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MIPS

H MIPS (Microprocessor without Interlocked Pipeline Stages)
gival hia apxITEKTOVIKI) ouvoAou evioAwv (ISA) yYAwooag unxaving
TTou avamTuxonke ammdé v etaipeia  MIPS Technologies
(Trponyoupevwe MIPS Computer Systems Inc.) Kal avriker otnv
katnyopia RISC (Reduced Instruction Set Computer). O1 TTpwTEC
apxiTektovikéc MIPS ftav twv 32 bit, evw o1 eTTOpeveEC ATAV TWV
64 bit.

YTTapxouv TTOAAEC €KOOOEIC TOU OuvOAou eviohwv MIPS oTig
otroie¢ TrepiAappBavovtar o MIPS |, MIPS I, MIPS lIl, MIPS 1V,
MIPS V, MIPS32 (32 bit), and MIPS64 (64 bit).



Subset of the MIPS instructions

Instruction

Meaning

O
T

Arithmetic

Memory access

Control transfer

Load upper immediate

Add

Subtract

Set less than

Add immediate

Set less than immediate

AND

OR

XOR

NOR

AND immediate
OR imme diate
XOR immediate

Load word
Store word

Jump

Jump register
Branch less than 0
Branch equal
Branch notequal

rt, 1rm

rd,rs,rt
rd,rs,rt
rd,rs,rt
rt,rs, irm
rd,rs, imm

rd,rs,rt
rd,rs,rt
rd reert
by (00 A =7 )
rt,rs, imm
rt,rs, irm
rt,rs, imm

rt, irmirs)
rt, immirs)

L

rs

rs,L
rs,rt,L
rs,rt,L

rt < (imm, 0X0000)

rd < (rs) + (rt)
rd < (rs) — (rt)

rd < if (rs) < (rd) then lelse 0

rt < (rs) + imm

rd < if (rs) < imm then 1 else 0

rd < (rs) A (rt)
rd < (rs) v (rt)
rd < (rs) @ (1t)
rd < ((rs) v (rt))
rt < (rs) A imm
rt < (rs) v imm
rt < (rs) @ imm

rt < mem[(rs) + imm]

mem[(rs) + imm] < (rt)

gotoLL

goto (1s)

if (rs) <0 then goto L
if {rs) = (rt) then goto L
if (rs) # (1t) then goto L

—
A

[
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MIPS instructions formats

O bits 6 bhits

"o T v T | o [ shum [ i

address / immediate

target address

op: basic operation of the instruction {opcode)

rs: first source operand register

rt: second source operand register

rd: destination operand register

shamt: shift amount

funct: selects the specific variant of the opcode (function code)
address: offset for load/store instructions (+/-217)

immediate: constants for immediate instructions




Apxitektoviki Tou MIPS

< Datapath: part of a processor that executes instructions

< Control: generates control signals for each instruction
Next Program
Counter

Instruction [—]
i

Cache Registers
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Alaocuvdeon Bacikwyv povadwyv otov MIPS

Data

Register #
Address Instruction Registers

Instruction Register #
memaory

Register #

PC: Program Counter  ALU: Arithmetic Logic Unit



Register File ka1 ALU

Read ] ALU operation
register 1 4 N

"
——- __‘___H--‘-

Register / . Read ™

= - -
~. Zerol—s

numbers | ™| register 2
JALU ALy

i Registers
Write d

_ result |
register

Write
Data

RegWrite




Register file

To register file ¢€ivalr OlATACEIC aATTO  KATAXWPENTEC  TTOU
XPNOIMJOTIOIOUVTAlI  EOWTEPIKA  OTIC  POVADEG  £TTECEPYQTiag
OeOOUEVWIV TWV ETTECEPYAOTWYV. 2TOUC OUYXPOVOUG ETTECEPYAOTEC
uTTdpXouV register file pye TTOANEC TTOPTEC avAyvwong dEOONEVWV.
21NV ouvéxela didetal to Aoyikd ouuPoAo evog register file pe n
karaxwpntéc r0, r1,..., r(n-1) ka1 dUo TOPTEC aAvAyvwong
OEOOUEVWIV.



