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OpenRISC 1200 RISC Core
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. 5-stage pipeline

. Single-cycle execution on most instructions
- 25 MIPS performance @ 25MHz

- Thirty-two 32-bit general-purpose registers
. Custom user instructions
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Traditional RISC pipeline
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Instruction Set Architecture

IC and DC compete for the WB

= reduce usage of data memory
« Many registers => 32 register a 32 bits
= All arithmetic instructions access only registers
= Only load/store access memory

= reduce usage of stack
= save return address in link register r9

= parameters to functions in registers



Instruction set

Divided Into classes:

vector

32-bit integer /
1.add ' A 32-bit floating point

< Gnvnxu\: | \/
. ORBIS32 | ~ / |/ORFF’X3-°-

\ /lnstructlon Set \ / ‘j
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I/ORBIS&\ I/ORFPX64 /
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Flll.ll’e 5.1 Instruction

64-bit integer 64-bit floating point



1._add

Add
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opeode O3 Y B reserved | opeode Ox0 || rescrved | opeode (el
{r buis 5 hui= 5 = 5 hai=s 1 bais 2 buis 4 bai= diais
l.add rD,rA,rB , rD = rA + rB
. SRICY] = carry
; SR[OV] = overflow

1.lw Load Word

31 |

|_|| 2625

IEE
D

A}

A

E e
1

opcode 0x21

& bits

5 bats

5 bits

| 6bits

1.lw rD,I1(rA)

- rD

= M(exts(l) + rA)




A piece of code

I.movhi r3,0x1234 // r3 = 0x1234 0000

1.ori r3,r3,0x5678 // r3 ]= 0x0000_5678

1. 1w r5,0x5(r3) // r5 = M(0x1234 567d)
1.sfTeq r5,r0 // set conditional branch

// Ttlag SR[F] 1Tt r5==0
I.bf somewhere // jump 1T SR[F]==
1.nop // 1 delay slot, always executed

(1 additional HW NOP inserted 1t jump taken)



1.jal
NN

Subroutine jump

Jump and Link

¢ L L T o
M

opcode 0x1

& bais

2ohis

Format:
I.jal N

Description:
The immediate value is shifted left two bits, sign-extended to program
counter width, and then added to the address of the jump instruction. The
result is the effective address of the jump. The program unconditionally
jumps to EA with a delay of one instruction. The address of the instruction
after the delay slot is placed in the link register.

32-bit Implementation:
PC = exts(Immediate < < 2) + JumplnsnAddr =

DelaylnsnAddr + 4

LR

JIA:
DIA:

I.jal N
I _ XXX

DIA+4: 1.yyy

AN + JIA
DIA+ 4



Subroutine jump

* In this implementation LR (link register) is r9
* A leaf function (no further subroutine calls) does not

use the stack

uart Is a leaf function

~ )
I.Jal uart
1.nop
kl-xxxl y
/uart: )
1.Jr r9 ‘
1.nop
\_ J

funl is not a leaf function

4 )
1.jal fTunl
1.nop

9 I . XXX y

!
funl:

.addr rl,rl,0xfffc
.sw  0x0(rl1),r9
-Jal uart

-nop

-Iwz  r9,0x0(rl)
Jr r9

_addi ri1,r1,0x4 /

10



Register usage
ABI=Application binary interface

R11 RV function return value
R9 _R (link register)

R3-R8 ~unction parameters 0-5
R2 ~P (frame pointer)

R1 SP (stack pointer)

RO =0




A very simple C example

int sum(int a, Int b)

{

}

return(atb);

int main(void)

{

}

int a=1,b=2, nr;
nr = sum(a,b);

return(nr);

(
1.add r3,r3,r4

> a = atb
1.ori r11,r3,0x0 > rv = a
I.jr r9 > return
. | _nop J
ﬁ.addi ri,rl,OxFFFFFFfC sp -= ‘N
I.sw OxO(rl1),r9 M(sp)= Ir
1.addi r3,r0,0x1 a=-1
I.jal _sum
1.addi1 r4,r0,0x2 b =2
1.Iwz r9,0x0(rl) Ir = M(sp)

