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int a,	b,	c;
c	=	a	*	b;

n N0-/��	��: ���#��.5,"� ��)

N0-/�N0-/ = 2N0-/
à��	��&%
��N0-/��*��

à�N0-/$�')(�
$14+32!���
�

320-/�320-/à
320-/ 6C��7

A
B×

CH C
��

! = #
$%&

'()
!$ * +$ , = #

$%&

'()
,$ * +$

! * , = ! * #
$%&

'()
,$ * +$ = #

$%&

'()
,$ * (! * +$)

(N=8) 00001001 (A)		 9
00001101 (B)	13
00001001 27

0 00000000 90
00 00100100 (C)	117
000 01001000
0000 00000000
00000 00000000
000000 00000000
0000000 00000000
00000000 01110101
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! " # = %
&'(

)*+
#& " (! " -&)

00001001 !
00001101 #
00001001 #( " ! " -(
00000000 #+ " ! " -+
00100100 #- " ! " --
01001000 #/ " ! " -/
00000000 #0 " ! " -0
00000000 #1 " ! " -1
00000000 #2 " ! " -2
00000000 #3 " ! " -3
01110101 4

! " -& :	!�������
#& :	#� &���	
#& = +��� ! " -&� 4��


c	=	0;
for	(k	=	0;	k	<	N;	k++)	{
bi	=	b	&	1;
b	=	b	>>	1;
if	(bi)
c	=	c	+	a;

a	=	a	<<	1;
}

bi	:	#� &���	

! " -&� 4��

a = ! " -&

a = !,	b	=	#��



L0, LDA		B
CIR
STA		B
SZE
BUN		L1
BUN		L2

L1, LDA		C
ADD		A
STA		C
CLE

L2, LDA		A
CIL
STA		A
ISZ			K
BUN		L0
HLT

<��
���>
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! " ← ! " +![&]

! ( ← ! ( ≫ *
+ ← (,

! & ← ! & ≪ *

! . ← ! . + *,
SKIP-NEXT	(! . + * = 1)

SKIP-NEXT	(+ = 1)

c	=	0;	k	=	–N;
do	{
bi	=	b	&	1;
b	=	b	>>	1;
if	(bi)
c	=	c	+	a;

a	=	a	<<	1;
k	=	k	+	1;

}	while	(k	!=	0);

�������	�

<��
���>
A, DEC		9
B, DEC		13
C, DEC		0
K, DEC		–16



L0, LDA		B
CIR
STA		B
SZE
BUN		L1
BUN		L2

L1, LDA		C
ADD		A
STA		C
CLE

L2, LDA		A
CIL
STA		A
ISZ			K
BUN		L0
HLT

<'.%���>
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<'.%���>
A, DEC		9
B, DEC		13
C, DEC		0
K, DEC		–16

c	=	0;	k	=	–N;
do	{
bi	=	b	&	1;
b	=	b	>>	1;
if	(bi)
c	=	c	+	a;

a	=	a	<<	1;
k	=	k	+	1;

}	while	(k	!=	0);

M[B] ���)&(�
E/��0����#
"�� Bi)&(
�
�	�!�����

1

2

3

4

C	+=	A

A	<<=1

Bi)&(



��



! " # = %
&'(

)*+
#& " (! " -&)

�����*-$,+
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c	=	a	*	b;

n��
��: ���$��#������,2%��-&	
 �������"�'

N+)*�N+)* = 2N+)*
à��
��&�%
��N+)*!�(��

A
B×

CH C
��

11111001 249
10001101 141
11111001 249
00000000 9960
11100100 24900
11001000 35109
00000000
00000000
00000000
10000000
00100101

(249:unsigned)	*	(141:unsigned)	= 35109 10001001		00100101
(–7:signed)	*	(141:unsigned)	=	 –987 11111100		00100101

(249:unsigned)	*	(–115:signed)	=	 –28635 10010000		00100101
(–7:signed)	*	(–115:signed)	= 805 00000011		00100101

unsigned signed
11111001 249 –7
10001101 141 –115
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n��	��: �������������)2 �
*!�
����������"