Noyiké oUuBoAo evog register file ye n karaxwpntég ro, r1,..., r(n-1)
Kal QU0 TTOPTEC avAyvwaong OEOOUEVWV.

In

Write l
Register r0
Select ___

Reed p——————-— Write
Register <«
Seleet1 p———————

Read
Register — > r(n-1)

Select2 l l

Out1 Out2




Alaocuvdeon Register File kai ALU otov MIPS

Instmaction

Read
regietar 1 Read

RIEI E.li liE.tE. l
regetar 2

Heqislers
Write

ragietar Read

date

Writa
data

AT oparation




ExTéAeon TnG evioAng add rd, rs, rt otov MIPS

add rd, rs, rt

Instruction

__op | rs | rt | rd |shamt] funct|  R[rd]<-R[rs] + R[r];

Operation

RN1 RN2 WN

RD1
Register File

N WD

RegWrite




Basic MIPS architecture

IF: Instruction fetch ! 1D: Instruction decode/

EX: Execute/ | MEM: Memory access : WB: Write back
register file read
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Instruction cycle Tou MIPS

ihsiiction Eateh Fetch instruction
nstruction Fetc : :
Compute address of next instruction
Ty m—— Generate control sugnals. for instruction

Read operands from registers
Compute result value

Read or write memory (load/store)

Writeback Result Writeback result in a register
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ExTéAeon d1adoxikwyv evioAwv otov MIPS xwpig pipeline

IF | 1D

MEM

WB

EX

MEM

WB

EX

MEM

WB

IF: Instruction Fetch, ID: Instruction Decode, EX: Execute,
MEM: Memory access, WB: Write Back




CPU pipelining

To pipelining €ival TeXVIKE aAANAOETTIKAAUWNG TNG EKTEAEONG
TWV EVIOAWV YAWOOAC PNXAVAG O €vaV ETTECEPYAOTH, WOTE
Va TTEPIOPIOOEI 0 XPOVOC EKTEAEONG EVOG GUVOAOU evTOAwV. la
TNV UAomroinon T1ou pipelining n povada ETTECEPYOTIAC
dedopEvwyY dlaipeital o Babuidec kal ToTToBeTouvTal pipeline
latches (flip-flops) peTagu Twv Baduidwy.

2TNV apxf KABe KUKAOU wpoAoyiou YViveETal eyypagn Twv
eCOOWV Twv Pabuidwv ota pipeline latches Twv oTtroiwv ol
£€€000i TOUG TTAPAMEVOUV OTOBEPEC KATA TO UTTOAOITTO TOU
KUKAOU YIO va XpnoihdoTtroinBouv oav €i00d0l atTd TNV ETTOUEVN
BaBuida.



ExTéAeon evioAwv otov MIPS pe Pipeline

F | ID | EX |[MEM
|/ F | ID | EX WB
I F | ID MEM| WB
IF EX |MEM WB
D | EX |[MEM WB




Pipelined MIPS architecture

MEMWB
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Instruction fetch

Instruction
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Instruction decode




ID (RR)

EXMEM MEMMWE
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EXMEM MEM/WEB

Data
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Memory

Fead
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Read
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Branch Prediction

Me Ttov Opo branch prediction (mpoBAswn diakAadwang)
EVVOOUME €va OUVOAO QTTO TEXVIKEG TTOU UAOTTOIOUVTAlI OTOUG
OUYXPOVOUC ETTECEPYOAOTEG, ME TIC OTIOIEC ETTIXEIPEITAI VA
TTPORBAepOei v Ba ekTeAeoTei éva conditional branch kai
avaloya va yivel fetch evioAwv oe yAwooa pnxavig amo tnv
KATaAANAn B€on pvrung, woTe va unv dlakoTrei To pipelining
TWV EVTOAWV.

