaBetel eva apyelo katoxwpntwyv (register
file) pe 32 kataxwpntec Twv 32-bit

— Xpnon ywa ta 6edopéva nov nipoomelalovtal cuxva
— ApiBunon kataxwpntwv amno 0 ewc 31

e Ovopoata tou cupPoropctadpactn (assembler)
— St0, St1, ..., St9 yLa TPOoWPLVEC TUUEC
— $s0, Ss1, ..., Ss7 yLa omoOnNKEVUEVEC LETOUPANTEC

e 2" apyn oxedblaong : To ULKPOTEPO Elval TOYUTEPO
— mnapaBoAn pe KUpLA LVALN: EKATOMHUPLO BEoEWVY

© © © © Mahonal Techmcai
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Napadsiypa

Kwéikac og C
a=b+c;

d=a-—e;

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

© © © © Manonal Technical
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Napadsiypa

Kwdikacg o C
f=(g+h)—(i+]);
TLmapayeL o compiler?

Metadpaon o Kwdika MIPS

add S$t0, $s1, $s2  # mpoowpvn petaBAntn tO
add St1, $s3. Ss4  # mpoowpwvn petaBAntn tl
sub Ss0, St0, St1

: © © © © Mahonal Techmcal Unmersity of Athens ,f‘i?ﬁl‘m: .
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TeAeotec - Mvun

OL YAWOOEC TIPOYPOAULUATIOHOU EXOUV:
e AAEC peTAPBANTEC

e oUvOetec dopec (.. arrays, structs)

O umoAoylotnc tic avarmaptota MANTA 3TH MNHMH.

* Emopevwc xpelalopaote eVIoAEC petadopac SeSoUEVWV
QO KOl TIPOG TN MVAMN.

© © © © Mahonal Techmcai
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TeAeoteg - Mvnpun

e EvtoAn petadopac Sedopevwy amo th UvNUn
load kataxwpntng, otadepa(katayxwpntnc)
lw St1, 4(Ss2)

e bopTtwVOUUE otov Stl tnv TR M[Ss2+4]

\ 8800 Nahonal Techmcal University of Athens gc%;«g‘:-e,1
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Napadsypa

e Kwdwkac C
g=h+A[8];

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

e MetayAwttiopevog kwoikac MIPS
* O bdeiktne 8 anattel offset 32 (4 byte ava Ag€n).

offset N ] base register
Ilw $t0, 32(Ss3)
add $s1, $s2, St0

() ) Nuhonal Technical
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Opyavwon MvAiung

e Mvnun etvat byte addressable

e AUo OLadoxLkec AE€eLc
Stadpepouv Kata 4

e alignment restriction
(evBuypaupion)

— Ae€elc Eekvave mavta o€
StevBuvon moA/owo tou 4

Processor

100

10

101

1
Address Data

Memory

© © © © Mahonal Techmcai
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Napadsypa 2

e Kwdwkac C
A[].Z] =h+ A[S];
* h otov $s2 kat n dvon Baong tou A otov $s3.

e MetayAwttiopévog kwodikac MIPS
* O bdeiktne 8 anattel offset 32 (4 byte ava Ag€n).

offset \ 1 base register

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

sw $t0, 48(5s3)

() ) Nuhonal Technical
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Apeogol TeAeoteol (Immediate)

e Jt0Bepa Sebopueva kabopilovtal o€ pLa EVIOAN
addi Ss3, Ss3, 4
e Aev uTtapyxeL evtoAn apeonc adaipeonc (sub immediate)

e ATTAWC XPNOLUOTIOLELTAL L APVNTLKN oTtaBEpa

addi Ss2, Ss1, -1

e 3" apyxn oxediaonc: Kave tn ouvnBilouevn nepintwon
ypnyopn

* OL MKPEC oTtaBepEC eival ouvnOLOpEVEC
* O dpeooc teAeoteoc amodevyel pa evtoAn doptwonc (load)

© © © © Mahonal Techmcai
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H otaB®epa MHAEN

e AkohouBwvtac rtaAL tnv 3" apxn oxedlaonc, o MIPS €xeL
OTOV KaTaxwpntr Szero amodnkeupévn th otobepa O.
* Aev umnopet va eyypadel aAAn TN

e XpnoLun o€ MoAAEC AELTOUPYLEC
* Metakivnon 6edopeEvwy HETAEL KOTOXWPNTWV
r.x. add St1, St2, Szero

\ © © © © Mahonal Technscal Universty of Athens ,f‘i?ﬁl‘m: .
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Zovoyn — TeAeoteol MIPS

2uvortika, otov MIPS o TeAeoTNC KATTOLOG EVTOANG
LLTTOPEL VL Elval :

1. Evac amo touc 32 KaTtaxwpnTEC
2. Mia amo tic 239 Aé€elc TnC MvNUNG
3. Evo amo ta 232 bytes tn¢ pvAuNng

() ) Nuhonal Technical
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Kavovec Ovopatodooiag kat Xprion twv MIPS Registers

e EKTOC armd to ouvOn cUMPBOALOMO TWV KOTOXWPNTWVY HE S aakoAouBolpevo
Qo ToV apLOuo Tou Kataxwpentn, Lmopouv miong va napaotabouv Kot

WG €&NG :
Ap. Kataxwentn

0

1
2-3

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

29

30

31

Ovoua

Szero

Sat
Sv0-Svl

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 2018-2019
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Avanapdaotoaon EvtoAwv (1)

e OLevtoAeg kKwoLkoTolouvTal oto SuadLlko cuoTnud
e Kwowag unxavng (machine code)
* YAKO uttoAoylotwv = vPnAn-xapunAn taon, KA.