!. # $ !. % = #' $ ()*+ + #- %' $ ()*+ + %-
!. # $ !. % = #'%' $ (()*( + #'%- + %'#- $ ()*+ + #-%-
.. # $ !. % = −#'%' $ (()*( + −#'%- + %'#- $ ()*+ + #-%-

# = #', #- :	N'$&%(#
#' :	���'$&
#- :	��(N	– 1)'$&%(#

#- (N–1	bits)#'

# (N	bits)

���� : !. # = #' $ ()*+ + #-
2 �
 : .. # = −#' $ ()*+ + #-

!. # $ .. % = −#'%' $ (()*( + #'%- − %'#- $ ()*+ + #-%-
.. # $ .. % = #'%' $ (()*( + −#'%- − %'#- $ ()*+ + #-%-
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!. # $ !. % = #'%' $ (()*( + #'%, + %'#, $ ()*- + #,%,

.. # $ .. % = #'%' $ (()*( + −#'%, − %'#, $ ()*- + #,%,
#, (N–1	bits)#'

× %, (N–1	bits)%'

#,%,(2N–2	bits)
#'%, (N–1	bits)
%'#, (N–1	bits)

#'%'

0 (N	bits)

X�-X������������
−1 = 1 + -

.. # $ !. % = −#'%' $ (()*( + −#'%, + %'#, $ ()*- + #,%,
!. # $ .. % = −#'%' $ (()*( + #'%, − %'#, $ ()*- + #,%,
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unsigned	int a,	b;			uint64_t	c;
c	=	(uint64_t)a	*	(uint64_t)b;

n N'$%��
��: ����� �������!

N'$%�N'$% = 2N'$%A
B×

CH CL

(N=8) 11111001 (A)				249
(����) 10001101 (B)				141
00000000 11111001 249
00000000 00000000 9960
00000011 11100100 24900
00000111 11001000 (C)			35109
00000000 00000000
00000000 00000000
00000000 00000000
01111100 10000000
10001001 00100101 C=	{CH,	CL}

�������-

! " #$ :	A���
��	#(%
+! " #$���)*&"AH���,
%$ :	%� $'$%�
%$ = '��� : (�! " #$"��
à C� ! " #$���
��
+C =	{	CH,	CL	}	:	2)*&,

{	AH,	A	}



L0, LDA		B
CIR
STA			B
SZE
BUN		L1
BUN		L2

L1, LDA			CL
ADD		A
STA				CL
CLA
CIL
ADD		CH
ADD		AH
STA				CH

10
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CLE
L2, LDA		A

CIL
STA			A
LDA		AH
CIL
STA			AH
ISZ				K
BUN		L0
HLT

A, DEC		249
B, DEC		141
CL, DEC		0
CH, DEC		0
AH, DEC		0
K, DEC		–16	

L0, LDA		B
CIR
STA			B
SZE
BUN		L1
BUN		L2

L1, LDA			C
ADD		A
STA				C
CLE

L2, LDA		A
CIL
STA			A
ISZ				K
BUN		L0
HLT

<�"�	��>

�����
����
��

1

2’

3’

4{CH,CL}
+=

{AH,A}

{AH,A}
<<=1

Bi���
��

��
��

1

2

3

4

C	+=	A

A	<<=1

Bi���
��

����2
P11��

����2
P16��

��
��
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int a,	b;			int64_t	c;
c	=	(int64_t)a	*	(int64_t)b;

A
B×

CH CL

2�����%
" # $% :	A���
��	� �
#" # $%���!"�AH�����$
&% :	&� %����
&% = (��� : )�" # $%���
à C� " # $%���
��
������&*+( = (��� :  
)�(−" # $*+()���

(N=8) 11111001 (A)						–7
(2��) 10001101 (B)	–115
11111111 11111001 35
00000000 00000000 70
11111111 11100100 700
11111111 11001000 (C)			805
00000000 00000000
00000000 00000000
00000000 00000000
00000011 10000000
00000011 00100101

���� : /.& = &1 # $*+( + &3
2�� : 4. & = −&1 # $*+( + &3

−" # $*+(

" # & = &*+( # −" # $*+( + 5
%67

*+$
&% # (" # $%)
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LDA		A
SNA
BUN		L0
CLA
CMA
STA		AH

