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Instruction Set Architecture for I/0

°Some machines have special input
and output instructions

° Alternative model (used by MIPS):
*Input: ~ reads a sequence of bytes
* Output: ~ writes a sequence of bytes

°Memory also a sequence of bytes, so
use loads for input, stores for output

 Called “Memory Mapped Input/Qutput”
_ physical address space
* A portion of the address space dedicated

to communication paths to Input or
Output devices (no memory there)
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physical address space


Memory Mapped I/O

°Certain addresses are not regular
memory

°Instead, they correspond to registers
in /O devices

address
0xFFFF0000 ~~ [cmdreg
~ — _ | datareqg.

OxFFFFFFFF




What did the user type?

Example: keyboard... if only a Data Register:
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read read read read read
Data Reg. Data Reg. Data Reg. Data Reg. Data Reg.
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What did the user type?

Example: keyboard... if only a Data Register:

00, .05
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read read read read read
Data Reg. Data Reg. Data Reg. Data Reg. Data Reg.
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"Synchronization"

Processor Checks Status before Acting between paralel

threads of control,

°Path to device generally has 2 registers: or 'Flow Contror"

- on input: New

- 1 register says it’s OK to read/write Pata have arrived;

- on Output: space

(I/O ready), often called Control Register  new data now

available.

* 1 register that contains data, often called ., .5 inciuce:
Data REQIStel’ - data error status

- overflow status

°Processor reads from Control Register »pg|jing"
in loop, waiting for device to set Ready
bit in Control reg to say its OK (0 P 1) 'Busy wait" if done

continuously; else,
poll multiple devices

°Processor then loads from (input) or . cver interrupt

writes to (OUtpUt) data register from the real-time
clock (usu. 50-120 Hz)

* Load from device/Store into Data Register

resets Ready bit (1 P 0) of Control Register® -39


Manolis GH Katevenis
"Polling"

"Busy wait" if done continuously; else, poll multiple devices on every interrupt from the real-time clock (usu. 50-120 Hz)

Manolis GH Katevenis
"Synchronization"
between parallel
threads of control,
or "Flow Control":
- on input: New
Data have arrived;
- on Output: space
for new data now
available.
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May also include:
- data error status
- overflow status
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"Batching"
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Manolis GH Katevenis
"Volatile" declaration, in C


Memory Consistency — Zuvenela Mvnunc
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What is the alternative to polling?

°Wasteful to have processor spend
most of its time “spin-waiting” for I/O
to be ready

°Wish we could have an unplanned
procedure call that would be invoked
only when I/O device is ready

°Solution: use exception mechanism to
help I/0. Interrupt program when I/O
ready, return when done with data
transfer
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I/O Interrupt

°An I/O interrupt is like an overflow
exceptions except:

* An I/O interrupt is “asynchronous”
* More information needs to be conveyed

°An I/O interrupt is asynchronous with
respect to instruction execution:

* |/O interrupt is not associated with any
instruction, but it can happen in the middle
of any given instruction

* l/O interrupt does not prevent any
instruction from completion
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Definitions for Clarification

° Exception: signal marking that
something “out of the ordinary” has
happened and needs to be handled

°Interrupt: asynchronous exception
°Trap: synchronous exception

°Note: These are different from the
book’s definitions.
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Interrupt Driven Data Transfer
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Questions Raised about Interrupts

°Which I/O device caused exception?

* Needs to convey the identity of the device
generating the interrupt cause register, or Vectored Interrupts

°Can avoid interrupts during the interrupt
routine?

* What if more important interrupt occurs
while servicing this interrupt?

* Allow interrupt routine to be entered again?

°Who keeps track of status of all the
devices, handle errors, know where to
put/supply the I/O data? ”


Cause register, or Vectored Interrupts


XPOVIKO KOOTOC Altakortwv Kat AstypatoAnwiog

— MNap’ ot pia e€aipeon/dlakorr poldlel pe AAp, EVtoUToLC...

e 2xebov navta avta kootiouv ~1000 kUkAouc poAoylou (!)
— €Val [ILKPO MU OTHPLO TO YLATL AKOUO LOXUEL AUTO OTN MEYAAN
nAsloPnaoia, tap’ 6o tov noAAol poomabnoav va To LELWOOUV
— HAAAOV TO ABpolopa KAUTIOCWYV TIOPAYOVIWY, KUPLWC:
— owolpo/enavadopad kataxwpntwv dtakomneioac dtepyoaoiog
— avoalntnon attiog / “housekeeping”
— aoTto)ilec KpuPwV pvnuUwv Ko TLB

» AstypatoAnyiec emioncg kootilouv: non-cacheable /0 reg.

— plo texvikn: otav dtakorn aro real-time clock (~50-120 Hz), tote
10 AettoupyLko detypatoAnmtel TOAAEC epldepelake pall

13b - Emkowvwvia ue tig Mepuppelakes Zuokeveg - HY-225 © U.Crete 27



WQ viceS need I/D E}u?{gﬂ‘ — ')310"' juS‘}‘ ™ RQ%,‘}LU

cor Amnctize Ha sk of Ieceypb over womy Jato

. T o Buffer |
(:\“‘5“'> i G‘“‘L/S L v NS | ”.Dw‘)/QQ Bu;‘:e('m \
J Ry - (4L sne budfac byT/o
4 by ioneay e £_... A kB " while RCvicingHe e
lL ) Q%‘ by ~A""»“uCQ?SO\" >
ks every 3203 I/O b )
3\Z/‘\/" (Q% '(GL/SJ . : ﬁl! B execy 32n3
uén&e ‘u" [ — ( J \U’
N i lL ________ [ AKBy enesy 32'(‘,5 |

cGod do poll steitus (o Qis ¥
Caon- Coclemble ,  §8-aP )
wsuoddYy = DRAM o0eess
asuadly ~ 40Dws (sx xre )

e Hann fe,o.c‘ﬂrecgcc?o\ Vtﬂ’f‘cw \ 3
s'.y..'.lsuﬁj ~ 100 vS o

oot of fwlevcupt + buad st hoed e waslly /\/iy@ (W““"’) !

A




Dicect Memorn Access (>MA)
Fost /o Device

' Bw“—\uL_

PAEN

>
T

k

, H"?M@Wﬁ

A Py
({:\691’2_{,%« "GO"M\ .
< [T - :
%\A(‘S o x's\“SQC/1\°\« by
<—— (DW, of Gapy —>
wL\Q.« PNC@S Sor pe oCeSses ‘K&Ib AN }
il Flash?
~ S fockve £lus h?
(tam eutice cacte )

V¥femsive of eation £

wa *‘9—',{\" wﬁk
only solurs
l’l_o_\_Q_{'_' He ?I‘oww

Altecnadives foc cactentyi Gify:
o DMA oi0 non- Corcheable Moy POJR .., oy slae

" bu9|l

o Flush Ha (ocke beﬁwﬁ/ét“-& T/oDMA ~
o (aoke-(ohecut DMA e?mé.’—*he/xi—c-iﬁ?t;..