e EvtoAec MIPS :
e Kwdikomolouvtal we AEEeLlg evioAnc Twv 32 bit
* MwkpOc aplOpoc popdpwv (formats) yia tov kwdiko Asttoupyiog
(opcode), Touc aplBuoUC KATOXWPNTWY, KATT. ...
e Kavovikotnta!

e AplBuol kataxwpnTwv
e St0 — St7 sival ol Katoywpntéc 8 — 15
¢ St8 — St9 eivall oL KaTtoxwpnteg 24 — 25
* SsO — Ss7 elval oL kotaxwpnteg 16 — 23

© © © © Mahonal Techmcai
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Avanapdaotoacn EvtoAwv (2)

2UPOALKN avamapaoToon:
add S$t0, Ss1, $s2 ~| Assembly

NMwc¢ tnv kataAaBaivet o MIPS?

Ss1 Ss2 St0 unused
! I ! ! |
0 17 18 8 0 l 32
v
add + Kwéwag unxoavng
000000 | 10001 | 10010 | 01000 | 00000 | 10000
6 bit 5 bit 5 bit 5 bit 5 bit 6 bit

\ ©© © © Hahonsl Techmcal Universaty of Athons ﬁ;‘«al‘we: .
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Mopdn EvtoAng — Instruction Format

OuunBeite tnv 1" apyn oxediaonc: H ouotouop@io Twv Aettoupylwv
ouuBaAAeL otnv artAotnta tou UALkoU

R-Type op rs rt rd shamt funct
(register type) 6 bits 5bits 5bits 5bits 5bits 6bits
Op: opcode

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

Funct: op specific (function code)

add Srd, Srs, Srt

© © © © Nahonal Technical Un
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MIPS R-Type (ALU)

R-Type: OAec oL evtoAeg tng ALU mtou xpnoLomoLlouV 3 KOToXwPNTEC

oP rs rt rd shamt funct

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

e Mapadeiypata :

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

Operand register in rs
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Avanapadaotacn EvtoAwv otov YrioAoyiot (R-Type)

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

Tuyivetoal pe tn load?

[Mw¢ XWPAVE OL TEAECTEC TNC OTA TTAPATIAVW
rniedla? MN.x. n otaBepa tnc Iw.

lw $t1, 8000($s3)
\

o€ Tolo Tedio YwpaAeL;

© © © © Mahonal Techmcai
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MIPS I-Type

o Aev pac apkel to R-Type
* TLylvetol pe evtoAecg mou BEAouv oplopata dtevBuvoelg N
otaBepEc?
* QuunOBeite, BeAoue otabepo peyeboc kabe evtoAng (32 bit)

e H kaAn oxebiaon artattel onuavtikouc cuuBiBacuouc
(3n apxn)
I-Type:

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

Iw Srt, address_offset(Srs)

Ta 3 mpwta nedia (op,rs, rt) €xouv to idLo ovopa Kat HEyeOOC
OTWC KoLl TtPLV

© © © © Mahonal Techmcai
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Avanapdaotoacn EvtoAwv otov YrioAoyiotn (I-Type)

Napadelyua: ( o
| * Kataywpnteg (oKovaklL
Iw 5t0, 32(5s3) SsO, ..., Ss7 avtiotowilovtatl otouc 16 - 23
Sto, ..., St7 avtiotolyilovtat otouc 8 - 15
I-format
op S It otabepd N O1evvVVoN
6 bit 5 bit 5 bit 16 bit
XXXXXX | 19 8 32

© © © @ Mahonal Ted
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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 Mapadeiypata :

source register in rt ;ffset
base register inrs
— Store word: sw $3,500(84) —— 8
— Load word: lw $1, 30(S2)
/ \ \ base register in rs
Destination register in rt Offset

cslab@ntua 2018-2019 33 “@CSLab



MIPS I-Type : ALU

OL I-Type evtoAec tng ALU XpnOLUOTIOLOUV 2 KOTAXWPNTEC Kat piot otaBepn TLun
I-Type eilval kot oL evtoAEg Loads/stores, conditional branches.

oP 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 in rs

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

Instruction

JYOAL

sw $3, 500(54)
sh S$3, 502(S2),
sb $2,41(S3)

lw $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)

LUI RS

/

R5

0000 ... 0000

cslab@ntua 2018-2019
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MIPS data transfer instructions : Napadsiypota (2)

TLylveTOlL PE TIC LEYAAUTEPEC OTAOEPEC;

e Eotw OTL BEAou e va doptwooupe pLa 32-bit otaBepad og kamoLo
kataywpntn, r.x. 1010101010101010 1010101010101010

e Oa xpnotpomnotioovpe tnv “Load Upper Immediate” evtoAn

m.x. luiSt0, 1010101010101010

/

Sto 1010101010101010 0000000000000000

Mndevika

® TN OUVEXELA TIPETEL va BEoou e cwota ta lower order bits
m.x. oriSt0,1010101010101010

1010101010101010

0000000000000000

ori 0000000000000000

1010101010101010

1010101010101010

1010101010101010

cslab@ntua 2018-2019
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Avanapdaotaon EvtoAwv otov YrioAoyioti

EVIOAN | Hopen op s rt rd shamt | funct | address
add |[R 0 reg reg reg 0 32ten | O.E.
sub |R 0 reg reg reg 0 34ten | O.E.
addi Bten reg reg 0.E. 0.€. 0.€. oTad.
1w 35tn | Ieg reg 0.€. 0.€. 0.E. o1eL0.
SW A3ten | FeQ reg 0.€. 0.E. 0.E. O1ev0.




