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a0 a1 a2 a3 an-1

c0 c1 c2 c3 cn-1
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cells determined by λ ij
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Instruction
(XOR,ROTL,SHFR,MUL,TFR)

opcode operand1 operand2

15 11 5 0

Instruction
(JKZ,JCZ,JMP)

opcode address

15 11 0

M =FZXA K 9'RReFd8U���GgIP;>E K AP_�EG= 5 I SW5XK D 2 EQe

TFR operand1 operand2

15 11 5 04 3

ab

M =FZXA K 9 RReFd:Y ��7 M T =FIP;>E K AP_�EG= 5 I SW5XK D 2 EQe

7�8:9 K 9 2<K 9�EG8 K 9Q9
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CR] \ = \ 9 L =FI:=FI:Z 5<S EG8:9
S 9QE�_�8 2 IPH�987R9<_�A:EG9 \P2<K E�; 5<S EG8:9$D
=?_ KG5 _ 5 HR9�;>9<VBA:9QIP_�9 K e�7�8:9 N I 2<L =FD \:L 9QD�9QIBE 2 EG= 5 I
H 5 9<; I 5 E 8 2 aB9 \ = \ 9 L =FI:=FI:Z 2 IPH"EG8:9<;>9 - H$J�=FIP;>E K AP_�EG= 5 IP; _ 5 A L H/CP9 K 9QD 5 aB9<H�e�6$;	iU= LFL
CP9/;>8 5 iUI
=FI
7 2 C L 9 WBe Y�9:EG8:9 K 9<;>A L E 5<S�L 9 2 aR=FI:Z/EG8:9$A:I:I:9<_�9<;G; 2<K ] - H$J =FIP;>E K AP_�EG= 5 IP;
=FI
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7�8:9�;>E 2 EG94E K�2 IP;>=FEG= 5 I HR= 2 Z K�2 D 5<S EG8:94D
=?_ KG5 _ 5 HR9";>9<VBA:9QIP_�9 K =?;�;>8 5 iUI&=FI M =FZ 5
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Microcode
storage

JKZ,JCZ,JMP?

PC = 
jump address

JKZ
LSB(K)=’0’?

JCZ
COUNT=0?

N

JMP?

Y

PC = PC + 1

MUL?

MUL finished?

N

PC = PC + 1

N N

Y Y Y

Y

NOP,XOR,ROTL
SHFR,TFR

Operation
Y

PC

N

M =FZXA K 9 RReFd8V�� [ =?_ KG5 _ 5 HR9";>9<VBA:9QIP_�9 K e

�>��� ��� ��� � � � � �4� � � � � ����� 
 � � ����� ����� � �
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E 5�2 H:H
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=FI&@B9<_�EG= 5 I=RRe Y:eFdXe,7�8:9/D 5 HRA L 9$ZX9QI:9 K�2 E 5XK E 2 kB9<; 24\P2<K�2 D
9QEG9 K �
iU8:=?_�8
=?;,EG8:9 L 9QaB9 L
5<SU\P2<K�2<LFL 9 L =?;>D 5<S EG8:9
6 )�+ e � ]�a 2<K ]R=FI:Z���9�HR=6D�9 K 9QIRE$E K�2 HR9 5 D	; \ 9 K>SW5XK D 2 IP_�94_ 2 I
CP9
D 2 HR9Be&7�8:9 K 9 SW5XK 9
EG8:=?;4_ 2 I E K�2 HR9 5 D CP9QE>i�9Q9QI 2<K 9 2&2 IPH \ 9 K>SW5XK D 2 IP_�9Be&7�8:9
C LF5 _�k
HR= 2 Z K�2 D 5<S�\P2<K�2 D
9QEG9 K =A@Q9<H4D 5 HRA L 9$ZX9QI:9 K�2 E 5XK =?;U;>8 5 iUI�=FI M =FZXA K 9 RReFd8RRe

7�8:9"D 5 HRA L 9"ZX9QI:9 K�2 E 5XK =?; 2�\:KG5 Z K�2 D i K =FEGEG9QI�=FI
EG8:94J 9 KGL \:KG5 Z K�2 D
D
=FI:Z L?2 I 5
ZXA 2 ZX91� � ^U@�5IR � iU8:=?_�8
E 2 kB9<;�B 2 IPH � 2 ; 2 I
=FI \ A:E \P2<K�2 D
9QEG9 K ; 2 IPH \:KG5 HRAP_�9<;�EG8:9
P 3 Y ) _ 5 HR9 5<S EG8:9 * ^�J 2 ; 5 A:E \ A:EQe$GgE NPK ;>E,_ 2<L _�A L?2 EG9<; EG8:9UD�A L EG= \:L =?_ 2 EG= 5 I/E 2 C L 9 �
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Input n,p

