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See P&P Appendices A and C:
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LC-3 ISA, TRAPS, Devices, Interrupts, Exceptions.
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QS USER
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Memory dccess, regisfer usage

Wem

C compiler generated
.0orig x3000
LD R4, DATA_POINTER A‘Ssem“er R7 4 TEXT
LDR R6, R4, #0 . .
LDR R5, R4, #0 fills in o#;es Main:
LDR R7, R4, #1
jsrr R7 .
TRAP x25 ’ Func:
R1L,

DATA_POINTER: e

.FILL GLOBAL_DATA I[‘;: ; become (| crosar —vaTa:
nain: 4aooresses DATA

JMP R7 R‘ ~

. STAC

func: RE (3‘ TACK
JMP R7

GLOBAL_DATA:

.FILL XFO00O ;55 Stack bottom

.FILL x3007 :3; address of main

.FILL x1234 ;35 int x = 0x1234 T— get data from variable

.FILL X s

.FILL func ;33 address of func ADD R2, R4,

LDR R2, R2, #0

455eméler pi”s n ac“'ua( address
Clogder M/'jH edit address)

MEMORY ADDRESS IN MEMORY

Pointer access and usage

A pointer "points to" an object.

A pointer == an address.
A pointer variable == location containing address.

A pointer refers to an object: data or instructions
--- fetch address from location

--- R/W data to/from address OR jump to address

jmmmmm jump to func's location:

ADD R7, R4, #3
JSRR R7

Wem

po'm'\'er loca.'hon: address]

address : | object

3000

£000



pc [3o01 Mem e
g [}
LDI R2, xZ LDI R2 x2 |3000
1010 010 040000010 [IR 300 3
4
DR Teofidd % A
MAR| FEO2 J=+—__| FEO2 [“3002
»
MAR <==PC + IR[8:0]  (get location where address is) ..
MAR <== MDR (get address, use it)
R2 <==MDR (get data at address) R'L 1234 | 23Y FEOZ
|dea: 16-bit address using only 9 bits in IR. .
.
LDI R2, myPTR 4ssembler £l m
myPTR: .FILL XFE02 offcet b y cow‘h'y\j word:s
MEM e
TRAP x Q2 AR n Vector
T——
IR | 1111 0000 0010 ! ~——>}, 1239 ooz (Table
TRAPVECTORS — .
R7 <==PC Pc l 2 3 l' 1234}“AP
MAR <== IR[7:0] (get address whgre address is) R CODE
PC <==MDR (get address == jump) Jump o
Idea: make full 16-bit jump using only 8 bits in IR.
Also, how to jump to OS trap routine w/o knowing where TRAP X 02
trap routine's code is. Allows OS to relocate itself: just R?
change vector table entry. .
trap x2 ;--- jump to OS service routine x02. .

Alternative: Move VT entry into a register, use jssr:

Idi r1, VT2
jssrri

VT2: FILL X0002

Eyxce \:'\'\ N s
:L-m*exrvp‘\'s

R7 <« PC
PC < Mem [T Mrvacroxs]

Aside: Using what we had above to eliminate Idi, we
could eliminate both LDI and TRAP instructions from
the LC3's ISA: we would have two unused opcodes to
play with.

Yet another address-in-memory mechanism.
Just like TRAP, but not an instruction.

Something goes wrong:
I/0 device sends a signal:

jump to OS routine,
jump to OS routine,

Exception
Interrupt



»mp Is same as TRAP:

4 :
Nedt Vech Re VT
2.0M --eFmsoir —..123% |00

cause .
o —>{addr o S?rw((
fodling
Pe| 1234 : } e
EXCEPTIONS instruetion
---- detected during instruction execution. .
"illegal opcode” .

detected in state-32 (decode):
VECT_REG <== x0100.

INTERRUPTS PC < Mem [veél'..QJ]
---- generated by device interrupt logic
---- detected in state-18 (fetch) LC3 Controller States
t(l?go'l? alng gvg:ri: x0180 13: opcode exception
- - 44: privilege exception

49: interrupt

‘\BV\“Dj‘\-'Q-'V\(QAS{Q be dme: Sawe (‘AWIOJJA‘ e/x,wj’ma_ coda's 5&/

Not the same as TRAP.

For TRAP, currently executing code,

---- knows a jump is occurring;

---- can SAVE its own STATE beforehand;

---- knows its CC state could change: does not BR immediately after TRAP.

Before we oxplaim savtig e, | LeJé ana Sbu)lL /-\Adressima,.

STACK OPERATIONS

l. Access top item in stack.

en
m»( m:
. R 6 LDR R2, R6, #0
L 3Hseé |SP o
3454 FFFF.-\ R2 <== MEM[ R6 ]
\ RZ
- —pFFFF Stack Pointer (SP) is R6




mem Il. Put new item on top of stack: PUSH

299
L PUSH R|

. 3455 |R6 ADD R6, R6, #-1 RL- -

34 55|ABC 7€ - Y

) 1 STR R1, R6, #0 MEM [Re] < R1
A BC7 |RY
lll. Remove item from top of stack: POP
Menm POP R3
L e

Ré++

3455|ABC 7)e—T—— 3455 ‘>+1
345¢ [R6

ABc7 |R?

Saving Stae | We need t nufurt WMH oxecitug e i Mo
Some exeention stk (PSR, PC, 5P, KeaFﬂC)

When an exception/interrupt occurs
--- PSR altered immediately, before the next instruction is fetched.
--- PC altered, i.e., a jump.
PC could go to R7, but what is in R7 (function calls, nested interrupts)?
--- SP (R6) altered to push state, it needs to be saved.
--- Regs can be saved by service routine code.

===> Hardware, not instruction execution, must save state!



LC3 States for Interrupt

49 INT 1. push PSR Me M 0 ¥
MDR <== PSR j
PSR[10:8] <== 3'b111 2. St kemnel mode \v
PSR[15] <== 1'b0 :

<PSR[15] ==<1?> save R6 4 I P“"‘N 1007 1fs R

37, 41 push PSR 3. f"‘l' PC-1
SP <==SP-1
MAR <== SP-1
Mem <== MDR 1

43, 47, 48 push PC PCl 3001 @\
MDR <== PC-1 O 3 o 0 0
SP <==SP-1 N\ v 7
MAR <== SP-1 100% (8/4
Mem <== MDR .

50, 52, 54 jump % jomp % 05 sP
MAR <== Vector mfmur‘f hendler
MDR <== Mem
PC <== MDR Carawd IMdruchin| 3 00 0

When exception/interrupt routine COMPLETES

--- RESTORE Regs, done in service routine
execute LD instructions

--- RESTORE PC, PSR,
execute the RTI instruction:

Pop PC
Pop PSR
Restore SP (see R6 save/restore hardware)

ALSO, % psrlis]==1 , st save

SP, wd switch £ Surers sTacK.

See Ré sae/restue handwang, ram ALW .

8 RTI
MAR <==SP
36, 38, 39 P“I’ PC
MDR <== Mem
PC <==MDR
SP <==SP+1
MAR <== SP+1
40, 42, 34 Pof ?S&
MDR <== Mem
PSR <== MDR
SP <==SP+1
< PSR[15] == 1? >
Reslere R

SP