Avanapdaotaon EvtoAwv otov YrioAoyioti

Napadeypa: MetayAwttiote to A[300] = h + A[300]
Stl dvon Baoncg mivaka A (32 bit/ctoweio A[i]), $s2 petafAntn h

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

op s rt rd shamt funct

35 9 8 1200

0 18 8 8 0 32

43 9 8 1200

op rs 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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Noykec Newtoupyieg (Mpaéec) (1)

Aoywég Aertovpyieg Teheotég C EvtoAég MIPS
Shift left << S11 (shift left
Shift right >> srl (shift right
AND & and, andi
OR | or, ori
NOT ~ nor

cslab@ntua 2018-2019
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Noykec Newtoupyieg (Mpaéewc) (2)

SHIFT
$s0: 0000 0000 0000 0000 0000 0000 0000 1001 = ten ©

sll S$t2, Ss0, 4

Kavoupe shift aplotepd to meplexopevo tou SsO kata 4
BeoeLC

0000 0000 0000 0000 0000 0000 1001 0000 = 144+en
KOlL TOTIOOETOULLE TO ATOTEAECHLO OTOV St2.

11To nepLexopevo tou S$Ss0 pévet apetapAinto!!
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Noykeg Newtoupyieg (Mpaéewc) (3)

SHIF Kotaywpntég (okovakt ©)
sll $t2, $s0, 4 |30, .., $s7 avuotoyilovrar oTovg 16 - 23
$t0, ..., $t7 avticroryilovron otovg 8 - 15

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

000000 | 00000 | 10000 | 01010 | 00100 | 0OOOOO

e

sll: opcode=0, funct=0
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Noywéc Asttoupyieg (Mpageic) (4)

AND, OR

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

and St0, St1, St2 # Maoka
St0: 0000 0000 0000 0000 0000 1100 0000 0000

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

© © © © Mahonal Techmcai
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Noykec Newtoupyieg (Mpaéewc) (5)

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

not $t0, $t1 OEV uTAPXEL yLati BEAoupe avta 2
KATAXWPNTEC source. Apa XPNOLUOTIOLOULLE TN
nor:

A NOR 0 = NOT (A OR 0) = NOT A

nor St0, St1, St3
St0:111111111111111111000011 11111111

© © © @ Mahonal Ted

‘ hmical University of Athens ﬁ;‘m‘we: .
cslab@ntua 2018-2019 43 c<sCSLab i



MIPS Arithmetic Instructions : Napadsiypota

Instruction Mapadeyuo Evvola 2YOAL

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

subtract sub $1,52,53 S1=S2-S3 3 operands; exception possible

add immediate addi $1,52,100 S1=S52+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 $1=S2+100 + constant; no exceptions

multiply mult $2,53 Hi, Lo=5S2xS3  64-bit signed product

multiply unsigned multu$2,53 Hi, Lo=52xS3  64-bit unsigned product

divide div $2,53 Lo =52 +S3, Lo = quotient, Hi = remainder
Hi =S$2 mod $3

divide unsigned  divu $2,53 Lo =52+ 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=Lo Used to get copy of Lo
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MIPS Logic/Shift Instructions : Mapadsiypota

Instruction MNapadeyua Evvola Yol

and and $1,52,53 S1=52&S3 3 reg. operands; Logical AND

or or $1,52,53 $1=521S3 3 reg. operands; Logical OR

xor xor $1,52,53 S1=52 D ES3 3 reg. operands; Logical XOR

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

and immediate andi $1,52,10 S1=S52&10 Logical AND reg, constant

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

xor immediate xori $1, $2,10 S1="~S2 &"~10 Logical XOR reg, constant

shift left logical sll $1,52,10 §1=82<<10 Shift left by constant

shift right logical  srl $1,52,10 $1=$2>>10 Shift right by constant

shift right arithm. sra $1,52,10 S1=S52>>10 Shift right (sign extend)

shift left logical sllv §1,52,53 S1=52<<S3 Shift left by variable

shift right logical  srlv $1,52, S3 S1=52>>83 Shift right by variable

shift right arithm. srav $1,52, S3 S1=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 katl reg?2 givo Loot,

MNYALVE oTNV €TKETA L1

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

NNYaLve otnv €Tketa L1
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EvtoAéc AnPnc Anodacewv (2)

Nopadsyua:

if(i==j)f=g+h;elsef=g-h;

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

Else:
Exit:

version 1

bne Ss3, Ss4, Else
add S$s0, Ss1, Ss2
j Exit

sub Ss0, Ss1, Ss2

version 2

beq Ss3, $s4, Then
sub Ss0, Ss1, Ss2
j Exit
Then: add $s0, Ss1, Ss2
Exit:

© © © © Mahonal Techmcai
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EvtoAéc AnPnc Anodacewv (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
Ilw St0, 0(St1)
bne  $t0, Ss5, Exit
addi Ss3, Ss3,1
j Loop
Exit:
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EvtoAéc AnPnc Anodacswv (4)

2UVKPLOELC

slt St0, Ss3, Ss4 # set on less than

O katoxwpntnc StO tiBstal pe 1 av n T otov Ss3 sival
LLLKPOTEPN OO TNV TLUN OTOo Ss4.

e XYtaBepec we teAeoteol eival SNUOPLAELC OTLC CUYKPLOELC

slti St0, Ss2, 10 # set on less than immediate
O katayxwpntnc Sto ti@stal pe 1 av n Tiun otov Ss2 sival
LLKpOTEPN oo TNV Tun 10.