/

I.jr r9

Qaddi r1.rl,0x4

, return

12



The Wishbone Interconnect

Some features:

s Intended as a standard for connection of IP cores

= Full set of popular data transfer bus protocols including:
- READ/WRITE cycle

- RMW cycle
- Burst cycles

= Variable core interconnection methods support point-to-
point, shared bus, and crossbar switch.

= Arbitration method is defined by the end user
(priority arbiter, round-robin arbiter, etc.)

13
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Simple Wishbone cycles
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Bus request

cyc _/
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Byte select

dat_0(32)

dat_i (32)

Bus request cyc

we

sel(4) X
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Ack FSM in each slave

stb
stb

ack

stb

stb,we

adr

Block
RAM

dat | —[i

adr (32)

stb

ack

we

dat_i (32)
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Wishbone bus (3M,25)

P
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3i£

CPU

arblter

0x4000_0000
Do
stb | &
l N .

0x9600_0000

o
»
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—— adr[31:0], dat o[31:0], stb, cyc, we, ..
«— dat_1[31:0], ack, ..



Round robin arbiter

state | priority A master cannot be forced
0 0,1,2 off the bus. Release the bus
1 1,2,0 by deasserting cyc!
2 2,0,1

cycO,cycl,cyc2

18



Wishbone cycles with arbitration

state 0000111222222
wo _ /TN
acko / \
wr N\

wo —/ T T T T T\
S NS S S S O




A comparison w Zyng

MEM

Processing System

Flash Controller
NOR, NAND, SRAM, Quad SPI

2x
SPI

X
12C

2x

AMBA® Interconnect

Multiport DRAM Controller

DDR3, DDR3L, DDR2

AMBA Interconnect

|_— Fixed computer

CAN

2x

URRT | Cortex - A9 MPCore

32/32 KB 1/D Caches

Processor 1/0 Mux

GPIO .

2x SDID
with DMA

2x USB
with DMA

2x Gigk

with DMA AMBA Interconnect

Security
AES, SHA, RSA

Multi-Standard I1/0s (3.3V & High-Speed 1.8V)

NEONDSPFPU Engine || NEONDSPFPU Engine

Cortex- A9 MPCore
32/32 KB 1/D Caches

General Purpose ACP  High Performance
AXI Ports Al Ports
XADC i
20 ADC, Mux, Programmable Logic el
Thermal Sensor (System Gates, DSP, RAM)

AMBA Interconnect

«—

Multi-Gigabit Transceivers

— Crossbar

__— AXI bus
Build here
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Decoding
for each master

—

o
»

<2

Cross

76

35

bar

Arbitration
for each slave
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AXT

« address/control phases are separate from data phases
* bursts possible with only start address issued

read and write data channels are separate

Gipure 19.2, AN read channelarchitecture

—— 5 busses

22



Example: AXI read burst

m_axi_arready
m_axi_anralid
m_axi_araddr[31:0]
m_axi_arlen[F:0]
m_axi_arsize[2:0]
m_axi_arburst[1:0]
m_axi_arprotfz:0]

m_axi_arzache[3:0]

m_a=i_nralid
m_axi_rready
m_axi_rdata[21:0]
m_axi_rresp[1:0]

m_a«i_rlast

5 g
]

"""""IIIII
1

A8 8860600 DEEESEE

1]

ffffﬁfﬁffff................IIL.
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Comment:

* Must build controller in your end

Local
MEM

AXI/WB

> Ctrl

FSMs
Addr counters

> Ctrl

Remote
MEM

FSMs
Addr counters

24



"“x Boot Monitor in F.OM
AN

OR.1200

5 1 T

Pt

sty Eaﬂ—ﬂ

Lab 1 =

Parallel Port

|

srx_pad 1
ot 'P'ad_c-

| Performance
LF | Counters

labl sv

Il 4
clk 1 rst1

m_pad 1

1. modify your UART from the previous lab and interface it to the Wishbone bus

2. check the UART device drivers in the boot monitor. Your UART will replace

an existing UART 16550.

