Opyavoon YroroyiotOV

5 “ovotatikd’” oToyEln

-Enelepyaotic:
datapath (0i000¢ oeoouévamv) (1) ko control (2)
-Mvijun (3)
-2vokevéc Eloooov (4), E€6oov (5) (Meyddn ‘moikiria’ !!)
2VOKEVEC YPNYOPES .. KAPTES YPOPIKAOV, APYEC T.Y. TANKTPOAOY1O.
[ to I/O €xer yiver n Arydtepn €pevva .....(I/0 busses , I/O switched fabrics ...)

Iepapyio Mviung: katoxopntés, kpoen pviun (L1), kpuen
uvnun (L2), kopia Mviun- IIOAY XHMANTIKO XTOIXEIO!

1
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APYITEKTOVIKES 20Vv0A0V EvTor®V
Instruction Instruction Set Architectures
Fetch (IF
eteh (F) Ap1Ouog evroiwv
Instruction Mopgn Evioiav:
Decode (ID) netaPAnto 1 otabepd uéyebog bytes yio kabe
' evtoAn; (8086 1-17 bytes, MIPS 4 bytes)
Operand
Fetch (OF) I1og yiveton n amwokmotkomoinon (ID);
Execute (Ex) Llov ,é’pzmc()vml To. opiouota (operands) Koi to
OTTOTEAECLOL:
Result Mviun-Katoywpntec, Tooo opiouoto., Tl
Store (WB) neyébovg;
' [Towx etval otn wvnun Kot oo Oy,
NeXt_ lloo01 KbKAOL Y10 KGOS VIO,
Instruction
|
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Koatnyopieg Apyttektovikov 2vvorov Evrolmv

(ISA Classes)

1. Apyrtektovikég Xvoompevtn (accumulator architectures)
(nog BopuiCer kaTi?)

2. ApYTEKTOVIKEG EMEKTALEVOL GLOGMOPEVTH 1) KATAYWOPTTOV
£101k00 okomoL (extended accumulator 1 special purpose
register)

3. Apyrektovikee Kataywpntov I'evikov Xkomov
3a. register-memory

3b. register-register (RISC)
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ApPTEKTOVIKES XvoocmpevTi) (1)

In yevid voroyiot®v: h/w akpio, peydro puéyebog kataywpnrn.

‘Evog katoympntg yio OAeS TG aplOuntikéc eVTOAES (ovaowpeve
OAeC TIC Aettovpyiec — 2voowpevtng (Accum)

2ovnbeg: 1o opioua eivar o Accum, 20 y uvnun, omoTEAEGUO, GTOV
Accum mw.y. add 200

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

Accum = Accum + Memory(AddressC); Add AddressC

Memory(AddressA) = Accum; Store AddressA

Oleg o1 petaAntég amoOnkevovial otn pvnun. Agv vTdpyovv
BonOntikoi KotoympnTES A

cslab@ntua © 2004-05



APYITEKTOVIKES 2v60mPeVTT) (2)

Kota:
Xpetalovton TOAAEC EVTOALC Y10, £VO, TPOYPOLLLLOL

Kd&Be popd mryouve-@Epe amd tn pvnun
(? Koo gtvar avto)
Bottleneck o Accum!

Ynép:

EvkoAol compilers, katavontog TpoypaUUoTioLog,
eVKOAN Gyeoloon h/w

Avon; [1pocBeon KatoympnTtdV Yo GUYKEKPIUEVES AELTOVPYIEC
(ISAs kotaympnt®v £101K00 GKOTOV)
5
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Apyprektovikég Erektopnévov Xvocompevt

Katayopntéc €101K00 6KOTOU .. OEIKTOOOTNGT, OPLOUNTIKESG
TPACELS

Yndpyovv evioAEc mov ta. opicuata givon O 6
KOTOYWPNTES

Katd Bdon (m.y. oe aprOuntikéc evtoAEg) To £va. OpIoUD GTN
pvnun.
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ApyrteKToVIKES KoTaympntoVv YEVIKOU 6KOTOV

/N

Register-memory Register-register (load
A@fvouy 10 éva Opiopo store) (1980+)
vo, givon ot pvnun (my.
80386) A=B+C
Load R1, B
LoadR1, B Load R2, C
AddRI, C Add R3, R1, R2
Store A, R1 Store A, R3
extended-accumulator register-register
. . | . .
Memory-memory accumulator register-memory
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ApyrteKTOVIKN XTolfog

KabBorov registers! Stack model ~ 1960!!!

