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Instructions

 An instruction is a collection of bits that instructs the computer to
perform a specific operation.

e Operation code (opcode) is the group of bits in the instruction that
specifies the operation.

e |nstruction set is the collection instructions.
e Instruction set architecture describes the instruction set.

« The number of bits of opcode determines the number of distinct
operations that can be performed.

e Instruction must also specify the operands on which the operations
are performed. This can be done explicitly of implicitly.



Each instruction contains fields assigned to a specific item, such as

Instruction Formats

opcode, a constant value or a register file address.

15 9 8 6 5 32 0
Opcod Destination Source reg- Source reg-
peode register (DR) ister A (SA) ister B (SB)
(a) Register
15 9 8 6 5 32 0
Destination Source reg-
ol register (DR) | ister A (sA) | OPerand (OF)
(b} Immediate
15 9 8 B & 32 0
Address (AD) Source reg- Address [AD)
Opeode (Left) ister A (SA) (Right)

(c) Jump and Branch




Storage Resource Diagram for a Simple Computer

* Visible from programmer
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Instruction Specifications

Instruction Specifications for the Simple Computer

Status
Instruction Opcede Mnemonic Format Description Bits
Move A Q000000 MOVA  RDRA R[DR] « R[5A] N Z
Increment Q000001 INC RD.RA R[DR]«— R[5A] +1 N.Z
Add Q000010 ADD RDEARB R[DE] < R[SA] + R[5B] N.Z
Subtract 0000101 SUB RD.EARB R[DE] « R[5A] - R[5E] N.Z
Decrement 0000110 DEC RD.EA R[DR]«— R[SA]-1 N Z
AND 0001000 AND ED.EARE E[DR] < R[S5A] ~ R[SE] N.Z
OR 0001001 OR RD.RA.RB R[DE] « R[5A] v R[5B] N.Z
Exclusive OR 0001010 XOR RD.EA.RE R[DE] « R[SA] & R[SB] N.Z
NOT 0001011 NOT RED.RA R[DR] < R[SA] N.Z
Move B 0001100 MOVE  RD.RE R[DR] < R[SBE]
Shift Right 0001101 SHE RD.RB R[DR] « sr R[SB]
Shift Left 0001110 SHL RD.RB R[DE] « sl B[SB]
Load Immediate 1001100 LDI RD, OF R[DR] «zf OF
Add Immediate 1000010 ADI RDEA.OPF R[DE] < R[SA] +zf OP
Load 0010000 LD RED.RA R[DR] «— M[SA]
Store 0100000 ST EARB M[SA] — R[SB]
Branch on Zero 1100000 BRZ BAa.AD i (R[SA] =0y PC—PC+=e AD
Branch on Megative 1100001 BEN RAAD if(R[5A] =0) PC«— PC+ze AD
Jump 1110000 IMP RA PC +— R[SA]




Memory Representation of Instructions and Data

Memory Representation of Instructions and Data

Decimal Decimal
Address Memory Contents Opcode Other Fields Operation

25 0000101 001 010 011 5 (Subtract) DR:1,5A:2,5B:3 Rl < R2Z-R3

35 0100000 000 100 101 32 (Store) SA:4, SB:S M[R4] — RS
45 1000010 010 111 011 66 (Add DR:2, SA7, OP:3 R2+—R7+3
Immediate)
55 1100000 101 110 100 06 ( Branch AD: 44, SA:6 If Ro=10,
on Zero) PC—PC-20

70 Q000000001 1000000 Data = 192, After execution of instruction in 35,
Diata = &80




Block Diagram for a Single-Cycle Computer
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Diagram of Instruction Decoder

* Instruction decoder determines the control words for the datapath.

Instruction
Opcode DR SA SB
15 14 13 12 11 10 8 8-6 5-3 2-0

UA OO

22-20 | 19-17 | 16-14 | 13 12-8 7 & 5 4 3 2-0

DA AA BA | MB FS MD|RW MW PL  JB BC

Control word



Truth Table for Instruction Decoder Logic

Truth Table for Instruction Decoder Logic

Instruction Bits Control Word Bits

Instruction Function Type Bit15 Bit14 Bit13 MB MD BW MW PL JB
ALU function using registers 0 0 0 0 0 1 0 0 X
Shifter function using registers 0 0 1 0 0 1 0 0 X
Memory write using register data 0 1 0 0 X 0 1 0 X
Memory read using register data 0 1 1 0 1 1 0 0 X
ALU operation using a constant | 0 0 1 0 1 0 0 X
Shifter function using a constant 1 0 1 1 0 1 0 0 X
Conditional Branch 1 1 L X X 0 0O 1 0
Unconditional Jump 1 1 1 X X 0 o 1 1




