Control Timing Example
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Figure 5-7 Example of control timing signals.
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Figure 5-8 Register transfers for the fetch phase.
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Type of Instruction

T
IR < M [AR), PC < PC +1

T

Decode operation code in /R (12 - 14)
AR « IR (0—11), I « IR (15)

(Register or 1/0) =1 =0 (Memory-reference)
o) =1 =0 (register) (indirect) = 1)\: 0 (direct)
I 1
T3 Ts T3

Execute Execut AR « MIAR] Nothing
put-outp gister-ref
instruction instruction

SC«0 SC«0

Execute
memory-reference
instruction
SCe0

]
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Register - Reference Instruction

TABLE 5-3 Execution of Register-Reference Instructions

D,I'T; = r (common to all register-reference instructions)
IR(i) = B; [bit in IR(0-11) that specifies the operation]

r. SC<0
CLA rBu: AC <0
CLE rBy: E<0
CMA rBy: AC<AC
CME rBg: E<E
CIR rB;:
CIL rBg:
INC rBs: AC<AC +1
SPA rB4:
SNA rBs:
SZA rB;:
SZE rBi:
HLT rB,:

AC <shr AC, AC(15) < E, E<AC(0)
AC «shl AC, AC(0)«<E, E<AC(15)

If (AC(15) = 0) then (PC «<PC + 1)
If (AC(15) = 1) then (PC«PC + 1)
If (AC = 0) then PC«PC + 1)
If (E = 0) then (PC«<PC + 1)
S «0 (S is a start-stop flip-flop)

Clear SC

Clear AC

Clear E
Complement AC
Complement E
Circulate right
Circulate left
Increment AC
Skip if positive
Skip if negative
Skip if AC zero
Skip if E zero
Halt computer
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Memory - Reference Instruction

TABLE 5-4 Memory-Reference Instructions

Operation

Symbol decoder Symbolic description
AND D, AC<—AC N\ M[AR]

ADD D, AC<«AC + M[AR], E <« Co
LDA D, AC «<—MI[AR]

STA D, M[AR] < AC

BUN D, PC <« AR

BSA Ds M[AR]«<PC, PC<«AR +1
ISZ Ds M[AR] < MI[AR] + 1,

If M[AR] + 1 = 0 then PC «PC + 1
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BSA Example

Figure 5-10 Example of BSA instruction execution.

Memory Memory
20 0 BSA 135 20 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

(a) Memory, PC, and AR at time T
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(b) Memory and PC after execution
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Control
Flowchart
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Memory — reference instruction

AND ADD LDA STA
DyTy D\T, DT, DiT,
| DR « M[AR] I | DR « M [MAR] I DR « M [AR] M [AR] < AC
SC«0
DT DT D,Ts
AC «ACN DR AC < AC+DR AC « DR
« Cou
SC«0 SC «0 SC«0
BUN BSA 1SZ
l DT, l DT, l DT,
PC « AR M [AR] « PC DR « M [AR]
SCe«0 AR— AR +1
DsTs DqTs
PC « AR DR DR +1
SC«0
DeTs

Figure 5-11 Flowchart for memory-reference instructions.

M [AR] < DR

If (DR = 0)

then (PC <~ PC +1)
SC«0
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Input - Output Instruction

There has 6 1/O reference instruction.

TABLE 5-5 Input-Output Instructions

D,IT; = p (common to all input-output instructions)
IR(i) = B; [bit in IR(6-11) that specifies the instruction]

p: SC<0

INP  pBn: AC(0-7)<INPR, FGI<0
OUT pBi: OUTR <« AC(0-7),

FGO <0

SKI  pBs: If (FGI = 1) then (PC < PC + 1)
SKO  pBs If (FGO = 1) then (PC < PC + 1)
ION  pB;: IEN<1
IOF  pBs: IEN<«0(

Clear SC

Input character
Output character
Skip on input flag
Skip on output flag
Interrupt enable on
Interrupt enable off
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Program Interrupt