210ifa mTov petTapEpovToL TO OpicUATO TOL apyYIKd PpickovTal
ot pvnun. Kabwg Byaivouv yivovton o1 mpdEeig kat to
amotélec U Covaumaivel otn otoifa.

Ovudote o HP calculators pe reverse polish notation

A=B+C
push Address C
push AddressB

add
pop AddressA
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EvtoAéc petafAntod unkovc:

1-17 bytes 80x86

1-54 bytes VAX, IBM

[Moti??

Instruction Memory akpifin}, otkovopio ympov!!!!
Eueic oto puabnua: register-register ISA! (load- store)

O1 Katoy®pnTEC VOt YPNYOPOTEPOL ATTO TN VI UM
Mewwvetal n Kivnon pe uvnun

Avvortotta va vtootnpryfel otafepd UNKOC EVIOADV
(ta opiouata ivol katayowpntéc, dpa O aplfudc Touvg (my.
1-32 kotoympntég) Oyl 0/VOELS LVIUNG

==

Compilers mo ovokoAou!!!
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Boaowkég Apyéc Xyeotaong (patterson-hennessy COD2e)

1. H ouotouopoia tov Asttovpyiov cuouPaiiel otny amAotnTa
0V VAKOV (Simplicity favors Regularity)

2. Ooco pikpotepo toc0 tayvtepo! (smaller is faster)

3. H xaAn oyeolaon anontel onuoavtikovg cvuPifacuoig (Good
design demands good compromises)

l'evikotntes?  Oo to. 000UE OTN CVVEYELC. ...

10
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MIPS 60v0oA0 EVTOLAOV:

AéEeic tov 32 bit (uvnun opyavouévn og bytes, akoAovbel To
novtého big Endian)

32 katoympnteg yevikov okomoL - REGISTER FILE

Oo wAncovuE Yo evtoléc amodnkevong otn pvnun (Iw, sw)
ApBuntikeg eviolég (add, sub kAm)

EvtoAég owakAdomong (branch instructions)

Aev a@NVOLUE TIG EVTOAEG VO £YOoVV HETAPANTO TANO0C
opioudtmv- m.y. add a,b,c mévra: a=b+c

OuvunOeite v In apyN: H ouoiouopeio twv Acitovpyicdrv
ovupoiier otnv ariotnta tov h/w

11
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A@OV 01 KOToympNTES EIVAL TOGO....LYPNYOPO» Y1OTL VO LNV
ueyoilmoovpue 1o puEyeboc tov register file?

2n apyn: Ooco uikpotepo 1000 tayvTEpo!

Av 7o register file ToA0 peydAo, mo TOAVTAOKN M

OTOKMOTKOTTOINGT), TLO UEYAAOC 0 KUKAOC poAoY100 (pdon ID)

apa.....vmapyet tradeoff

Memory [0] 32 bits
Mviun opyavouévn e bytes: _
(Kd0e byte ko Eeyopiot) Memory 4] 32 bits
Svo) Memory [8] 32 bits
230 NéEeic uvune tov 32 bit (4 Memory [12] 32 bits

bytes) kd0Oe o

$s0, $s1,... kataywpntéc (ueTaPAntéc cuvnBmc)
$t0, $t1,... katayopnTéS (TPOSOPIVEC TILEC)
$zero £101Kd¢ kKataywpng meptEyetl To 0

cslab@ntua © 2004-05
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Kavoveg Ovopatoooociog kot Xpnon tov MIPS
Registers

*  Ekt6¢ 06 10 ouviOn cvpuforiopnd tov Katoyopntdv pe $ akolovboduevo
amd ToV aplOUd TOV KT WOPNT, LTOPOLV ETIGNC VO TOPUSTAOOVV Kol MG

eang :
Ap. Katoyopnt  Ovopa Xpion Preserved on call?
0 $zero Constant value 0 n.a.
1 $at Reserved for assembler ot
2-3 $v0-$v1  Values for result and oyt
expression evaluation
4-7 $a0-$a3  Arguments VoIl
8-15 $t0-$t7 Temporaries oyt
16-23 $s0-$s7  Saved VoIl
24-25 $t8-$t9 More temporaries oyt
26-27 $k0-$k1  Reserved for operating system vl
28 $gp Global pointer Vol
29 $sp Stack pointer Vol
30 $p Frame pointer Vol
31 $ra Return address Vot

cslab@ntua © 2004-05

13



Big Endian vs Little Endian
Big Endian: H ovon tov mo onuavtikov byte (MSB)
etval ko oven ™G AEENC