3. download and execute a benchmark program, that performs (the DCT part of)

JPEG compression on a small image in your RAM module.
4. simulate the computer running the benchmark program.

5. design a module containing hardware performance counters.
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rgg:
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|:: FIFO
Conl
WISHBONE Register

Interface

uart 16550

e Compatible with industry
standard 16550

e 16 character FIFOS for
rx and tx

rx © seven 8-bit registers on
a 32-bit bus

INnt

., Not used on our
board




uart 16550-driver in the monitor

typedef struct

{
unsigned char txrx; // 0. transmit(W), receive(R)
unsigned char 1ier; // 1. interrupt enable (RW)
unsigned char 1iir; // 2. interrupt flags(R),FIFO ctri(W)
unsigned char lIcr; // 3. line control (RW)
unsigned char mcr; // 4. modem control (W)
unsigned char Isr; // 5. line status (R)
unsigned char msr; // 6. modem status (R)
} UART; _—/ 90000000: | x| x x| x|x|x|x|x
UART volatile *pu = (UART *) 0x90000000;
int c;

90000005:

// 1t takes 2170 clocks to tx/rx a character
// with 25 MHz clock. Handshake needed!

while (!(pu->Isr & 0x01)) // has the character been received?
c = (Iint) pu->txrx; // read char
while (1(pu->Isr & 0x60)) // has the character been transmitted

pu->txrx = (unsigned char) c; // write new char o7



orl200 is a 32-bit machine

The bytes are ordered like this (big-endian):

9000_0000:

9000_0004:

0
tXrx ier 1ir Icr
9000_0000 9000_0001 9000_0002 9000_0003

mcr Isr msr
9000 _0004 9000 _0005 9000 _0006 9000 _0007

28



Bytes,halfwords can be read/written

mem RRNERRNNRNNNRNNN
Iw rx,0(ry) ﬂ ﬂ JJ' ﬂ
mem?2reg 7 7 7 7
! U ! U
reg [T
mem [T
Ib rx,0(ry) JJ, ﬂv ﬂv ﬂ'
mem2reg — — — 7
! ! ! !

reg

29



Programmers
model

sel[3] zel[2] sel[1] sel[0]

311 w3 15
Q000 _0000
4

o_empty  rx_full

/

Existing driver wants this

\

Handshake F/Fs

rx_full Set: end _char
Reset: read txrx

tx_empty Set: end _char
Reset: write txrx

Block diagram

_fullF'F

E E end_ch C
B _,_| : _char ‘ _o:n_r:n

wh.dat_i[16]

whsth ]
whwe —
whozal[3] — &
whoadf2] —

—

whdar_i[31:24] —ef—

Toad

shife [~
Shift
Reg

IX
T80 | egp———————

—]

wh.sth — 1§ Ack
wh.ack -——1 FSM

wh.dat_i[22:1]1] -=

whe.sth

whowe

wh z2l[3] &
whaddf] —

end_char

wh.dat_o[31:24]— =] re

Toad il
shift
tx Snift

!
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SystemVerilog - Interfaces
“a bundle of wires"”

o

ik

i il
I I I |
I I |

Complex signals
Bus protocol repeated in blocks
Interface Bus Hard to add signal through hierarchy

Signal 1
Signal 2

:ﬁ‘;ﬂ Communication encapsulated in interface
SR - Reduces errors, easier to modify
- Significant code reduction saves time
- Enables efficient transaction modeling
- Allows automated block verification