VHDL 
descriptions

Calculate
multiplication

matrix

Generate VHDL
with parallel-

ized ALU

M =FZXA K 9 RReFd8R���J 2<K�2 D
9QEG9 K =A@Q9<H"D 5 HRA L 9$ZX9QI:9 K�2 E 5XK C LF5 _�k
HR= 2 Z K�2 D&e

AP;>=FI:Z�EG8:9 \:KG5 _�9<;G; HR9<;G_ K =FCP9<H/=FI4@B9<_�EG= 5 I URe RRe URe$GgE	EG8:9QI4_�AP;>E 5 D
=?;>9<;PEG8:9�P 3 Y ) _ 5 HR9
SW5XK EG8:946 )�+ C 2 ;>9<H 5 I&EG8:9"D�A L EG= \:L =?_ 2 EG= 5 I
E 2 C L 9 2 IPH ��9 K 9<;>A L EG=FI:Z�=FI 2 _ 5 D \:L 9QEG9
P 3 Y ) HR9<;G_ K = \ EG= 5 I 5<S EG8:9 * ^�J ePJ 9 KGL =?; 2"L?2 I:ZXA 2 ZX9"iU8:=?_�8
;>A \:\P5XK E�; LF5 I:Z�=FIREG9QZX9 K
2<K =FEG8:D
9QEG=?_�iU8:=?_�8"i 2 ;�8:9 LF\RS A L =FI \ 9 K>SW5XK D
=FI:Z�EG8:9 2<K =FEG8:D
9QEG=?_ K 9<VBA:= K 9<H$E 5 ZX9QI:9 K�2 EG9
EG8:9 � D 2 E K =A7 5<S EG8:9 N 9 L H�D�A L EG= \:L =O9 K e @B=FIP_�9$EG8:9 * ^�J HR9<;>=FZXI
=?;�;>]RIREG8:9<;>=A@Q9<H SWKG5 D
2 CP9Q8 2 aR= 5XK�2<L P 3 Y ) HR9<;G_ K = \ EG= 5 I�9 =FE"i 5 A L H E K =FaR= 2<L E 5&\P5XK E4EG8:9
HR9<;>=FZXI E 5&5 EG8:9 K
M J . 6 Sg2 D
= L =F9<;$fW9Be Z:e46 L EG9 K�2 h 5XK"2 I 6/@SGG^�e�GgI \ A:E 5<S EG8:9�_�A K aB9 \P2<K�2 D
9QEG9 K ;�_ 2 I
CP9
H 5 I:9
aR= 2 EG8:9�C:AP;/=FIREG9 K>Sg2 _�94=FIP;>EG9 2 H 5<S C:=FE�;>E K 9 2 D K 9<_ 5 I N ZXA K�2 EG= 5 I SW5XK CP9QEGEG9 K
\P5XK E 2 C:= L =FE>]Be

�>��� � � 
 ����
 ����� � �1� 
 ���$�

M:5XK EG8:94_�A K aB9 5X\ 9 K�2 EG= 5 IP;/;>AP_�8 2 ; \P5 =FIRE�D�A L EG= \:L =?_ 2 EG= 5 I 5 I 2 I&9 LFL = \ EG=?_$_�A K aB9 2<K 9
=FD \:L 9QD�9QIREG9QH 2 ;
;>9<VBA:9QIP_�9<; 5<S/N 9 L H 5X\ 9 K�2 EG= 5 IP;
iU8:=?_�8 _ 2 I CP9�=FD \:L 9QD
9�IREG9<H&=FI
D
=?_ KG5 _ 5 HR9Be�6 E 5B5XL kR=FEUi 2 ;�HR9QaB9 LF5X\ 9<H�E 54Sg2 _�= L =FE 2 EG9$EG8:9/D
=?_ KG5 _ 5 HR9/HR9QaB9 LF5X\ D
9QIREQe

6 D
=?_ KG5 _ 5 HR9�;>=FD�A L?2 E 5XK,2 IPH
HR9QC:A:ZXZX9 K i 2 ;�i K =FEGEG9QI�E 5/Sg2 _�= L =FE 2 EG9�HR9QaB9 LF5X\ D
9QIRE
5<S D
=?_ KG5 _ 5 HR9 \:KG5 Z K�2 D
;�e�GgE";>A \:\P5XK E�; 2<LFL EG8:9�=FIP;>E K AP_�EG= 5 IP;";>8 5 iUIj=FI 7 2 C L 9=RReFdXe
[�5XK 9 5 aB9 K 9:C K 9 2 k \P5 =FIRE�;$_ 2 I�CP9�;>9QE$; 5 EG8 2 E$EG8:94_ 5 IREG9QIRE�; 5<S EG8:9 K 9QZX=?;>EG9 K ;�_ 2 I&CP9
L =?;>EG9<Hj=FI EG8:9&D
=?H:H L 9 5<S EG8:9 \:KG5 Z K�2 D SW5XK HR9QC:A:ZXZX=FI:Z:e1@B=FI:Z L 9 ;>EG9 \:\ =FI:Z =?; 2<L ; 5
;>A \:\P5XK EG9<H�e

6 E>i 5�\P2 ;G;4;>]RD�C 5XL =?_ 2 ;G;>9QD�C L 9 K i 2 ; 2<L ; 5 HR9QaB9 LF5X\ 9<H&iU8:=?_�8 E 2 kB9<;";>]RD�C 5XL =?_
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=FI \ A:E 2 IPH \:KG5 HRAP_�9<;4EG8:9�C:=FI 2<K ]jD
=?_ KG5 _ 5 HR9
iU8:=?_�8 _ 2 I CP9&H 5 iUI LF5B2 HR9<HjE 5 EG8:9
\:KG5 _�9<;G; 5XK8F ;$D
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=FI
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D
=FI:Z L?2 I:ZXA 2 ZX9Be�GgE�;U;>E KG5 I:Z
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�>��� 
 ���$����� 
 � � ��������� 
�� � �$� � ����� � � � � 
 ����� � � �����������

GgI 5XK HR9 K E 5
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H 5 iUI LF5B2 HR9<H E 5
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=FI:9<H SWKG5 D EG8:9
_�= K _�A:=FE4HR9<;G_ K = \ EG= 5 I NPL 9Be
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