() ) Nuhonal Technical
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EvtoAéc AnPnc Anodacewv (5)

e [ati oyt blt, bge kTA;
e To UALKO yLa TIC <, 2, ... ELVOL TTLO aPYO OO AUTO YLOL TLC =,

e O ouvbuaopog ouvOnkwyv yla pa StakAadwaon meplthapPavel
nepLoocotepn SOUAELA ava EVTIOAN.

e [1Lo apyo poAot

e EmiBapuUvovtal OAec oL evtoAec!

e OLbeq, bne eivat n cuvnBONnc nepimtwon
e KaAoc oxedlaotikog cuppiBaopoc.
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MIPS Branch, Compare, Jump : Napadsiypota

Instruction Mapadeyua Evvola
branch on equal  beq $1,52,100 if (51 ==S$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 less than slt $1,52,53 if (52 <S$3)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 $1=0

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

Compare less than; natural numbers

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

jump j 10000 go to 10000

Jump to target address
jump register jrS31 go to $31

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

For procedure call
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EvtoA€g SuakAadwoncg — branching instructions

:;aur;h " beq $s3, 454, L1 # goto L1 if $s3 equals $s4

'IOVa”CT it bne Ss3, 4s4, L1 # goto L1 if $s3 not equals $s4
lequa

unconditional

Jump jr St1 # goto Stl

..... glval | =Type €VvtoA£g

slt St0, Ss3, Ss4  #set StOto 1if Ss3 is less than Ss4;else set St0to 0

Onwe: jL1#goto L1
Moo peyalo givol to pkog tou address L1;
MAoco «peyalo» UIMOpPEL va eival To AApa;

© © © © Nahonal Technical Un
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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
o [] OLpOL5ElV HOTA . Register inrt  {instruction field address} x 4,
Register inrs 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

opP jump target

6 bits 26 bits

— jump target: jump memory address in words.

final jump memory address in bytes is calculated

o napa6sivuata . from {jump target} x 4
/
— Jump j 10000
— Jump and Link jal 10000
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EvtoAEc 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

Xpron yia kAnon dtadikaotwv/puebodwv.

AmoOnkeUeL tn SteVBuvon emtotpodnc (PC+4) otov kataxwpntn 31 (Sra)
H emiotpodr) amo tn Stadkacia emttuyxavetoL pe xprion “jr Sra”

Ot epdwAtacpevec Stadikaoiec Oa mpemet va amoBnkevouv Tov Sra otn
otoilfa Kat va xpnoLuomoloUV Toug KatoxwpnTteeg Ssp (stack pointer) kat
Sfp (frame pointer) ywa va xelpiovtat tn otoifa.
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Zuovown — 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 + Iw, 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,

cslab@ntua 2018-2019 56 éé@SL



‘Evvoila anoOnKEUUEVOU TIPOYPOLLLOLTOC

O VTOAOYIGTNC KAVEL TOAAEC Memory
, , T ST
| Accounting program
Spyaclreg (POpT(DV?VT(XQ | (machine code) i
6860“8\/& OGTO Uvnum. CTTTITTTTIIIII

Editor program :
(machine code) :

Aedouéva Kol evToAES lvar
GTOLYELO OTN LVIUT). TR
|
|

T il , Processor (machine code)
X com!ol ers st(pp,(xcovv FmsssIiiiiiii:
ototyelo o€ KOOl GAAQ | Payrolldata
GTOIXS{(X. ——

—_——— e — — — — — ———

: Source code in C :
| for editor program |

—_— e — — — — — —_— — — —_— — —
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Awdtaén tng Mviung EVOG TTPOYPAUATOG

(Memory layout of a program)

e Keipevo (Text)
— KwoLKoc mpoypappaToC
e Jtatka Aedopeva (Static data)
— KaBoAwkec MetaBAntec (m.x.
oTatikeC petafAntec tng C, constant
arrays kot cupBoAooelpec (strings)
e Avvopka Asdopeva 1000 8000
— 2wpoc (Heap) 1000 0000
— 1.X. malloc otn C
e YtoiBa (stack)
— Autopatn anoBnkevon

Ssp—>Tfff fffc

pc—=0040 0000
0

hex

hex

hex

hex

210iBa

'
T

Auvauika dedopéva

2TATIKA dedoPEvVa

Keipevo

Agopegupévn

© © © © Mahonal Techmcai
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Memory layout of programs (cuvéxeia)

1. Text segment (kwSLKAC TTPOYPAUHOTOCG)

2. Initialized data segment (or .data segment):
contains global variables, static variables
divided into read only area + read-write area

e.g char s[]="hello world”

. high address .ﬂ'\ command-line arguments
Int debUg = 1 .-I' and environment varables
const char * string =“hello world”; stack
“hello world” literal stored in ro area, 1
string stored in rw area
staticinti=10
global inti=10 '
heap
3. Uninitialized data segment (or .bss segment) - N
uninitialized data }Lnﬂmlum Lo
bss: block started by symbol (bss) zero by exec
-
. . . e ege e t-cl Fied dat: ) 5 i
all global variables and static variables that are initialized to zero S read om
.« . o« ey . . . AMOETe r
or do not have explicit initialization in source code. text }Lif_'_L".:,”T -
loww address T
-

int j; staticint i;
4. Stack

stack pointer. Local variables from a function.
5. Heap

Heap pointer. Dynamic memory allocation. Mallog, realloc, free.