31



interface wishbone(input logic clk, rst);

typedef logic [31:0] adr_t;
typedef logic [31:0] dat_t;

adr_t adr;
dat_t dat_o;
dat_t dat_i;
logic stb;
logic cyc;
logic we;
logic [3:0] sel;
logic ack;
logic err;
logic rty;
logic cab;
logic [2:0] cti;
logic [1:0] bte;

modport master(
output
input

modport slave(
input
output

modport monitor(
input

//
//
//
//
//
//
//
//
//
//
//
//
//

clk

rst

master

A 4

address bus

write data bus

read data bus

strobe

cycle valid

indicates write transfer
byte select

normal termination
termination w/ error
termination w/ retry

cycle type identifier
burst type extension

adr, dat_o, stb, cyc, we, sel, cab, cti, bte,
clk, rst, dat_i, ack, err, rty);

ack, err, rty);

endinterface: wishbone

clk, rst, adr, dat_o, stb, cyc, we, sel, cab, cti, bte,
dat_i1, ack, err, rty);

clk, rst, adr, dat_o, stb, cyc, we, sel, cab, cti, bte,dat i,

slave

32



WB

Boot Monitor in B.OM
oo

stk pad o

Top file: lablsv || | E=

[ sm_pad_i

out pad_o

Parallel Port
ol | Performance
modulle labl ’ LF | Counters
( clk, rst, lab1.sv
i
tX ? tl]( i meti
rx);

wishbone mO(clk,rst), ml(clk,rst),
sl(clk,rst), s2(clk,rst), s7(clk,rst), s9(clk,rst);

orl1200 top cpu(-mO(m0), .mi(ml), ..);
wb_top wO(.*);

romram romO(sl);

labl uvart my uart(.wb(s2), .int o(uart _int),
.stx_pad_o(tx), .srx_pad 1(rx));

endmodule

m_pad 1



In the UART end:
lab1/labl_uart_top.sv

module labl uart top(wishbone.slave wb,
output Int_o,
input srx_pad_ 1,
output stx _pad 0);

assign Int._ o = 1°b0; // Interrupt, not used in this lab

// Here you must Instantiate labO uart

// You will also have to change the interface of
// 1ab0 _uart to make this work.

assign wb.dat_1 = 32°h0;

assign wb.ack = wb.stb;

assign wb.err = 1°b0;

assign wb.rty = 1°b0;

assign stx pad o = srx_pad_i1; // Change this line.. :)

endmodule

34



module wb_top(

input clk 1, rst 1,

// Connect to Masters
wishbone.slave Mx[O: Nm-1],

// Connect to Slaves
wishbone.master Sx[0: Ns-1]

S2

UART

In the wishbone end
wb/wb_top.sv

> wb.adr

)
// muxes!
endmodule
CPU Wishbone
MO
Sx[2].adr
M1 <

X

I'X

35




Pipeline & diagram

OR1200 1 O: Id r1,0xb(r3)
e FFs on i 4: add
L [ I v I
i | 12 XXX
E— IR ’

RA Jaf

=N\

Ir"_l A FFs on

MEM
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1.add r3,r2,rl

e fetch from IC (M)
e read r2,r1 from RF

e add
e write back r3 to RF

I.sw Oxb(rl),r3

e fetch from IC

e read r1,r3 from RF
e add r1 + Oxb

e write operand to DC

Pipelining

1.Iwz r3,0xb(rl)

e fetch from IC

e read rl from RF

e add r1 + Oxb

e read operand from DC (M)
e write back r3

4-5 stages?

37



1 or1200

Our RISC pipeline

* RF

& \ 4 I
:ALU j XLSU ;
c——]
!