YTIAPXOUV OTATIKEC KAl OUVANMIKES TEXVIKEC TIPOBAEWNC
dIaKAGOWONG.



ExTéAEon evTOANG d1akAGAdwong o€ pipeline apXITEKTOVIKA
Xwpig branch prediction

Condition is
calculated only here

taken

e m DEC

the gap if

. . taken
instruction

* The time that is wasted in case of a branch misprediction is equal to the number of
stages in the pipeline from the fetch stage to the execute stage. Modern

microprocessors tend to have quite long pipelines so that the misprediction delay is
between 10 and 20 cycles (if not consider misses in caches).

MEM|| WB

EXE [[MEM|| WB

EHHE
vs)

DEC || EXE |[MEM || WB

-
H
o
m

M
H




Hardware Implementation of Branch Prediction

Addresses of recent Target History
branch instructions addresses bit(s)

Low-order
Incremented

bits used
as index




Simple Branch Prediction: 1-Bit History

Taken Not taken
~ ™ Nottaken 7 O

| Predict | I Predict |

\ taken | \ not taken |

I-i : ,

Taken

Two-state branch prediction scheme.




Simple Branch Prediction: 2-Bit History

Taken Taken Taken

Mot Taken ra ™ e B 7 -1"

Weakly ¢ Weakly , /" Strongly |
1
||I not taken | | not taken ] l. taken ." l. taken
00 01 \_ 10 11

- / Strongly

- - _ _

"-'-T,___N ot Tak r:*r_u___..--""_ _- F-t:,___r-J ot Take n_ﬂ_ ’ ]":_m ot Take n___,,--"




Superscalar architectures

2TOUC  eTTeCepyaoTeEc ME  ummepfBabuwrn  (Ssuperscalar)
QPXITEKTOVIKI] UTTAPXOUV OUO 1 TIEPIOCOOTEPEC AEITOUPYIKEC
novadeg omwg Integer Execution Units (IEU), Floating Point
Units (FPU), Branch Units.

Mia €101k} povada (Instruction Issue Unit) avakaAei eVvIOAEC aTTO
TNV MvAMN cache, avixveuel €Aav  uttdpxel  duvaroTnta
TTAPAAANAICPOU  METOEU TwV eVIOAWV (UTTAPCN aveCAPTNTWYV
EVTOAWV) Kal avaBETel KATAAANAQ TNV EKTEAEON TWV EVTIOAWYV OTIC
OIAPOPEC AEITOUPYIKEC MOVADEC, WOTE QUTEC va EKTEAOUVTAI
TauTOXpOVA.



Superscalar architecture

Mvrun

l

Instruction Issue Unit

Instructions

v Y

L v

Execution
Unit

Execution
Unit

Instructions

— |

Execution
Unit

Register File




Superscalar architecture

Instruction :
{Fetch UnitJ_' Llnstructin Queue j

Dispatch
Unit

3

Integer Integer Inatlng Point
Execution Execution Execution
Unit Unit Unit

~ 1

L Write buffer j
L




EKTEAEON EVTOAWYV ATTO ETTECEPYAOTN ME Superscalar apxITEKTOVIKNA
Kal OUO PHOVADEG EKTEAEONG EVTOAWYV

‘MEMWE

X |MEM | WB |
| EX [MEM| we

i MEM: WE

0D e f'-.1Eh.-‘1 WB |

| ME r-.d WEB |
IF

EX |[MEM| WB

ID | EX |[MEM we
IE | ID | EX [MEM| WB
| 1D | EX |MEM| wB




Out-of-Order Eexecution (OoOE)

H texvik Out-of-Order Eexecution (OoOE) evOwuaTWVETAI OTOUG
TTEPIOOOTEPOUC OUYXPOVOUG ETTECEPYAOTEC VIO VA EKTEAEOTOUV
EVTOAEC 0€ KUKAOI wPOAOYioU TwV OTToiWV N un Xprjon 8a cixe cav
ATTOTEAEOUA TNV KABUOTEPNON OTNV EKTEAEON TOU TTPOYPAMMATOG.
Me tnv TEXVIKI) OOOE 0 €1meCepyaoTAG AVAKAAEI OUADEC Kal TIC
EKTEAEI PE OcIpa N otToia TTpoadiopileTal atrd TNV dlaBeoiuoTNTA
OeOOMEVWY €I0000U O€ QUTEG, TTAPA ME TNV O€IpA TOUG OTO
TTPOYPAMMA.

