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(b) Hardware organization

Osnovna ideja proto¢nosti instrukcija
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(8) Instruction execution divided into four steps
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{b) Hardware organization

Proto¢nost sa Cetiri nivoa

W : Write
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Efekti izvr§avanja operacije koja zahteva vise od jednog ciklusa ¢asovnika
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@ Performanse proto¢nosti
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D: Decode Dy idle idle idle D, Dy
E: Execute By idle  ide ide E B
W: Write W, idle  idle  idle Wy W

(b) Function performed by each processor stage in successive clock cycles
Zaustavljanje proto¢nosti koje je prouzrokovano proma$ajem kes$a u F,

st

Matematicki fakultet Mikroratunari it
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——= Time
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Instruction

T3 (Load) ‘ | M; ]' W, !
Load X(R1).R2 L I = L o | 5 I l WJJ
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Efekat instrukcije Load na vremensko sekvenciranje proto¢nosti
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Rizici podataka

A<3+A A=3xC
Be—dxA B«<20+C

I (Add) | Ey l D, I |D3_\| Ey ’ W’I

Proto¢nost je zaustavljena zbog zavisnosti podataka izmedu D, i W,
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" Prosledivanje operatora

= Source |
Source 2
St
Register N N/
file
RSLT
Destination
(a) Datapath

Prosledivanje operatora kod procesora sa proto¢no$cu

Mul  R2.R3.R4
Add R5,R4.R6
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Prosledivanje operatora

SRC1,SRC2 RSLT

E: Execute W Write
{ALU) (Register file)

i._ Forwarding path

(b) Position of the source and result registers in the processor pipeline

ﬂ

Prosledivanje operatora kod procesora sa proto&no$éu
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== Rukovanje sa rizicima podataka u
N softveru

Ti: Mul  R2R3 R4
NOP
NOP

L: Add RS5,R4.R6
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Boéni efekti

Add RI,R3

AddWithCarry R2,R4 R4~ [R2] +[R4] + carry
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Rizici instrukcija
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— Time
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Tnstruction
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I (Branch) ‘—- Exccution unit idle
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— = Time
Clock eycle 1 2 3 4 5 6 7 8

I; (Branch)

(a) Branch address computed in Execute stage

Vremensko sekvenciranje za skokove

s

Is
L
Tent
Prazan ciklus koji prouzrokuije instrukcija skoka
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Bezuslovni skokovi

Clock cycle 1 2 34 5 6 7
I

1, (Branch)

(b) Branch address computed in Decode stage

Vremensko sekvenciranje za skokove

Matematicki fakultet Mikroratunari Viadai@mat b acyy

Bezuslovni skokovi

Red instrukcija i pred-dohvatanje

Instruction feteh unit

Instruction queue

F: Fetch

instruction i

D Dispatchy )
e E: Execute W Write
Decode |- instruction [~ resuls

Koriséenje reda instrukcija u hardverskoj organizaciji procesora sa proto¢no$éu

1651
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Bezuslovni skokovi

—== Time

Clockeyele 12 3 4 5 6 7 & 9 10
Quevelength 1 1 1 o2 3 2 ! 1
: [elefelse]w]

5}

Vremensko sekvenciranje skoka pri postojanju reda instrukcija.
Cilina adresa skoka se izracunava u fazi dekodiranja instrukcije.
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@” Uslovni skokovi i predvidanje skoka

Loop Shift_left RI
Decrement R2
Branch=0 LOOP

NEXT Add RIR3

(@) Original program loop

LOOP Decrement R2
Branch=0 LOOP
Shift_left R1

NEXT Add RIR3

(b) Reordered instructions

Preuredenije redosleda instrukcija radi kasnjenja skoka.

1w
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Uslovni skokovi i predvidanje skoka

— Time
8

Clockeycle 1 2 3 4 56 7

Instruction

Decrement

Branch

St ety i [T+

Decrement (Branch taken)

Branch

Shift (delay stot)

Add (Branch not taken)

Vremenska sekvenca izvrSavanja pokazuje da se slot za kasnjenje puni tokom dve
poslednje faze prolaska kroz petlju koju obrazuju preuredene instrukcije

Matematicki fakultet Mikroragunari w1

Viadat@mat bg ac yu

Clock cycle 1 2 3 4 5
Instruction

Iy (Compare)

1, (Branch>0)

Vremenska sekvenca izvréavanja kada je odluka o skoku nekorektno predvidena
| to da se skok ne izvr§ava
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Uslovni skokovi i predvidanje skoka

ST Strongly likely to be taken
LT:  Likely to be taken

LNT:  Likely not o be taken
SNT:  Strongly likely not to be taken

LT:  Branch s likely to be taken
LNT: Branch is likely not to be taken

Braneh taken (BT)

Ve N BNT | BT
BNT | | BT |

\ BT !