DC

_______________________________________________________

FFs on

outputs

WBI
3

FFs on
4 outputs

' .| DRAM
<:£> Flash
i ucLinux

| Boot ROM
m— YV

UART

i [

_> ACC




OR1200 pipeline
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Register file

*3-port RAM, 2 read ports and 1 write port
‘Implemented with 2 2-port RAMs (Xilinx block RAMSs)

rD

=
e
e
G

selD
selA | selB

40



Block RAM 512x32 simulation model

// Generic single-port synchronous RAM model
modulle (input clk,we,ce,oe,

input [8:0] addr,

input [31:0] dru,

output [31:0] doq);

// Generic RAM"s registers and wires
reg [31:0] mem [0:511]; // RAM content
reg [31:0] addr_reg; // RAM address register

// RAM address register
always @(posedge clk)
1T (ce)
addr_reg <= addr;

// Data output drivers
assign doq = (oe) ? mem[addr_reg] : 327h0;

// RAM write
always @(posedge clk)
1T (ce && we)
mem[addr] <= di;

41



BRAM

A\ 4

NPC

e

=

=

(@)]

=

4

| -

o wm

s =

nA

eR

c m

=S

o 3 ] |

— (O [ [

5 S .
n | f |

v ®© ™ s & ”

X | i I

n.aa.\.“.v I o= Q

= .= | |

|

or1200 pipeline - schematic
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Let's study a few instructions

~
1.add rD,

(-I-sfeq rA,

1_.bf N

.

/‘
1.lwz rD,

1.addr rD,
.

rA,rB

rA_ K

B

1(rAd)

\_I-sw 1(rA),rB

b1 |||||e 15|.|.|.|2: :::-|.|.|.|-.a LS|.|.|.|1'. 10 Ig | g H|4 ||| 0
|Upcudelﬂx38 | -D. | a | _B. |reaerls;ed |opco-d¢.? 0x0 |reser.ved | Upcod.e 0x0
F‘rrrrr‘f‘rrrr‘F'rrrr'r'rrrrrrrrrrrrrrr'
| 6 bits | swis [ swis || 16bits
F‘FTTTT"[‘FFrr‘r‘rrrr‘r‘rFrr‘r'rrrrrrrrrr‘
| 6 bits [ swis | seis | Sbis | 11bits
F‘rrrrr‘f‘rrrrrrrrrrrrrrFrrrrrrrrrr‘
| 6 bits | 26bits

F_FFFFF_F_FFFF_F-FFFF-F_FFFFFFFFFFFFFFF-

opeode 0x21 |

| 6 bit | 5 bits | 5 bits | 16bits

F_FFFFFFFFFF_F_FFFF_F_FFFF_F_FFFFFFFFFF'

opcode 0x720 reserved

| 11 bits | 3 bits | 5 bits | 11bits
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1.add rD,rA,rB

44

|4 |

B

res

wb_fw
|

Register File

\

wh_f

REENER

N

D

o

Data
Memory

A
-

X - |

y

sl

ID

y

A

EX

] ’\uuh_i nsn }

o]
% M |74

WB —




------ 1@0opboooooo.oo.oo-oo.oo-.o..o.to-.o..o-.ooooooooooo-oo.oo-oo.oo-.o..o..o-.o..o-.oooooooooo

Instruction
Memory

if_ pc if_insn
B

S

Iw rB, 1(rA)
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---- io-pc-oo]no-oo-oo-oo-oo-oo--o.-oo-oo-oo-oo-oo-oo-oo-oo-oo-oo-oo-oo--o.-oo-oo-oo-oo-oo-oo-oo-o
C‘
4

R O:sfeq
R 4:bf N

Ly ~ 8:nop

;&}%_E% .................... C : XXX
Register File -
imm J[ (NN
wb fw wb_fw
i ‘ mﬁ) ‘ 1y %b_f YYVY 20 - yyy
edeoe e ex PG+ } %?ﬁg ............ Deekeee beeDoaBoes oeocccanane b. ase ..... Offsa ........
N < N, oOffset Y Y \
E ALU : LSU
Y Y

p— — 1 delay slot
* 1 extra HW nop
iewery on taken branch




