Homework 5

October 4, 2025

T1

What is the problem with the following LC-3 program? What may happen when it is executed?
Give two possible way to fix the problem.
.0RIG x3000

AND R1, R1, #0
PROGRAM ADD R1, R1, #1

TRAP x23 ; IN

LEA RO, MESSAGE

TRAP x22 ; PUTS
MESSAGE .STRINGZ "Program reporting"
.END ; HALT
ANSWER

RER, IMEFHAT HALT 54 AREFHATRE PC AFT, HENAG AT
JREENAH IR S, HEIES] HALT 184853 RA % AL BT 8 A AF T AT,
Rt FEREFPAT BRI Z A e 4, FEE TR R G 55 n L.

fRRJ9%: 1) 7£.END Z B HALT 454

2) IIN—ANEIRMEHR (4 RATEBANFET) KP IEFE P 4k SE AT AR AT TN A7 N 2

T2

In LC-3 programming practice, when using LC3Tools for running and debugging programs,
you may observe the following phenomenon: after the program executes the HALT instruction and
stops, the stored values in registers are significantly different from your expectations. Traditionally,

we solve this issue by setting breakpoints.

I You may take a look at the following screenshot for reference.

1) Now, please explain why this situation occurs.
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Registers Memory

RO %0000 0 x3000 %5020 20512

x3001 %1021 4129
%3002 %1221
4 x3003 xl46l
x3004 x16A1
x3005 x18E1
12286 x3006 x1B21
x3007 x1D61

2 CC: 2 x3008 x1FAl
x3009 xF025 61477 HALT

x300A x0000

ANSWER

EPAT5E HALT J5, HALT 188 3FASLZUFHL, T2tk —> Service Routine (I
FZHIFE) . EANMFIRESPAT— RIEAE, OFEER “HALT” #HE. ¥ MCR (Machine Control
Register) ixm ML E 0 %, H&JaFILTHENE# . X NEREF, FABNETRSEBSR. 4+
LC-3Tools HJSEILH, HALT i SR 7EAFHLRTIEA & IRAT BT 5 A7 4 H1E

2) The following shows a fragment of the HALT service routine. Under normal circumstances,

will the instruction at address x036C be executed? If not, explain the purpose of this instruction.

Address Instruction

x0366 LEA RO, TRAP_HALT MSG
x0367 PUTS

x0368 LDI RO, OS_MCR

x0369 LD R1, MASK HI

x036A AND RO, RO, R1

x036B STI RO, OS_MCR

x036C BRnzp TRAP_HALT

ANSWER

HEEOLR, ik x036C ALRIFE S A SHHAT . BFENFEMATH] x036B B, STI 54 &
MCR i B 0, X F bt EHLAETEh, IR FE T A AT T 25 Hilk x036C 4t
f) BRnzp 164 5kr E2— MBS TRAP SR A DALMTES, E1H 20 AR R R
P55 RE R D A5 L I A i R 1 R AMT R

T3

List at least three differences between TRAP and interrupt.

ANSWER

1. TRAP e BaCHMK (A ESIED, bW hiMssEa: (i 1/0 B il
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2. TRAP % H TEREBMERGIRS, T B TR HEA BFEK.

3. TRAP Wifit R ZFRIEH), FEFEHATE TRAP 184N A4 kA, MW=L m, bl
FEATARTER (8] 2 A

4. TRAP it (R I HLAN AL B AT 4 W F00U0 £e, 177 v BT ) flk A BN BILAR S B AN T 458 AN ] Tt
o

5. TRAP $UTRE RN —2%184, Bk /s 2k B 2Bk A RTHTES.

6. TRAP [AjEFRHHLLE x0000 F] x00FF Z [0, i W m =R IEE x0100 #] x01FF 2
] 6

T4

1) What is system space?

2) What is user space?

3) Which memory addresses are inaccessible in user mode?

4) What is an ACV?

5) What determines the accessible memory range in the current state?
)

6) List all methods to transition from user mode to privilege mode.

ANSWER

1) RGT A2 BRAE R GRS AMEIEFTER N AR X IR, FERSR, B8 /%%, 2T <0000
3| x2FFF Z [fl.

2) H A A R e AR A A B A7 Xk, AL, B8 PR, AL T x3000
3| xFFFF Z[d],

3) x0000 %] x2FFF fIR4i%5 0. xFE00 3| xFFFF { A ZILE 1/0 X5,

4) ACV (Access Control Violation, VjFFEHIEM) & et ik V5 i) HA PR YE B 2 4h )
PN A7 b Ik I i A S

5) HHTHIRAE A PR AU D) TRE T AT U5 R B N AFTE D, A7 f#E PSR
(Processor Status Register) .