© © © © Mahonal Technical University of Athens

cslab@ntua 2018-2019 59 §§@SLab &




TUtow Asdouevwv

e Applications / HLL e Hardware support
— Integer — Numeric data types
— Floating point — Integers
Character — 8/16/32 /64 bits
. — Signed or unsigned
B Strmg — Binary coded decimal
— Date (COBOL, Y2K!)
— Currency e Floating point
e 32 128 bi
_ Text, . 3 /€S4c/j t8 k;lts
. — Nonnumeric data types
— Objects (ADT) P
e Characters
— Blob e Strings
— double precision e Boolean (bit maps)
— Signed, unsigned * Pointers

: I Technical University of Athens .f?;ﬁl"ﬁ; g
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TunoL Asdopévwy : MIPS (1)

e Baowkoc tumog 6edopevwy: 32-bit word
— 0100 0011 0100 1001 0101 0011 0100 0101

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

— Floating point numbers
e 201.32421875

— 4 ASCII xapaKTRpPEC
e CISE

— AtevBuvoelc pvnunc (pointers)
e 0x43495345

— EvtoAgg
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TunoL Asdouévwy : MIPS (2)

e 16-bit otaBepec (immediates)
— addi Ss0, Ss1, 0x8020
— Iw $t0, 20($s0)
e Half word (16 bits)
— |h (lhu): load half word |h $tO, 20(Ss0)

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

— |b (Ibu): load byte b St0, 20(Ss0)

— sh: save byte sb St0, 20(Ss0)
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EvtoA€g Aswtoupyiacg Byte

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

$s0: | 0x10000000

$s1: | OXFFFFFFAA )

Ibu $s1, 4($s0) 10101010

$50: | 0x10000000
$s1: | 0X000000(AA:
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Napadsyua : Aviypadn String

Void strcpy (char([], char y[]) { strcpy:
int i subi Ssp, Ssp, 4
_ sw Ss0, 0(Ssp)
'=0; add Ss0, Szero, Szero
while ((x[i]=y[i]) !=0) L1: add $t1, $Sal, $s0 +—
i=i+1; Ib St2, 0(St1)
add St3, Sa0, SsO
} sb St2, 0(St3)
C convention: beq $t2, Szero, L2
addi Ss0, Ss0O, 1
Null byte (00000000) i ou -
represents end of the string 12:lw $s0, 0($sp)
addi Ssp, Ssp, 4
Importance of comments in MIPS! jr__ora
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YtaBepEcC

. 2UXVA XxpnoLyomolouvtol HkpeC otaBepec (50% Twv

TEAEOTWV)
- e.g., A=A+5;
e AUon

— AmoBnkevon ‘turikwyv otaBepwVv’ otn HvNUN Kot ¢opTwon Touc.
— Anpovuyla hard-wired katoywpntwv (m.x. Szero) yio otaBepéc

onwc 0, 1 KTA.
e MIPS Instructions:
slti S8, S18, 10

andi $29, S29, 6
ori $29, S29, Ox4a

addi $29, S29, 4

8 29 29
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Tpomnot AlevBuvolodotnong

e AleuBuvoelc yla dedoueva KoL EVTOAEC
e Asbopéva (teheotec / amoteAEéopata)

— Katayxwpnteg
— OE0ELG UVAUNG
— 2ta0epeg
e Amodotikn kwdkomoinon dtevBuvoewv (xwpoc: 32 bits)
— Kataxwpnteg (32) => 5 bits kwdikomotwouv 1 32-bit dvon
— Destructive instructions: reg2 = reg2 + regl
— Accumulator
— Stack

e Ta opcodes pmopouv va xpnoLpomnolnBouv pe SLapopETLKOUC
Tponouc StevBuvolodotnong
— Orthogonality of opcodes and addressing modes
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AlevBuvolodotnon Asdopévwy

e AlevBuvolodotnon peow kataxwpntn (Register
addressing)
— H o ocuvnBlopévn (ovvtoun kat taxvtotn)
— add S3, S2, S1

e AlevBuvolodotnon Paonc (Base addressing)
— O teleoteoc eival o plo B€on pvnUNg pe karmoto offset
— lw $t0, 20 ($t1)

e Aueon OdteuvBuvolodotnon (Immediate addressing)

— O teleoTeoC €lval pLa pkpn otabepa Ko TIEPLEXETAL OTNV
EVTIOAN

— addi StO, St1, 4 (signed 16-bit integer)
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‘ hmical University of Athens ﬁ;ﬂa“"ﬂ: .
cslab@ntua 2018-2019 67 c<sCSLab \i



AleuBuvolodotnon EvtoAwv

e OLdleuBuvoelc €xouv pnkoc 32 bits

e Katayxwpntnc etdkov okorou : PC (program counter)
— AmoBnkeveL tn dlevBuvon NS EVIOANC o eKTeAE(LTAL
EKELVN TN OTLYUN
e AlevBuvolobdotnon pe xpnion PC (PC-relative
addressing)

