APXITEKTOVIKEC ZUVOAOU EvtoAwv

!
Instruction AptSudc evioAdwv
Fetch (IF)
| | Moppn EvtoAwv:
Instruction HETOPBANTO f otaBepod péyeBog bytes yia kaOe
Dec"fe (D) evTOAX; (8086 1-17 bytes, MIPS 4 bytes)
Operand Mwg yivetal n anokwdikomnoinon (ID);
Fetch (OF)
| [Mou Bpiokovtal ta oplouata (operands) kot To
Execute (Ex) anoteAeoua:
l MvAun-Kataxwpnteg, mooa oplouata, Tu
Result usvé@ouq;
Store (WB) , ' '
1 Mola elvall 0TN UvAun KoL toLa OxL;
NeXt_ [1ooot kUKAoL yla kaGe eVtoAn;
Instruction
|

© © © © Mational Technscal

: hnical University of Athens ﬁ;‘m‘m?
cslab@ntua 2016-2017 1 CSI.ab \i



Katnyopieg Apxttektovikwv ZuvoAou EvtoAwyv

1. Ap)ltektovikeC 2voowpeutn (accumulator architectures)
(o Bupnitel kattL?)

2. ApPYXITEKTOVLKEC ETIEKTOUEVOU CUCCWPEUTH N KATAXWPNTWV
eldkov okomou (extended accumulator n special purpose
register)

3. Ap)LTEKTOVIKEC KatayxwpntwVv [EvikoU 2Komou

3a. register-memory

3b. register-register (RISC)
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APXLTEKTOVIKEC ZucowpeuTth (1)

1n yevid urtoAoylotwv: h/w akppo, peyaio peyeboc
KaToxwpnTn.

Evalc Kataxwpntng yLot OAEC TIC aplOUNTLKEC EVTOAEC (cUCOoWpPEUE
OAEC TLC AeLToupyiec — 2uoowpeuth¢ (Accum)

Juvnidec: 1o oploua eivat o Accum, 20 n uvnun, AmoteAecua
otov Accum rt.x. add 200

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

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

OAec oL petaBAntec anobnkevovtoL otn HvAun. Aev utApYouV
BonOnTikoi KaTtaxwpPNTEC

© © © © Mational Technscal
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APXLTEKTOVLIKEC ZuoowpevTn (2)

Kata:
Xpelalovtal TTOAAEC EVTIOAEC yLa Eva TIPOYPALULAL

KaBe popa mnyalve-pEpe amo tn Pvnun
(? Kako eiva auto)
Bottleneck o Accum!

Ynép:
EukoAoL compilers, katavontoc MPoypaAULUATIOUOC,

geUKoAn oxediaon h/w

AUon; NpooBeon KATAXWPNTWYV YLOL CUYKEKPLUEVEC AELTOUPYLEC
(ISAs kataxwpnTtwv L61KOU oKoTov)

© © © © Mational Technscal
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APXITEKTOVIKECG EMEKTANEVOU ZUCOWPEUTA

Kataxwpntec eldkol okorov Tt.X. OelkTodOTNON, OPLOUNTIKEC
MPAEELC

YridpxouVv EVTOAEC TTOU TaL oplopata eivoll OAa o€
KOTOLXWPNTEC

Kata Baon (m.X. o€ aplOuNTIKEC EVTOAEC) TO Eval OpLOMA OTN
LvAun.

‘ ochuscal Unversity of Athens 5‘15; n?
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Ap)xtektovikeEC Kataywpntwyv MNevikoU Zkomou

1. CISC 2. RISC

e Complex Instruction Set Computer e Reduced Instruction Set Computer
e EVTOAEC yLa mpaéelc Register- e [pacelc povo Register-Register
Memory r Memory-Memory (load store) (1980+)

e Adprijvouv To £va OpLopa va Elval oth
uvAun (mx. 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

‘ ochuscal Unversity of Athens ﬁ.‘ n?
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Ap)LteKToVIKN ZToifac

KaBoAou registers! Stack model ~ 1960!!!

2tolfa rov peTAdEPOVTOL TA OPLOLLATA TTOU APXLKA BpilokovTal
otn pvnun. Kabwc Byaivouv yivovtol oL mPAEELC KOl TO
amnoteAsopa Eovapumaivel otn otoifa.

Oupuaote ta HP calculators pe reverse polish notation

push Address C

A=B+C | =) | push AddressB
Add

pop AddressA

© © © © Mational Technscal
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Apxttektovikec CISC

EvtoA&g petafAnNTou pnKouc:

e 1-17 bytes 80x86

e 1-54 bytes VAX, IBM

Mati??

® |nstruction Memory akptpn, owkovouia xwpou!!!!

Compilers o SuokoAot!!!

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

OL KATOXWPNTEC €lval ypnyopoTEPOL ATIO TN KUVAULN

Melwvetal n kivnon He pvRun

Avvatotnta va urtootnpOel otaBepo PNKOC EVTIOAWV

(Tt oplopata eival KataxwpnTteg, apa 6 apltOuoc toug (ry. 1-32
KATOXWPNTECS) OXL 6/VOELC VNG

B wnh e

© © © @ Matonal T
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Baowkec Apxec 2xediaong (Patterson-Hennessy COD2e)

1. H opolopopdia twv Asttoupylwv cUUBAAAEL OTNV AITAOTNTA TOU
LVALkoU (Simplicity favors Regularity)

2. Ooo pkpotepo tooo taxvtepo! (smaller is faster)

3. H kaAn oxebioon amnattet onpaviikouc cupBLBacuouc (Good
design demands good compromises)

[evikotntec? Oa ta SOUUE OTN OCUVEXELA......

