Answer 5

Al

(END AR —KIEL, HAZERAMGARENFH, HEELRIES HARRENR
R IECg A — DARIRAF, TIAHEGESR, HALT B—5K4EL, EXHFERIENF
W, 3 LC-3 PTG N, L.

A2

PAFIAE SCRFAE T 224G DU LA

L Jeitdett (FIFO) RN : BASIFREYITCZRMBNEE (rear) HEA, MBASK (front)
R, ®RICIMABSIHITCR RS R R ICPAEERA,

2. LRMEESH . PASIR—RhLetaity, JTTRZERZ N —HRER, BIITEGH
A — P ERA— a4k (BR T ICKMNERIRRITR) o

3. BRAERRE : PSRRI EZRREAEAKABAEEAT, BEAEARN (enqueue)
TETERNEIRINTEER, HiFA (dequeue) BRIETERASLIEFRITER,

A3

BEFH A M B AMFRHES B a4 T, T A 4K OPCODE 2y 1101,
EREIIES, Kb, ZEE, HFEE A M B BE HALT ZJ5RNA].

WRAK A B2RjEHE, HE B AELSHEHRE, HAER
STI R7, xEF , ®IGHILS x30F0 ZbHIEN %0000, {7 T privilege [X
B, —BRAAIE A, =FE Access Violation.

A4

A, R MERSEEH QT SR, %A .EXTERNAL FHR, H&fE
H OBSRFFSRAETL AGAIN AYHblE, A B,



A5

1. xOFFF.
2. Yes.
3. Infinite loop. xOFFF interpreted as "BRnzp #-1".

Root cause: LC3 stores data and instructions together, so data might be

interpreted as instructions.

Solution: Store data and instructions in separate. (Instruction memory + Data

memory)

Comment: Your program will be very tricky if you utilize this behavior of LC3.
If you use it well, you might create something amazing; However, it is most
likely to cause more trouble than it's worth. However, do note that this may give
rise to security issues. In this case, by controlling input data at DATA, one can
execute a line of ANY assembly code!

A6

o FILL ATHEM—"1 16 MIEKBEERMAL, Fla0 FILL x1234
x1234 FIREINfZEH

e BLKW FHFHIEZANT, filan .BLKW #3 HEXMUER |~ 3 MNF, DAME
JEEAETEHE, W FIENETEINY x0000

e STRINGZ FTAEIELMINAETERERFE. Pl . STRINGZ "Hello" ¥
FFER AT ASCH B EIRENELENZT, &G PA x0000 4hiFE

Pseudo-op AEEXTEE AEASANF
LFILL 2 &
.BLKW e 2
.STRINGZ 2 &

AT

K (d) ZJamess ki, Rt MiZe ELAl S anae A H5E, HELK
A fi—, & B W—JERI T, TEMILAIZHIKHSE, H (b) Nk R2 1 R1
I, FEI (a) 1 (b) HX RO SABHMGSIFE] R2 1, (c) MANFAHEN BBk
FLRFERITES, AN (d) 26/ RO l—.



(a) NOT R2, RO

(b) ADD R2, R2, #1
(¢) BRz DONE

(d) ADD RO, RO, #1

A8

a) 2

(a)

(b) 2

(c) R3, R3
(d) R2, R2, #-1

.ORIG x3000
LD R@, INP ;
; Initialize
AND R1, R1, #0 ;
ADD R2, R1, #15 ;
ADD R3, R1, #2 ;
ADD R4, R1, #1 ;
AND R5, R5, #0 ;
; Main Loop

L AND R5, R3, RO ;
BRz N ;
ADD R1, R1, R4 ;

N ADD R3, R3, R3 ;
ADD R4, R4, R4 ;
ADD R2, R2, #-1 ;
BRp L
; End
HALT

INP .FILL x1234
.END

Target

Result

Loop var i

2A(16 - i), for AND (Source mask)
2AC15 - i), for ADD (Dest mask)

Temp result

Test bit

The bit is @, skip add
Add dest mask to result
L-shift source mask
L-shift dest mask

Decr loop var
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PUSH
PUSH B
POP
PUSH C
POP
PUSH D
PUSH E
PUSH F
POP
PUSH G
POP
POP
POP
PUSH H
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A10

; PEEKERZICI]
; BRIZETUEEHFiEERGH
PEEK ST R1, SAVE_R1
ST R2, SAVE_R2
LD R1, EMPTY ; Rl = -x4000
ADD R2, R6, R1 ; IB#XISEHF0 x4000 LY
BRz UNDERFLOW ; NER#EZE, WA=, T
LDR RO, R6, #0 ; &N, BUHLUTE
LD R2, SAVE_R2 ; IkEz77s8
LD R1, SAVE_R1
RET

; (RfFE7as

; T NimtEiRtIE

UNDERFLOW LEA R@, UNDERFLOW_MSG
PUTS
HALT

; BUEEN

EMPTY  .FILL xC@Q@ ; EMPTY {RfZ -x4000
SAVE_R1 .BLKW #1

SAVE_RZ2 .BLKW #1

UNDERFLOW_MSG .STRINGZ "Stack underflow error"