— Branches
— Né€a 6levBuvon: PC + (constant in the instruction) * 4

— beq StO, St1, 20
e Wevboapeon dtevbuvolodotnon (Pseudodirect
addressing)
— Jumps
— Nea dtevBuvon:  PC[31:28] : (constant in the instruction) * 4

© © © © Mahonal Techmcai A
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NepiAnwn Tponwv AteuBuvorLodotnong

1. Apeon SleuBuvoIodATNON

op rs rt Apeco

2. AleuOuvol108O0TNO N HECW KATAXWENTH

op rs rt rd ... | funct KartaxwpnTég
I

KartaxwpnTtric

3. AleuBuvoiodoTnon Baong

op | rs rt AleOuvon MvAuN
I

KataxwpnTig é—» [[(Byte | HuiAégn | NEEN
A

4. ZXeTIKA dlevuOuvoioddTnon wg TTpog PC

op rs rt NAgBuvon
I

PC

| [
>
o
5

5. Weudo-arreuBeiag dieuBuvoiodoTnon

op AlevBbuvon MvApun

PC (b—' NEEN
A

© © © © Mahonal Technical University of Athens
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Napadeilypa : AMOUAKPUOUEVEC ALEVOUVOELG

Text Segment (252MB)

0x00400000

(0x07fe0000) [

217 <

PC (0x08000000) — [
+217<
(0x08020000) |

beq $s0, $s1, L1

(0x08200000) L1:

bne $s0, $s1, L2
j L1
L2:

0x10000000
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Aciktec (Pointers)

e Pointer: Mwa petafAntn, n omotla epLexet tn Stevbuvon
mLoc aAANG petaBANTNC
— AmnotelAel tn HLL ékdppaon tng dtevBuvonc pvnung oe yaAwooa
Hnxavng
e [LOTL XpNOLUOTIOLOUE OELKTEC;

— Karmotec popec eival o HovadLKkoc TPOTOC Yo VoL EKGPACOUUE
KATIOLO UTTOAOYLOUO

— Mo amodoTIKOC KoL CUMTITUYLEVOC KWOLKOLC

* YnMUElO MPOCOXNC OTOV XPNOLUOTIOLOVU UE OELKTEC;
— MBavwc n peyaAvtepn nyn bugs
1) Dangling reference (Aoyw mpwipung ameAeuBepwonc)
2) Memory leaks (tardy free):

e AmnotpEmouv tnv UTOPEN SLEPYOLCLWYV TTOU TPEXOUV VLA LEYAAO XPOVLKA
SLa0TAMOTA HLOG KoL OTtalttoUV TNV EMOVEVAPEN TOUC
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C Pointer Operators

e Eotw OTL N petaBAntn ¢ €xeL tnv TN 100 ko BplokeTol
otn B€on pvnung 0x10000000

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

— p “points to” ¢ (p == 0x10000000)

e Unary operator * - Slvel tnv Tl otnv omola SeixveL o
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)
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Pointer Arithmetic

int x =1, y =2; /* x and y are integer variables */ P.
int z[10]; /* an array of 10 ints, z points to start */
int *p; /* p is a pointer to an int */
x = 21; /* assigns x the new value 21 */
z[0] = 2; z[1l] = 3 /* assigns 2 to the first, 3 to the next */
p = &z[0]; /* p refers to the first element of z */
p = z; /* same thing; p[i] == z[i]*/ 4
p = p+l; /* now it points to the next element, z[1l] */ Z[l] 3
p++; /* now it points to the one after that, z[2] */ 2
*p = 4; /* assigns 4 to there, z[2] == 4%*/ Z[O]
p = 3; /* bad idea! Absolute address! Compiler gives a

warning*/ Y. 2
p = &x; /* p points to x, *p == 21 */ 21
z = &Y, /*illegal! array name is not a variable*/ X
z++; /*illegal for the same reason*/

© © © © Manonal Technical University of Athens CTEANER
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Constants — Constant reference

A reference to a variable (here int), which is constant. We pass the variable as a
reference mainly, because references are smaller in size than the actual value, but
there is a side effect and that is because it is like an alias to the actual variable. We

may accidentally change the main variable through our full access to the alias, so
we make it constant to prevent this side effect.

int var0O = 0;
const int * ptrl = & varO; / /const int & ptrl = var0; in c++
*ptrl = 8; // Error //ptri=8; in c++

var0 = 6; // OK
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Constants — Constant pointers

Once a constant pointer points to a variable then it cannot
point to any other variable.

int varl = 1;
int var?2 = 0;
int *const ptr2 = &varl;

ptr2 = &var2; // Error

© © © © Nahonal Techmcal Universs hens.
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Constants — Pointer to constant

A pointer through which one cannot change the value of a
variable it points is known as a pointer to constant.

int const * ptr3 = &var?2;
*ptr3 = 4; // Error

: I Technical University of Athens .f?;ﬁl"ﬁ; g
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Constants — Constant pointer to a constant

A constant pointer to a constant is a pointer that can neither
change the address it's pointing to and nor can it change the value

kept at that address.

int var3 = 0;

int vard = 0;

const int * const ptrd4 = &var3;
*ptrd = 1; // Error

ptrd = &vard; // Error
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What's the difference between

const int* p,int * const pandconst int * const p?