L0, LDA		B
CIR
STA			B
SZE
BUN		L1
BUN		L2

L1, LDA			K
INC
SZA
BUN		L1B

LDA			A
CMA
CIL
LDA			AH
CMA
SZE
INC
STA				AH

L1B, LDA			CL
ADD		A
STA				CL
CLA
CIL
ADD		CH
ADD		AH
STA				CH

1

0
AH
��
�


CLE
L2, LDA		A

CIL
STA			A
LDA		AH
CIL
STA			AH
ISZ				K
BUN		L0
HLT

A, DEC		–7
B, DEC		–115
CL, DEC		0
CH, DEC		0
AH, DEC		0
K, DEC		–16	

2b

2’

3’

4

{AH,A}
<<=1

{CH,CL}
+=

{AH,A}

{AH,A}	
*=	–1	

��
���
��

Bi���
��

2a

��
��

����

2��� 0

1

1 2a 2b

2’

2’

3’ 4

3’ 4
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LDA		A
SNA
BUN		L0
CLA
CMA
STA		AH

L1, LDA			K
INC
SZA
BUN		L1B

LDA			A
CMA
CIL
LDA			AH
CMA
SZE
INC
STA				AH

0 2a 2b

AH����

{AH,A}	*=	–1	

�������	

IF	(A	<	0)	:
CLA :	AC	ß 0
CMA :	AC	ß 0xFFFF
STA	AH	(0xFFFF)

SKIP-NEXT	IF
(M[K]	=	–1)

–AH –A
00000011 10000000

AH A
11111100 10000000

–AH –A
00000100 00000000

AH A
11111100 00000000

A����������0	
à−" = "

−"$ = "$+ "('()

* = "('()
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LDA		A
SNA
BUN		L0
CLA
CMA
STA		AH

L0, LDA		B
CIR
STA			B
SZE
BUN		L1
BUN		L2

L1, LDA			K
INC
SZA
BUN		L1B
LDA			AH
CMA
INC
STA				AH

L1B, LDA			CL
ADD		A
STA				CL
CLA
CIL
ADD		CH
ADD		AH
STA				CH

1

0

AH
�	
��

CLE
L2, LDA		A

CIL
STA			A
LDA		AH
CIL
STA			AH
ISZ				K
BUN		L0
HLT

A, DEC		–7
B, DEC		–115
CL, DEC		0
CH, DEC		0
AH, DEC		0
K, DEC		–16	

2a

2b

2’

3’

4

{AH,A}
<<=1

{CH,CL}
+=

{AH,A}

AH	*=	–1	

���
 ���


Bi ��
�


��
�


IF	(A	<	0)	:
CLA :	AC	ß 0
CMA :	AC	ß 0xFFFF
STA	AH	(0xFFFF)

SKIP-NEXT	IF (M[K]+1	=	0)

2b :	A	*=	–1�������à P8��
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!�ERB��

n!�ERB: ��*.��"�3ERB� 
• 71;25HP?MJQ?0!�ERB6$

• !�ERB:���4��,9HP?MJQ?��6"�

à��ADF48-/<HPRC6�39

• ���ADF4)+9KLN����:���4�'��:

�(9à %#�<GO@&KLN����SI=QB
ERBT
48-/!�ERB5<>A@:�'

int d[100]	=	{	75,	62,	… ,	23	};
int sum	=	0,	k;
for	(k =	0;	k <	100;	k++)
sum	+=	d[i];

int d[100]	=	{	75,	62,	… ,	23	};
int sum	=	0,	i,	*pd =	d;
for	(k =	0;	k <	100;	k++,	pd++)
sum	+=	*pd;

!�ERB5�	��
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CLA 000
L0, ADD		PD		I 001

ISZ					PD 002
ISZ					K 003
BUN		L0 004
STA				SUM 005
HLT 006

PD, HEX		150 007
SUM, DEC		0 008
K, DEC		–100 009

ORG		150
D, DEC		75 150

DEC		62 151
.	.	.	.	. .	.	.	.
DEC		23 1B3
END

int d[100]	=	{	75,	62,	… ,	23	};
int sum	=	0,	k	=	–100,	*pd =	d;
do	{
sum	+=	*pd;
pd =	pd +	1;
k	=	k	+	1;

}	while	(k	!=	0);

