
RISC-V

1

80 ,

. ,

, . ,

OR Wired OR .

,2 10 ,

. , CPU RISC-V

.

Zuse,Z3, , ,RISC-V

1.

(Konrad Zuse, 1910-1995)

,

Zuse Z3 1941 . Z3

, 2600 (

600 )[1],

.

1988 ,Z3

.[2]

Z3 1945 ,1963

,

.[3]

1.1

( ) , ,

.

ON a

,NO(Normally Open) ,

ON b

1 jiro@bimyo.jp

,NC(Normally Close) . a,b

, c

. , ,

.

�
��

�

�
��

�

�
��

�

�
��

�

� b

� a

�
��

�

�
��

�

�
��

�

�
��

�

� b

� a

0

c ���

�
1

c ���

1

, , ,

ON/OFF

. ,

ON/OFF

( ).
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2 DC12V 4 2

, , ,a ON

b OFF (Break before Make),c

a,b

. ,b OFF a

ON (Make before Break) ,

c a,b .

,a,b ,

.

( )

1, ( )

0 , .

, (

) ,

,

. ,

,

. ,

.

1.2 Buffer, NOT, Selector

,a

. b

NOT(A) . ,c

,

.

,a,b ,c

,Selector(Ax+Ay) .

�

���� A

� A
A

y �

x �

�� � Ax+Ay

A

3 Buffer, NOT, Selector

1.3 AND, OR

,AND(Ax)

. b ,NOT

AND(Ax) . OR

,Selec-

tor A · 1 + Ax . a,b

,NOT OR(A · 1 +Ax) .

x ���� Ax

� Ax
A

x �

�

�

�� � A+ x

A

4 AND,OR

1.4 Wired OR

xy + xz ,Selector

, OR .

xz

xy

� xy + xz

5 Wired OR

1.5 XOR

XOR(A⊕B = AB+AB) ,

NOT,AND,OR ,

c (c = xa+ xb)

,XOR .

a,b

,XNOR (A⊕B = AB +AB) .
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�

����

�
A

�

��� � AB +AB

B

6 Buffer,NOT Selector XOR

1.6

, S = A⊕B, Cout =

AB , .

OR

, ,

,

. ,

.

,x ⊕ y x y

. , ,

S = A⊕B ⊕ Cin ,Cin .

, Cin Cin

(‘dual rail’) ,S = A⊕B ⊕ Cin

= A · (B ⊕ Cin) +A · (B ⊕ Cin)

= A ·(B ·Cin+B ·Cin)+A ·(B ·Cin+B ·Cin)

, A Selection B,B AND/NOT

AND,Wired OR

, .

B · Cin,B · Cin AND/NOT

AND 1 , B ·Cin,B ·Cin

1 . , 3

.

Cin ����

�B

�

�Cin ����

�B

�

��� � S

A

7

Cout = A ·B + (A⊕B) · Cin

= A ·B +A ·B · Cin+A ·B · Cin

= B · (A · 1 + A · Cin) + B · (A · Cin) , B

Selector ,A Wired OR AND

. , A · Cin

A · Cin 1 . ,

Cout ,Cout = A ·B + (A⊕B) · Cin

= B · (A · Cin) + B · (A · 1 + A · Cin) .

Cin,Cout A ·Cin A ·Cin 1

. A · 1 A · 1 1

, A,B 4

8 .

�

���
�

�A

�

Cin ���
�

�A

�

�

�� � Cout

B

8

Cin � ���
� �

�A

�

�

�� � Cout

B

S ���
� �

� �A

�

�

�� �

B

�

���
�

�

�A

�

�

�� �

B

Cin � ���
�

�A

�

�

�� � Cout

B

9

1

Cin Cin A B Cout Cout S

0 1 0 0 0 1 0

0 1 0 1 0 1 1

0 1 1 0 0 1 1

0 1 1 1 1 0 0

1 0 0 0 0 1 1

1 0 0 1 1 0 0

1 0 1 0 1 0 0

1 0 1 1 1 0 1
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1.7 4

,A 4 ,B 4

. 4

,4 .