: hnical University of Athens ﬁ;‘m‘m?
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YUvoAo EvtoAwv MIPS

e H MIPS Technologies €kave epmopiko tov Stanford MIPS

e Meyalo pepidlo TnG ayopac Twv MUPNVWV EVOWUOTWHUEVWV
ETMEEEPYAOTWY

* EPapUOYVEC 0 KATAVAAWTLKA NAEKTPOVLIKA, EEOTIALOLLO
SLIKTUWV Kal amobnkevong, dwtoypadLKEC LNXOVEG,
EKTUTIWTEG, ...

e Turko moAAwv cuyxpovwv ISA (Instruction Set Architecture)
e [TAnpodopia oTNV ATOCTIWHEVN KAPTA Avodopac
Aebopévwv MIPS (mpaotvn kapta), kot ta MNapaptripata B kot

Ex

© © © © Mational Technscal
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YUvoAo EvtoAwv MIPS

e Né€elc Twv 32 bit

e Mvrun opyavwuevn os bytes Memory [0] 32 bits
» KaBe byte eival pla Eexwplotn) dvon  Memory [4] 32 bits
o 230 Ag€eLc pvnung Twv 32 bits Memory [8] 32 bits
* AKoAouBei To povtélo big Endian Memory [12] 32 bits

e Register File
* 32 KATOXWPNTEC YEVIKOU OKOTIOU
e EVTOAEC:
* antoBnkevong otn pvAun (Iw, sw)
* aplOuntikeg (add, sub kAm)

* StakAadwoncg (branch instructions)

cslab@ntua 2016-2017 11



Big Endian vs Little Endian

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

™G Aggng
e Little Endian: H 6von tou Awyotepo onpoavtikov byte (LSB) eivau kait

dvon tng A&éng
* H A£€n amoBnkeVeTOL TAVTO OE OUVEXOUEVEC BEDELC:
dvon, édvon+1, dvon+2,6von+3

BIG_ENDIAN LITTLE_ENDIAN
AO] 0 [MSB T——— | gbhits A[0] 0 [LSB

1 1

2 2

3 |LsB 3 |mMsB
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
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MIPS ISA : AplOuntikég Asttoupyieg

e [pocBeon kot adaipeon (add, sub)
— Mavta 3 opiopata — MOTE dvon pvAung
— AUO MPoeAeVOELC KOl EVOC TIPOOPLOUOC

adda,b,c #a=b+c

e OAec oL aplOUNTIKEC AELTOUPYLEC EXOUV QUTH TN HopPN

e 1" apyn oxeblaong: n amAoTnTa EUVOEL TNV KAVOVIKOTNTA
— H kavovikotnTta KAVEL TNV VAoTIolnoN ATAOUOTEPN

— H amAotnta entpenel peyaAutepn anodoon HE XOUNAOTEPO
KOOTOC

© © © © Mational Technscal
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TeAeoteC - Katoywpnteg

e OLOopLlOUNTLKEC EVTOAEC XPNOLLLOTIOLOUV KATOXWPNTEC
w¢ TeAeoteg (operands)

e O MIPS 6LaB¢eteL eva apyeilo kataywpntwy (register
file) pe 32 kataxwpntec twv 32-bit
— Xpnon ywa ta 6edopéva tou nipoomieAalovtol cuxva
— ApiBunon kataxwpntwv ano 0 wc 31
e Ovopata tou cupBolopstadpaotn (assembler)
— St0, St1, ..., St9 yLa TPOCWPLVEC TUUEC
— $s0, Ss1, ..., Ss7 yLa armoOnKeUUEVEC LETAPANTEC
e 2" apxn oxedlaonc : To ULKPOTEPO Eival TXUTEPO
— mnapafoAn pe KUPpLO LVAUN: EKATOMHUPLO BECEWY

© © © © Mational Technscal
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Napadsiypa

Kwéwkog o€ 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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Napadsiypa

Kwékac o C
f=(g+h)-(i+]))
T mopayeL o compiler?

Metadpaon o€ Kwdika MIPS

add $t0, Ss1, $s2  # mpoowpwvn petaBAntn tO
add St1, $s3. $s4  # mpoowpivn petaPfAntn tl
sub Ss0O, StO, St1

: © © © © Nahonal Technical University of Athens ﬁ;‘m‘»s.? .
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TeAeotec - MvAun

OL YAWOOEC TIPOYPOAUUOATIOMOU EXOUV:
* QATMAEC HETOBANTEC

e oUvVOetec OdopuEc (.. arrays, structs)

O umoAoylotn¢ tic avamaplota MANTA 2TH MNHMH.

e Emopévwc xpelalopoote eVToAEC petadopac dedopevwy
ato KoL TPOC TN UVAUN.

© © © © Mational Technscal
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TeAeotec - MvAun

e EvtoAn petadopac 6edopeEvwyY Ao TN HvNun
load kataxwpntnc, otadepa(katoxwpntnc)
lw St1, 4(Ss2)

e doptwvoupue otov Stl tnv tiun M[Ss2+4]

\ 8 8 © © Nahonal Technical University of Athens g‘?ﬂ“m?
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Napadeypa

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

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

e MetayAwttiopévoc kwodikac MIPS
e O beiktng 8 arnattel offset 32 (4 byte ava A&én).

offset \, ] base register
lw $t0, 32($s3)
add Ss1, Ss2, St0

() O Nanonal Technical
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Opyavwaon MvApng

e Mvnun etvat byte addressable

e AUo SLadoyLkeg Ae€elc
Slapepouv Kata 4

e alignment restriction
(euBuypauuion)

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

Processor

100

10

101

Address Data

Memory

© © © © Mational Technscal
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Napadeypa 2

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

e MetayAwttiopévoc kwoikac MIPS
e O beiktng 8 arnattel offset 32 (4 byte ava A&én).