)/5+	� : ORG"��79/#)
/5+(<16��
> 	�
ORG		<16��
>
<��79/>	or	<.9-79/>
:)/5+	�#!�79/$0��
�%�����'&;

),80416*32�� :
END

.9-
100�

����2
P9�



17

��%/$����'-#+(��

��

CLA AC	ß 0
L0, ADD		PD		I AC	ß AC	+	M[M[PD]]

ISZ					PD SKIP-NEXT	IF ((++M[PD])=0)
ISZ					K SKIP-NEXT	IF ((++M[K])=0)
BUN		L0 PC	ß L0
STA				SUM M[SUM]	ß AC
HLT

PD, HEX		150
SUM, DEC		0
K, DEC		–100

ORG		150
D, DEC		75

.	.	.	.	.

SKIP�0��1����

M[ad]	ßM[ad]	+	1,	
SKIP-NEXT	IF (M[ad]	+	1	=	0)

SKIP-NEXT	IF ((++M[ad])	=	0)

100�
�SKIP

�� AC���
0)*,����1

int d[100]	=	{	75,	62,	… ,	23	};
int sum	=	0,	k	=	–100,	*pd =	d;
do	{
sum	+=	*pd;
pd =	pd +	1;
k	=	k	+	1;

}	while	(k	!=	0);

à PD�K ISZ���!.",).&
à �� AC���()*,����)
à ��	�
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CLA 000
L0, ADD		PD		I 001

ISZ					PD 002
ISZ					K 003
BUN		L0 004
STA				SUM 005
HLT 006

PD, HEX		150 007
SUM, DEC		0 008
K, DEC		–100 009

ORG		150
D, DEC		75 150

DEC		62 151
.	.	.	.	. .	.	.	.
DEC		23 1B3
END

CLA AC	ß 0
L0, ADD		PD		I AC	ß AC	+	M[0x150]

ISZ					PD M[PD]	++	(0x151)
ISZ					K M[K]	++	(–99)
BUN		L0 PC	ß 0x001

L0, ADD		PD		I AC	ß AC	+	M[0x151]
ISZ					PD M[PD]	++	(0x152)
ISZ					K M[K]	++	(–98)
BUN		L0 PC	ß 0x001
.	.	.	.	. .	.	.	.	.	.
ISZ					PD M[PD]	++	(0x1B3)
ISZ					K M[K]	++	(–1)
BUN		L0 PC	ß 0x001

L0, ADD		PD		I AC	ß AC	+	M[0x1B3]
ISZ					PD M[PD]	++	(0x1B4)
ISZ					K M[K]	++	(0)
BUN		L0 SKIPPED
STA			SUM M[SUM]	ß AC
HLT
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,59>0<��!6;+87���

• ���"/42)*( $,5
9>0<��#%&6;+8
7���$��

• ,59>0<�����$�
�.12#����	�&

• ���.12 $�BSA��!
BUN��?�(3:-@#
%��,59>0<���=�

'��

int SH4(int a)	{
return	a	<<	4;

}
.	.	.
x	=	SH4(0x1234);
y	=	SH4(0x4321);

LDA		X
BSA		SH4
STA			X
LDA		Y
BSA		SH4
STA			Y
HLT

X, HEX		1234
Y, HEX		4321
SH4, HEX		0

CIL
CIL
CIL
CIL
AND		MSK
BUN		SH4		I

MSK, HEX		FFF0
END
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*16-
LDA		X 000
BSA		SH4 001
STA			X 002
LDA		Y 003
BSA		SH4 004
STA			Y 005
HLT 006

X, HEX		1234 007
Y, HEX		4321 008
SH4, HEX		0 009

CIL 00A
CIL 00B
CIL 00C
CIL 00D
AND		MSK 00E
BUN		SH4		I 00F

MSK, HEX		FFF0 010
END

LDA		X AC	ßM[X]	(0x1234)

BSA		SH4 M[SH4]	ß PC(0x002),	
PC	ß SH4	+	1

CIL	x	4�
AC	$42/0�,30
9��42/0#%���!
AC��32/0��(:

AND	MSK
AC		ß AC	&	M[MSK]	
(0xFFF0$AND#&'�
�42/0�0000#"()

