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Exception Handling and the 68000 -
Overview

 Interrupts and exceptions are events that alter the normal
execution of a program
— Exception —
— Interrupt —

« EXxception examples

 Interrupt examples

Each type of exception has its own
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6.1 Interrupts -
Interrupt Processing Mechanism

Figure 6.1
Implementin
interrupti . Interrupt request line
CPU Any peripheral can
assert its active-low
interrupt request output\‘
and request attention IRQ* IRQ*
L Peripheral 1 Peripheral 2
| -
e Interruptisan event

« When an interrupt occur, the computer can:
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6.1 Interrupts -
Interrupt Service Actions

The computer completes its current machine-level instruction
The contents of PC is saved (on stack)

The state of the processor (status word) is saved on the stack
Jump to the location of the interrupt handling routine

e

Interrupt request
occurs while instruction

™ i is being executed
instruction J
——-———-_'_-_-_-_-.d -
instruction 7 + 1 Call njterruptl
handling routine
. o Interrupt handling
instruction / + 2 routine
instruction / + 3

Return from
interrupt handling
routine

Program being executed

SR
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6.1 Interrupts -
Interrupt Processing Facts

e The interrupt is to the interrupted
program

 Interrupt request:

— Can be or
— When it is deferred, it is said to be masked
— Special one: nonmaskable interrupt request (NMlI)

— The 68000 NMI: IRQ7 (MSP430: RST*/NMI pin)
 Prioritized interrupts

* Vectored interrupts

— Requesting peripheral identifies itself, CPU doesn’t have to poll the
status of each device to discover the interrupter
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6.1 Interrupts -
68K Interrupt Interface: Schematic

T — A peripheral asserts output
Encoded L [* o R ree  |IRQ* that is connected to one of
s " onoder roe e |RQL* to IRQT7*, which are, in
- o turn, input to a
A — . *The priority level of the
Funcioncode “C7 . o Interrupt is compared to the level
Cowe [T enooser - wow o Of interrupts currently being
*+ |ACK6"
IACK level i i (’\‘\ R accepted -
on addross Az e *When the 68000 decides to
. service an interrupt is
Memory Get acknowledgment
ik b Stack poiter e output on FC2-FCO and the

..lmm neael vectol IRQ" IACK" IRQ" IACK"

Interrupt mask
bits set level Wal IVEC l | IVEC vl‘

IS output on A3-Al

Interrupt vector d
ﬁ?ﬁle‘?mgzlﬂll y 7 T register supplies * FCS an AS g e n e rate an
not be processed. Peripheral 1 Peripheral 2 interrupt vector

wmoerone  USING @ decoder

o *When the peripheral receives an
IACK, the device identifies itself
Address bus - > by Sending an

——————— to the CPU
= ——— > Fall 2004 Page 6 of 22
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6.1 Interrupts - 68K Interrupt
Interface: Interrupt Encoding Detalls

5y BV 0V

o ewihb 4B * Reset, bus error, address

4 gnd
oo | s | error, and trace
Saiirs | IROS . 2]c Blineto . !
inﬁr?upt IRQ4* | 1 slne |8 W2 8 Liees 1 k
request IRQ3* - 13 4 prOR W exceptlons ta e
lnes. |~ i IO AL o .
ani ] precedence over an
LI A N .
T interrupt
ov Gspie—s NC 68000
7415148 EOp—— NG cPu
IRQ* IRQ"
Peripheral 1 Peripheral 3 I
Inputs Outputs

Level TRQI* IRQ2*  1IRQ3*  TRQ4* IRQ5* IRQ6* IRQ7* IPL2* IPLI*  IPLO*

7 X X X X X X 0 0 0 0
- 6 X X X X X 0 1 U 0 (1)
X X ( X 1 1 0 1
e Alevel 7 interrupt A S S-S R S A S T N
- 3 X X 0 1 ! 1 ! 1 0 0
1 0 1
CAN Interrupt R
1 1 1 1 1 1 1 1 1 1

level 7 interrupt .

