Tab 1



o srgazidandrusdlIun 1: Assembler

lviane: dauTlsunsuiaiu assembly language — wilagiilu machine code (decimal 32-bit
integers) + @5333U error

fumaumsﬁw'\umao Assembler
Assembler A51iNd1UKLUL 2-pass assembler
Pass 1: 379 Symbol Table
e au'lwWa assembly iazussiia
e AU label (6141) Au address (line number) avlu symbol table
e @A7IAXaU duplicate label — error

e address 13UNUANN 0 LALLAUTRY 1 6AUTTVA

Pass 2: Generate Machine Code
e &@1u assembly dnsau
e uen fields: instruction, fieldO, field1, field2
e uwilavtilu binary @ instruction format (R, |, J, O)
o el . fill:
o gufludiay — ulasnsen
o gilu symbolic label — Lan@1 address uav label ann symbol table
e st I-type (lw, sw, beq):
o g field2 flu label — siavruau offset:

m Iw/sw — address uav label - a11u regA (Udnéilal reg0 = 0 vin base
addressing)



m beq — offset = labelAddress — (currentinstructionAddress + 1)

o siavida offset Inaglualv -32768 fv 32767 (16-bit signed)

(2)Error Checking 7i6iav1in

1.

2.

af labels 1113i5iTu symbol table — error

ii label 2irAu — error

offsetField Ay 16-bit signed range — error
opcode ‘Liigneas — error

register index uanaiav 0-7 (optional WEAITT)

edl error — exit(1)

61&1153 — print machine code Miazus5¥ia way exit(0)

31msvas9nsidiauiam

sunsautailutugatiandoi:

parser.c
o Werdu readAndParse() — au 1 ussvia, Au label/instruction/fields
symbolTable.c

o WerYdu addLabel(label, address)

o WeAdu findLabel(label) — @urn address
encoder.c

o WeAlu encodeR(opcode, regA, regB, destReg)



o Werdu encodeI(opcode, regA, regB, offset)
o Werdu encodeJ(opcode, regA, regB)
o Werdu encodeO(opcode)

e main.c
o pass1 — &319 symbol table

o pass2 — encode instructions — print machine code

S16UN151I19UTIAI5YIN
1. a7u requirement ISA 112013 (narulurinalsaiu)
2. Implement Pass 1
o atuussiia, wen label + instruction
o &519 symbol table (map a1n label — address)
o 533 error label 2h
3. Implement Pass 2
o auusnindnas
o @537 instruction gneav
o @uilu .fill — resolve @1 (number/label)
o auilu I-type (beq, Iw, sw) — resolve offset uas check range
o encode tilu 32-bit integer
4. Win Error Handling

o @973 labels 7 undefined



o @533 offset LAu 16-bit

o @533 opcode uUanmIY
5. wasaufu example program 7AlvianluTane

o assembly fiuain 5 89 0

o @516 output machine code asafiuTane
6. NAFALLANIAN

o .fill wuudiauuway symbolic address

o error cases (label 21, label "l define, offset Liu range, opcode ‘liigneiav)

(5)szfiuanuann
e Parsing (dhunanv) — siavseie white space, comments
e Symbol table (v1&1) — uALAug label-address
e Instruction encoding (e21n) — siavznla format, bit shifting
e Offset calculation (a1n) — TaaLane beq (relative jump)

e Error handling (dhunanv) — logic atau ussastiannnsei
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+ &2u# 2: Behavioral Simulator

lviane: WiauTlsunsuisu machine code (decimal 32-bit integers) a1n assembler wa?
simulate NsvinvuadLAIay SMC aunsgivtaa halt

1) Input & Initialization
e Input: 1W& machine code (wsiazussatilutaugiudu)
e Memory: array 2aJ integers au1a 65536 (word-addressable)
o iAuWITuITTATH WS (12fu 10 ussiR — memory[0..9])
e Registers: array 8 61 (reg[0..7]) — initialize 1flu 0
e PC (Program Counter): BuTi 0

e numMemory = 41uruus51inlu machine code file

2)Loop «av Simulation
vinouuuuil:

while (true):
printState()
instr = memory[PC]
decode instr
execute instr
if halt: break

e printState (1¥iau requirement):

o uamaImR1 PC



o usnIAN registers 19 8

o w&ad memory[0..numMemory-1]

n15 Decode Instruction

Format sy ISA:

e Bits 24-22 — opcode
e Bits 21-19 — regA

e Bits 18-16 — regB

¥

o "indadu

s

U instruction type

R-type (add, nand)

000 add: reg[rd] = reg[regA] + regl[regB]
001 nand: reg[rd] = ~(reg[regA] & reg[regB])

e rd gl bits 2-0

I-type (lw, sw, beq)

010 1lw: reg[regB] = memory[regA + offset]
011 sw: memory[regA + offset] = reg[regB]
100 beq: if (reg[regA] == reg[regB]) PC = PC + 1 + offset

e Offset = sign-extended 16-bit

J-type (jalr)

101 jalr:
reg[regB] = PC + 1
PC = reg[regA]



O-type (halt, noop)

110 halt: stop simulation
111 noop: do nothing

 4)Sign Extension (d1fgyaunn)
I-type offset siavudavarn 16-bit signed — 32-bit integer

int convertNum(int num) {

if (num & (1 << 15)) { // &1 bit 15 1u 1 - negative
num -= (1 << 16);