S ~_ !

Branch not taken (BNT) Ry

(a) A 2-state aigorithm
BNT

(b) A 4-state algorithm
Reprezentacija algoritma za predvidanje skoka pomoc¢u konaénog automata
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Uticaj skupova instrukcija
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. Clock cycle 1 2 3 4 5
Adresni
modovi

wa| F [ o [xemy Jocmfixewn] v |

Forward

Load (XRI)R2 Nt inscton

(a) Complex adcressing mode

Add I F | D | X+[R1] L w ]

Add #XRELR2 Lo L T o Jwen] v ]
Load (R2.R2
Load (R2)R2

- [ T o Jecomun] w |

\
P [ = [ v ]

Next instruction L F |

(b) Simple addressing mode
Ekvivalentne operacije koris¢enjem sloZenih i jednostavnih adresnih modova
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@” Uslovni kodovi
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Add RLR2
Compare R3.R4
Branch=0 w45

(a) A program fragment

Compare R3.R4
Add RI.R2
Branch=0

(b) Instructions reordered

Preuredivanje redosleda instrukcija




=~ Razmatranje putanje| -
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BusC
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1 Superskalarne operacije

=

F: Instruction

feteh unit ﬁ

Tnstruction queue

Modifikovanje putanje podataka tako
da odgovara protoénom izvréavanju sa
baferima za medufaze kod ulaza i N i ]
izlaza ALU immon oeno)
[voravae ] [Tovar_ ] [ MoRRead
Instruction cache

Mumnr)‘wdvc»»

(Dot acess)

Datacache
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Superskalarne operacije
- Time

Clock cycle 1

~
w
=
o
o

i (Fadd) I F l al | Eia | Eig | Ec | Wi l

1, (Add)

1, (Fsub)

1 (Sub)

Primer toka izvr§avanja instrukcija na prethodno prikazanom procesoru, uz pretpostavku

da nije doslo do nikakvog rizika

Floating-
point
unit

Dispatch
e W Write
results

Integer

unit
Procesor sa dve jedinice za izvrSavanje
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Kompletiranje izvr§avanja

—= Time
Clock cyele 1 5 6

2 3 4
1, (Fadd) rF' rD,J Ew l Ep l i ] W, I

I (Fsub)

I (Suby

(a) Delayed write

Kompletiranje izvrSavanja instrukcije u redosledu programiranja
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Kompletiranje izvr§avanja

—— Time
Clock cycle 1 2 3 4 5 3 7

1, (Fadd) { F TD, I Eix l Ei l Bic | w, |
Iy (Fsub) l FEJ D, ' Esa | Eip I E}clLI
N 7S 8 3

(b} Using temporary registers

1 (Addy

Kompletiranje izvr§avanija instrukcije u redosledu programiranja
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Matematicki fakultet Instruction Description

ADD  RS.R6RT Imcgeoradd: 7+ (RS +(R6

ADDec  R2LR3,RS RS + [R2] + (R3], set condition code flags

SUB RS, Imm, R Integer subtract: R7 « [RS] — Imm(sign-cxtended)

AND R3, [mm, RS Bitwise AND: RS « [R3] AND Imm(sign-extended)

XOR R3, R4, RS Bitwise Exclusive OR: RS « [R3] XOR [R4]

FADDq  F4,FI2 FI6 Floating-point add. quad precision: F12 « [F4] + [F12]

FSUBs  E2.F5F7 Floating.point subleact,single precision: F7 < [F2] = [F5]

FDIVs  ES.FI0,F18 Floating-poins divide. single precision, FI§ « [FS}/[F10]

LDSW  R3,RS.R7 R7 < 32-bit word at [R3) + {RS)] sign extended 10 2 64-bit value

DX R3.RS,R7 R7 < 6-bit extended word at [R3] + (RS]

LDUB  R4.Imm,RS L memory (Ra) + Tmm, i
into the least significant 8 bils of regisier RS, and all higher-order bits

Primeri SPARC instrukcija are illed with 05

STW R3,R6,RI2 Store word from register R3 into memory location [R6] + [R12)

LDF RS, R6, F3 Load a 32-bit word at address [RS] + [R6] into floating-point register F3|

LDDF RS5,R6,F3 Load doubleword {two 32-bit words) at address [RS) + [R6) into.
Boating-point registers F8 and F9

STF. F14, R6, Imm Store word from floating-register F14 into memory location [R6] + Immj

BLE iee, Label ‘Test the icc Aags and branch to Label if less than or equal to zero

BZpn  xec Label Test the xce lags and branch to Label if equal 1 zero, branch is
predicted nol taken

