- \ W\ 60.8) | See P&P Appendices A and C: LC-3 ISA, TRAPS,
LC-3, ad) (eSSING W

Devices, Interrupts, Exceptions.

—

1. DATA IS IN REGISTERS (RegFile[i], IR, PC)

ADD R2 R3 Rl ks

R2 <== R3 + R1 (register mode) rec ve
@\0\0\01\\00@ §,e),rey

op DR kL SR

ADD; R2 R3 X2

R2 <== R3 + IR[4:0] (immediate mode) reg,reg, imm.
000901 (0|0

o0 DR SR [mMm5

LEA R2 myloc

t  R2<== PC + IR[8:0] (immediate mode) 18, FC, fmm.
( ({1ro w (assembly computes offset from label)
op DR

PC°‘:€SETC1

2. MEMORY ADDRESS IS IN REGISTERS (Redfile[i], PC, IR)

LDR R2 R3 R 2

o MAR <== R3 + IR[5:0] ( base-offset mode )
Of pR BaseR oFfsdil

LD Rz _mylar MAR <== PC + IR[8:0]
‘lolo 016\000600‘5\0\ R2 <== MDR
oP bR OFFqu
BR 2z wyloc PC <== PC +IR[8:0]  (if Condition Code Z=1)
MM (assembly calculates offset from label)

( pc-relative mode )
(assembly calculates offset from label)

. O P cc p(ugﬁ'{\'?
dmp__ R2

llM‘ooo[mo\ooOooe] PC <==R2
o? Qdkﬁ(g
Jsr my FVQ]C.
MOMO 00010
oF PCoffret ]

R7 <== PC

(assembly calculates offset from label)
PC <== PC + IR[10:0]

Jstr~ R2
oo ElusioTmmes | <P
oPp %ﬂS(Rl.g -
JImp R

1av | 090 (11| 0606 00O
oP Basd{cg

PC <==R7

(NB--assembly language shorthand, "ret")



3. MEMORY ADDRESS IS IN MEMORY

Pc | 3001
LDI R2, my PTR /—\
[lor0i01 0060000010 IR mar [300 31
oP DR Pcoffsdd ]
MAR <==PC + IR[8:0]  (get address where address is) MAR !
MAR <== MDR (get address, use it)
R2 <==MDR (get data at address)
Idea: How to use full 16-bit address using only 9 bits in IR. K'L ._\_Z;Ei_-l
di r2, myPTR
myPTR: FILL XFEQ2
Alternative: Move myPTR into a register, use base-offset mode:
ld r1, myPTR
ldrr2,r1, 0
myPTR: FILL xFEO2
TRAP X2
— maR[x 0002 F—
[T 0000 100000010 | _
P TRAPVECTORS [] .
——
R7 <==PC Pc,\____l MDR | 12347 TRAP
MAR <== IR[7:0] (get address where address is) ‘ . (ODE
PC <==MDR (get address, jump) ° —
JUMP .
Idea: How to make full 16-bit jump using only 8 bits in IR. I— 3000
Also, how to jump to OS trap routine w/o knowing where ~— ‘
trap routine's code is. Allows OS to relocate itself: just R7 ‘ 3001 M——
change vector table entry. .
trap x2 ;--- jump to OS service routine x02. l .

Alternative: Move VT entry into a register, use jssr:
Idirt, VT2
jssrri

VT2: FILL x0002
Note: 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.
Eyxce P QN $] Just like TRAP, but not an instruction.

V\'\'e\'( V‘;\’S Something goes wrong: jump to OS routine  (exception)
I/O device sends a signal: jump to OS routine (interrupt)




The 7“”‘7" /Lamows the, same way almoiT:

MAR <== VECT_REG Nest
PC <==MDR KQM

cause ADDR

signe

0180

Sef\/l(f
‘13*}&” ne
CoJQ

EXCEPTIONS

---- detected during instruction execution. |
Eg., "illegal opcode" \ °
detected in state-32 (decode):
VECT_REG <==x0100.

Ju

X " (msfrvetion 3020

INTERRUPTS
---- generated by device interrupt logic

---- detected in State-18 (fetch) See LC3 Controller States,

Eg., a keyboard event: 13: 0 :
: opcode exception
VECT_REG <==x0180 44: privilege exception

49: interrupt

\BV\‘gz?\teAS'to be dme: Sawe (‘Aumtm'ﬂﬂ e”““d""& coda's S*LJ;L/

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 Sw)lL /-\Ao\ressima,.

STACK QPERATIONS l. Access top item in stack.