offset \ | base register

lw  $t0, 32($s3)
add St0)St0, Ss2

sw St0, 48(5s3)

() O Nanonal Technical

‘ 215 hnucal University of Athens ﬁ;‘m‘»s.? .
cslab@ntua 2016-2017 21 <« CSLab \i



Apeool TeAeotéol (Immediate)

e >toBepa Sbedopeva kabopilovtal og pLa eVvioAn
addi Ss3, Ss3, 4
e Aev uTtapyeL evtoAn apeonc adaipeonc (sub immediate)

e ATTAWC XPNOLUOTIOLELTAL [LLOL aPVNTLKA oTaBEpa

addi Ss2, Ss1, -1

e 3" apxn oxeblaonc: Kave tn cuvndiouevn repintwon
ypnyopn

e OL UKPEC oTtaBepEC eival ouvnBLOUEVEC
* O aupeococ teAeoteog amodelyel pla evioAn poptwonc (load)

© © © © Mational Technscal
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H otaBepa MHAEN

e AkohouBwvtag rtaAt tnv 3" apxn oxediaonc, o MIPS €xel
OTOV KaTtaxwpntn Szero amodbnkevpevn tn otabepa O.
* Aev pmopel va eyypadel aAAn TN

e Xpnotun o€ TTOAAEC AELTOUPVYLEC
* Metakivnon S€SopEVWV HETAEL KATAXWPNTWV
r.x. add St1, St2, Szero

\ © © © © Mational Technscal University of Athons ﬁzm‘ns.?
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Yuvolpn — TeAeoteol MIPS

2UVOTTTIKQ, otov MIPS o TeAECTAC KATIOLAC EVTOANC
LTToOpEL va lva :

1. Evac amo touc 32 KATOXWPNTEC
2. Mia amno tic 239 Ag€eic TnC HVAUNC
3. Evo amo ta 232 bytes tnc pvApng

\ © © © © Hahonal Technical University of Athens ﬁ;‘«al‘"ﬁ?
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Kavovec Ovopatodooiag kat Xprion twv MIPS Registers

e EKTOC aro To ouvOn CUUBOALOUO TWV KATAXWPNTWV HE S akoAouBoUuevo
oo Tov apLlBpo Tou Kataxwpntn, Umopouv eniong va nopaoctabouv Kol

WG €8NG :
Ap. Kataxwpnti

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

29

30

31

Ovoua

Szero

Sat
Sv0-Svil

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

Xprion
Constant value 0

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 2016-2017
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oxL
oxL

vall
oxL
vall
oxL
vall
vall
vall
vall
vall
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Avamnapaoctaocn EvtoAwv (1)

e OLevtoAec kwdlkomolovvtal oto Suadlko cuoTnua
e Kwdikac pnxavnc (machine code)
* YALKO umtoAoyLlotwv = vPnAn-xapunArn taon, KAT.

e EvtoAec MIPS :

e Kwdikomolouvtal w Ag€elc evtoAng twv 32 bit

* Mikpoc aplOpoc popdwv (formats) yia tov KwdIKO AeLtoupyiog
(opcode), Toug aplBUOUC KATAXWPNTWYV, KATT. ...

e Kavovikotnta!

e AplBuotl kataywpnTwv
e St0 — St7 elval oL Katoxwpnteg 8 — 15
¢ St8 — St9 slval oL Katoxwpnteg 24 — 25
* SsO— Ss7 lvat oL koTaywpntéc 16 — 23

© © © © Mational Technscal
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Avamnapactacn EvtoAwv (2)

2UBOALKN avamapaotoon:

add $t0, Ss1, $s2 »| Assembly
NMw¢ tnv kataAaBaiver o MIPS?
Ssi $s2 St0 unused
! I 1 I |
0 17 18 8 0 l 32
7
add +- KwéwKog pnxavig
000000 | 10001 | 10010 | 01000 | OOOOO | 10000
6 bit 5 bit 5 bit 5 bit 5 bit 6 bit
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Mopdn EvtoAng — Instruction Format

OuunBeite Tnv 1" apyn oxediaonc: H opotopoppia twv Aettoupylwv
ouuBaAAeL otnv armAotnta tou UALkoU

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

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

Funct: op specific (function code)

add Srd, Srs, Srt

© © © © Mational Technscal
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MIPS R-Type (ALU)

R-Type: OAec oL evtoAEc tng ALU mtou xpnoLpomolouv 3 KotaxwpnTEeS

OoP rs rt rd shamt funct

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

e Mapadeiypata :

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

Operand register in rs

\ | Technical University of Athens .f‘i'mm‘; \
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Avamnapactacn EvtoAwv otov YnoAoyiotn (R-Type)

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

Tuylvetou pe tn load?

[Mw¢ XwPAVE OL TEAEOCTEC TNC OTA TTAPOTIAVW
rniedla? MN.x. n otaBepa tnc Iw.

lw $t1, 8000($s3)
\

o€ Tolo Tedio YwpaeL,

© © © © Mational Technscal
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MIPS I-Type

e Aev poc apkeil to R-Type
e TLylvetal pe evioAeg mou BEAouv opiopata dtevBuvoelc N
otaOepec?
* QuunBeite, BEAovpe otaBepo peyebocg kaBe evtoAng (32 bit)

e H kaAn oxebiaon anattel onuavtikou¢ cuuBiBaocuouc
(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 ntedia (op,rs, rt) £€xouv to idLo ovopa Kat HEYEDOC
OTIWG KOl TLPLV
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Avanapactacn EvtoAwv otov YnoAoyiotn (I-Type)