Me auTtd TOV TPOTTO ATTOPEUYETAl O ETTECEPYACTAC VA TTAPAMEVEI
QAVEVEPYOG, EVW AVAKTWVTAI Ta OEOOMEVA VIO TNV ETTOMEVN EVTOAN
OTO TTPOYPOAUMA, KOl EKTEAEI AVTi TNGC AUECOWC ETTOPEVNG EVTOANG
KATTOI0 AAAN TTOU UTTOPEI VA EKTEAEOTEI AUEDOQ.



OOOE — general scheme

Fetch & | ——= [Instruction| —— | Retire
— > pool —

Decode | ——— — | (commit)

In-order ( < (( )))) In-order

Execute

Out-of-order

¢ Fetch & decode instructions in parallel but in order, to fill inst. pool

¢ Execute ready instructions from the instructions pool

= All the data required for the instruction is ready
« Execution resources are available

¢ Once an instruction is executed
- Signal all dependent instructions that data is ready
¢ Commit instructions in parallel but in-order

= Can commit an instruction only after all preceding instructions (in
program order) have committed



Apxitektovikil OoOE

Fetch FU: Functional Unit

Decode

In=order

Mispatch

Eeservation

Stations

Eeorder/Completio
Buffer

Commit




OoOE

* Example:

(1) r1 /* assume division takes 20 cycles * /
(2) ré

(3) x5

(4)

(5) In-order execution

) 1 2[3]4]5]6

In-order (2-way superscalar)

Data Flow Graph Eﬂﬂ
© © :

Out-of-order execution




Register renaming

In computer architecture, register renaming is a technique that
eliminates the false data dependencies arising from the reuse of
architectural registers by successive instructions that do not have
any real data dependencies between them. The elimination of
these false data dependencies reveals more instruction-level
parallelism in an instruction stream, which can be exploited by
various and complementary techniques such as superscalar and
out-of-order execution for better performance.



Texvikn register renaming \ Instruction

1 R1 = M[1024]

2 R1=R1+2

3 M[1032] = R1

4 R1 = M[2048]

5 R1=R1+4

6 M[2056] = R1
# Instruction # Instruction
1 | R1=M[1024] 4 | R2 = M[2048]
2 | R1=R1+2 51 R2=R2+4
3 | M[1032] = R1 6 | M[2056] = R2




Speculative

Speculative execution — example

Execution

cycle 1 cycle 2
/ (1) rl < meml rl’ <« meml
AW (2) r2 < r2 + rl r2’" <« r2 + rl’
/\ (3) rl < mem2 rl” < mem2
WA (4) r3 <« r3 + ril r3’ <« r3 + xrl1”
\ (5) Jmp cond L2 predicted taken to L2
i (6)L2 rl <« mem3 rl”’ ¢ mem3
7 (7) rd < r5 + rl rd’ & rb + rl1”’
WARIEES 5. 2 r5 < 2
(9) Y6 < r5 + 2 r6'! < r5 + 2

¢ Instructions 6-9 are speculatively executed
= If the prediction turns wrong, they will be flushed
¢ If the branch was predicted not-taken

= The instructions from the other path would have been speculatively
executed



ApxiTekTovikn 8086 4] 208

GENERAL
REGISTERS

DATA BUS

(16 BITS)

INTERNAL
! COMMUNICATIONS
ALU DATA BUS

(16 BITS)