Little Endian: H ovon tov Ay0tepo onuoaviikov byte
(LSB) eivat ka1 oven g AEENC

H AéEn amoOnkeveton mavta oe cuveyOuevec DEGELC:
ovon, ovontl,..,ovon+3

BIG_ENDIAN LITTLE ENDIAN
1
2
2
3 [LSB 3 [MSB
A[l] 4 |MSB A[l] 4 |LSB
5 5
6
6
7 |LSB 7 [MSB
A[2] 8 |MSB A[2] 8 |LSB
9
9
10 10
11 |LSB 11 |[MSB 14
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MIPS ISA (Baocikég evtoréq)

ApOuntikéc evtorég add, sub: mwavta tpia opicuato - TOTE
ovon puviung!
add Ssl, S$s2, Ss3 ¥ Ssl = S$Ss2+S5s3

sub $s1, Ss2, Ss3 ¥ sSsl Ss2-Ss3

Evtoléc petapopdc osoouévav (load-store):

Eom &yovue avapopd otn uvnun (tocot tpomol? Oa 10
OOVE GTN GLVEYELX)

lw $s1, 100($s2) # $sl = Memory (100+$s2) (load word)

sw $s1, 100($s2) # Memory (100+$s2) = $sl(store word)

15
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MIPS Arithmetic Instructions

Hopooetypota
Instruction Llopaooeryuo. Evvoia 2ol
add add $1,$2,%3 $1 =32 +83 3 operands; exception possible
subtract sub $1,$2,$3 $1=%52-93 3 operands; exception possible
add immediate addi $1,$2,100 $1=82+100 + constant; exception possible
add unsigned addu $1,$2,$3 $1 =952+ 83 3 operands; no exceptions
subtract unsigned subu $1,$2,$3 $1=%2-33 3 operands; no exceptions
add imm. unsign. addiu $1,$2,100 $1 =52+ 100 + constant; no exceptions
multiply mult $2,$3 Hi, Lo =$2 x $3  64-bit signed product
multiply unsigned multu$2,$3 Hi, Lo = $2 x $3 64-bit unsigned product
divide div $2,%3 Lo=3$2+$3, Lo = quotient, Hi = remainder
Hi = $2 mod $3
divide unsigned  divu $2,$3 Lo =82+ §3, Unsigned quotient & remainder
Hi = $2 mod $3
Move from Hi mthi $1 $1 =Hi Used to get copy of Hi
Move from Lo mflo $1 $1=Lo Used to get copy of Lo

cslab@ntua © 2004-05
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MIPS Logic/Shift Instructions

IHopooetypota
Instruction Llopaoeryua Evvoto. 2ol
and and $1,$2,$3 $1 =82 & $3 3 reg. operands; Logical AND
or or $1,$2,$3 $1=52|9%3 3 reg. operands; Logical OR
XOr xor $1,$2,$3 $1=3%2@ $3 3 reg. operands; Logical XOR
nor nor $1,$2,$3 $1=~($521$3) 3 reg. operands; Logical NOR
and immediate andi $1,$2,10 $1 =82 & 10 Logical AND reg, constant
or immediate ori $1,$2,10 $1=82110 Logical OR reg, constant
xor immediate xori $1, $2,10 $1=~%2 &~10 Logical XOR reg, constant
shift left logical sl $1,$2,10 $1 =82 <<10 Shift left by constant
shift right logical srl $1,$2,10 $1=82>>10 Shift right by constant
shift right arithm. sra $1,$2,10 $1=8%2>>10 Shift right (sign extend)
shift left logical  sllv $1,$2,$3 $1 =82 <<$3 Shift left by variable
shift right logical srlv $1,$2, $3 $1=52>>33 Shift right by variable
shift right arithm. srav $1,$2, $3 $1=382>>83 Shift right arith. by variable

cslab@ntua © 2004-05
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MIPS data transfer instructions