Instruction cycle

ternal Flag

1 Interrupt cycle

Fetch and decode
instruction

l

Execute
instruction

|
SR P

Store return address
in location 0
M [0] « PC

1

Branch to location 1

{

I
I
|
I
I
|
I
I
|
1 PC«1
I
|
I
I
|
I
|
|
I
[

IEN <0
R«0
[rer]
Figure 5-13 Flowchart for interrupt cycle.
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Figure 5-14 Demonstration of the interrupt cycle.
Memory Memory
0 0 256
110 BUN 1120 PC=1|0 BUN 1120
255 25
PC =256 Main 252 Main
program program
1120 1120
1/0 1/0
program program
1 BUN 0 1 BUN 0
(a) Before interrupt (b) After interrupt cycle
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Computer

Start
SC«0,IEN «0,Re0

Operation

IR « M [AR), PC < PC+1

(instruction cycle) =0

=1 (interrupt cycle)

R'Ty

R'T,

R'T,

AR IR (0—11), I < IR (15)
Dy D7  Decode IR (12~ 14)

(Register or [/0) =1

AR 0, TR  PC
MI[AR] & TR, PC <0

PC«PC+1, IEN <0
R« 0,SC«0

=0 (Memory - reference)

RT,

RT,

RT,

Dy

o) =1 =0 (registe) (indirect) =1 =0 (direct)
DI Ty Dql'T3 DI T3 D5I'Ts
Exccute Excaute [k aam [ oring
instruction instruction
(Table 5-5) (Table 5-3)
Execute
memory — reference
instruction
(Fig 5-11)
Flaxer Eli - Computer Archit: Figure 5-15 Flowchart for compuer operation. Ch2-1
TABLE 5-6 Control Functions and Microoperations for the Basic Computer
Fetch R'T;: _AR<PC
C t I R'T;: [IR=MARL_PC—PC+1
0 n ro Decode R'T:  Dq, ..., D Decode IR(12-14),
AR < IR(0— IR
. Indirect DsITy:
F un Ctl on Interrupt:
TiTiT3(IEN)(FGI + FGO): R«1
RT;: _AR«<0. TR« PC
RIT::
and RTy PCePC+1, [EN<O R<0, SC0
Memory-reference:
AND DoTy: EDR —M[AR I
- - DTs:  _AC < R._SC<0
Microoperation  «» ]
D\Ts: AC<AC + DR, E<C, SC<0
LDA .7 [DR<MAR ]
D,Ts: _AC< DR C<0
STA DT IM [AR] < AC, _SC<0 I
BUN D.T.: PC—AR. SC<—0
BSA DT
DiTs: PC<AR Yo=
DqTs; DR < DR + 1
DT [MAR[—DR (DR = 0)then (PC<PC + D)__SC<0]
Register-reference:
D;I'T; = r (common to all register-reference instructions)
IRG) =B, (i=0,1,2, ..., 11)
r SCe0
CLA rBy; AC«0
CLE 7By E«0
CMA 7By AC«AC
CME rBg E<E
CIR rB;: AC «shr AC, AC(15)«E, E<«AC(0)
cIL rBi:  AC<—shl AC, AC(0)«E, E<AC(15)
INC rBs AC«AC +1
SPA B If (AC(1S) = 0) then (PC «PC + 1)
SNA By If (AC(1S) = 1) then (PC «PC + 1)
SZA By If (AC = 0) then PC < PC + 1)
SZE By If (E = 0) then (PC«—PC + 1)
HLT rBy: S0
Input-output:
D,ITs = p (common to all input-output instructions)
IR(i) =B, (i=6,7,8,9,10, 11)
P SC<0
INP pBu:  AC(0-7)<INPR, FGI«0
ouT pBi:  OUTR —AC(0-7), FGO <0
SKI pBsi 1f (FGI = 1) then (PC—PC + 1)
SKO pBs:  If (FGO = 1) then (PC«—PC + 1)
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Control of AR Register

Figure 5-16 Control gates associated with AR.
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From bus ——4%—> AR > To bus
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® In the similar way we can drive the control for the other register.
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Control of Flags

Figure 5-17 Control inputs for IEN.
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ALU T
Function |

Control of Accumulator

Figure 5-20 Gate structure for controlling the LD, INR, and CLR of AC.
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The label is from
previous slide

Control of ALU

DR (i) AC ()

AND E

f€

ADD

FA

DR
o,

INPR
From
INPR
bit (i)

COM

L o1 )

SHR

AC (i + 1):D_
SHL
AC(i-1) :D—
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