TEMPORARY RECISTERSI—4

INSTRUCTION
QUELE

SYSTEM | (g BITS)
|

|
~ BXECUTION UNIT | BUS INTERFACE UNIT
W (BIU)




ApPXITEKTOVIKN 80386 Microprocessor
80386

Arithrmetic o
L'”“' Unit = Mermaory
Wanagement
LIt
Address Bus 2
| t|||r| Interface| Control Bus
it 2 § DataBus

The 80386
Microprocessorn

con=zists of 5
functional units;

* Bus
: * Code prefetch
Execution * Decode

|Init Frefetch * Execution

Linit * Memony
Management

Control
IInit

4
g

Click on the numbers in order, tofind out how the CPU adds two numbers.

Fet 79,80: Shanley T, Anderson O, stem Architecture and
white, B, "How computer




APXITEKTOVIKN
80486

4
e
I

(=5

l:,a[:hE Unit Instruc:tmn Prefetch

Pa[_:lmg Umt '_ :
Instruction

Segment I.Imt Decode

Unit
:E:'-'.;'-IE-ir._I:-.a-_fE- i Py
of indey Instr *_.i-:-n I Microcod

Wl Erltrl_.l Fai
— | Control
Unit

Floating Hardwired
Point Microinstruction
Unit

32-bit data path Il Upper 20 bits of Physical Address

bit Linear Address

B System Architecture”

Address Bus 2
control Bus 3
Diata Bus

The 80486
Microprocessorn
consists of 7
functional units;

* Bus interface
* Instruction
pipeline/decode
* Cache
* Control
* Floating-Point
* Execution
{Data path)

+

* Memory

*  Management




APXITEKTOVIKN
Pentium

o4

~TLB

Branch
Target Instruction Cache
BEuffer BK. Z-way
266

Fraefetch Buffers

i
e|E
Bl E g_; Instruction Decode Microcode
Bus 5|8 ROM
E4 e 1 l '
Addr Contral Linit
<i:f> Bus } P
Linit - R
Address | Address FPU
Cantral — Generate | Generate S
: FFP Register File
o | | | Integer Register File ' B0
N ALU ALU Add
U-pipe V-pipe :
= Divide =
Barrel %
Page 32 -z ' ”.
Unit
Dual-Access Data Cache
BE, 2-way
=2 TLB e
: e




Apxitektovikn Il .
Pentium MMX Logict |,

Instruction Prfatch Buffers Cantral
Rointar Inatruction Decode ROM
E’”f“" Ermanch Verification
e B | Ui and Target Addmes '| | '
Data -
Bus I Contral Uinit + *
o g Y-Pipdine I
Bit pag omadion
J=-Bl L & U-Pipedine . :
ﬁfdad?ash o e - ——l - e Fbatm?_rchlnt
us Address Address  fea—e
Coanemte | Genorate B
w4 (LI Fipeline) | (V¥ Pipeline) |- ] Contmal
Contral B Fegzier Fiie
| li!_ =
e Inteqer Reqister File e = el
o Ao | o B |
S U Ppoine) 0 Ppoine [f—p o
=Bl =] |Barmel Shiftar
Addr. Bus -..Huhipll'
Data ‘3
Control
=




Pentium Pro




Pentium I




Pentium Il (P6)

Local
APIC

Substrate

Pentium I

Bus Interface Unit

External Bus

80



P6 Microarchitecture

|

External bus [ [ : | Data Cache
| 3
1

Unit (L1)

Memory
Order Buffer

IEUMJEU

: (Restricted)
: Data
: Flow

r

Instruction

g
Reservation
Station

Register
Alias Table

4

Allocator I

Issue Cluster

Decoder

g()ut-()f-(n'dcr
é('lustcr

ROB &
Retire RF

A

s
-
g:
z g
s &

A



Pentium Il

INTEL@®©' 81 PHILIPPINES
1133/256/133/1. 475

. 7130B208-8273
¢ PENTIUM III SLS6Q =




ApxiTektovikl Pentium lll

Pentium(r) lll Processor Architectural Block Diagram

System Bus Instruction Cache 16 Kbyte, 4-way Dynamic Branch
; — 32 entry TLB Predictor: 512 entrie

