ȷ.ż%ż274 ‹-£Ňđ _fUW)_8 df ȷ.żȷ"2M%ż!|ÐŇđ

9725002‹"ÉÐØ»-É ȷ.żȷ"2M%ż!|ÐŇđ

9725018cf=@p

1998<ż 6ŠŰÔ 22ı$£

1 Instruction Set

0001xxRs OUT OUT ← A 0010RdRs ADDAB A ← A + B 0011RdRs SUBAB A ← A − B 0101Rdxx INCA A ← A + 1 0110Rdxx DECA A ← A − 1 0111RdRs ANDAB A ← A and B 1000RdRs ORAB A ← A or B 1001RdRd NOTA A ← not A 1011xxxx JUMP PC ← Y_7Y_6Y_5Y_4Y_3Y_2Y_1Y_0 Y_7Y_6Y_5Y_4Y_3Y_2Y_1Y_0 1100RdRs BL IF A < B THEN PC ← Y_7Y_6Y_5Y_4Y_3Y_2Y_1Y_0 Y_7Y_6Y_5Y_4Y_3Y_2Y_1Y_0 1101RdRs MOVA2B B ← A 1110Rdxx LOADA A ← Y_7Y_6Y_5Y_4Y_3Y_2Y_1Y_0 MEMY_7Y_6Y_5Y_4Y_3Y_2Y_1Y_0 1111xxRs STORA A → Y_7Y_6Y_5Y_4Y_3Y_2Y_1Y_0 MEMY_7Y_6Y_5Y_4Y_3Y_2Y_1Y_0

IN, COMP, XORAB Instruction SetÏÚç fi)ÏÚï9L $ȷ"ÿ!|Ô CG 9ÏÏÚê 2M{}Ðı$ı,Èȷ$»%ż sv!8Ñ9L ı)

&*ÏÖïı$ ı$ÈÏÚê ‹.Ç ‹"Íı") QTÈ”".

2 Block Diagram

”"ÉÚç ȷ"8L!~Ñ ‹.ÇÏÚç ‹"ÿ‹"ÿě ,£»-ÉÏÚê fi|ØUW!"»/ż Ŕ$UW ‹"ÿ‹"ÿě ,£»-É9L “"Űđı$Èȷ$ ı"¡ÏÚç ‹.ÇÏÚç ”"ÏÚïŇđ ‹"Í”".

• Bselect

1ÏÚê %)!"‹)“" 1ÏÚê QT£ CG B0~B7›"ȷ$ 0ÏÚê 9Ïı) |-ı)ı# Ŕ$ÁÆçHL ı$CG "ÏÕò!~Ñ”".

• ALUOE’

ALUě ÛSSú)-ÿÏÚê Bus9L 3@_f>K£ ‹.Çı’żȷ$ 3@_f3@ȷ$ ı"¡ÏÚê ‹.Çı’żȷ$ ‹-£ȷ,É!|Ô CG "ÏÕò!~Ñ”".

• PCLD

PCLD‹" 1ı$ Ŕ$»/ż PC9L BusimĆĹ’) ı$Å)-ÿ–"¿ÏÚç HLı$’)ÉÚê Load!~Ñ”".

• BLLD

ALU9L) “"ÏÔç ‹-£Ňđ‹" ÏÚï{-ı$UW BLLD‹" 1ı$»/ż PC9L BusimĆĹ’) ı$Å)-ÿ–"¿ÏÚç HLı$ ’)ÉÚê Load!~Ñ”".

• OutputLD’ OutputLD’ı$ 0ı$»/ż Output Register9L Bus9L ı$ÈÁÆç ‹"ÆÏÚê Load!~Ñ”".

3 İ$im\f

ı"5@ě İ$im\fÁÆç $£:L sv!8Ñm-Ñ İ$imě İ$im\fı$”".

1. Register File

1

1741399L ÇÚêı)‹"ÁÆç inputÐÖò9L _f»/ż inverterÉÚê !"“" ËÔê {- ı$È”". ı$‹.ÇÏÚç İ$im\fÉÚê ,£2M!"»/ż) $£{-?@

) readŰđ write‹" ÇÔò$9L ı$£ı)“" ı$ÉÚê »"ÿ‹$ ť$?@ 9ÏÏÚç ‹.Çı$”". $£:LimÁÆç 7404ÉÚê inverterim "ÏÕòJKÛ”".