Cin = 0( ),Cin = 1(

) .

Cout Cin

Cout Cin

A B

S

Cout Cin

Cout Cin

A B

S

Cout Cin

Cout Cin

A B

S

Cout Cin

Cout Cin

A B

S
S4

S3 S2 S1 S0

A3 B3 A2 B2 A1 B1 A0 B0

�

10 4

2.

, DIP (16

) ,0 ∼ 15 .

7 LED

. ,5bit(S0 ∼ S4)⇒10 7 2

(a0 ∼ g1) .

,

a0 = S4S2S0+S3S1+S4S1S0+S4S2S0+S3S2S1+

S4S3S0 + S4S3S1 + S4S2S0

b0 = S3S1S0+S3S1S0+S4S2+S4S1S0+S4S3S1+

S4S3S0 + S3S2S0 + S3S2S1 + S2S1S0

c0 = S4S2 + S0 + S3S1 + S4S1 + S2S1 + S4S3S2

d0 = S4S2S1S0 +S4S3S2S0 +S3S2S1 +S3S1S0 +

S3S1S0 +S4S3S1 +S4S1S0 +S3S2S1 +S4S3S0 +

S4S2S0

e0 = S3S1S0 + S4S1S0 + S4S3S0 + S4S2S0 +

S3S2S1S0

f0 = S4S3S2S1+S4S3S2S1+S4S3S2S1+S3S2S1+

S4S3S1 + S3S1S0 + S3S1S0 + S4S3S2S0

g0 = S3S2S1 + S4S2S1 + S4S2S0 + S4S3S2 +

S4S3S1 + S3S1 + S3S1S0

a1 = S4S2 + S4S3

b1 = S3S1 + S3S2 + S4

c1 = S4S3S2 + S4S3S1 + S4S3S2 + S3S2S1

d1 = S4S2 + S4S3

e1 = S4S3S2 + S4S3S2 + S4S2S1

f1 = 0

g1 = S4S2 + S4S3

, ,

, .

2.1 RISC-V

5bit(S0 ∼ S4)⇒10 7 2 (a0 ∼ g1)

RISC RISC-V

.

RISC-V ,2010

ISA . 2017 Arduino-

compatible HiFive1 ,

.

,HiFive1 USB

, .

11 HiFive[4]

RISC-V GPIO 0∼23

,HiFive1 19

.

,UART 2

,LED 3 .

14 ,5 14

.

, BCD 2 ,BCD⇒7

IC(74HC4511)

. , 6bit ,GPIO 0∼5

.

,
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2 HiFive1 GPIO

GPIO IOF0 IOF1 LED

0 PWM0 0

1 PWM0 1

2 SPI1:SS0 PWM0 2

3 PI1:SD0/MOSI PWM0 3

4 SPI1:SD1/MISO

5 SPI1:SCK

9 SPI1:SS2

10 SPI1:SS3 PWM2 0

11 PWM2 1

12 PWM2 2

13 PWM2 3

16 UART0:RX

17 UART0:TX

18

19 PWM1 1 GREEN

20 PWM1 0

21 PWM1 2 BLUE

22 PWM1 3 RED

23

(TLC621) ,GPIO 9∼13 .

2.2 UI

10μS

,10mS 2

10 , .

, GPIO

.

,16 (160mS) , LED

.

7 LED ?

2 , .

HiFive1 ?

HiFive1 1 .

?

HiFive Unleashed 999 .

HiFive1 ,Arduino ?

,Arduino .

I/O ?

3.3V 5V .

?

12V .

HiFive1 7∼12V OK ,12V

.

HiFive1 5V ,

IC .