BUN	SH4		I PC	ßM[SH4] (0x002)
STA		X M[X]	ß AC	(0x2340)

2. ��$���%�� #
PCß PC +	1����)��(

����2
P5��

BUN	adi !" ← $%
BSA	adi & $% ← !", !" ← $% + )
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045827��$'��

/361
LDA		X 000
BSA		SH4 001
STA			X 002
LDA		Y 003
BSA		SH4 004
STA			Y 005
HLT 006

X, HEX		1234 007
Y, HEX		4321 008
SH4, HEX		0 009

CIL 00A
CIL 00B
CIL 00C
CIL 00D
AND		MSK 00E
BUN		SH4		I 00F

MSK, HEX		FFF0 010
END

BUN	SH4		I PC	ßM[SH4] (0x002)

BSA		SH4 M[SH4]	ß PC(0x002),	
PC	ß SH4	+	1

BSA��)�)/361"SH4�(�
�#-,9��/361:

SH4+1�(045827)�
)�
�"��#-&!,

SH4045827
����9�� :	AC:

SH4�(��#-&!,��/361
. �/361(*%&PC(��
9 �/361���	���:

045827�+� :	AC
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• �1�
 : AC����
• �2�
�� : BSA���
����� ���!

• #'+.%-�����2
�
����	"&,$(

)*���������

int OR(int a,	int b)	{
return	a	|	b;

}
.	.	.
x	=	OR(0x7B95,	0x3AF6);

LDA		X
BSA		OR
HEX		3AF6
STA			Y
HLT

X, HEX		7B95
Y, HEX		0
OR, HEX		0

CMA
STA		TMP
LDA		OR		I
CMA
AND	TMP
CMA
ISZ			OR
BUN		OR		I

TMP, HEX		0
END

� 1�


� 2�


0x7B95	|	0x3AF6
=	0x7BF7

! | # = ! & #
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LDA		X 000
BSA		OR 001
HEX		3AF6 002
STA			Y 003
HLT 004

X, HEX		7B95 005
Y, HEX		0 006
OR, HEX		0 007

CMA 008
STA		TMP 009
LDA		OR		I 00A
CMA 00B
AND	TMP 00C
CMA 00D
ISZ			OR 00E
BUN		OR		I 00F

TMP, HEX		0 010
END

LDA		X AC	ßM[X]	(0x7B95)	(")
BSA		OR M[OR]	ß PC	(0x002),	

PC	ß OR	+	1
CMA
STA			TMP M[TMP]	ß $% (0x846A)	(")

LDA		OR		I AC		ßM[M[OR]]
(AC	ßM[0x002]	(0x3AF6))	(&)

CMA AC	ß $% (0xC509)	(&)
AND		TMP AC	ß AC	&	M[TMP]	(" & &)

(0xC509	&	0x846A	à 0x8408)

CMA AC	ß $% (0x07BF7)	(" & &)
ISZ					OR M[OR]	ßM[OR]	+	1	(0x003)
BUN		OR		I PC	ßM[OR] (0x003)
STA			Y M[Y]	ß AC	(0x07BF7)

� 1��

� 2��
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LDA		X 000
BSA		OR 001
HEX		3AF6 002
STA			Y 003
HLT 004

X, HEX		7B95 005
Y, HEX		0 006
OR, HEX		0 007

CMA 008
STA		TMP 009
LDA		OR		I 00A
CMA 00B
AND	TMP 00C
CMA 00D
ISZ			OR 00E
BUN		OR		I 00F

TMP, HEX		0 010
END

LDA		X AC	ßM[X]	(0x7B95)	(")
BSA		OR M[OR]	ß PC	(0x002),	

PC	ß OR	+	1

�1
 :	AC�
��

LDA		OR		I AC		ßM[M[OR]]
(AC	ßM[0x002]	(0x3AF6))	($)

�2
 :	M[OR]������$��#-8
+%OR315 ��&/6*��"��

ISZ					OR M[OR]	ßM[OR]	+	1	(0x003)

)058,7�	&/6*!�BSA	OR��
 &/6*90x001: 2��90x003:��#

 ��M[OR]%'7(427.�#

BUN		OR		I PC	ßM[OR] (0x003)