2. ALU

2

2ALUÉÚê sv!8Ñ!|Ô CG Op0Űđ Op1 ÇÖê ”" 1ı$£CGÁÆç don’t careim fi)«$JKÛȷ$»%ż CLU9L)ÁÆç Op0Űđ Op1ı$

ÇÖê ”" 1ı$£CG B0~B7ě ‹"ÆÏÚê U[4@im ÛSSú)-ÿ!~Ñ”"UW CKÉ‹"ÿ!"UW »%żÇÚêı,È”". U[&)^him ȷ,É"Éȷ,ÿchim ȷ"ÿÇÔò!"2L !"&* »/ż 4:1 MUXě »"ȷ$»"ÿ9L B0~B7ÏÚê 9Ïı)|-ı)ı# !~Ñ”".

3. RAM

4. PC

4 ‹"ÿ Componentě ^f$ÿ\f

1. Register File

• Write

0ı$£CG Read, 1ı$£CG Write!~Ñ”". (Clock9L ě9L ÇÔò‹$İđm-Ñ”".)

• R0,R1 Write‹" 0ı$£CGÁÆç A0~A79L ÛSSú)-ÿm}Ô RegisterÉÚê .żHKÿ!~Ñ”". Write‹" 1ı$£CGÁÆç I0~I7chimĆĹ’) ı$Å)-ÿm-Ñ HLı$’)ÉÚê Write!|Ô RegisterÉÚê .żHKÿ!~Ñ”".

• R2,R3 Write‹" 0ı$£CGÁÆç B0~B79L ÛSSú)-ÿm}Ô RegisterÉÚê .żHKÿ!~Ñ”". Write‹" 1ı$£CGÁÆç don’t careı$”".

• I0~I7

HLı$’)ÉÚê ı$Å)-ÿ!~Ñ”".

• A0~A7

HLı$’)ÉÚê ÛSSú)-ÿ!~Ñ”".

• B0~B7

HLı$’)ÉÚê ÛSSú)-ÿ!~Ñ”".

2. ALU

• Cin

Addı/ż%żÏÚê !|Ô CG Carry inÏÚê ,£ȷ,É!~Ñ”".

• Op0,Op1 Op0 Op1 ı/ż%ż 0 0 AND 0 1 ADD 1 0 OR 1 1 B • Binvert B0~B7ě ‹"ÆÏÚê invert!~Ñ”".

• A0~A7

HLı$’)ÉÚê ı$Å)-ÿ!~Ñ”".

• B0~B7

HLı$’)ÉÚê ı$Å)-ÿ!~Ñ”".

• R0~R7

HLı$’)ÉÚê ÛSSú)-ÿ!~Ñ”".

• Cout

Addı/ż%żÏÚê !|Ô CG Carry outÏÚê ÛSSú)-ÿ!~Ñ”".

3. RAM

• Run/Prog

Run/Prog‹" 0ı$»/ż |-afÉÚê BusimĆĹ’) –"¿ı"ÇÚêı$UW CS’,R/W,OE’ÏÚç Run modeimĆĹ’) –"¿ı"ÇÚêı’ż”". Run/Prog‹" 1ı$»/ż Addr0~Addr7imĆĹ’) |-afÉÚê

–"¿ı"ÇÚêı$UW CS’,R/W,OE’ÏÚç Prog modeimĆĹ’) –"¿ı"ÇÚêı’ż”".

• Prog/Run

Prog/Runı$ 0ı$»/ż HLı$’)ÉÚê Prog0~Prog1imĆĹ’) –"¿ı"ÇÚêı$UW Prog/Runı$

1ı$»/ż HLı$’)ÉÚê BusimĆĹ’) –"¿ı"ÇÚêı’ż”".

• CS’,RW,OE’ Write Read NoOp CS’ 0 0 0 R/W 0 1 1 OE’ 1 0 1 • G’^3

G’‹" 0ı$»/ż MAim |-afÉÚê Load!~Ñ”". G’‹" 1ı$»/ż MAim |-afÉÚê Load!"ȷ$ ı"¡ÁÆç”".

• Addr0~Addr7

|-afÉÚê ı$Å)-ÿ!~Ñ”".

• Prog0~Prog7

HLı$’)ÉÚê ı$Å)-ÿ!~Ñ”".

3Block Diagram9L)ÁÆç MALD’ı$«"UW ln‹$JKÛ”".

4. PC

• G’

G’‹" 0ı$»/ż Count‹"Æı$ ÛSSú)-ÿŔ$UW G’‹" 1ı$»/ż ÛSSú)-ÿı$ Ŕ$ȷ$ ı"¡ÁÆç”".(!"ı$ ı$Äffl$ (.żah)

• INC PC INC PC‹" 0ı$»/ż CountÉÚê »,ÄĚĹUW INC PC‹" 1ı$»/ż Count‹"ÆÏÚê 1ÐÚò‹"$fl’ż ”". • Load’

Load’‹" 0ı$»/ż BusimĆĹ’) Count‹"ÆÏÚê Load!"UW Load’‹" 1ı$»/ż Load!"ȷ$

ı"¡ÁÆç”".