1 = high level
X = don’t care
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6.1 Interrupts - Processing the
Interrupts: IACK* Sequence

Processor Interrupting device
(68000)

r Request interrupt

f

Grant interrupt request

1. Place interrupt level
on Agy, Age, and Agg. All
other address lines high

. Set R/W" to read

Set FC to interrupt
acknowledge (1,1,1)

. Assert AS*

o b w N

Assert lower data strobe
LDS" (UDS™ is also

asserted) J
f

1

Provide interrupt vector
number

1. Place vector number
on Dgo—Do7

2. Assert DTACK*

1

t

Acquire vector number

1. Latch vector number

2. Negate LDS* (and UDS"™)
3. Negate AS™

t

1

I Release bus
! Negate DTACK*

[

“+
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6.1 Interrupts - Processing the
Interrupts: Interrupt Timing Diagram

MWNWW

Aos—Az3 }( >—'\j—‘<_
Por—Ags >—'\j_< H
G \ /N % ¥ el
uDS* T i N % ¥ e o
LDS N /—\’—_\ £ o Neo I
R/W* N i _: "
otacke . A/ \ /T N
—
DosDis ——X_____ )\ 4
Do~y ———— N R T G—
Foo-2 X o R
IPLO"-IPL2" 5 A /
Last bus cycle of instruction \ IACK cycle Stack and
| (read or write) | Stack (vector number acquision) | vector fetch |
[= -—l-‘- PLC ::!-‘. :l-. -l
(SSP)
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6.1 Interrupts — Vectored Interrupts

Decodes Agy—Aga

into 7 levels of
interrupt acknowledge

'

A Aoy
B Aoz
c Ags
a—q¥y A FCO
IACK1" +—a 1c2 +—dqY,; B —a— FC1
IACK2' o 74LS138 a=d¥s c Fc2
IACKT" ——q +—d Y. Ic1 68000
: IACK4* o4 «—dy, 745138 peg
IACKS |ACKS*
+ E p=+AS" +—qY;
IACKE" «— Ef—4+5V +—q¥,
IACK7" +——d D—‘_ﬂIACK‘ Yy E AS*
' ___/ T T
Function | ‘
decod
RERGRE oV +5V
Interrupt priority
encoder encodas [
IACK*" IRQ1=IRQ7 inte ————— %
a 3-bit code on IRQ1* ——q
IPLO"—IPL2* .
Peripheral IRQ2" —»—q ics
IRQ3" —»—q
74LS148
IRGS5" IRQ4* —»—
IRQ* a A a1 IPLO
IRQ6E" ——q B p—»—q IPL1
IRQ7* —»—q G IPL2
AS" | AS
LDS" |« LDS"
AW AW
DTACK* DTACK®
Dgg-Do7 Dioo-Dor

=
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6.1 Interrupts — Exception Vectors

» A vector Is associated with each type of exception

— Vector Is the 32-bit absolute address
of the appropriate

o 256 exception vectors, 32 bits (4 bytes) each,
extending from address $00 0000 to $

e Vectors 0-63 : EXCEPTIONS
e Vectors 64-255 : INTERRUPT HANDLING ROUTINES

o Difference between the reset vector and all other
exceptions:

— It requires 2 longwords

— Located in SP space (FC = 110);
others are in SD space (FC =101)

Electrical and Computer Engineering
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6.1 Interrupts — Reset Facts

e When the RESET* pin Is asserted for the
appropriate duration:

— SR =$2700
— SSP is loaded with the longword @ $00 0000
— PC is loaded with the longword @ $00 0004
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6.2 Privileged States and the 68000 -
The Status Register

S When set, the supervisor-state bir indicates that the 68000 is in its super-
visor state. When clear, S indicates that the 68000 is in its user state.
T When the trace bit is clear, the 68000 operates normally. When T = 1, the

68000 generates a trace exception after the execution of each instruction.
The trace exception is used to debug programs.

L,I,, I The interrupt mask bits, I», I}, and Ij indicate the level of the current inter-
rupt mask (i.e., 0 to 7).