Napadelyua: ( o
Katoxwpnteg (okovakt
Iw 5t0, 32(5s3) Ss0, ..., Ss7 avtiotouyilovtol otouc 16 - 23
St0, ..., St7 avtiotowyilovtatl otouc 8 - 15
I-format
op S It otofepd 1 oO1EVOVVGN
6 bit 5 bit 5 bit 16 bit
XXXXXX | 19 8 32

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

OoP 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 registerinrs
— Store word: sw $3,500(84) —— g
— Load word: lw $1, 30(S2)
/ \ \ base register in rs
Destination register in rt Offset

\ | Technical University of Athens .f‘i'mm‘; \
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MIPS I-Type : ALU

O I-Type evtoA£c tng ALU xpnotuormoloUy 2 KoTaxwpnTeS Kat pia otabepn Tun
I-Type eilval kot oL evtoAég 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 : Napadsiypata (1)

Instruction

JYOALO

sw $3, 500(54)
sh $3, 502(52),
sb S$2,41($3)

lw $1, 30($2)
Ih $1, 40($3)
lhu $1, 40($3)
Ib $1, 40($3)
Ibu $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 2016-2017
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MIPS data transfer instructions : Napadsiypata (2)

Tuylvetal pe Tic peyaAltepec otabepEc;
e Eotw OtL B€Aoue va popTtwooupe pLa 32-bit otaBepd oe kamolo
kataxywpentn, .. 1010101010101010 1010101010101010

e Qa xpnowpomnotiocoupe tnv “Load Upper Immediate” evioAn
X lui$t0,1010101010101010 s
/

$t() 1010101010101010 0000000000000000

® TN CUVEXELO TIPETEL VOl BEcoupe cwotad ta lower order bits
rm.x. oriSt0,1010101010101010

1010101010101010 | 0000000000000000

ori 0000000000000000 | 1010101010101010

1010101010101010 | 1010101010101010
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Avamnapactacn EvtoAwv otov YrnoAoyiwoti

EVIOAN | LOPON op rs rt rd shamt | funct | address
add |R 0 reg reg reg 0 32ten | 0.€.
sub |R 0 reg reg reg 0 34ten | O.E.
addi Bten reg reg 0.€. 0.€. 0.€. oTad.
1w 35ten | I€Q reg 0.E. 0.€. 0.€. o1eL0.
SW 43ten | IeQ reg 0.€. 0.€. 0.€. olev0.




Avamnapactacn EvtoAwv otov YrnoAoyiwoti

Nopadsiyua: MetayAwttiote to A[300] = h + A[300]
St1 dvon Baonc rivaka A (32 bit/otoweio A[i]), Ss2 petaBAnt h

lw St0, 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 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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Noywkec Asttoupyiec (Mpaéewc) (1)

Aoyucéc Aertovpyieg Teheotéc C EvtoAéc MIPS
Shift left << S 1(0 Sghiicfatl )left
Shift right >> sl (shise rigne
AND & and, andi
OR | or, ori
NOT ~ nor

© © © © Mational Technscal
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Noywkec Asttoupyiec (Mpaéewc) (2)

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

sll St2, Ss0, 4

Kavoupe shift aplotepd to meplexopevo tou SsO kata 4
Beoelc

0000 0000 0000 0000 0000 0000 1001 0000 =144 +en
KOl TOTtOOETOULE TO AMOTEAEOUA OTOV St2.

I1To neplexopevo tou S$SsO pével apetapfAinto!!

© © © © Mational Technscal
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Noywkec Asttoupyiec (Mpaéewc) (3)

SHIF Kotaywpntég (okovikt ©)
sll $t2, $s0, 4 $s0, ..., $s7 avtiotoryilovror otovg 16 - 23
$t0, ..., $t7 avricroryilovral 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 | OOOOOQO

U ——

sll: opcode=0, funct=0

: © © © © Nahonal Technical University of Athens ﬁ;‘m‘»s.? .
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Noywkec Asttoupyiec (Mpaéewc) (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

© © © © Mational Technscal
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Noywkec Asttoupyiec (Mpaéewc) (5)

NOT, NOR
St1: 0000 0000 0000 0000 0011 1100 0000 0000
$t3: 0000 0000 0000 0000 0000 0000 0000 0000

not $t0, $t1 SEV UTTAPXEL yiatL OEAoupe mavta 2
KOTAXWPNTEC source. Apol XpNOLUOTIOLOULLE TN
nor:

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

nor St0, St1, St3
St0:11111211112111121111000011111111112

© © © © Mational Technscal
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MIPS Arithmetic Instructions : MNapadeiypata

Instruction Mapadeyua Evvola ZYOAL

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

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

add immediate addi $1,52,100 $1=%2+100 + constant; exception possible

add unsigned addu $1,52,53 S1=52+S3 3 operands; no exceptions

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

add imm. unsign. addiu $1,52,100 $1=%2+100 + constant; no exceptions

multiply mult $2,53 Hi, Lo=52xS3  64-bit signed product

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

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

divide unsigned  divu $2,53 Lo=52+S3, Unsigned quotient & remainder
Hi = S2 mod S3

Move from Hi mfhi $1 S1 = Hi Used to get copy of Hi

Move from Lo mflo $1 Sl1=Lo Used to get copy of Lo
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MIPS Logic/Shift Instructions : Napadsiypata

Instruction Mapadeyua Evvola 2YoAla

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

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

xor xor $1,52,53 $1=52 @ [ES3 3 reg. operands; Logical XOR

nor nor $1,52,53 S1="(S2 |S3) 3 reg. operands; Logical NOR

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

or immediate ori $1,52,10 $1=S521|10 Logical OR reg, constant

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

shift left logical sll $1,52,10 §S1=82<<10 Shift left by constant

shift right logical  srl $1,52,10 S1=S2>>10 Shift right by constant

shift right arithm. sra $1,52,10 S1=S2>>10 Shift right (sign extend)

shift left logical sliv $1,52,S3 §1=82<<8S3 Shift left by variable

shift right logical  srlv $1,52, S3 $1=82>>83 Shift right by variable

shift right arithm. srav $1,52, S3 S1=52>>S3 Shift right arith. by variable
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EvtoAéc Anbnc Anodacewv (1)

beq, bne
beqregl, reg2, L1  #branch if equal
Av oL Katoxwpntec regl kol reg?2 givat ioot,