You have to read pointer declarations right-to-left.

const int * p means"pis apointer to a constant
integer" — that is, you can change the pointer, you cannot change
the object where it points to.

int * const p means "pis aconstant pointer to an
integer" — that is, you can change the integer via p, but you can't
change the pointer p itself.

const int* const p means'"pis aconst pointerto a
const int" — that is, you can't change the pointer p itself, nor can
you change the integer via p.
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Let’s.. play!

int* - pointertoint

int const * -pointerto constint

int * const -constpointerto int

int const * const -constpointer to constint
Now the first const can be on either side of the type so:
const 1nt * == 1int const *

const 1nt * const == 1nt const * const

int ** -pointerto pointer to int

int ** const -aconstpointertoa pointerto anint

int * const * -apointerto aconst pointerto anint

int const ** -apointerto a pointerto a constint

int * const * const -aconstpointerto aconst pointer to
an int

© © © © Nahonal Technical Un
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int const or const int ?

H oelpa tou tumou kot twv qualifiers/specifiers otic C/C++ dev €)el
onuoocia. AnAadn, OAa To mMapakATw Elval Looduvopa:

e const volatile unsigned long int
e volatile unsigned const int long
e unsigned 1nt volatile long const
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Assembly Code : Napadsiypa (1)

Eotw akEpatog c pe tipun 100 tou Bploketal otn B€on
nvnung 0x10000000, p otov Sa0 Kat x otov SsO

1. p=8&c; /* p gets 0x10000000*/

lui $a0,0x1000 # p = 0x10000000
2. x=%*p; [*xgets 100 */

lw Ss0, 0(Sa0) # dereferencing p
3. *p=200; /* c gets 200 */

addi $t0,50,200

sw St0, 0(Sa0) # dereferencing p

: © © © © Mational Techncal University of Athons .f!?_;«u"s:? \
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Assembly Code : Napadsiypa (2)

int strlen(char *s) {

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

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

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

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

Exit: sub Sv0,St0,Sa0
jr Sra

© © © © Mahonal Techmcai
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Emkowvwvia Opwopatwy (Argument Passing Options)

e 2 nebobdol
— KAnon kata tun (Call by Value): Eva avtivypado tou
OVTLKELMEVOU OTEAVETOL 0T HEBoSOo/SLadikacio
— KAnon kata avadopa (Call by Reference): Evac pointer oto
QVTLKELEVO oTéAveTaLl ot nEBodo/dladikaoia
e OLpetaPAnteg pnkouc 1 Ae€nc oTtEAvovTOL KOTA TLUN
e TiLylvetal otnVv neplmtwaon evoc mivakao; 1t.X. a[100]
— Pascal (call by value): Avtiypadet 100 Ag€eic tou a[] otn
otoifa

— C (call by reference) : Mepva €va pointer (1 word) ou
deixvel oto a[] o€ Eva kataxwpnn

© © © © Mahonal Techmcai
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Lifetime of Storage and Scope

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

— Anplouvpyouvtal Kotd TNV KAnon Ko
arne\evBepwvovTtal KATA TNV EMLOTPOPN

— Scope = n pnEbodoc/dladikaoia
e Heap allocated
— Anuoupyouvtal pe malloc
— MpéeneL va anelevBepwvovtal e free
— Avadopecg pEow pointers
e External / static

— Emuouv yla oAOKANpN TNV EKTEAECHN TOU
T(POYPAUHUOTOG

Code

Static

Heap

!

Stack
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Mivakeg, Asikteg Kat M£€Bodot/ALadkaoiec

e 4 ekbooelc poc pebodou/dladikaoioc n omnoia
npocBetel 2 ivakecg kat arnobnkevel To abpolopa oe
eva 3° niivoka (sumarray)

O 3°S mivakoag otéAvetal otn neEbodo

Xpnon evog torkoU Ttivaka (otn otoifa) yia to
QTIOTEAEC AL KOL TIEPALOLOL EVOC OELKTN O€ QUTOV

3. 0 3% mivakog tontoBeteital oto heap
O 3°S ivakag opiletol wc static

2 KOTIOC Tou Ttapadelypartoc eivatl va deiéoule T xpnon
twv C statements, Twv pointers kat TnN¢ avtiotowng
memory allocation.
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Mivakeg, Asikteg Kat M€Bodot/Awadikaciec : 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 TMPOYLATIKOTNTO TIEPVAE pointers oToug
TIVOLKEC

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

addi Sal1,5gp,400 # y[0] above x[100]

addi Sa2,5gp,800 # z[0] above y[100]

jal sumarray

: © © © © Mahonal Techmcal Unmersity of Athens ,f‘i?ﬁl‘m: .
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NMivakeg, Asikteg Kat M€Bodot/Atadkaoiec : 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) # Stl=al[i]
lw St2,0(Sal) # St2=bli]
add St1,5t1,5t2  # Stl=a[i] + bJi]
SW St1,0(Sa2) # c[i]=a[i] + bli]
addi Sa0,5a0,4 # Sa0++
addi Sal,Sal,4 # Sal++
addi Sa2,5a2,4 # Sa2++
J Loop
Exit: jr Sra
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NMivakeg, Asikteg Kat M€Bodot/Aradkaoiec : 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 forc
addi St3,Ssp,0  # ptrforc

addi Sv0,5t3,0 # SvO0 = &c[0]
beq $a0,St0,Exit

lw Stl1, 0(Sa0) # Stl=ali]

lw  St2,0(Sal) # St2=Db[i]

add St1,5t1,S5t2 # Stl=a[i] + b[i]
sw St1,0(St3) # c[i]=a[i] + bli]
addi Sa0,5a0,4 # Sa0++