Status byte CCR

i

v

151413 12 1110 9 8 7 6 5 4 3 2 1
T S 151 T [ X|N|z|v|cC

A A

Interrupt mask bits

Supervisor state bit

Trace bit
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6.2 Privileged States and the 68000 -
User/Supervisor Mode Transitions

An exception always
forces the 68000 into
the supervisor state

Any exception

Any exception Supervisos
State
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6.3 Exception Processing

* Phase 1 - The 68000 makes a temporary internal copy of the pre-exception
status register, turns on and disables

* Phase 2 — The vector number corresponding to the current exception is
determined, then multiplied by 4 to calculate the value of a pointer to the

routine.
e Phase 3 - The current CPU Is saved on the stack pointed to by the
Supervisor Stack Pointer in a data structure called an :
— For , , and , this context consists of the

program counter, the status register, the data access address and
memory access type and function code

— For all other exceptions, this context consists of only the

and the
e Phase 4 — Load the with the address of the first instruction
of the exception handling routine. Fall 2004 Page 15 of 22
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6.4 Exceptions Implemented by the 68K

All exceptions

Hardware Software
(external) (internal)
RESET Interrupts Bus Error TRACE Errors Prpg(ammer Coprocessor
initiated
Address | cHk
error
Vectored Autovectored
| | Privilege |
violation TRAPV
] ;. Megal | TRAP #n
instruction
Normal Spurious Uninitialized Normal Spurious
— DIVS, DIVU L— Emulator
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6.5 Interrupts and Real-Time Processing

« Multitasking (multiprogramming)
— concurrent execution
— multiple tasks (processes)

— resource sharing (multiple users using the same
printer)

* Multiprocessing
— parallel execution
— multiple PROCESSORS!
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6.5 Interrupts and Real-Time
Processing - Multitasking

Task A VDTA CPU Disk CPU VDTH — Time
Task B VvDT2 CPU Disk VDT2 CPU — Time
Resource Activity
Slot1 | Slot2 | Slot3 | Slot4 | Slot5 | Slot6
(to schedule activities) e ey
— (tO VDT2 | TaskB Task B
switch between tasks) SR Task AR
CPU Task A| Task B | Task A Task B

—— > Time

Fall 2004 Page 18 of 22

Electrical and Computer Engineering




UAH Chapter 6 CPE/EE 421/521

6.5 Interrupts and Real-Time Processing -
Real-Time Operating System

 Real time - meaningful time
— fast enough to influence the system at that moment
o space shuttle / chemical plant

* Real-time system
— Optimizes the response time to events
— Tries to use resources efficiently

e Multitasking system

— Optimizes resource utilization
— Tries to provide a reasonable response time
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6.5 Interrupts and Real-Time
Processing - Real-Time Kernel

o Scheduler is the kernel, nucleus, of a real-time OS

e Functions
— a first-level interrupt handler
— scheduler - the sequence in which tasks are executed

— Interprocess communication
» Task States ‘ @

— Ready
— Running

— Blocked (dormant) w
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6.5 Interrupts and Real-Time
Processing - Tasks

 Volatile portion (PC, status, registers)

* TaSk ContrOI bIOCk (TCB‘ e ey Volatile portion of task 0
—Task ID f Task identifier 0 e il
— Task block pointer Task block pointer

g PC First task Task status Reglsters
e« SP Task priority
. Stack pointer
o StatUS rGQISter Task time allocation
. v Status register
* other registers Task identiler 1
Program counter
- TaSk Status Task block pointer
W—-—"
* run / l'eady / bIde R e T e Pointer to task
- - L 1'svolatile
— Task priority portion

— Task time allocation
* how many slots

Fall 2004 Page 21 of 22

Electrical and Computer Engineering




UAH Chapter 6 CPE/EE 421/521

6.5 Interrupts and Real-Time Processing
- Exception Handling and Tasks

» Preemptive real-time OS:
— RTC generates periodic interrupts
— used by the kernel to locate and run the next task
* How to deal with other interrupts?
— Service them independently, subject to priority
— Integrate them into the real-time task structure

Electrical and Computer Engineering

\/ectored Exception Real-time clock
Interrupt interrupt
Turn on ready Turn on ready Call RT task
to run flag of to run flag of scheduler and
appropriate task appropriate task switch tasks
v

—> RTE
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