BGTapt icc.Label Test the 32-bit integer condition codes andt branch to Label if greater thar

2er0,set annul bi, branch s predicted taken
FBNEpn  Label Test Roating-point status fags and branch if not equal, the annul bit i set
0 2¢r0, and the branch is predicted not taken
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R3, 0, R6 Load number of items in the list.
OR RO, RO. R4 R4 to be used as offset in the list
OR RO, RO. RT Clear R7 to be used as accumulator.
LOOPSTART LDX R3, R4. RS Load st item into R5.
ADD  R3, RT.RT7 Add number to accumulator,
ADD R4, 8 Ri Point to the next entry.
SUBce  R6. L. RG Decrement R6 and set condition flags.
BG xee, LOOPSTART  Loop if more items in the list.
NEXT i

(a) Desired program loop

LDX R3, 0. R6
OR RO, RO, R4
OR RO, RO. RT
LOOPSTART LDX R3, R4. RS
ADD  R4,8 R4
SUBcc  R6, 1, R6
BGpt  xcc, LOOPSTART  Predicted taken. Annul bit = 0
ADD  R5,RT.R7
NEXT &

(b} Instructions reorganized to use the delay siot

Petlja za sabiranje koja prikazuje kori§¢enje kasnjenja pri skoku i predvidanja skoka
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System interconnection bus

I

External
cache urit
E-Cache
Instruciions Daa
7
L] i
Load Store
Prefeich and Memory Quede Aueve
dispateh unit management
Cl D-Cacke
LCuche
ine | ars
Instrvction buffer
Floating- | Flouting- Inoger | IeEer
| oime | poim - exceution
I [ registers .
| vegites | wnit | | wnit

-

Glavni gradivni blokovi procesora UltraSPARC I
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Decode Cache Delay Write
Fetch Group Execute Delay Check

L[] ,
Two integer
pipelines
]

Execute Execute Write
Register Execute Check

ENEE E31 K3 2 ) et
: pipelines
/ [r[x]e]c]wu]v]
/

Instruction
Buffer

7NN

Organizacija proto¢nosti kod procesora UltraSPARC I
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ADDec  R3,R4,R7 RT « [R3] + [R4]
Set condition codes

FCMP  F1,F5 FP: Compare [F2] and [F5]
FADD  F2,F3,F6 FP:F6 — [F2] + [F3]

Label FSUB  F2,F3,F6 FP:F6 — [F2] -1F3)

BRZ,a  Label Branch if zero, set Annul bit to 1

FMOVs F3, F4 Move single precision operand from F3 to F4

LDSW  R3,R4,R7 Load single word at location [R3] + [Rd] into R7

(a) Program fragment

ADDec  R3, R4, R7
BRZa  Label
FCMP  F1,F5
FSUB  F2,F3, F6

(b) Instruction grouping, branch taken

ADDec  R3, R4, R7
BRZa  Label
FCMP  R1,R5
FADD  R2,R3 R6

(€) Instruction grouping, branch not taken
Primeri grupisanja instrukcija
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ADD R3,R5,R6 G E C NI N2 N3 W
LDSW R4, R7,R6 G E C NI N2 N3 W

(a) Instructions with common destination

MOVRZ RL, R6, R7 G E C NI N2 N3 W

OR R7, R8, R9 G E C NI N2 N3 W
(b) Delay caused by MOVR instruction

Kasnjenja u rasporedivanju zbog rizika
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Inierstage buffers

7

IEU0
=
=
H %
Z |z
g £
i <
5
g
£ IEU1

Jedinica za izvr$§avanje nad celobrojnim podacima
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11 (Iec)
I; (BRec)

Qoo
QooQEEEm

QOQAQEEEEAQAQQQ

T Abort

Vremensko sekvenciranje za najgori slu¢aj nekorektno predvidenog skoka
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Integer
register file/

Compare
]
D-Cache
tags Miss e

T E-Cache

dTLB
L]

D-Cache

= 7]

Jedinica za ucitavanje i cuvanje
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~ SPARC
L\‘ILF/
External Main
l Instructions cache memory
Data

Elastic interface

Internal

. Data.
registers and

cache
execution units

Tok izvrSavanja
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Kol

& Efekti rizika instrukcija
P, =R/S

P, = R = 500 MIPS (million instructions per second)
Bmiss = (1 = hy) +d(1 — ha)) x M,

Smise = (0.05+ 0.3 x 0.1) x 17 = 1.36 cycles

£ = L =042R
Tr 1+ e
R
Py = ——— =0.19R
A ey

mins = ((1 = i)+ d(E = hg)) % (e x My + (1= hy) x M) = 0.46 cycle
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