addi Sal,5al,4 # Sal++

addi St3,5t3,4 # St3++

| Loop

addi Ssp,Ssp, 400 # pop stack

jr  Sra

cslab@ntua 2018-2019

88




NMivakeg, Asikteg Kat M€Bodot/Atadikaoiec : Version 3

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

int i;
int *c; Code
c = (int *) malloc(100);
for(i=0;i<100;i=i+1) .
clil = ali] + blil; Static
return c;
} c[100]
, , Hea
e O xwpoc mov 6ECUEVTNKE OV _p
ETIOLVOLY PN OLLOTIOLELTAL, EKTOC OV '
arneAevBepwbel (freed)
— Elval mBavo va odnynoet oe memory leaks 1
— Java, Scheme dLaBtouv garbage
, , , Stack
collectors yiwa va emavaktouv eAevBepo xwpo
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NMivakeg, Asikteg Kat M€Bodot/Atadikaoiec : Version 3

addi
addi
SwW
SwW
SW
addi
jal
addi
lw
lw
Loop: beq

$t0,5a0,400
SSp,SSp,'lz
Sra, 0(Ssp)
a0, 4(Ssp)
Sal, 8(Ssp)
Sa0,Szero,400
malloc
St3,5v0,0
a0, 4(Ssp)
Sal, 8(Ssp)
Sa0,St0,Exit

... (loop as before on prior slide )

j

Exit: lw
addi
jr

Loop

Sra, 0(Ssp)
Ssp, Ssp, 12
Sra

# beyond end of a[]
# space for regs

# save Sra

# save 1st arg.

# save 2nd arg.

# ptr for c
# restore 1st arg.
# restore 2nd arg.

# restore Sra
# pop stack
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NMivakeg, Asikteg Kat M€Bodor/Atadikaoiec : 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[il;

return c;

}

e O compiler beopelel ywpo uio popa
yLot tn HeBodo Kol 0 Xwpog
ETIAVOLYPNOLUOTIOLELTALL

— Oa petaBAnBel tnv emopevn dopa ou
Ba KAnBel n sumarray

— Toti tnv avadpepoupe; XpnNOLLLOTIOLELTALL
otic C libraries!

Code

Static
c[100]

Heap

:

Stack
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EmavaAnyn (1)

MIPS operands

Name Example Comments
Ss0-537, 5t0-5%t9, Szero, |Fast locations for data. In MIPS, data must be in registers to perform
32registers |5a0-5a3, Sv0-3v1, Sgp, arithmetic. MIPS register $zero alw ays equals 0. Register $at is

5fp, %sp, Sra, Sat reserved for the assembler to handle large constants.

Memony(Q], Accessed only by data trans fer instructions . MIPS uses byte addresses, so
230 memory | Memoryid], ..., sequential w ords differ by 4. Memory holds data structures, such as arrays,
words Memory[4284967292] and spilled registers, such as those saved on procedure calls.

© © © © Manonal Technical University of Athens L

cslab@ntua 2018-2019 92 @SLabt




EmavaAnwn (2)

MIPS assembly language

Category Instruction Example Meaning Comments
add add $sl, $s2, $s3 $s1l = Ss2 + $s3 Three operands; data in registers
Arithm etic subtract sub $sl, $s2, $s3 $sl = $s2 - §s3 Three operands; data in registers
add immediate addi $sl, $s2, 100 $sl1l = $Ss2 + 100 Used to add constants
load word 1w $sl, 100(Ss2) $sl = Memory[®S2 + 100]|]word from memory to register
store word S w $sl, 100($s2) Memory[$S2 + 100] = $s1 Word from register to memory
Data transfer |load byte 1lb $s1, 100(S$s2) $sl = Memory[$s2 + 100]|Byte from memory to register
store byte sb $sl, 100(Ss2) Memory[$sS2 + 100] = $s1 Byte from register to memory
i i lui $s1, 100 16 i i
load upper immediate $s1 = 100 * 2 Loads constantin upper 16 bits
branch on equal beg $sl, $s2, 25 if ($s1 == $s2)go to Equal test; PC-relative branch
PC +4 + 100
branch on not equal bne $sl, $s2, 25 if (?s1 != $s2)go to Not equal test; PC-relative
PC + 4 + 100
Conditional
branch seton less than slt $sl, $s2, $s3 if ($s2 < $s3) $s1 =7, Compare less than; for beq, bne
else $s1 =0
set less than slti $sl, $s2, 100 [jf($s2 < 100y $s1 = 1, Compare less than constant
immediate else $s1 =0
jump J 2500 go to 10000 Jump to target address
Uncondi- jump register jr $ra go to $ra For switch, procedure return
tional jump jump and link jal 2500 $ra = pPC + 4;go to 10000 |Forprocedure call

© © © © Mahonal Technical University of Athens
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JUUTIEPACLLOTOL

e Ta bedopeva Umopel va eivat otLdnmoTte

— Datatyping meplopilel T popPec twv dedopuevwv
(data representations)

— OL edappoyec meploptlouyv 1o datatyping
e MIPS Datatypes: Number, String, Boolean

e Addressing: Pointers, Values

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

— Memory-based address storage (jr instruction)
e [MivoKeC : ueyaAa kouuatio UvNUnNG

— Pointers vs stack storage

— MNpoooxn ota memory leaks!
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EmavaAnwn : Tpomnot AtcuBuvorodotnong

Addr. mode Hapaderyuo ‘Evvoia xpion
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,(r1) 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[r1]+ 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[r4]— 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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