}
return num;
}
5 2ian199¢3v

e reg[0] siaviilu 0 waua (Waldaudn)
e PC update:

o uUné PC++ nay execute

o unLdu instruction Mul&eau PC (beg, jalr)
e Memory bound: sadliiAu 65536

e PrintState: 3un 1 a¥9Aau execute, uay 1 AsInauaanatnTlsunsuy

_6)Error Handling

Simulator l1isiav detect errors 12U infinite loop %3a invalid address (A% requirement)
weims handle nsel out-of-bounds access (optional safety check)



7)1ns9&579166 (Pseudocode)

struct State {
int pc;
int mem[65536];
int reg[8];
int numMemory;

Hs

void printState(State *state) {
// uwdnv@1 pc, register, memory (@..numMemory-1)

int main() {
State state;
initialize(&state);

while (true) {
printState(&state);

int instr = state.mem[state.pc];
int opcode = (instr >> 22) & 0x7;
int regA (instr >> 19) & Ox7;
int regB (instr >> 16) & 0Ox7;

switch (opcode) {
case @0: // add

{
int rd = instr & 0x7;
state.reg[rd] = state.reg[regA] + state.reg[regB];
}
state.pc++;
break;

case 1: // nand

{
int rd = instr & 9x7;



state.reg[rd] = ~(state.reg[regA] &
state.reg[regB]);

}

state.pc++;
break;

case 2: // 1w

{
int offset = convertNum(instr & OxFFFF);
state.reg[regB] = state.mem[state.reg[regA] +
offset];
}
state.pc++;
break;

case 3: // sw

{
int offset = convertNum(instr & OxFFFF);
state.mem[state.reg[regA] + offset] =
state.reg[regB];
}
state.pc++;
break;

case 4: // beq

{
int offset = convertNum(instr & OxFFFF);
if (state.reg[regA] == state.reg[regB]) {
state.pc = state.pc + 1 + offset;
} else {
state.pc++;
}
}
break;

case 5: // jalr

{

int tmp = state.pc + 1;



state.pc = state.reg[regA];
state.reg[regB] = tmp;
}

break;

case 6: // halt
printf("machine halted\n");
printState(&state);
exit(0);

case 7: // noop

state.pc++;
break;

state.reg[@®] = @; // enforce $0=0

§)3zfiuanuann

e J1uA71 assembler L1Ws1¥ logic AaLauau ISA
e 3nENNaLn:
o A13 decode bit-field uav instruction
o n15Annns offset (sign extension)
o n13vi1 jalr Wign (1Au return address Aautl&au PC)

e 121781 debug taag (w51 offset Aa1afiaLie) 3¢ jump fm address)
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+ &N 3: Disassembler

tihwane:

e 21U machine code (decimal 32-bit integers)
e wilavnduliliflu assembly code inymedatuaan (augduuuii assembler 1af)

o daunadawsaantiulwa text

1 Input & Output

e Input: Wafaagudy 32 ia (niledrdesaussiia)

e Output: IWa assembly weaazussvia 1 A

faatng:

59962371
-1409286144

— disassemble —

lw @ 1 123
beq 0 0 end

(2 dumaunisvineu

Step 1: anu'lWa machine code

e Tuaanaussviatilu integer 32-bit

e Aulu array memory(]



Step 2: naasiia (Decode)
1o format waendu Simulator:

R-type (opcode 000, 001)

add regA regB destReg
nand regA regB destReg

[ ]
I-type (opcode 010, 011, 100)

lw regA regB offset
sw regA regB offset
beq regA regB offset

°
J-type (opcode 101)
jalr regA regB

°
O-type (opcode 110, 111)

halt
noop

nuneLne: offset 6iav sign-extend 16-bit sraWvrAduLGizafu simulator

Step 3: Label resolution (optional enhancement)

e 11a1d beq offset — anaidauiilu label unu tu beq 1 2 loop

e w6 minimum requirement a1a'l3isiavg resolve label — wALAAY offset A59 q Aina

3)1ns9a31916m (Pseudocode)



int main() {
int instr, opcode, regA, regB, destReg, offset;
while (read next instr) {

opcode = (instr >> 22) & 0x7;
regA = (instr >> 19) & Ox7;
regB = (instr >> 16) & Ox7;

switch (opcode) {
case 0: // add
destReg = instr & 0x7;
printf("add %d %d %d\n", regA, regB, destReg);
break;

case 1: // nand
destReg = instr & 0x7;
printf("nand %d %d %d\n", regA, regB, destReg);
break;

case 2: // 1w
offset = convertNum(instr & OxFFFF);
printf("lw %d %d %d\n", regA, regB, offset);
break;

case 3: // sw
offset = convertNum(instr & OxFFFF);
printf("sw %d %d %d\n", regA, regB, offset);
break;

case 4: // beq
offset = convertNum(instr & OxFFFF);
printf("beq %d %d %d\n", regA, regB, offset);
break;

case 5: // jalr
printf("jalr %d %d\n", regA, regB);

break;

case 6: // halt



printf("halt\n");
break;

case 7: // noop
printf("noop\n");
break;

4 anann

e iay decode bit-field Tvignsiaviniiau simulator
e iaJ5¥Iv sign extension uav offset

e @11in optional label resolution — ¢ay scan memory 2 sau (5auUuLsN&ININI5TY label, sau
fa9AUWAIFINTaN label)

Q/
5)3zfiuanuann
o Jaiigalu 3 dHu wneilunis nansiiaasliuaseun
e Tdiavaanin assembler way simulator unn

o nebitiluuuasauiiaiin string formatting w3aaudinariasgaluiiu
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