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! " #(%) : ' (! ← *+
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! " #(,) : (! ← *+
! " #(%) : -! ← ' (!
! " #(.) :	 (! ← -!(%%: ,)
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0 = 2(3) " - " # 4
OUT 0 " 5*. %, :	 56#! ← (+ 3: ,
IMK 0 " 5*. 7 :	 -'89 ← (+(%: ,)

$%&	�
������'

��"(� 2(3) " - " # 4 : (! ← '[(!]
AND 2(,) " # < : 2! ← '[(!]
ADD 2(%) " # < : 2! ← '[(!]
LDA 2(.) " # < : 2! ← '[(!]
STA 2(4) " # < : ' (! ← (+
BUN 2(<) " # < : *+ ← (!

BSA
2(7) " # < : ' (! ← *+
2(7) " # 7 : *+ ← (!

ISZ
2(=) " # < : 2! ← '[(!]
2(=) " # = : '[(!] ← 2!
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�,302?

! " #(%) : ' (! ← *+
��;176302?

! " #(,) : (! ← *+
! " #(%) : -! ← ' (!
! " #(.) :	 (! ← -!(%%: ,)

�	�����302?

0 = 2(3) " - " # 4
OUT 0 " 5*. %, :	 56#! ← (+ 3: ,
IMK 0 " 5*. 7 :	 -'89 ← (+(%: ,)

<=>�����302?

 �/9@4 2(3) " - " # 4 : (! ← '[(!]
AND 2(,) " # < : 2! ← '[(!]
ADD 2(%) " # < : 2! ← '[(!]
LDA 2(.) " # < : 2! ← '[(!]
STA 2(4) " # < : ' (! ← (+
BUN 2(<) " # < : *+ ← (!

BSA
2(7) " # < : ' (! ← *+
2(7) " # 7 : *+ ← (!

ISZ
2(=) " # < : 2! ← '[(!]
2(=) " # = : '[(!] ← 2!
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'"������
1-!"#/)*+������2
)*+����� :

!"#$%_'(' = * + , - +
/ 0 + /(2) + , 4 + /(5) + , 5

��� ��, * + ,(-) : ' 6* ← 89
STA /(0) + , 4 : ' 6* ← 69
BSA /(2) + , 4 : ' 6* ← 89
ISZ /(5) + , 5 : '[6*] ← /*

PC���� :
89_</ = /(4) + , 4 + /(2) + , 2
BUN /(4) + , 4 : 89 ← 6*
BSA /(2) + , 2 : 89 ← 6*

IR���� :	=*_</ = * + ,(-)

�(�%$ * + ,(-) : =* ← ' 6*

AR���� :
6*_</ = * + , > + , ? + /(@) + = + , 0


�
(�%$

* + ,(>) : 6* ← 89
* + ,(?) :	 6* ← =*(--: >)

��
�&-"

/(@) + = + , 0 : 6* ← ' 6*
DR���� :

/*_</ = / > + / - + /(?) + /(5) + , 4
AND /(>) + , 4 : /* ← '[6*]
ADD /(-) + , 4 : /* ← '[6*]
LDA /(?) + , 4 : /* ← '[6*]
ISZ /(5) + , 4 : /* ← '[6*]

OUTR���� :	BC,*_</ = D + B8? ->
OUT D + B8? -> :	 BC,* ← 69 @: >

IMSK���� :	='EF_</ = D + B8? 2
IMK D + B8? 2 :	 ='EF ← 69(-: >)

-!"#/.0&���� :	
���7	P22�P25	�
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��������
$���	���%

� !������ :
!"#_%&% = ( ) * + + - . ) / ) * 0
+ - 1 + - + + -(3) + -(5) ) * 6

������ ( ) * + : /( ← % 8(
�
��#� -(.) ) / ) * 0 : 8( ← %[8(]

AND -(1) ) * 6 : -( ← %[8(]
ADD -(+) ) * 6 : -( ← %[8(]
LDA -(3) ) * 6 : -( ← %[8(]
ISZ -(5) ) * 6 : -( ← %[8(]

PC������ :
!"#_<= = ( ) * + + ( ) *(1) + -(>) ) * 6
������" ( ) *(+) : % 8( ← <=
������ ( ) *(1) : 8( ← <=

BSA -(>) ) * 6 : % 8( ← <=

IR������ :	!"#_/( = ( ) *(3)
������ ( ) *(3) :	 8( ← /((++: 1)

AR������ :
!"#_8( = -(6) ) * 6 + -(>) ) * >

BUN -(6) ) * 6 : <= ← 8(
BSA -(>) ) * > : <= ← 8(

AC������ :
!"#_8= = -(0) ) * 6 + ? ) @<3 +1 + @<3 >
STA -(0) ) * 6 : % 8( ← 8=
OUT ? ) @<3 +1 :	 @A*( ← 8= .: 1
IMK ? ) @<3 > :	 /%BC ← 8=(+: 1)

DR������ :	!"#_-( = -(5) ) *(5)
ISZ -(5) ) * 5 : %[8(] ← -(
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AR !"#_%& = ((*) , - * + ((/) , - /
PC !"#_01 = & , - 2 + & , -(3) + ((/) , - *
DR !"#_(& = ((4) , -(4)
AC !"#_%1 = ((5) , - * + 6 , 708 23 + 708 /
IR !"#_9& = & , -(8)

