CAO: Lecture 19
Fetch-Decode-Execute cycle

(typically 3 to 5 stage)
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In Basic Computer, a machine instruction is executed in the following
cycle:

Fetch an instruction from memory
Decode the instruction

Read the effective address from memory if the instruction has an
indirect address

Execute the instruction

After aninstruction is executed, the cycle starts again at step 1, for the
next instruction

Note: Every different processor has its own (different)
instruction cycle



FETCH and DECODE

 Fetch and Decode |[T10: AR « PC (S5,5,5,=010, T0=1)
T1: IR« M[AR], PC« PC+1 (S0S1S2=111, T1=1)

T2: DO, ..., D7 « Decode IR(12-14), AR « IR(0-11), | « IR(15)
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DETERMINE THE TYPE OF INSTRUCTION

D'7IT3:

D'71'T3:
D7I'T3:

D7IT3:

Start
SC«0

R

TO
AR « PC

‘ T1

IR « M[AR], PC« PC+1

v T2

Decode Opcode in IR(12-14),
AR « IR(0-11), |+« IR(15)

(Registeror 1/0) =1 /D7K =0 (Memory-reference)

(10) = 1

=0 (register) (indirect) = 1 = 0 (direct)

I3 I3 T3 T
~ Execute ~ Execute AR <« M[AR] Nothing
input-output register-reference l ‘
instruction instruction

SC« O SC « O Execute T4
memory-reference
Instruction
SC « 0
Y
AR <« M[AR]
Nothing

Execute a register-reference instr.
Execute an input-output instr.



REGISTER REFERENCE INSTRUCTIONS

Register Reference Instructions are identified when

-D,=1,1=0
- Register Ref. Instr. is specified in by~ b,; of IR
- Execution starts with timing signal T,

r=D,I'T; =>Register Reference Instruction
B, =IR(i),i=0,1,2,...,11

r SC«0
CLA | rBy;: AC « 0
CLE | rBy: E«O
CMA | rBy: AC « AC’
CME | rBg: E«F
CIR | rB+: AC « shr AC, AC(15) « E, E « AC(0)
CIL | rBg: AC « shl AC, AC(0) « E, E « AC(15)
INC | rBq: AC«<AC+1
SPA | rBy: if (AC(15) =0) then (PC « PC+1)
SNA | rBj: If (AC(15) =1) then (PC « PC+1)
SZA | rB,: If (AC =0) then (PC « PC+1)
SZE | rB;: If (E=0)then (PC « PC+1)
HLT | rBy: S« 0 (Sis astart-stop flip-flop)




MEMORY REFERENCE INSTRUCTIONS

Symbol ggfgzté?n Symbolic Description

AND | D, AC « AC A M[AR]

ADD | D, AC « AC + M[AR], E « C_,,

LDA | D, AC « M[AR]

STA | D, M[AR] « AC

BUN D, PC « AR

BSA | D M[AR] « PC,PC « AR +1

1SZ Dy M[AR] « M[AR] + 1, if M[AR] + 1 = 0 then PC « PC+1

- The effective address of the instruction is in AR and was placed there during
timing signal T, when | =0, or during timing signal T; when | =1

- Memory cycle is assumed to be short enough to complete in a CPU cycle

- The execution of MR instruction starts with T,

AND to AC

DoT,:
DyTs:

ADD to AC

D, T,:
D,T::

DR « M[AR] Read operand
AC < ACADR,SC«0 AND with AC
DR <« M[AR] Read operand

AC«—AC+DR,E«C,,;, SC« 0 AddtoAC and storecarryinE



MEMORY REFERENCE INSTRUCTIONS

LDA: Load to AC
D,T,; DR « M[AR]
D,Ts: AC « DR,SC«0
STA: Store AC
D;T,; M[AR] « AC,SC« 0
BUN: Branch Unconditionally
D,T;; PC«AR,SC«0
BSA: Branch and Save Return Address
M[AR] « PC,PC«~ AR +1

Memory, PC, AR at time T4 Memory, PC after execution
20 [0 BSA 135 201 0 BSA 135
PC =21 | Next instruction 21 | Next instruction
AR =135 135 21
136 Subroutine PC =136 Subroutine
1 BUN 135 1 BUN 135

NMaoarmnryy



MEMORY REFERENCE

INSTRUCTIONS

BSA:

D:;T,; M[AR] «~ PC, AR« AR +1
D;Ts: PC«AR,SC « 0

ISZ: Increment and Skip-if-Zero
D¢T,: DR « M[AR]
D¢Ts: DR« DR +1
DeT,: M[AR] « DR, if (DR =0) then (PC« PC+ 1), SC« 0



FLOWCHART FOR MEMORY REFERENCE INSTRUCTIONS

Memory-reference instruction

ANL ADD l LDA STA
v DpTy DTy DoTy l D34
DR « M[AR] « M[AR] DR « M[AR] A
v _DpoTs 1 D1T5 l DoTg
AC «ACADR| [AC «AC+DR AC « DR
SC«0 E « Cout SC«0
SC«0
BUN BSA 1IS7
l DyT4 1 D574 1_ Dg T4
PC « AR M[AR] « PC DR « M[AR]
SC«0 AR « AR + 1
1 D5Ts5 1 DeT5
PC « AR DR« DR+1
SC«0 1
DeTe
M[AR] « DR
If (DR = 0)

then (PC «~ PC + 1)

CC s N



INPUT-OUTPUT AND INTERRUPT

A Terminal with a keyboard and a Printer

* Input-Output Configuration

Serial Computer

Input-output ; ; .
terminal corrmgrr}gccaélon registers and
flip-flops
. Receiver
Printer ¢ interface ™ | ouTR | [FGO|

| Ac |

T itt
. . Keyboard |[——™ interface ——L_inPR | [EGl]
INPR Input register - 8 bits

OUTR Output register - 8 bits —= Serial Communications Path
FGI Input flag - 1 bit = Parallel Communications Path
FGO Output flag - 1 bit

IEN Interrupt enable - 1 bit

- The terminal sends and receives serial information

- The serial info. from the keyboard is shifted into INPR

- The serial info. for the printer is stored in the OUTR

- INPR and OUTR communicate with the terminal
serially and with the AC in parallel.

- The flags are needed to synchronize the timing
difference between 1/0O device and the computer