6) WL HAT TRAP 54 ALFAE (b W a] DL A )3 B R AU K

T5

The following is an LC-3 program fragment. What is the value of register RO after executing
the code at label C.

I Note: you need to show how you arrived at your answer.

1 A LD RO, E
LEA R7, E
B FILL x1021
1 ADD R2, RO, #0
LD R1, D
LD R3, B
7 ADD R3, R1, R3
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ST R3, C
C  .BLKW 1
RET
.STRINGZ "!"
LD R1, A
F  ADD RO, RO, R1

ANSWER

1 PUTHE %S RO=E & N A#%4E =x23F3 (5. WIRETEMINALEN, FE:
BAEARSIEA S AL, (FRIC w7 B O E J5 2 TR 0 B2 25 18], SHAEA LA 2 )

2. PATEE 5164 R7=F Address

3. AT =2%484 x1021(ADD RO, RO, #1) RO=x23F4 (%% FILL (h#/EHEFTHIHNE
HEAERIES, THHEN A EIERHE 2T X )
. PUTEHIU %454 R2=R0=x23F4
5. PATEHE L2k 1E 2 R1=x0021
6. PATH N %IES R3=x1021
7. PATE LIS R3=x1042
8
9

S

- BATH I\ ALK x1042 A RIRRZE C AERI N AEH
- PUTH LR S x1042(ADD RO, R1, R2) R0=x2415
10. AT 147684 RET Bk¥4 3] E Address
11. PATE+—%F4 R1=x200B
12. PUTEHE+ 44 R0=x2415+x200B=x4420
53] RO=x4420

Te

During the execution of an LC-3 program, an instruction in the program starts executing at
clock cycle T and requires 15 cycles to complete. The table lists ALL five clock cycles during the
processing of this instruction, which require use of the bus. The table shows for each of those clock
cycles: which clock cycle, the state of the state machine, the value on the bus, and the important
control signals that are active during that clock cycle.

1) Fill in the missing entries in the table.

2) What is the instruction being processed?

3) Where in memory is that instruction?

4) How many clock cycles does it take memory to read or write?

5) There is enough information above for you to know the contents of three memory locations.

What are they, and what are their contents?
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Cycle | State | Bus ImportantControl Signals for This Cycle
T 18 x3010 | LD.MAR=1,LD.PC=1,PCMux=PC+1,GatePC=1
T+4
T+6 x3013
T+10 x4567
T+14 x0000 | LD.REG=1,LD.CC=1,GateMDR=1,DR=001
ANSWER
1) WH%
2) LDI R1, #2
x3010

a. x3010: xA202 (LDI R1, #2)

b. x3013: x4567

c. x4567: x0000

M JE— MRS AT PR E 5 IR — A ARSI, 2 4 R IREON 5 Ik, B2 LDI
82, RTNHHRAME T . HE LC-3 MURIEARSHREE, FUHE.

Cycle | State | Bus ImportantControl Signals for This Cycle

T 18 x3010 | LD.MAR=1,LD.PC=1,PCMux=PC+1,GatePC=1

T+4 | 30 xA202 | Gate.MDR =1, LD.IR =1

T+6 | 10 x3013 | ADDRIMUX = PC, ADDR2MUX = SEXT(IR[8:0]), MAR-
MUX = ADDR.ADD, Gate MARMUX =1

T+10 | 26 x4567

T+14 | 27 x0000 | LD.REG=1,LD.CC=1,GateMDR=1,DR=001

T7

DONE

Consider the following program:

.0RIG x3000
LD RO, A
LD R1, B
BRz DONE

BRnzp AGAIN
ST RO, A
HALT
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0 A .FILL x0--- (c)
11 B .FILL x0001
12 .END

The program uses only RO and R1. Note lines (a) and (b) indicate two missing instructions.
Complete line (¢). Note also that one of the instructions in the program must be labeled AGAIN,
and that label is missing.

After execution of the program, the contents of A is x1800.

Cycle State
Number| Number

A A s L e LYY m—

IDMAR:[ ] LPREG[ | BEN | |
¥ e 1 mee 1
LDREG: [ [ | DR [ 000 | GamMDR:E:::::::]
GateALU:[ ] GaeMARMUX: [ ]

Gt e ] me _Joman ]

%? ApDRIMUX:[ ] apbromux:[_____ ]
e s ISV s— YT m—

i

TR

Control Signals

During execution, we examined the computer during each clock cycle and recorded some in-
formation for certain clock cycles, producing the table shown below. The table is ordered by the
cycle number in which the information was collected. Note that each memory access takes five clock
cycles.

