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* Instruction Format

" nsiructon | Reg 1 | Reg2 | WReg | ImmedateValue

or 0000
and 0001
nor 0010
nand 0011
add 0100
sub 0101
slt 0110
Id 1000
st 1001
|di 1100
nop 1111
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Reg/Reg Wreg < Regl fn Reg?2

> MEM Wreg € MEM(Reg1)
\ MEM(Regl) < Reg2
IMM

Wreg < “imm value”
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* Decode / Register Access

e |nstruction Decode

* Logic to decode the instruction

e Pull off the relevant bits from the instruction

D 0 o0 1 1 0 O O O O 0 O

* Create logic to drive control signals to other blocks

Inst [15 - 12

Control
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* Decode / Register Access

* Register File
» Series of registers

* 2 read multiplexors to select one of the registers ! a2
for one of 2 outputs lm &
* Write multiplexor to choose one register i REG ¥
to write to > |REG D=
: : REG O
. Wr!te data input L) I % REG
* Write enable (or WE_b) = REG
REG 3
REG ; rd data 2
REG <

rd addr 2
—
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* Decode / Register Access

* Register File — implementation comments

* Instruction bit mapping to select registers
* Wire specific bits from the instruction to the address ports of the register
file.
* 4 registers = 2 bits of address |

* Each register 8 bits wide e[ 100 1 8 gggitervf
e NO rStb S|gna| Inst [9 — 8] Read Read | 8

] @ | @ | @]

\ 4

Register 2 Datal

Inst [7 - 6] | Write .y
Register < 8 >
g Data 2
L. | Write pegister
pata File

0O 0 0 0 0 0 0 T
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* Execute

* ALU executes all arithmetic and logical instructions
* Inputs are Register outputs
e Control is decoded from instructions

00110000000
Register 1 —S<—| INA

Set —»
> ALU
8
b

Result

Register2 % InB
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* Memory Access 0 1 0 10 10 o 0 0 0 o0

LD Wreg €< MEM(Regl)
* Load / Store Instructions 0 1 0 1 O’O 1 0 0 0 0 0 0 0
* R/W from registers to data memory ST MEM(Reg1) € Reg2

Address

* Pre-stored in one of the registers

* Accessed from reg file “Read Data 1”

* Added to the immediate value in the instruction (zeros)

* Write Data |
* Pre-stored in one of the registers 1R WE
. eg riie 8
* Accessed from reg file “Read Data 2” R Data g~ Address Ii»
Rea
* Synchronous S
Reg File 8 VS
Data pata
* Read Data ReadData2 ~~ | Memory
e Asynchronous read T
CLK
(write only)
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* Memory Access

 Data memory implementation comments

* Inferred RAM
e ??in a x8 configuration
— asynchronous address
- asynchronous read
—> synchronous write

!

WE
Reg File 8
—<—p| Address
Read Data 1

Read| 8

Data
Write

Read Data2 ~~ Memory

!

CLK
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* Memory Access O-

IMM Wreg €< “imm value”

e Load Immediate Instruction
* Load a register from the program memory

0 —»| InA
Set |—»

ALU

. Value Result;vgéb e Fle
 Stored in the instruction '““[5'°]6 en f=| Write Data
* Sign-extended from 6 bits to 8 bits

 OR’d with zero in the ALU
e Uses the writeback mechanism to store the value in a register

: Y
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~ Write Back 0 1 0 1 0 O O 10 0 0 0 o0 o

Reg/Reg Wreg €< Regl fn Reg2
LD Wreg < MEM(Regl)

* Write results or memory value back to a register

e Write data
 Comes from ALU (result or Idi)
or |
 Comes from data memory (ld) weetd Vol R
1 Register 1
Inst [9 — 8] | Read Read
| Register2 Datal
e Synchronous A )
" Register Read
Data 2
3 8 Write q
Write Data —<—p DAY ReEills‘:er

I

CLK
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* Missing Pieces

* Program control elements
* Branches
* Jumps
* Hazards
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* Full Data path

Replace with sequencer

Y

>AD

2
—>
Read
PC id Address
Instruction
[15 - 0]
clk
Instruction
Memory
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Inst [15 - 12|

Control
Inst[11-10] [ Read WE
{ Register 1
\y
Inst [9 — 8] | Read Read In A \
| Register2 Datal Set
\ 4
Inst [7 - 6] Write /!y ALU Ve
" Register Read |8 [0
Data 2 >"M Result »| Address !
i u In B r
Write 3 Read
Regi r » / > 1
Data eg_ s % Data M
Bilg | Write u
T | Data pata >0 X
CLK Memory
Inst [5 - 0] sign .
6 \ Extend
CLK
12




