LC-3, aéércss'w) W 6.8)

G DATA IN REGISTER (RegFile[i], IR, PC)

ADD R2 R R\
c0o!l olo o1l (o ool
op DR Rl SR2
ADDi R2 r3 ¥Z
o001 Q10 o1t f00010
Op DR SRL immed5

LEA R2. myloc

1110

Q10 00000 001

PL offset9

R2 <== R3 + R1

R2 <== R3 + IR[4:0]

R2 <== PC + IR[8:0]

See P&P Appendices A and C: LC-3 ISA, TRAPS,
Devices, Interrupts, Exceptions.

_D

(register, register, register)

(register, register, immediate)

(register, PC, immediate)
(assembler computes PCoffset9 from label)

QMEMORY ADDRESS IN REGISTER (Regfile[ i ], PC, IR)>

LDR R2 R3 #Z

0110 010 011 000010
BueR  offretd
LD RZ  mylac
1010 010 00000 9001
PLoffset9
BR =z wyloc
0000 010 00000 9001
€L Poffset9
Jdmp R2
1100 010
Jsr my fulc
0100 1 00000000000
P offset 1
JSPr  R2
0100 0 010

MAR <== R3 + IR[5:0]
R2 <==MDR

MAR <== PC + IR[8:0]
R2 <==MDR

PC <== PC + IR[8:0]

PC <== R2

R7 <== PC
PC <== PC + IR[10:0]

R7 <==PC
PC <==R2

( register, base-offset )

( reqgister, PC-relative )
(assembler calculates offset from label)

( PC-relative) ( if Condition Code Z=1)

(reqister)
(if R7, then aka "RET")

(PC-relative)
(assembler calculates offset from label)

(register)



Typical usage (C compiler generated) MCM

.0orig x3000
INIT_CODE R7 —
LD  R6, STACK_POINTER 2 et 3991
LD R5, STACK_POINTER Q _
LD R4, GLOBAL_DATA_POINTER main:
LD R7, GLOBAL_MAIN_POINTER
jsrr R7
HALT
STACK_POINTER .FILL XF000 R /
GLOBAL_DATA_POINTER .FILL GLOBAL_DATA_START (S e
GLOBAL_MAIN_POINTER .FILL main
Dt

" R‘ v—
main: _-5\\‘ STACR £000

R 4

func:
jmm===- get data
GLOBAL_DATA_POINTER: ADD RO, R4, #2
.FILL x1234 LDR R2, RO, #0
.FILL x3000
-FILL x0002 :----- jump to func's location:
.FILL func
ADD RO, R4, #3

JSRR RO



3. MEMORY ADDRESS INMEMORY > pe [3001 Mem address

IR :
LoI,R2 x002 [ 3000

LdbI R2, obfsat 1 ™
1010 010 0¢9000010 |IR

00 3 -
oP DR Pcoffsedq > _\ 5+)\

. MAR 5005

MAR <==PC +IR[8:0] (get address where address is) myPTR
MAR <== MDR (get address, use it) A )'
R2 <==MDR (get data at address) o
Idea: 16-bit address using only 9 bits in IR. R 1234 | 23Y

Idi r2, myPTR .

[ ]

myPTR: .FILL xFE02 .

Alternative: Move myPTR into a register, use base-offset mode:
Id r1, myPTR
Idrr2,r1,0

myPTR: .FILL xFE02

MEM e

-~ \
TRAP x02 AR n Vector
k) y X s
R [ 10000 0010 —f 0002 (Table
AP TRAPVECTORS s
Pc
R7 <==PC
MAR <== IR[7:0] (get address where address is)
PC <==MDR (get address == jump) Sump A
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 0Z
trap routine's code is. Allows OS to relocate itself: just R7
change vector table entry. .
trap x2 ;--- jump to OS service routine x02. .
.

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

Idi r1, VT2 7 ¢

jssrr1 R P C

. PVECTO

VT2: FILL x0002 PC Mem [T”‘ et “]

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.
Exce PUVONS | Justlike TRAP, but not an instruction.

:L“*Uf\l‘ﬂ's Something goes wrong: jump to OS routine (exception)
I/O device sends a signal: jump to OS routine (interrupt)




The pnp happens the same way almost Mem
MAR <== VECT REG Vet Ve Re .3 q
PC <==MDR KQM' 0|sor —"\1

-
S 19"
Pel 1 2%y

EXCEPTIONS instruction
---- detected during instruction execution. )qu 1 .

Eg., "illegal opcode” Servi(e .

detected in state-32 (decode): fouting .

VECT_REG <== x0100.

INTERRUPTS
---- generated by device interrupt logic
---- detected in state-18 (fetch)
Eg., a keyboard event:
VECT_REG <== x0180

B,
™\ o ?\teAs _to be

Not the same as TRAP.