Fill in the missing instructions in the program, and complete the program by labeling the
appropriate instruction AGAIN. Also, fill in the missing information in the table.

Given values for A and B, what does the program do?

ANSWER

T & ) S e T B el Bk HY 3R #E N DONE ¥R, 30— % BR 15414 £ Bk 2] BRz
DONE VAR Z §1? ZREIRGHRANMES S, BRAINOZE S HEf5#H, (R#E WA REMERE 55
REHERR, RN ATXAMEFHTATHET)

44 BRz MM, AT H RL & —HEE, THEAHR TR ? o0 B A L SE,
HEgLE RO AW H CInE SsE AR T .

BHAE B ERERNENFEN LR, (EIXFAFE SR HERR .

TERFMER LT, &E—AREERNE A EBRTHS B A (EE Uk 2 1 B RI7).

1 .0ORIG x3000
2 LD RO, A
3 LD R1, B

. AGAIN BRz DONE

5 ADD RO, RO, RO
6 ADD R1, R1, #-1
7 BRnzp AGAIN

¢ DONE ST RO, A
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9 HALT
10 A .FILL x0CO00
11 B .FILL x0001
12 .END

Cycle
Numb

State

Control Signals

TS

Number
{ | 15 [FPMARC ] tomes[ ] Gesor[ ]
R e R e
wope: U] e [
54‘ l LD.REG: 1 DR: 000 GateMDR: I D I
GateALU:[ ] GaeMarmux: [__JJ ]
G| O] A CADLY] Gt (]
Sq LD.REG: |I| DR: O[] GaepC: [T
vy
%? Apprivux: [ PG ] ADDR2MUX:m
2 e ] ] wwas[ D Jrowx [ ]
(b}
Tok,| 15

There are two parts of an element in a singly linked list: the data and a pointer to the next

element. The data and the pointer are in adjacent memory locations, with the data preceding the

next element pointer. They are both 16-bit integers. The address of a list element is the starting

address of such element. Example below:

List with 4 elements

x4000
x4001

x4100
x4101

x5000
x5001

x5090
x5091

x0041

x4100

x0042

x5000

x0043

%5090

x0044

%0000

You need to implement the function below, which takes RO as its only parameter. RO is the

address of an existing list element, and you need to delete such element from the list (the element is

not the last element). You also need to output the element’s data to the monitor (for convenience,

we consider the data an 8-bit character and ignore other bits). When the function returns, RO

should carry the address of the next element of the deleted element. All other registers are caller

saved.
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I Note: the addresses of the elements are allowed to change.

ANSWER

HEEME, F=AT184 8 TRAP x21, 382K RO MK 8 AAE i th 2 Al ds . 1B
TEIXZ AT RO & T RO YMEFT A7 bk AL 8, it 7 XA BE A4, Ui B A s A
B4 nE 7 2% RO FIME (G RO 484 DATA $d 5 %A 18 17 41035 s 484 17) DL
J LDR RO, RO, #0 Chn#EdE). XWEREIUATH SR I R2, WEEEA R2 ZHifFE T
HImFE 4 AND R2, R2, #0 ¥ R2 #4TEZ, FEAZRBKEAR, H/5M R2 X1EH DR,
ik R2 Mz A7fd 7 HdE, AR RO BIEUE T, 4E68—ATRGHLEIEGR #0, WA
REsLi@id ADD #HATE M, idE AND.

FREIATH SR XHEIT RO, WA RO C&ANZEIE T, maiht, A HEIYTE
AR STR FREUFANY st FA R R2 MI1EHE TRk,

PLAERREE R MMBR T R R 1 Sl MR R . BBESR IR R U2 Bk MR 24 il
TR, BOABARTIKT s fE e, FrLL R AR MR S AR E N TN AR, RS
G T 50 next FREFECA T RN A RIHEE . FEIXANEET RO AT AR5 B ) B Ha bk A AR R
Al BATIXAER AT LLAE S VU472 ADD RO, R2, #0 5 AND RO, R2, #-1.

BHEMNETITRZ LDR R1, RO, #1. HUERF AT ERTE ST, NEERizH
P AL FT SRR (7] R A SRR BT T ), SEAERA RURIEIN T .

PRIV TR AU B TRE MHEE T, ZFREMS W, TENIESTIIWT:

ADD R2, RO, #O

LDR RO, RO, #0

TRAP x21

ADD RO, R2, #0;0R AND RO, R2, #-1
LDR R1, RO, #1

LDR R2, R1, #0

STR R2, RO, #0

LDR R2, R1, #1

STR R2, RO, #1

RET