Hopooetypota
Instruction 200,
sw 500(%4), $3  Store word
sh 502($2), $3 Store half
sb 41($3), $2 Store byte
lw $1, 30($2) Load word
Ih $1,40($3) Load halfword
lhu $1, 40($3) Load halfword unsigned
Ib $1, 40($3) Load byte
Ibu $1, 40($3) Load byte unsigned

lui $1, 40

cslab@ntua © 2004-05

Load Upper Immediate (16 bits shifted left by 16)

LUI

R5

/

R5

0000 ... 0000

18



MIPS Branch, Compare, Jump
Hopooetypota

Instruction

Topadesryuo

Evvoio

branch on equal
branch on not eq.

set on less than
set less than 1mm.

set less than uns.
set 1. t. imm. uns.
jump

jump register

jump and link

cslab@ntua © 2004-05

beq $1,$2,100
bne $1,$2,100

slt $1,$2,$3
slt1 $1,$2,100
sltu $1,$2,$3

sltiu $1,$2,100
i 10000
jr $31

jal 10000

if (§1 == $2) go to PC+4+100
Equal test; PC relative branch

if ($1!=3$2) go to PC+4+100

Not equal test; PC relative branch
if ($2 < $3) $1=1; else $1=0
Compare less than; 2’s comp.

if ($2 <100) $1=1; else $1=0
Compare < constant; 2’s comp.

if ($2 < $3) $1=1; else $1=0
Compare less than; natural numbers
if (32 < 100) $1=1; else $1=0
Compare < constant, natural numbers

go to 10000
Jump to target address

go to $31
For switch, procedure return

$31=PC +4; go to 10000
For procedure call

19



Hopaoerypa: vrofétovue dtin petafint h eivar
amoOnkevuévn otov Kataympnt $s2 ko apyn Tov wivaka A
(base address) Bpioketatl oto kotoywpntn $s3

O A givon mivaxkog 100 AeCewv tv 32 bit ekdot.
[Tog yphepeton 10: A[12]=h + A[8] ;

lw $t0, 32($s3)  # temporary reg. $t0 gets A[8]
add $t0, $s2, $to # temporary reg. $t0 gets h + A[8]
sw $t0, 48($s3)  # stores h+A[8] back into A[12]

20
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Mopo1n Evtoing - Instruction Format

OuunOeite to 1o xavova: H ouorouoppio twv Ac1tovpyimv
ovufarrer oty OTAOTHTO TOV DAIKOD

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

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

Funct : op specific (function code)

add srd, S$rs, Srt

cslab@ntua © 2004-05
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MIPS R-Type (ALU)

R-Type: OAec o1 evtorég g ALU mov ypnGHonotody 3 KotoympnTeS

OP rs rt rd shamt | funct

6 bits 5 bits S bits S bits S bits 6 bits

e Ilopaociypata :

- add s$1,52,583 and S1,52,S53
- sub $1,52,583 or S1,52,53
/ \
Destination register in rd Operand register in rt

Operand register in rs
22
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Epomon: Mog apxel to R-Type?

T yivetar pe evtoAég mov BEAOVY opicuata O1EVBHVGELC
N otafepéc? Ouunbeite, 0EAovue otabepod uéyebog kabe
evtoAng (32 bit)

Amavtnon: Mdaiiov oyt

Apa: H koin oycoioon amaitel onuovtikoog ooubipoouovc (3n opyn)

I-Type:

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

lw $rt, address offset(srs)

Tao 3 tpoTa media (op,rs, rt) £xovv To 1010 Ovopa Kot pEyedog

0TS KL TTPLY
23
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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 Ilopaoctypata :

Offset base register in rs

\ source register in rt
/ —
— Store word: sw 500(s4), S3
— Load word: lw $1, 30(s2)
/ / \ base register in rs
Destination register in rt Offset

24
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MIPS ALU I-Type

Ot I-Type evtorég g ALU ypnoipomotovy 2 kataympnTeg kot o otabepn| Tiun
[-Type eivor ko o1 evtodég Loads/stores, conditional branches.