MNYOLVE otnVv €TIKETA L1

bne regl, reg2, L1  #branch if not equal
Av oL kataxwpnteg regl ko reg2 dgv gival ioot,

NNYQLVE OTNnV €TKETA L1

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

Nopadelyua:

ifi==j)f=g+h;elsef=g-h;
ue f, g, h, i, j avtiotolyouvtan o SsO, ..., Ss4

version 1
bne $s3, Ss4, Else
add Ss0, Ss1, Ss2
j Exit

Else: sub SsO, Ss1, Ss2

Exit:

version 2
beq $s3, $s4, Then
sub Ss0, Ss1, Ss2
j Exit
Then: add Ss0, Ss1, Ss2
Exit:

© © © © Mational Technscal
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EvtoAéc Anbnc Anodacewv (3)

Bpoyot (Loops)
while (save[i] == k) i +=1;
ue i = $s3, k = $s5, save base addr = $s6

Loop: sll St1, Ss3, 2 #imoA/lw i eni 4
add St1, St1, Ss6
Ilw St0, 0(St1)
bne  S$t0, Ss5, Exit
addi Ss3,8s3,1
j Loop
Exit:

© © © © Mational Technscal
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EvtoAéc Anbnc Anodacewv (4)

2 UYKPLOELG
slt St0, Ss3, Ss4 # set on less than
O kataxwpntnc St tibstal pe 1 av n T otov $s3 eival

LLKPOTEPN ATIO TNV TLU 0To Ss4.

e XTaOepec we TeAeoteoL eival SNUOPLAELC OTLC CUYKPLOELC

slti StO, Ss2, 10 # set on less than immediate
O kataxwpntnc Sto tiBstal pe 1 av n Tun otov S$s2 sival
LLKpOTEPN ato tnv TN 10.

© © © © Mational Technscal
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EvtoAéc Anbnc Anodacewv (5)

e [Lati OxL blt, bge KTA;
e To UALKO YLOL TIG <, 2, ... ELVAL TILO OPYO OTTO AUTO YLAL TLG =,

e O ocuvbuaouog cuvOnkwy ya pa StakAadwon mepltAapBavet
NMEPLOcOTEPN SOUAELA ava EVTOAN.

e [1o apyo poAot

e EmBapuvovtal OAec oL evioAEc!

e OLbeq, bne glval n cuvnONc mepimtwon
e KaAoc oxedbLaotikog cuPBLPacuOC.

© © © © Mational Technscal
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MIPS Branch, Compare, Jump : Napadsiypata

Instruction Mapadetyua Evvola
branch on equal  beq $1,52,100 if (51 == S2) 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 <S3) S1=1; else $1=0

Compare less than; natural numbers

set|. 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 S31

For switch, procedure return
jump and link jal 10000 $31 =PC + 4; go to 10000

For procedure call
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EvtoAécg StakAadwonc — branching instructions

branch if

equal beq Ss3, 4s4, L1 # goto L1 if $s3 equals $s4

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

unconditional

Jump jr St1 # goto St1

..... glval | =Type evtoA£g

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

Ouwe: 1 #gotoll
Méco peyalo ivol to pnkoc tov address L1;
MNoco «ueyaAo» UITOPEL vaL ELVOLL TO AANQL;

© © © © Nahonal Technical Un
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MIPS Branch I-Type

OoP 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
e [] OLpOL(SELV pLota . Registerinrt {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 napa68ivuata . from {jump target} x4
/
— Jump j 10000
— Jump and Link jal 10000

: I Technical University of Athens ﬁr_‘mns.; \
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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

Xpnon yia kKAnon dtadikaowwv/puebodwv.

AmoBnkeleL tn StevBuvon entotpodnc (PC+4) otov kataxwpntn 31 (Sra)
H emiotpodn amo tn Stadikaoio smttuyyxavetal pe xpnon “jr Sra”

OL eppwAlaopéveg Stadikaoiec Oa nmpEmel va anobnkevouv Tov Sra otn
otolfa Kal va XpnoLLomoLouV Toug Kataxwpnteg Ssp (stack pointer) ko
Sfp (frame pointer) yia va xewpilovtal tn otoipa.

‘ ochuscal Unversity of Athens ﬁ.‘ n?
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Yuvoln — 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 amoOnKEULEVOU TTPOYPOLLLLLOLTOC

O VTOAOYIGTNG KAVEL TOAAEC Memory
4 /4 T ________i
| Accounting program
Sp'Y(XG];SQ (POpT(DVE)VT(Xg | (machine code) i
6880“8\/0( OGTO UVT|UT). T TTTITTTIIIID

Editor program :
(machine code) :

A€OOUEVO KAl EVIOAES elval
oTolyElOL GTN UvhuN. TR
I
I

|
|
(machine code) :

H I , Processor | |, VHE=T= =EHE)
- compllers petappalovv P
oTotyEio 6 KOOl GAA | Payolldata
GTOLXELO. T T

| Book text :

! |

el |

: Source code in C
| for editor program

_— e — — o — — — — — —_— — —
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Awdtaén tng Mvung EVOG TTPOYPAUUOTOCS

(Memory layout of a program)

e Kelpevo (Text)
— KwdlKac mpoypappotoq
e Jtatwka Asdopeva (Static data)
— KaBoAwkec MetaBAntec (m.x.
OTATIKEC pHetaBAntec tne C, constant
arrays kat cupfBolooetlpec (strings)
e Auvopika Asdopeva Som 1000 5000