For TRAP, currently executing code,

---- knows a jump is occurring;

---- can SAVE its own STATE beforehand;

PC < Mem [ved-rey ]

service
fodtine
Code

LC3 Controller States,
13: opcode exception
44: privilege exception
49: interrupt

e Sawe cumestly enceibi crdes ik

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

Before we oxplaim savtig e, | LeJé ana Shu)lL /-\Ao\ressima,.

STACK OPERATIONS

o
R6
Tt s SP
W4 | FFER
RZ
AN ca

l. Access top item in stack.

RA « Mem[rldl

LDR R2, R6, #0

MAR <== R6

R2

<== MDR

Stack Pointer (SP) is R6



Il. Put new item on top of stack: PUSH

Push R

_LAge R1 ADD R6, R6, #-1

MEM 1. Ri--

: - STRR1,R6,#0 2. MEM [R6] < R]
R6 <==R6-1
455 |ABC 7 !4"—' 3455 |Ré MAR <oz R6
3“{5‘4 FFeE MDR <== R1
lll. Remove item from top of stack: POP
" PoP R3
.EN\ JABc7|R3 LDRR3,R6,#0 I R3<MeM| R{ ]
— R ADDR6,R6,#1 2 R f++
MAR <== R6
1455 |ABC 7 R3 <==MDR
3“/54 Ffer é/—"‘3"l 5é Ré R6 <==R6-1

Soving Stale | We need o ot wvw»ﬂsl oxecibing, code in i
Same exectim st (PSR, Pe, SP, RegFile)

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 about nested execeptions/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!



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

Mem <= MDR }®

37, 41 push PSR
SP <= SP-1

@ (A\‘SLL,C in"’erruf\’s’?} i

9

Lo aJcé

Mewm .

1004

43, 47, 48 push PC
MDR <= PC-1

PC

sP

SP <= SP-1
MAR <= SP-1
Mem <= MDR
50, 52, 54 jump
MAR <= Vector
MDR <= Mem
PC <=MDR

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

PC <==POP
PSR <== POP

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

3001 .

100Y

?/.o

-

ALSO ‘,5 PSR[IS’]== 1 ) st save
/ /

SP, nd swﬁcf\ 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 P°(’ PC
MAR <= SP+1

40, 42, 34 pop PSR
MDR <= Mem
PSR <= MDR

PSR
SP <= SP+1 }P°f

<PSR[15] == 1?> (restore SP)

Ps R

MAR



wwl\s'ne. c,oa‘e.

LILO ool 11 19|

LEA DR PefRdq

00Q| Q'9 o001 | QIO

SR L ImwmS

ADD 3r

Q\Q

SK

[ARIRARN
Pcog;i*q

Qol\
ST

9l 9o | 00000

Qlol

AND pr

Q001 olo Ol0 ! solo |

ADD DR

olo

SR A IMM5

ool 001UQ

faref offe C

ALl
STR sk
|]0[0 Oll

DR

Lo ttl
Pt

<== &pointer
<== &data

;== pointer <== &data
<==0

<==

<==5

<== data

( PP, example, Section 5.3.5)

, ASM
PC<« MeMor
LEAR1, #-3 \,—>§k /1 < 30FY
ADD R2, R1, xE Rle R1+ 14 1
~>i — ooz ('Q3OF'4_
<C3° ‘:5’_
EMDK“ 3104 1 J0fC |
ST R2, #-5 MAR & PL-5
Q?oF?
@30 Fi] «3102 Yo 9
AND R2, R2, 0 3oFA
\ 7;0F3
YofcC
i R < 5 30FD
ADD R2, R2, #5 / JofE
i"’”’" < JoFF
MAR < R+ 1y Jlou
STR R2, R1, xE Ilo,

R3, x-9

Fy
02
0

wWww

0
1
!

233;
o>
3»»%#
TEEY)
By

DR

R1 gets (address of pointer variable)

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

R3 < mem{mem]30F ] |



KAFFF

LC3 MeW\of7 Map

oY,

TRAP,
EXCEPTIeN,
INTERRVPT
ROVTINES

- e - -

0S Kernel

o - -

0$ Dl

foEo

X FFFE

2 = a5¢
TRAP
VECTOR S
27 = l’\g
2eeerion Veclor Tablo, harduan A.ugmea
VECTeRS VT space
77 =ia® k200 = QL x|p*= Ax(2) =2tz k
INTERRUPT
VECTORS
v 0S space
C)S 2 2\ A0 k
CPACE 320 = 3 [@)A0 = 1R

w/ VT

deice address vange,

T/o 4
} Device M 1111 1440 0000 FFEO
RCS\S'R\’S MM MM 111 11/;1 FFEF
—

| : ?( R~ 5 bite = 32 ro:j\'s ev)
%ﬂmm/ ac\érBos["SiSJ)W a1

rebama i o devie rcjlfl'fl\/"ﬂl Mmmé{s






