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* Functionality

e Harvard Architecture
* RISC — Load/Store Instruction Set
e 16 bit instruction words

* 4 — 8 bit data registers available for executing instructions
(A-B-C-D)

e Support for 16 instructions
* 3—memory based instructions
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e Instruction Fetch

* Clock the Program Counter (PC)

Register holding the memory address for
the NEXT instruction to fetch

New address is provided to the memory
Memory provides instruction to its output

Next address is provided to the input to the PC
e Memory is Byte Addressed

* Instructions are 2 bytes wide

* = increment by 2

PC

»
»

&

Read

clk

Address

Instruction
( [15 - 0]

Instruction
Memory

Adder is drawn as an ALU but actual implementation would be our

optimized adder block
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e Instruction Fetch

* Implementation comments

» We will replace the PC with a sequencer (FSM)

* Sequencer acts as the address register
in the memory block
e Array based ROM with constants

* Only way to get an asynchronous version

e 4Kb in a x16 configuration
— asynchronous address
— asynchronous read

Start —»
St_addr _,

inst_cnt —»

Seq

clk

Read
Address

Instruction
[15 - 0]

Instruction
Memory
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A
. . . B | Ox23
e Arithmetic Instruction Format
C| Ox35
D | OxF5
Instruction source-1, source-2, destination
where source-1, source-2, and destination are register
fn Regl, Reg2, Wreg Wreg < Regl fn Reg Al ox12
B | OxF7
* Examples c | o3t
e add RA, RB, RC RC< RA+RB /
D | OxF5
* or RB, RD, RB RB €< RB or RD
A | Ox12
 sub RC, RA, RD RD € RC—RA
W =Ll B OxF7
e slt RC, RA ALUout € 1 when RC< RA C| 0x35
ALUout €< 0 when RC I< RA D| 0x23
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* Memory Instruction Format

Instruction address_register, destination_register

|d Regl, Wreg Wreg < MEM(Reg1l)
Instruction address_register, source_register
st Regl, Reg?2 MEM(Regl) < Reg2
 Examples
* |[d RA,RC RC €< MEM(RA)
* st RD,RB MEM(RD) < RB
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0x23

O0x44

A
B
C
D

OxFE

0x00

0xC3

0x01

0x85

0x02

0x44

OxFE

0x23

OxFF

0Ox2B
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e Load Immediate Instruction Format

Instruction destination_register, value

|di Wreg, “imm value”

* Examples
e Idi RA, 0x12
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Wreg < “imm value”

RA < 0x12

Ox12

0x23

0Ox44

OlOo|®| >

OxFE




* Instruction Encoding
* 16 bits

" instrucion | Regl | Reg2 | Wheg | ImmediateValue
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|

nor
nand
add
sub
slt

|d

st

Idi

0000
0001
0010
0011
0100
0101
0110
1000
1001
1100

U NAAE

00-A
01-B
10-C
11-D

T

signed Hex
0x20 to Ox1F

100000 to 011111
-32to 31
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* Instruction Encoding — reg/reg

e sub Wreg < Regl - Reg2
e sub RA, RB,RC RC < RA-RB

0 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0

" or 0000 ;\ . /
and T 0001 ON D I
o ek 00-A Technically these are
{rebfgend Ok 01-B don’t care
T 10-C but
: :jcb 81(1)0 11-D we will always code them as Os
|d 1000
st 1001
|di 1100
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* Instruction Encoding — Mem

e |d Wreg €< MEM(Reg1l)
e Id RB, RC RC € MEM(RB)

porin Ltad Liess Wit inmctes e
g, [ l / |

and
-y s = Technically these are
End s 01 — B don’t care
add 0100 10— C i
sub 0101 _
slt 0110 11-D we will always code them as Os
g o
st 1001
Idi 1100
ELE 3510 10

© tj



* Instruction Encoding — Mem

o st MEM(Reg1) € Reg2
e st RB, RC MEM(RB) € RC

ructon | Regd | Reg2 | Wheg | immeditevate
1 0 0 1 0 1 1 0 x x 0 0 0 o0 o0 o
or 0000 T
i} o8 O T

and
iy Ll 00-A Technically these are
End O 01-B don’t care
add 0100 10— C i
sub 0101 _
slt 0110 11-D we will always code them as Os
| Id 1000
& oD
Idi 1100
ELE 3510 11
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* Instruction Encoding — Immediate

* |di
* |di

1 1 0 0 X X X X 1 1 1 0 0 1 0 0

ord T

an
nor
nand
add
sub
slt
|d

st

RD, Ox24

0000
0001
0010
0011
0100
0101
0110
1000
1001

[ @

1100
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Wreg < “imm value”

RD € 0x24

00-A
01-B
10-C
11-D

12

0x24
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 Special function

* nop do nothing
* nop

1 1 1 1 X X X X X X 0 0 0 0 0 0

00-A 0x00
01-B
10-C
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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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