• Clear’

Clear’‹" 0ı$»/ż CountÉÚê 0chim jm‹$İđ!"UW Clear’‹" 1ı$»/ż CountÉÚê jm‹$İđ

!"ȷ$ ı"¡ÁÆç”".

5 Instruction time event table

INSTRUCTION T0 T1

ALL MA←PC IR←M[MA] PC←PC+1 INSTRUCTION T2 T3 T4 T5 T6 T7 T8 0001 OUT←A OUT 0010 A←A+B ADDAB

0011 A←A−B SUBAB

0101 A←A+1 INCA 0110 A←A−1 DECA 0111 A←A∧B ANDAB

1000 A←A∨B ORAB 1001 A←A’ NOTA 1011 MA←PC PC←M[MA] JUMP 1100 A←PC A←A−B if A<0 BL PC←PC+1 PC←M[MA] 1101 B←A MOVE2B

1110 A←PC MA←M[MA] A←M[MA] LOADA PC←PC+1 1111 A←PC MA←M[MA] M[MA]←A STORA PC←PC+1

6 State transition table

Write Cin Op0 Op1 Binvert Bselect ALUOE’ MALD’ CS’ R/W OE’ PCOE’ INCPC PCLD BLLD OutputLD’

T0 0 X X X X X 1 0 0 1 1 0 0 0 0 1 T1 0 X X X X X 1 1 0 1 0 1 1 0 0 1 T2OUT 0 X X X X X 1 1 0 1 1 1 0 0 0 0 T2ADDAB 1 0 0 1 0 0 0 1 0 1 1 1 0 0 0 1 T2SUBAB 1 1 0 1 1 0 0 1 0 1 1 1 0 0 0 1 T2INCA 1 1 0 1 0 1 0 1 0 1 1 1 0 0 0 1 T2DECA 1 0 0 1 1 1 0 1 0 1 1 1 0 0 0 1 T2ANDAB 1 X 0 0 0 0 0 1 0 1 1 1 0 0 0 1 T2ORAB 1 X 1 0 0 0 0 1 0 1 1 1 0 0 0 1 T2NOTA 1 X 1 1 1 0 0 1 0 1 1 1 0 0 0 1 T2JUMP 0 X X X X X 1 0 0 1 1 0 0 0 0 1 T3JUMP 0 X X X X X 1 1 0 1 0 1 0 1 X 1 T2BL 0 X X X X X 1 0 0 1 1 0 0 0 0 1 T3BL 1 1 0 1 1 0 0 0 0 1 1 1 1 0 0 1 T4BL 0 X X X X X 1 1 0 1 0 1 0 0 1 1 T2MOVE2B 1 X 1 1 0 0 0 1 0 1 1 1 0 0 0 1 T2LOADA 0 X X X X X 1 0 0 1 1 0 0 0 0 1 T3LOADA 0 X X X X X 1 0 0 1 0 1 1 0 0 1 T4LOADA 1 X X X X X 1 1 0 1 0 1 0 0 0 1 T2STORA 0 X X X X X 1 0 0 1 1 0 0 0 0 1 T3STORA 0 X X X X X 1 0 0 1 0 1 1 0 0 1 T4STORA 1 X 1 1 0 0 0 1 0 0 1 1 0 0 0 1

7 Test example

• 1ĆĹ’) 10›"ȷ$ %)!"ÁÆç loimU[@KÄ afahVW\h

LOAD R0,Zero
LOAD R1,Zero
LOAD R2,Ten
LOOP:
INC R1
ADD R0,R1
MOVE R3,R1
BL R3,R2 LOOP
JUMP EXIT
EXIT:
OUT R0

• 6L^f«$9L ȷ)ȷ"ÉŔ$ı) ı$ÈÁÆç !6Ü$ÿ

Address Value
00000000 11100000
00000001 00001101
00000010 11100100
00000011 00001101
00000100 11101000
00000101 00001110
00000110 01010100
00000111 00100001
00001000 11011101
00001001 11001110
00001010 00000101
00001011 10110000
00001100 00001111
00001101 00000000
00001110 00001010
00001111 00010000

8 ‹-£ÉÔç

ı$–.ż loimEZÿkoÉÚê !"»/ż) fl,ÄĞĽ’)ě svdf9L 4@?@ »"¡ÏÚç ‹.ÇÏÚê ı"£2L Ŕ$ı,È”".