Six Instructions for the Single-Cycle Computer

Six Instructions for the Single-Cyele Computer

Operation Symbolic

code name Format Description Function ME MD RW MW PL JB

1000010 ADI Immediate Add immediate R[DR]—R[SA]+zfH{220) 1 0 1 0o 0 0
operand

0110000 LD Register Load memory R[DR]«—M[R[SA]] o 1 1 0 0 1
content into
register

0100000 8T Register Store register M[R[SA]] < R[SB] o 1 0 1 0O O
content in
memaory

0011000 SL Register Shift left R[DR]«sIR[SB] 0o o0 1 0 0o 1

0001110 NOT Register Complement R|DRE]«— R[S5A] o o 1 0 0O 0
register

1100000 BRZ Jump/Branch If R[SA] =0, branch If R[SA] = 1 0 0 0o 1 0
to PC +=e AD 0. PCe—PC+seAD

If R[SA] # 0, PC—PC+1




Problems in Single Cycle Computer

 Performing complex operations
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Multiple-Cycle Microprogrammed Computer
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Control Word Information for Datapath and Sequence Control

Control Word Information for Datapath

TD TA TB MB Fs MD RW MM Mw

Select Select Select Select Code Function Code Select Function Select Function Code
R|DR] R|SA] R|SB] Register 0 F=A 00000 FnUt  Nowrite (NW)  Address No write (NW) 0

RE R& RE Constant 1 F=A+1 00001 Data In- Write (WR) PC Write (WR) 1

F=A+B 00010
F=A+B+1 00011
F=A+B 00100
F=A+B+1 00101
F=A-1 00110
F=A 00111
F=AnB 01000
F=AvE 01010
F=A®B 01100

F=A 01110
F=B 10000
F=sr B 10100
F=slB 11000

Control Information for Sequence Control

NS PS IL

Mext State Action Code Action Code

Gives next state Hold BC 00 Moload 0
of Control State Inc PC 01 Load instr. 1
Register Branch 10

Jump 11




ASM Chart for Multiple-Cycle Hardwired Computer

IF; Instructpn fet_ch (EH:} S
e 27=128 locations in control — .l
memory =

« 128 potential microprograms _@m}{_nm] 0000000 | 0001 100 @DR]FRE@,_
« 128 decision boxes T

,G[DRJ{—R[SAT» 0000007 10000
+ T oo D000 [RFJRIFMIR[SA]?
1 0]
R —
%Tﬁur B L{MI [SAll R[SB]?
L]

™y
v (RDR] — = OP =

,_@:m] — R[5A] R] *—R[S}
-1 + = OF
R[DE] — R[54]
» B[5E]

[DR] < R[SAJ

w R[SB
M[Dn) —R[SA], ;

| RIDR] — R[SA]

I'\._ +R[SE]
| RDR] —R[54]

+ R[5B] +

| = R[SE],
_ P'C' :—PC'
R[DE] — EEA] + 58 au::




State Table for Two Cycle Instructions

State Table for Two-Cyele Instructions

Inputs Qutputs
State Next
state I M M B MM
Opeode  VCNZ L § DX AX BX B F§ D WMW Comments
INF NO00E X0 EX0 1 00 X000 X000 03X X XXX X 0 1 0 IR — M[PC]
EX0D (000000 KX INF 001 06 O XXX X 000 0 1 X 0 |MOVA (RDE] — R[SA]*
EX0D Q000001 XX INF 0 01 00 oo XXX X 01 0 1 X 0 |INC RIDE] — R[SA] +1*
EX0D Q000010 XX IMNF 001 06 X XXX 0 000 0 1 X 0 [ADD |R[DR] < R[SA] + R[SB]*
EX0D Q000101 XX IMNF 001 000 MO OXkx 0 001 0 1 X 0 |5UB RIDE) — R[SA] + RSB +1*
EX0 Q000110 XX INF 001 000 Mo XEX X 010 o0 1 X 0 |DEC RIDE] «— R[SA] +(-1)*
EX0D (00 000 XX IMNF 001 00 MO XX 0 10 0 1 X 0 |AND R[DE] «— R[5A] ~ R[SB]*
EXD 00001 KX INF 001 00 00 XK 0 101 0 1 X 0 |OR R[DRE] «— R[SA] - R[SB]*
EX0 001010 XN INF 0 01 0 03 XX 0 100 0 1 X 0 |XOR |R[DE]«— R[SA]< R[SB]*
EX0 o001l XX INF 0 01 O 00 000 X 11 0 1 X 0 [NOT |R[DR] — R[SAT*
EX0D (001100 KX INF 001 0¥ X0 XX 0 1100 0 1 X 0 [MOVEB (R[DE] — R[SE]*
EX0D (010000 XX INF 0 01 00 oC KX X XXX 1 1 0 0|LD RIDE] — M[R[SA]]®
EX0D (L0000 XX IMNF 001 XK00 006 oKX 0 XXX X 0 0 1|87 M[R[SA]] — R[SB]*
EX0D 1001100 XX IMNF 001 00 0000 XX 1 1100 0 1 0 0 |LDI R[DR] «— =zf OP#
EX0 1000010 XX INF 001 00 Moo XX 1 om0 0 1 0 0 |ADI RIDE] «— R[SA] + =f OP#
EX0D 1100000 K IMNF 010 X0 O XX X 00 ¥ 0 0 0 |BRZ PC— PC 4se AD
EXD 1100000 X0 INF 001 XM 008 KX X OO ¥ 0 0 0 |BRZ PC—PC4+1
EX0 1100001 XX1X INF 0 10 X0 6 00X X 00 X 0 0 0 [BEN |(PC—PC4+seAD
EX0 1100001 XNOX INF 0 01 X0 O 00X X 000 X 0 0 0[BEN |[PC—PC4+1
EX0D 1110000 XX IMNF 011 MM¥0 00 XN X om0 X 0 0 0 |JMP PC— R[SA]