FEI:-:H ElF_;l:.Ell:iE- .
e i L S R
_ontral Static Branch

¥ parallel Instruction Decoder Predictor

Micre Code ROM /

Micro Instruction
Sequencer Integer/FF Register

Rename & Allocator

tectural
gister File

Store Data
LInit

- - : Reorder Buffer

Data Cache 16 KByte. 4-way ' (40 entries)
72 entry TLB




Intel Pentium 4




Apxitektoviki Pentium 4

Dynamic Branch
256-bit wide .
Core clock Fredictor: 4096 entries

Trace Cache
Branch Prediction
4036 Entry BT

FP Store
FP Move

) 256-hit wide - Core Clock / L1 Data Cache § KByte
Hardvware Data Prefetch 4-way dual ported




Core 2 Architecture

128 Entry 32 KB Instruction Cache |
ITLB (8 way) Shared Bus
= 128 Bit Interface
F o
i 32 Byle Pre-Decode, o
_ Fetch Buffer i
|HEITUI:1.'ICI.H i— 6 Instructions
Fetch Linit 18 Entry
i Instruction QueLle
F ¥ L r
Micro- Complex| | Simple | | Simple || Simple ¥
code Decoder | |Decoder| | Decoder | |Decoder
I—F':r‘-i Hops “;luﬂp Tluop T 1pep
| ¥+ Entry pop Buffer | Shared
i 4 pops = |2 Cache
Register Alias Table L=y
and Allocator
idmm 4 puops
256 Entry
96 Entry Reorder Buffer (ROE) - L2 DTLE
i 1 pops '
-|-| 32 Entry Reservation Station |
Fort 0 Part 1 Fart 5| Fart 3 Port 4 Port 2
i i i | J ¥ L
ALU SﬁSfEfl ALU SﬁSfEfl e SSE || Store store || Load
AIEU ® MI:JL ®| | Branch ALU Address Data Address
Y 1 l J‘ ‘L
128 Bit 128 Bit Memory Ordering Buffer
AL FADD i g
FOIV (MOE)
L + ] [ I ¥ ! [ Store Load
Internal Results Bus i 128 Bit |” | 256
“1- 128 Bit 1 " Eit
32 KB Dual Ported Data CHEHE‘ 16 Entry |
(8 way) DTLE

Intel Core

2 Architecture



APXITEKTOVIKN
core i/

Nehalem

Irta| HMehalem microachtechne

quacuple assaciative hstruction Cache 32 KByt=,
128.arkry TLE-HE, T TLR-2'4H por thrazad

p P |}
| Prafetch Duffer (16 l:ﬂzli e
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11881l 1
Instruction Queus
L8 w86 Irstructiars
Alignmren
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T
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ficro Op Fusian :Eq"'rﬂ
A 1
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Qe
Bl
23 4G

Execute

~ Rasul Aus

Ed-ertry TLE-4K, 32-entry TLB-2'4H

GT's: gigatransfers p21 second

oChiLpke associaive Dad Cache 32 KBwie, h

-

42N BE
BATTE

3 = &4 Bit
1,22 CT's




Sequential Processing (386)

ow ] 1 |2 |3 [ als sl 7] ]s
S pp————
] bt s it

Instr,
= Sequential processing works on one instruction at a time

Instrs



Pipelined Processing (486)
llﬂﬂllﬂll-ﬂﬂ

Instr,
Instry
Instr,

Instre

Instrg

Latency — elapsed time from start to completion of a particular task
Throughput — how many tasks can be completed per unit of time
Pipelining only improves throughput

— Each job still takes 4 cycles to complete
Real life analogy: Henry Ford’s automobile assembly line



In-Order Pipeline (486)
(ooe| 1 | 2|3 4] 56|78 ]9
nstr, | Fetch | Decode Execute Wit