— 2wpoc¢ (Heap) 1000 0000
— 1.x. mallocotn C

e Ytoifa (stack)
— Avutopatn anobnkevon

Ssp—>Tfff fffc

pc—>0040 0000
0

hex

hex

hex

hex

210iBa

'
T

Auvapuika dedopéva

2TATIKA OedOPEVA

Keipevo

Agopegupivn

© © © © Mational Technscal
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Memory layout of programs (cuvéxewa)

1. Text segment (kwdKaC TPOYPAUATOC)

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

e.g chars[]="hello world”
int debug =1
const char * string =“hello world”;

high address

“hello world” literal stored in ro area,
string stored in rw area

static inti =10

global inti=10

3. Uninitialized data segment (or .bss segment)
bss: block started by symbol

all global variables and static variables that are initialized to zero
or do not have explicit initialization in source code.

low address
int j ; static int i;
4. Stack
stack pointer. Local variables from a function.
5. Heap

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

heap

uninitialized data
{bss)

imitialieed data

et

| comnmand-line arguments
! I
.J' and environment varnables

=,

| initialized to
zero by exec
A
read from
» program file
by exac
A
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Tunoi Asedopévwy

e Applications / HLL e 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 e Floating point

~ Text, . 32/§4 /128 bits

_ Objects (ADT) — Nonnumeric data types
e Characters

— Blob e Strings

— double precision e Boolean (bit maps)

— Signed, unsigned * Pointers

! I Technical University of Athens ﬁ;‘nwsn; g
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Tunoil Aedopévwy : MIPS (1)

e Baowkoc tumnoc 6edopevwy: 32-bit word
— 01000011 01001001 01010011 01000101

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

— Floating point numbers
e 201.32421875

— 4 ASCII xapakTtnpeg
e CISE

— AtevBuvoelc pvnung (pointers)
e 0x43495345

— EvtoAgc
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Tunoil Aedopévwy : MIPS (2)

e 16-bit otaBepec (immediates)
— addi Ss0, Ss1, 0x8020
— |w St0, 20(Ss0)
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)

— Ib (Ibu): load byte b StO, 20(Ss0)

— sb: save byte sb St0, 20(Ss0)

\ © © © © Mational Technscal University of Athons ﬁzm‘ns.?
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EvtoAécg Asttoupyioag Byte

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

$s0: | 0x10000000

$s1: | OXFFFFFFAA )

lbu Ss1, 4(Ss0) 10101010

$50: | Ox10000000
$s1: | 0X000000(AA:
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Napadsiypa : Aviypadn String

Void strcpy (char[], char y[]) { strcpy:
int i subi Ssp, Ssp, 4
. sw Ss0, 0(Ssp)
1=0; add SsO, Szero, Szero
while ((x[i]=y[i]) !=0) L1: add $t1, Sal, $sO «~—
i=i+1; Ib St2, 0(Stl)
add St3, Sa0, SsO
} sb St2, 0(St3)
C convention: beq $t2, Szero, L2
addi Ss0O, Ss0O, 1
Null byte (00000000) ! ]
represents end of the string 12: lw $s0, 0($sp)
addi Ssp, Ssp, 4
Importance of comments in MIPS! jr_ 5ra
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Yto0epeEc

. 2uxva xpnotluornotouvtal pkpec otabepec (50% twv

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

— AmoBnkevon ‘TuTikwyv otaBepwVv’ otn HvAun Kot popTwaon Touc.
— Anuovyia hard-wired kotoaxwpntwv (r.x. Szero) yla otaBepEC

onwc 0, 1 KTA.
e MIPS Instructions:
slti S8, $18, 10

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

addi $29, 529, 4

8 29 29
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Tpormnotl AtevBuvolodotnonc

e AlevuBuvoelc yLa dedouEVa KOl EVTOAEC

e Asgbdopéva (teAeoteg / anoteAéopata)
— Koatayxwpnteg
— OE0ELG LVAUNG
— JtaBepeg
e Amnodotikn kwdikomoinon dteuBuvoewv (Ywpog: 32 bits)
— Kataxwpntég (32) => 5 bits kwdikomolovv 1 32-bit dvon
— Destructive instructions: reg2 = reg2 + regl
— Accumulator
— Stack

e Ta opcodes pmopouv va xpnotpornotnBouv pe StadopeTikouc
Tpomouc StevBuvolodotnong
— Orthogonality of opcodes and addressing modes

‘ echnical University of Athens ﬁ.‘ n?
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AlevBuvolodotnon AsdopEvwy

e AlevBuvolodotnon peow kataxwpntn (Register
addressing)

— H o ocuvnBlopévn (ovvtoun kot toxvtatn)
— add S3, S2, S1
e AlevBuvolodotnon Baonc (Base addressing)
— O teleoteocg eival o plo B€on pvRUnG pe karmoto offset
— lw $t0, 20 ($t1)
e Apeon OteuBuvolodotnon (Immediate addressing)

— O teAeOTEOC €LVl pLOL LULKPN oTABEPA KOl TIEPLEXETOL OTNV
EVTOAN

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

© © © © Mational Technscal
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AreuBuvolodotnon EvtoAwv

e OLdlevBuvoelc exouv pnkoc 32 bits

e Kataywpntng eldtkov okormov : PC (program counter)
— AmoBnkevleL tn dLevBuvon TNC EVIOANC TTOU eKTEAE(TAL
eKELvN TN oTLyun
e AlevBuvolodotnon pe xpnon PC (PC-relative
addressing)