OP rs rt immediate

6 bits 5 bits S bits 16 bits

— immediate: Constant second operand for ALU instruction.

e Ilopaoctypata :

— add immediate: addi $1,$2,100

— and immediate andi $1,$2,10

/ / \ Constant operand

Result register in rt in immediate

Source operand register in rs 75
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EvtoAiég ovokAdomonc-branching instructions

Eaiffhlf beq $s3, 4s4, L1 # goto L1 if $s3 equals $s4

branchif bne Ss3, 4s4,

L1l # goto L1 if $s3 not equals $s4
lequal

unconditional

jr $tl # goto stl
Jump

..... givan I —Type evtorég

slt St0, S$Ss3, Ss4 #set St0 to 1 if Ss3 is less
than Ss4;else set $St0 to O

Opog: j L1l # goto L1

I10c0 peyaro sivon To pfkog tov address L1;

r r 14 r r 26
IIéc0o «pneydio» pmopei va sival 1o dipa;
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MIPS Branch I-Type

OP rs rt address

6 bits S bits S bits 16 bits

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

* Hap OLSEVYWHOL : o Register in rt offset in bytes equal to
Register in rs instruction field address x 4
— =
* Branch on equal beqg $1,$2,100
« Branch on not equal bne $1,%$2,100

27
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MIPS J-Type

J-Type: jump j, jump and link jal

OP jump target

6 bits 26 bits

— jump target: jump memory address in words.

Jump memory address in bytes equal to

o Hapaﬁgiwy HoTo, instructionﬁ) jump target x 4
— Branch on equal j 10000

— Branch onnot equal jal 10000

28
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Am’ gv0etog orevOuvvoloo0tnon- Xtadepéc

O1 1o TOAAEG aplOUNTIKEC EKQPPACELS GE TPOYPAULOTOL,
epEyovy otobepéc: my. index++

2TOV KOOIKA TOV gcc: 52% ekppdoewmv £yovv constants

2TOV KOOKa TOL spice: 69% tov ekppacemv!

T kavovue pe i otaBepéc (kar av etvor > 16bit;)

®O&lovue: $s3=$s3+2

lw $t0, addr of constant 2 ($zero)
add S$s3,5s3,S5t0

AMIOG: addi $s3,$s3, 2 (add immediate)

Ouowa: s1ti $t0,3$s2, 10 # $t0=1 if $s2<10
29
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Tpomor ArevOvveroootnong etov MIPS:

Register Addressing
Base or Displacement Addressing

Immediate Addressing

N oLobh o=

PC-relative addressing (address 1s the sum of the PC
and a constant in the instruction)

5. Pseudodirect addressing (the jump address is the 26
bits of the instruction, concatenated with the upper bits
of the PC)

30
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1. Immediate addressing
op rs rt Immediate addi Srt, Srs,immediate
m.yx. lui $t0, 255 I-Type
slti st0, Ssl1, 10
2. Register addressing
op rs rt rd funct Registers
' > Register R_Type
add Srd, srs, Srt
3. Base addressing m.¥x.add $t0, $s1,$s2
op rs rt Address Memory
|
Register él—)—>- Byte Halfword Word I-Type
I i} I
lw srt, address(Srs)
m.x. 1w $tl1,100($s2)
4. PC-relative addressing
op rs rt Address Memory
l
PC é—)—> Word I-Type
[ i
bne Srs, Srt, address
.. bne $s0,$sl,L2
5. Pseudodirect addressing
op Address Memory
1
PC é—p Word J—Type
[ i}
31

j address # goto
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(4 x address) (0:28)-(29:32) (PC)



(@)

Addressing Modes : Ilapaociypnota

Addr. mode Hapdoetyuo ‘Evvoua, xpion
Register add r4,r3 Regs[r4]«< Regs[r4]+ Regs[13] 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+12) Regs[r4]«— Regs[r4]+Mem[Regs[r]]+ 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]« if 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]+

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

to index arrays 39
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Enelepyaotic ApOuoc KaTay@pnTaOV APYLITEKTOVIKI) "Etog
YEVIKOU GKOTTOV
EDSAC 1 accumulator 1949
IBM 701 1 accumulator 1953
CDC 6600 8 load-store 1963
IBM 360 16 register-memory 1964
DEC PDP-8 1 accumulator 1965
DEC PDP-11 8 Register-memory 1970
Intel 8008 1 accumulator 1972
Motorola 6800 2 accumulator 1974
DEC VAX 16 register-memory, memory-memory 1977
Intel 8086 8 extended accumulator 1978
Motorola 68000 16 register-memory 1980
Intel 80386 8 register-memory 1985
MIPS 32 load-store 1985
HP PA-RISC 32 load-store 1986
SPARC 32 load-store 1987
PowerPC 32 load-store 1992
DEC Alpha 32 load-store 1992,

cslab@ntua © 2004-05
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