Instr,

Instry
Instr,
Instrg

= In-Order execution requires instructions to be executed
in the original program order



Superscalar Issue (Pentium)

(goe] 1 | 2] 3 | 4 s 6] 7 8]
Becte | Wite

Instr, Decode

= Superscalar issue allows multiple instructions to be issued
at the same time



Out-of-Order Execution (Pentium Il)

llﬂﬂllﬂﬂ-ﬂﬂ
s, [ Decode -

Instr_,_
Instr,
Instr,

Instr

Instrg

* Program Order vs Dataflow Order

= Dataflow: data-driven scheduling of events

- The start of an event should be enabled by the availability of its required input
(data dependency)

= Real life analogy: taking tests — work on the questions you know first



10.1. 'EoTtw register file pe doun OTTWG AUTA TNG TTPONYOUMEVNG
aoknong. YmoBEote Om1 n=8, dnAadr OTI 1O register file £xel
8 KATAXWPNTES KAl €E0TW OTI Ol KATAXWPENTEG £XOUV UNKOG 16
bit. 2&€ OEQOUEVN XPOVIKI OTIYUN Ol TINEC TWV TTEPIEXOMEVWIV
TWV KATAXWPENTWV €ival aQuTeEG TTOU OIdOVTAl OTNV CUVEXEIQ
O0TO deKAECADIKO OUOTNA.

R0=0x0000, R1=0x0001, R2=0x0002, R3=0x0003,
R4=0x00F4, R5=0x00F5, R6=0x00F6, R7=0x00F7.



10.2. 210 oXNMa TToU DIOETAI OTNV OUVEXEIQ KAVTE TIC KATAAANAEC
OUVOEOEIC VIO VA gival duvaTh N EKTEAECN EVTOAWYV TUTTOU

add rd, rs, r,
5 | Read
Sy ;
register 1 Read
5 | Read data 1
~" | register 2
5 | \Write Registers
register Read
_ data 2
— | Write
Data

RegWrite

orrd, rs, rt, ...........

4 ALU operation
|

Zero|l—s»
ALU AU
result



10.3. '/EoTw O11 aTov emregepyantn UMIIPS ekteAeital n evioAn add
$1, $2, $3 kai 611 oI TIPEC Twv KaTaxwpnTwy $2, $3 cival
0x00000000, 0x00000001. Zto dIGypaApMO PaBuIdwWV TTOU
akoAouBei dwoTe TIC TIMEGC Twv OlACUVOECEWYV TIOU

onuEIWvVOVTal.

-~
-
—

\ \
v \\
\ \ v
\ Read 4] ALU ope rat}cm
AV register 1 Read _ |
N d ;9a1 MemWrite
ata
i \ Hea"dt 2 MemtoReg
Instruction 1 el ==l
. Registers g4 Read ¢
) Write data 2 Address data
register = I':III
i X
.| Write K
data Data
RegWrit | - Write memory
core / \ data
16 |'I Sign | 32 MemRead
\ exte? |




10.4. 'Evag €TTECEPYOAOTNC XwpPIC pipeline €xel xpOvo KUKAou
EVIOANG 25 ns. [lolog civar 0 YXpOvOC KUKAOU €vOC
avTioTolxou €TTeCepyacT) pE 5 Pabuidec pipeline TTOU
EXouv avrioTolxa kaBuotépnon 95, 7, 3, 6, 4 ns, Qv n
kKaBuoTépnon Twv pipeline latch gival 1 ns.



10.5. A¢ uttoBEéooupe OTI dIaBETOUNE pia povada ETTECEpyaTiag

doedopévwy pe 5 Babpidec pipeline (IF, RR, EX, DM, WB).
Na d00¢i To didypaupa (XpOVoUu) TS EKTEAEONG TWV EVTOAWV
TOU ETTOMEVOU TUAMOTOC Trpoypdupatos. (IF: Instruction
Fetch, RR: Read Registers, EX: Execute, DM: Access Data
Memory, WB: Write Back).