L
Rl RQ + men[Ré]
: MAR R( LDR R2, R6, #0
S l}ﬁw SP MAR <== R6
3,_,5-4 r—ﬁ? R2 <== MDR
S RA
| E b FEEf ) Stack Pointer (SP) is R6




M5

MbR

MEMN

FFef
/\-

Il. Put new item on top of stack: PUSH

LABCT]RA

| R .
ss e EHELE IR

Push R

ADDR6, Re, #1 4. R&- -
STRR1,R6,#0 2. MEM [R6] < R]

-———

R6 <==R6- 1
MAR <== R6 + IR[5:0]
MDR <== R1

lll. Remove item from top of stack: POP

ME N

3455

R
meerd

: } W'R3

354 | FEFE |4

31 5¢

Ré

When an exception/interrupt occurs

PoP R3

.oRR3,Re #0 1. R3 *MEM[RGJ
ADDR6.R6. #1 2 R {4+
MAR <== R6 + IR[5:0]

R3 <==MDR
R6 <==R6-1

TiSo.v'W\a_ S'\'&TCJ We need T nedant WW Weud? ey im Jo

Same exectim st (PSR, Pe, SP, RegFile)

---- The PSR gets altered immediately, before the next instruction is fetched.

---- The PC gets altered, i.e., a jump.

PC could go to R7, but what about nested execeptions/interrupts?

---- The SP (R6) is used to save state, it needs to be saved.

---- Regs can be saved by service routine code.

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



49 INT
MDR <= PSR
PSR[10:8] <= IntPriority ™
PSR[15] <=0
<PSR[15] == 1?> save SP

37, 41 push PSR

SP <= SP-1
MAR <= SP-1 }@

Mem <= MDR

MDR <= PC-1

e
43, 47, 48 push PC PC|300 14

SP <= SP-1

MAR <= SP-1

Mem <= MDR
50, 52, 54 jump

MAR <= Vector

MDR <=M

PC <=MDR

When exception/interrupt routine COMPLETES
--- RESTORE Regs, done in software
--- RESTORE PC, PSR: the RTl instruction:

PC <==POP
PSR <== POP

---- RESTORE SP, see R6 save/restor hardware

- 300()

W/n 10

ALSO ‘,5 PSR[IS’]=3 1 ) st save

/ /
SP, nd swﬁcj\ h SUPERS STACK.
See Ré saw/frestoe hadwan ras ALY .

8 RTI
MAR <=SP

36, 38, 39 pop PC
MDR <= Mem
PC <=MDR
SP <= SP+1
MAR <= SP+1

40, 42, 34 pop PSR
MDR <= Mem
PSR <= MDR
SP <= SP+1
<PSR[15] == 1?> (restore SP)



wwl\s'ne c,oe‘e.

Lo ool o]

Pl ppséﬂ |

LEA
Q1O

Tooo\

ADD

Qol\
ST sk

olto ool !
PR SR L S

[ARIRARN
Pcog;i*q

d\Q

9lo QA0 | 00030

dlol
AND DR SR & ™M

0001 010 QIO ! 0010 |

ADD DR SR & MM5

ALl Qo ool 00[UIQ

STR Sk MR offietC

AR
PS5

0[O0 Oll

<== &pointer

‘e R2 <== &data
;== pointer <== &data
;-- R2 <==0

;- R2 <==
;-data <==5

' R3 <== data

( PP, example, Section 5.3.5)

_asm

PC <«

LEA R1, #-3 \,->§k <« 30FH

ADD R2, R1, xE N_‘)ime R1+ M
=302

MDR <« 310

STR2, #-5 /?mmu- pL -5

MEM[ 30 Fif] « 3102

\{Rlé—b“

ADD R2, R2, #5 /
iMbRé— 5
MAR < RT + 14

AND R2, R2, 0

STR R2, R1, xE f

mem( 3102 « &

R3, x-9
MAR & SOFH
MOR « 310
MAR <« 310&
MDR &« 5
R3 <« MDR

R1 gets (address of pointer variable)

R2 gets (address of pointer variable + 14) ==
pointer variable gets (R2, address of data variable)

data calculation into R2

data calculation into R2

MEM][ ( R1, address of pointer variable) + 14 ] gets data, R2
R3 gets data from MEM via de-referencing pointer variable.

(address of data variable)



X 0000

x 00 FF
xg1d0

X0\7 ¢
x01€0

XOIFF
x02009

Mem

< \b‘\oi\"" B

BOQY,

TRAP,
EXCEPTIeN,
INTERRVPT
ROVTINES

, LC3 Mewnary ’MAPA

7€ = 254 L
’Sm\o

VECTORS

EXCEPTION
VECToRS

17 -|2%
INTERRUPT

VECTORS

x - Voctor Tablo , hatduon A%A

s - pk =(-h)k = 15k
% Which 05°?

\/_\C}/\J

USER & 4k -1k = 53k

deie £00ress van

T/o
Device QF = 34 \h{ l\w\ }il\l\ ”llo gg:? %
Re gisters 0w T
A
m MicBos an 15

thon Felfmance wl I/o
device rcgisfe/\/ nof

fa Mbnqm&.