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

— beq S$tO, St1, 20
e Wevboapeon dtevbuvolodotnon (Pseudodirect
addressing)
— Jumps
— Néa 6tevBuvon:  PC[31:28] : (constant in the instruction) * 4
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NepiAndn Tponwv AtevuBuvorodotnong

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 MvAuNn

Y

© © © © Nohonal Technical University of Athens R
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Napadsiypa : AMOUOKPUGUEVEC ALEUOUVOELC

Text Segment (252MB)

0x00400000

(0x07fe0000) (
_217 <

PC (0x08000000) —>(fr e
+217 <
(0x08020000) |

beq $s0, $s1, L1

(0x08200000) L1:

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

0x10000000
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Aeiktec (Pointers)

e Pointer: Mwa petapAntn, n omoia nepLexetl tn StevBuvon
nLac aAANG petaBANTNC
— AmnoteAel tn HLL €kdppaon tng dtevBuvonc uvRUNg os yA\wooao
Hnxavng
e [LaTl XpnoLHoToloUUE OELKTEC;
— Karmotlec popec eival 0 HovadLKOC TPOTIOC YLOL VO EKPPACOUUE
KATTOLO UTTOAOYLOUO
— Mo amodoTIKOC KOl CUUTTTUYHEVOG KWOLKOLG

* InMUELX TPOCOYNC OTOV XPNOLLOTIOLOU LLE OELKTEC;
— MBavwce n peyaAltepn ninyn bugs
1) Dangling reference (Aoyw mpwipnc aneAevBepwonc)
2) Memory leaks (tardy free):

e AnotpEmouv TNV UTtaPEN SLEPYACLWY TIOU TPEXOUV YLOL LEYAAQ XPOVLKA
SLAOTAMATO L0 KOL OTTALLTOUV TNV ETOVEVAPEN TOUG

© © © © Mational Technscal
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C Pointer Operators

e Eotw OTL N petaBAntn c €xeL tnv tiun 100 ko Ppiloketol
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 * = biveL tnv tiun otnv onolia 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)

© © © © Mational Technscal

: hnical University of Athens ﬁ;‘mm?
cslab@ntua 2016-2017 72 CSI.ab ‘i



Pointer Arithmetic

intx=1, y = 2;

int z[10];
int *p;

x = 21;
z[0] = 2; z[1l] = 3
p = &z[0];
P z;

p = ptl;
p++;

*p = 4;

p = 3;

P = &x;

zZ = &y,
z++;

/* x and y are integer variables */
/* an array of 10 ints, z points to start */

/* p is a pointer to an int */

/* assigns x the new value 21 */

/* assigns 2 to the first, 3 to the next */

/* p refers to the first element of z */

/* same thing; p[i] == z[i]*/

/* now it points to the next element, z[l] */
/* now it points to the one after that, z[2] */
/* assigns 4 to there, z[2] == 4%*/

/* bad idea! Absolute address! Compiler gives a
warning*/

/* p points to x, *p == 21 */
/*illegal! array name is not a variable*/

/*illegal for the same reason*/
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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 var0 = 0;
const int * ptrl = & wvar0; / /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? 0;

int *const ptr2 = &varl;
ptr2 = &var2; // Error

88@0 National T
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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 ﬁ;‘nwsn; 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 vard4d = 0;
const 1nt * const ptrd = &var3;
*ptrd = 1; // Error

ptr4d = &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 a pointer 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 "p.is 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 -constpointertoint

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

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

int ** -pointerto pointerto int

int ** const -aconstpointertoa pointertoanint

int * const * -apointerto aconst pointertoanint

int const ** -apointerto a pointerto a constint

int * const * const -aconstpointerto a const pointerto
an int

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

H ospa tou tumnou kot twv qualifiers/specifiers otic C/C++ dev €xeL
onuooia. AnAadn, OAa To MaPAKATW Evol Looduvapa:

e const volatile unsigned long 1nt
e volatile unsigned const int long
e unsigned int volatile long const




Assembly Code : Napadsiyua (1)

Eotw aképatog ¢ pe Tiun 100 nov Bploketal otn B€on
uvnpng 0x10000000, p otov $al kot X otov $sO

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

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

lw S$s0, 0(Sa0) # dereferencing p
3. *p=200; /* c gets 200 */

addi $t0,50,200

sw S$t0, 0(Sa0) # dereferencing p

\ © © © © Mahonal Technical University of Athens ﬁmns.? %
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Assembly Code : Napadsiyua (2)

int strlen(char *s) {

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

D++; /* points to next char */
return p - 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 St1,Szero, Loop

Exit: sub Sv0,St0,Sa0
jr Sra

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

e 2 ueBodol
— KAnon kata tpun (Call by Value): Eva avtiypado tou
OVTLKELLEVOU OTEAVETOL 0TN MEBOodOo/SLadikaoia

— KAnon kata avadopa (Call by Reference): Evac pointer oto
QVTLKE(pLEVO oTEAvETAL ot HEBodo/Sladikaoia

e OLpetaPAntec unkouc 1 Ae€nc otEAvovTAL KOTA TLUN
e TiLylvetal otnv nepimtwon evocg mivaka; 1.x. a[100]

— Pascal (call by value): Avtiypadel 100 Ag€elc tou a[] otn
otolfa

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

© © © © Mational Technscal
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Lifetime of Storage and Scope

e Autopata (stack allocated)
— Tomkec petoBAntTEC ploc pebodou/dladikaotiog

— AnuoupyouvTal Kotd TNV KANoN Ko
arneAevBepwvovTal KATA TNV EMLOTPOPN

— Scope = n puebodoc/dladikaocio
e Heap allocated
— Anuoupyouvtal pe malloc
— Mpemnel va aneAevBepwvovtal pe free
— Avadopec pEow pointers
e External / static

— EriloUv ylo oOAOKANPN TNV EKTEAEON TOU
T(POYPAUHOTOG

Code

Static

Heap

!