ADD r1, r2, r3

SUB r4, r5, r6

MUL r8, r9, r10

DIV r12,r13, r14

Auon

ADD r1, r2, r3 IF RR EX DM WB

SUB 4, 15, r6 IF RR EX DM WB

MUL r8, r9, r10 IF RR EX DM WB

DIV r11, r12, r13 IF RR EX DM WB




10.6. A¢ uttoBéooupe OTI dlaBETOoUE pia povada €TTECEPYATiag
oedouévwy e 5 Baduidec pipeline (IF, RR, EX, DM, WB). Na
d00¢i TO dIaypapua (XPOVOU) TNG EKTEAEONG TWV EVTOAWYV TOU
ETTOMEVOU TUAMATOC TTPOYPAUMATOC.

(IF: Instruction Fetch, RR: Read Registers, EX: Execute, DM:
Access Data Memory, WB: Write Back).

ADD r1, r2, r3
SUB r4, r5, r6
MUL r8, r9, r4
DIV r11, r12, r13



Auon

[Nla TNV 0pBOn eKTEAeon Twv evioAwv TIpEtTel n evioAnp MUL va
dlapacel TNV TIPA Tou KataxwpenTtn r4 OTTw¢ auTrh UTTOAOYIOTNKE aTTo
TNV SUB. ETTONEVWG N EKTEAECN TWV EVTOAWV TTPETTEI VA YiVEI OTTWG

TNV CUVEXEIQ

ADD r1,

SUB r4,

MUL r8,

DIV r11,

r2, r3

r5, ré

ro, r4

r12,r13

1 2 3 4 5 6 7 8 9 10 11
IF RR | EX | DM | wB
IF RR | EX | DM | WB \Data Hazard
F |leRR | Ex | DM | wB
IF RR | EX | DM | wWB




10.7. 2¢ €vav eTTeCepyaoT) Ye uttEPPaBUWTA (superscalar) apxi-
TEKTOVIKI] ME OUO HOVADEC £TTECEPYaTiac dedOUEVWV OTNV
OTToia N &€KTEAEON OAWV TWV €VTOAWV OIAPKEI Evav KUKAO
EKTEAEITAI TO ETTOUEVO TUNMUA TTPOYPAUMATOC. [1oIEC EVTOAEG
EKTEAOUVTAI 0 KABE KUKAO.

ADD r1,r2, r3
LD r4, (r5)
SUB r7,r1,r9
MUL r5,r4, r4
SUB r1,r12,r10
ST (r13),r14
OR r15,r14,r12



Auon

Kukhog 1 ADDr1,r2,r3 LD r4, (r5)
Kiukhoc 2 SUBTr7,r1,r9 MULT5,r4, r4
Kukho¢ 3 SUBTr1,r12,r10 ST (r13), r14

Kiukho¢ 4 ORT15,r14,r12

H diapkeia ekTEAEONG €ival 4 KUKAOL.



10.8. 2¢€ €vav €TTECEPYAOTA JE APXITEKTOVIKN in-order superscalar
ue VO povadeg emrecepyaaiag dedouévwy (ME) otnv otroia
N EKTEAECN OAWV TWV EVTOAWV OIOPKEI €vav KUKAo. [loleg
EVTOAEC EKTEAOUVTAI O€ KABE KUKAO.

LD 1, (r2)
SUB r4, r5, r6
ADD r3,r1, r7
MUL r8, r3, r3

ST (r11), r4

ST (r12), r8

ADD r15, r14, r13
SUB r10, r15, r10
ST (r9), r1o0



Auon

KUkAoG 1
KUKAOG 2
KUKAoOG 3
KUkAog 4
KUKAOG 5
KUKAOG 6

ME1 ME2
LD r1, (r2) SUB 4, r5, r6
ADD r3,r1, r7
MUL r8, r3, r3 ST (r11), r4
ST (r12), r8 ADD r15,r14, r13

SUB r10, r15, r10
ST (r9), r10