$%' !"#_:;: = & , - 2 + ( < , 9 , - 5
+ ( 3 + ( 2 + ((8) + ((4) , - *
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bus_AR
bus_PC
bus_DR
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I
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R
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1
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0
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0
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AR
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00..00(000)

00..06(110)

BD
(15:0)
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� BC(5:0) BS(2:0)

AR 000001 001
PC 000010 010
DR 000100 011
AC 001000 100
IR 010000 101
@AB 100000 111
2- �"�� *	*	*
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��4��D�,6
*00..0+E8��.7

BC(5:0) >9�
$���

BC(0)	= bus_AR
BC(1)	= bus_PC
BC(2)	= bus_DR
BC(3)	= bus_AC
BC(4)	= bus_IR
BC(5)	= bus_MEM

AR1PC4
(15:12)?;=
�50000



BC(0)	= bus_AR
BC(1)	= bus_PC
BC(2)	= bus_DR
BC(3)	= bus_AC
BC(4)	= bus_IR
BC(5)	= bus_MEM

!" # = bus_AC + bus_IR+ bus_MEM
BC(2:0)

BC(5:3) 000 001 011 010 110 111 101 100
000 * 0 * 0 * * * 0
001 1 * * * * * * *
011 * * * * * * * *
010 1 * * * * * * *
110 * * * * * * * *
111 * * * * * * * *
101 * * * * * * * *
100 1 * * * * * * *

!" & = bus_PC + bus_DR+ bus_MEM
BC(2:0)

BC(5:3) 000 001 011 010 110 111 101 100
000 * 0 * 1 * * * 1
001 0 * * * * * * *
011 * * * * * * * *
010 0 * * * * * * *
110 * * * * * * * *
111 * * * * * * * *
101 * * * * * * * *
100 1 * * * * * * *
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!" ' = bus_AR + bus_DR + bus_IR + bus_MEM
BC(2:0)

BC(5:3) 000 001 011 010 110 111 101 100
000 * 1 * 0 * * * 1
001 0 * * * * * * *
011 * * * * * * * *
010 1 * * * * * * *
110 * * * * * * * *
111 * * * * * * * *
101 * * * * * * * *
100 1 * * * * * * *

BC(5:0) BS(2:0)
000001 001
000010 010
000100 011
001000 100
010000 101
100000 111
�	�� *	*	*
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bus_PC
bus_DR
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bus_MEM
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BD
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(000)	+ (001)à (00*)
(110)	+ (111)à (11*)
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74'���"�!�

� BC(5:0) BS(2:0)

AR 000001 00*
PC 000010 010
DR 000100 011
AC 001000 100
IR 010000 101
89: 100000 11*
.* � �� *	*	*

BC(5:0) 74�
"���

BC(0)	= bus_AR
BC(1)	= bus_PC
BC(2)	= bus_DR
BC(3)	= bus_AC
BC(4)	= bus_IR
BC(5)	= bus_MEM
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!" # = bus_DR+ bus_IR
BC(2:0)

BC(5:3) 000 001 011 010 110 111 101 100
000 * * * 0 * * * 1
001 0 * * * * * * *
011 * * * * * * * *
010 1 * * * * * * *
110 * * * * * * * *
111 * * * * * * * *
101 * * * * * * * *
100 * * * * * * * *

BC(5:0) BS(2:0)
000001 00*
000010 010
000100 011
001000 100
010000 101
100000 11*
�	�� *	*	*
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!" # = bus_AR + bus_DR + bus_IR + bus_MEM

BC(2:0)
BC(5:3) 000 001 011 010 110 111 101 100

000 * 1 * 0 * * * 1
001 0 * * * * * * *
011 * * * * * * * *
010 1 * * * * * * *
110 * * * * * * * *
111 * * * * * * * *
101 * * * * * * * *
100 1 * * * * * * *

BC(5:0) BS(2:0)
000001 001
000010 010
000100 011
001000 100
010000 101
100000 111
�	�� *	*	*
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AND-'%
N��-.(,/%&
N��!�����N+)*One-Hot��!�� :	
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C K
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D K
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OUT
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R
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,)������2AND.)(�3
BD

(15:0)

ARbus_AR

PCbus_PC

DRbus_DR

ACbus_AC

IRbus_IR

/01bus_MEM
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16
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write_MEM = " # $ % + ' ( + '(*) # $ , + '(-) # $ -
IR_LD = " # $(%)
DR_LD = ' . + ' % + '(/) + '(-) # $ ,
PC_LD = '(,) # $ , + '(*) # $ *
AR_LD = " # $ . + $ / + '(0) # 1 # $ (
OUTR_LD = 2 # 34/ %.
IMSK_LD = 2 # 34/ *

INPR OUTR
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BS	(2:0)

BD
(15:0)

IMSK 24

�����!�������	�

��������
bus_AR = '(,) # $ , + '(*) # $ *
bus_PC = " # $ % + " # $(.) + '(*) # $ ,
bus_DR = '(-) # $(-)
bus_AC = '(() # $ , + 2 # 34/ %. + 34/ *
bus_IR = " # $(/)
bus_MEM = " # $ % + ' 0 # 1 # $ (

+ ' . + ' % + '(/) + '(-) # $ ,
56 . = bus_DR+ bus_IR +bus_AR+ bus_MEM
56 % = bus_PC+ bus_DR+ bus_MEM
56 / = bus_AC+ bus_IR+ bus_MEM

AND���

���
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