[1] http://ed-thelen.org/comp-hist/Reckoners-ch-
2.html

[2] https://ieeexplore.ieee.org/document/707574

[3] https://www.deutsches-
museum.de/sammlungen/meisterwerke/meisterwerke-
iii/z3-und-z4/

[4] https://sifive.cdn.prismic.io/sifive%2F9c57065b-
6d28-465b-b67d-f416894123a9 hifive1-getting-
started-v1.0.2.pdf
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#include <stdint.h>

#include "platform.h"

void _putc(char c) {

while ((int32_t) UART0_REG(UART_REG_TXFIFO) < 0);

UART0_REG(UART_REG_TXFIFO) = c;

}

int _getc(char * c){

int32_t val = (int32_t) UART0_REG(UART_REG_RXFIFO);

if (val > 0) {

*c = val & 0xFF;

return 1;

}

return 0;

}

void _puts(const char * s) {

while (*s != ’\0’){

_putc(*s++);

}

}

void _hex1(int32_t v) {

char * hex = "0123456789ABCDEF";

_putc(*(hex + (v & 0xf)));

}

void _hex2(int32_t v) {

_hex1(v >> 4);

_hex1(v);

}

void _hex4(int32_t v) {

_hex2(v >> 8);

_hex2(v);

}

void _hex8(int32_t v) {

_hex4(v >> 16);

_hex4(v);

}

int main (void)

{

PRCI_REG(PRCI_HFROSCCFG) |= ROSC_EN(1);

PRCI_REG(PRCI_PLLCFG) = (PLL_REFSEL(1) | PLL_BYPASS(1));

PRCI_REG(PRCI_PLLCFG) |= (PLL_SEL(1));

PRCI_REG(PRCI_HFROSCCFG) &= ~(ROSC_EN(1));

GPIO_REG(GPIO_OUTPUT_VAL) |= IOF0_UART0_MASK;

GPIO_REG(GPIO_OUTPUT_EN) |= IOF0_UART0_MASK;

GPIO_REG(GPIO_IOF_SEL) &= ~IOF0_UART0_MASK;

GPIO_REG(GPIO_IOF_EN) |= IOF0_UART0_MASK;

UART0_REG(UART_REG_DIV) = 138;

UART0_REG(UART_REG_TXCTRL) = UART_TXEN;

UART0_REG(UART_REG_RXCTRL) = UART_RXEN;

volatile int i=0;

while(i < 10000){i++;}

_puts("SiFive START\r\n");

GPIO_REG(GPIO_INPUT_EN) |= 0x3e00;

GPIO_REG(GPIO_PULLUP_EN) &= ~0x3e00;

GPIO_REG(GPIO_OUTPUT_EN) = 0x3f;

GPIO_REG(GPIO_INPUT_EN) &= ~((0x1 << RED_LED_OFFSET)

| (0x1 << GREEN_LED_OFFSET)

| (0x1 << BLUE_LED_OFFSET));

GPIO_REG(GPIO_OUTPUT_EN) |= ((0x1 << RED_LED_OFFSET)

| (0x1 << GREEN_LED_OFFSET)

| (0x1 << BLUE_LED_OFFSET));

int relay = 0;

int last = 0;

int led = 0;

volatile uint64_t * now

= (volatile uint64_t*)(CLINT_CTRL_ADDR + CLINT_MTIME);

volatile uint64_t then = *now + 1000;

while(1){

// wait 10mS

while (*now < then) { }

then += 1000;

// input from Relay

relay = (~GPIO_REG(GPIO_INPUT_VAL) >> 9) & 0x1f;

// binary to BCD

relay = int(relay / 10) * 0x10 + (relay % 10);

// output to LED

GPIO_REG(GPIO_OUTPUT_VAL) = relay | 0x6b0000;

// RGB-LED blink

if(led & 0x10) {

GPIO_REG(GPIO_OUTPUT_VAL) &= ~(0x1 << BLUE_LED_OFFSET);

}

if(led & 0x20) {

GPIO_REG(GPIO_OUTPUT_VAL) &= ~(0x1 << RED_LED_OFFSET);

}

if(led & 0x40) {

GPIO_REG(GPIO_OUTPUT_VAL) &= ~(0x1 << GREEN_LED_OFFSET);

}

led = (led + 1) & 0x7f;

// console log

if(last != relay) {

_hex8(GPIO_REG(GPIO_INPUT_VAL));

_puts(" ");

_hex8(GPIO_REG(GPIO_OUTPUT_VAL));

_puts("\r\n");

last = relay;

}

} // while(1)

}
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