* For this state and input combination, PC +— PC + 1 also ocours



ASM Chart for Register Indirect Instruction
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ASM Chart for Right Shift Multiple Instruction
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Instructions having 3 or more cycles

State Table for Hlostration of Instroctions Having Three or More Cyeles

Inputs Outputs
State m I M Comments
Opcode  WVCNZ LPS DX AX BX ME F5 MD W MM W
EX0D 0010001 XXX EX1 O 00 1000 0% X X 0000 1 1 ¥ 0 |LRI RE—M[R[SA]—EX1
EX1 (010001 XX INF 0 01 OxdX 1000 ¥x X 0000 1 1 X 0 |LEI E[DE] — M[R8],—INF*
EX0D oo0110l XKD EX1 0 00 1000 0xXX X0 X 0000 0 1 ¥ 0|SRM |RS—R[5A].Z.—EXI1
EXD o011 LELA INF 0 01 1000 o0 X0 X 0000 0 1 X 0 |SEM R8—R[5A].Z:—=INF*
EX1 o011 XD EXZ 0 00 1001 N0 Ko 1 1100 0 1 X 0|5EM R9— zf OP,Z . —=EX2
Ex1 o011 LELA INF 0O 01 1001 000 N0k 1 1100 0 1 X 0|5RM B9« zf OP.Z: =INF*
Ex2 noo11o WX EXS3 0 00 1000 XXX 1600 0 1101 0 1 X 0 |5EM R8 « sr RE,EX3
EX3 o011 X0 EXZ 0 00 1001 1001 K X 010 0 1 X 0 |5EM R9— R9-17 . =EX2
EX3 moo11o X1 EX4 0 00 1001 1001 KX X 010 0 1 X 0 |5EM RY« RY-17:-EX4
EX4 noo1m XX INF 0 01 00X 1000 K X 0000 0 1 X 0 |5EM R[DR] —R8— INF*
EXD Ooo11In X0 EXDT 0 00 1000 00X K0 X 0000 0 1 X 0 |SLM RB—R[SA].Z:—=EX1
EXD Ooo11In N INF 0O 00 1000 o0 X0k X 0000 0 1 X 0 |5LM R8R[SA].Z:=INF*
Ex1 ooo111n X0 EXZ 0 01 1001 K00 0o 1 1100 0 1 X 0 |SLM R9 zf OP.Z —=EX2
Ex1 Ooo11In N INF 0O 01 1001 X000 X0 10 1100 0 1 X 0 |sSLM RO« zf OP.Z:—=INF*
Ex2 ooo11In XX EXS 0 00 1000 XXX 1600 0 1110 0 1 X 0 |5LM RS — sl R8 EX3
EX3 oooI1In X0 EXZ 0 00 1001 1001 KX X 010 0 1 X 0 |SLM RY— R9-1,Z:—EX2
EX3 o010 XXkl EX4 0 00 1001 1001 XX X 0110 0 1 X 0 [8LM RO«— RO-17:—EX4
EX4 0001110 XX INF 0 01 03X 1000 00 X 0000 0 1 X 0 |SLM E[DE] —R8— [F*

“For this state and input combination, PC «—PC + 1 also oomms



