Code to Circuits

How computer programs become
electrical signals



C Code

size t strlen(const char *string)
{

size t len = 0O;

while(*string++ != 0)
{

len ++;
}

return len;



Assembly

; RO: string
strlen:

.loop

.end:

mov

rl, © ; len = 0

ldrbz r2, [ro]

and
jz

add
add
jmp

mov
jmp

r2, r2

.end

ro, 1 ; string++
ri, 1 ; len++
.loop

ro, rl ; return len
1r



Binary

strlen:
01100000 ; MOV R1l, Ox9
.loop:
C6200000 ; LRDBZ R2, [RO+0x0]
38220000 ; TEST R2, R2
80000003 ; IMP.Z .+3*4 (to .end)
21000001 ; ADD RO, 1
21100001 ; ADD R1, 1
8EFFFFFA ; IJMP.AL .-6 (to .loop)
.end: 00010000 ; MOV RO, R1
AOEEGOOO ; IMP.AL R14 (Always, LR)



Instruction Format (ALU)

/---- 0: ALU Operation

/-- Switch operand order (@ for this instruction)

| /-- Destination register (RO)

| /-~

00100001 000000 VYOO 0VVVV01

-/\-| \--mmmmm e |
| \-- 20-bit immediate
\-- Addressing mode (1: imm20)

\-- ALU Operation (4: Add)




CPU Stages

nstruction load
ncrement the instruction pointer

nstruction decode and operand loading
Actual calculation
Operand writeback



Stage #1: Instruction Read
stage[0] mem_enable
pc : mem_addr
mem_ready next _stage
mem data in : instr_latch




Stage #2: Increment PC

stage[1] : I_l> next stage

increment_pc pc_set
32-bit pC_New
pC adder

use_alt_pc_inc

pc_inc_value




Stage #3: Decode

stage[0]

stage[1]

instr

[31]=0

[31:29] = 100

is ALU

[31:28] = 1010

is_ BRANCH

is_IBRANCH

[31:20] = 10110xxx0000

[31:20] = 10110xxx0001

is_ PUSH

is POP

[31:16] = 0xB800

[31:8] = 0xB80100

is_LDF

[31:8] = 0xB80101

is MCR

[31:0] = 0xB8010200

is MRC

[31:17] = 0xB802

is_IRET

[31:26] = 101111

[31:28] = 1100

decode enable)

swap operands

no read

no read m

Address Decoder

is SHIFT

is LEA

is NWLS
_
alu_op1

alu_op2

alu_addr
addr_is_mem

decode enable

>

next stage




Stage #4:. ALU Operate

gﬁ A 0 MOV
instr{29:27] 1 AND
2 OR

3 XOR

4 ADD
stage(3] >_ 5 SUB
is_ALU 6 CMP
\ 7TST

next stage

Y Y

alu_nosave

alu_out

carry_out

alu_in_op

carry_in




Stage #5: ALU Save

stage[4]

alu_nosave

~
_/

alu_is_mem
alu_addr

alu_ou

\J

L/

mem_ready

v,

reg_ready

N
v mem_enable
N mem_addr
L~ mem_ write
> mem_data_out

N
v reg_enable
N reg_addr
v reg_write

reg_data_out

next_instruction