Stack
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Nivakeg, Asikteg Kat M£€Bodot/Aladkaoiec

e 4 ekbooelc poc pebodou/dladikacioc n omola
npooBetel 2 ivakec kat anodnkevel to abpoloua oe
eva 3° niivaka (sumarray)

O 3°S mivakoc oteAvetol otn ueEbodo

2. Xpnon &vog Torikov mivaka (otn otolfa) yia to
OTIOTEAECUOL KOL TIEPOLC AL EVOC OELKTN O€ QUTOV

3. 0O 3°Smivakoc tonoBeteitoL oto heap
O 3°S mivakoc opilletal w¢ static

2 KOTIOC Tou Ttapadelypatoc eival va deiéou e th xpnon
Twv C statements, Twv pointers Kat TNC avtiotownc
memory allocation.
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NMivakeg, Asikteg Kat M€Bodot/Awadikaoiec : Version 1

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

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

® XTNV MPAYLATIKOTNTA MEPVAUE pointers oTouc
TIVOLKEC

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

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

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

jal sumarray

: © © © © Nahonal Technical University of Athens ﬁ;‘m‘»s.? .
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Nivakeg, 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] = a[i] + bli];

}
addi $t0,5a0,400 # beyond end of a[]
Loop: beq Sa0,St0, Exit
lw St1, 0(Sa0)  # Stl=ali]
lw St2, 0(Sal)  # St2=bJi]
add St1,5t1,5t2 # Stl=ali] + b]i]
SW St1, 0(Sa2) # c[i]=a[i] + b[i]
addi Sa0,5a0,4 # Sa0++
addi Sal,Sal,4 #Sal++
addi Sa2,5a2,4 # Sa2++
| Loop
Exit: jr Sra
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NMivakeg, Asikteg Ka 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[il;

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 St3,5sp,0  # ptrforc

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

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

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

add St1,5t1,5t2 # Stl=ali] + 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++

J Loop
addi Ssp,Ssp, 400 # pop stack
jr  Sra
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NMivakeg, Asikteg Kat M€Bodot/Aradkaoiec : Version 3

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

inti;
int *c; Code
c = (int *) malloc(100);
for(i=0;i<100;i=i+1) .
cli] = ali] + blil; Static
return c;
} C[100]
, , Hea
e O xwWpPOC ToU OECUEVTNKE OEV _p
ETIOVOXPNOLUOTIOLELTAL, EKTOC OV '
arneAevBepwOel (freed)
— Elvat mBavo va odnynost oe memory leaks 1
— Java, Scheme dlaBetouv garbage
, , , Stack
collectors yia va emavaktouv eAevBepo xwpo
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NMivakeg, Asikteg Kat M€Bodot/Aradkaoiec : Version 3

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

$t0,$a0,400
Ssp,Ssp,-12
Sra, 0(Ssp)
$a0, 4(Ssp)
Sal, 8(Ssp)
Sa0,Szero,400
malloc
$t3,5v0,0
$a0, 4(Ssp)
Sal, 8(Ssp)
Sa0,St0,Exit

... (loop as before on prior slide )

J

Exit: [w
addi
jr

Loop

Sra, 0(Ssp)
Ssp, $sp, 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 Ka M€Bodot/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 deopevel xywpo pia dpopa
ylo tTh HEBodo Kal o xwpoc
ET[(XV(IXpI’]O'LHOT[OLEItT(IL

— Oa petaBAnOei tnv emopevn popad mou
Ba kKAnBel n sumarray

— Tatl tnv avadpEpoupe; XpnNOLUOTIOLELTALL
otic C libraries!

Code

Static
c[100]

Heap

}

Stack
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EnavaAnyn (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.

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

MIPS assembly language

Category Instruction Example Meaning Comments
add add $s1, $s2, $s3 $sl1 = $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 $sl1, $s2, 100 $sl = $s2 + 100 Used to add constants
load word lw $sl1, 100(S$s2) $sl = Memory[$sS2 + 100]|Word from memory to register
store word sw $sl, 100(Ss2) Memory[$s2 + 100] = $s1 |word from register to memory
Data transfer |load byte lb  $sl, 100(Ss2) $sl = Memory[$s2 + 100]|Byte from memory to register
store byte sb  $sl1, 100($s2) Memory[$S2 + 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 beq $sl, $s2, 25 if ($s1 == $s2)go to Equal test; PC-relative branch
PC + 4 + 100
branch on not equal |bne S$sl, $s2, 25 if ($s1 != $s2)go to Not equal test; PC-relative
N PC + 4+ 100
Conditional
branch set on less than slt $sl, S$s2, $s3 if ($s2 < $s3) $sl =1, Compare less than; for beq, bne
else $s1 =0
set less than slti $sl1, $s2, 100 [jf($s2 < 100) $sl = 1; Compare less than constant
immediate else $s1 =0
jump J 2500 go to 10000 Jump to target address
Uncondi- jump register jr Sra goto Sra For switch, procedure return
tional jump jump and link jal 2500 Sra = PC + 4;9g0 to 10000 [Forprocedure call
© © © © Nanhonal Technical University of Athens
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JUUTIEPALOLOTAL

e Ta bedopeva pumopel va eivat otdnmote

— Datatyping meplopilel Tic popdpec Twv dedopevwy
(data representations)

— OL edappoyec meploptlouv to datatyping
e MIPS Datatypes: Number, String, Boolean

e Addressing: Pointers, Values

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

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

— Pointers vs stack storage

— Mpoooxn ota memory leaks!
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EravaAnn : Tpomot AteuBuvolodotnonc

Addr. mode Hoapadoceryua, ‘Evvoia xprion
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[rl]] | 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[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[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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