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Register Reference
Instructions

Executed with the clock transition associated with
timing variable T;.

Each control function needs the Boolean relation DI°T;
— for convenience let r = D.I°T;.

The control function 1s distinguished by one of the bits
in IR(0-11).

Assign the symbol B; to bit i of IR,

— all control functions can be simply denoted by rB,.

After completion

— The sequence counter SC 1s cleared to 0

— The control goes back to fetch the next instruction with timing
signal T,

Alon Schelar, Tel-Aviv College, 2009

()



Register Reference
Instructions

TABLE 5-3 Execution of Register-Reference Instructions

if-else
loops

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 Clear SC
CLA rB,: AC<0 Clear AC
CLE rB 10+ E <0 . Clear E
CMA rBy: AC<AC Complement AC
CME rBg: E<E Complement E

CIR rB;: ACe<shr AC, AC(15) < E, E«<—AC(0) Circulate right
CIL rBs. AC<«shl AC, AC(0)<—E, E<—AC(15) Circulate left

INC rBs: AC<AC+1 Increment AC
SPA rB; If (AC(15) = 0) then (PC «<PC + 1) Skip if positive

SNA rB;: If (AC(15) = 1) then (PC < PC + 1) Skip if negative
SZA rB; If (AC = 0) then PC<—PC + 1) Skip if AC zero
SZE rB;: If(E = (0)then (PC«PC + 1) Skip if E zero
HLT rBy: S<0(Sis a start-stop flip-flop) Halt computer

Taken from: M. Mano/Computer Design and Architecture 3" Ed.

Alon Schelar, Tel-Aviv College, 2009
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Example:;

Hexadecimal code
(7800),,= (0111 1000 0000 0000),.
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QUIZ6

The content of AC is A937,
and E =1.

Determine the content of the
registers below after each
instruction  Assume the

instruction resides n
address 21.

A937 1 21

7800
7400
7200
7100
7080
7040
7020
7010
7008
7004
7002
7001

CLA
CLE
CMA
CME
CIR
CIL
INC
SPA
SNA
SZA
SZE
HLT

¥ B 1.
rBip:
P'Bg.
?'Bg:
rB;:
rBs:
rBs:
rBy:
fB3:
I'Bz:
T Bl:
I'Bo!

SC <0

AC «0

E<0

AC<AC

E<E

AC «shr AC, AC(15) < E, E «AC(0)
AC «shl AC, AC(0)«—E, E «<AC(15)
AC<AC +1

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)

S0 (S is a start-stop flip-flop)

initial
CLA
CMA
CIL
SNA
SZE
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Memory Reference

 Instructions (MRI)

Instruction Ty : AR <~ PC
Fetch T, : IR « M[AR],
l PC«PC+1
Instruction T DoD, < Docode IR(12.14) 2
Decode AR « IR(0-11), I« IR(15)
— i D,'IT,;: AR «M[AR]
Operand
Eetch '\\ Read data from memory into
I a register
Execute '\4\ Logic circuits can be applied
1 T5 only on registers
Result 'Ié
Stfre | Store result (if necessary)
Next
Instruction /

E
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Memory Reference
Instructions (MRI)

At the end of the T, cycle, AR
holds the effective Address

Operation
decoder Symbolic description

AC+AC N MIAR]
AC<AC + M[AR], E«Coy
AC <M[AR]

M[AR]«AC

PC+<AR

M[AR)«<PC, PC<AR +1
M[AR] < M[AR] + 1,

If M{AR]+1=0then PC<PC+1




MRI - AND

At the end of the T, cycle, AR Ds

holds the effective Address '+ y

AND : AC < AC A M[AR]

2\

D,T,: DR « M[AR
D, T T ACAT A DR, SC « 0




MRI - AND »

At the end of the T, cycle, AR Ds >
T —

holds the effective Address

AND : AC < AC A M[AR]

DT, : DR« M[AR]

(D,Ts: AC« AC A DR,
\
i =
44 44
15 14 10
4x16
decoder
-
0000
A—bit Incremeant(INR)
sequence Clear(CLR)
(SC)
= Clock

LDy
o |
1 ]
LIy INA  CLA [
ouT H”fi“‘
LDy

Clock

*—16-bit commaon bus+——




MRI - ADD

At the end of the T, cycle, AR
holds the effective Address

ADD : AC < AC + M[AR],
E « C_ 4

D,T,: DR « M[AR]

D,T.: AC« AC +DR,
B ), SC e 0

0| ADD| 202

LD
- TR

N
[ 1
R L=

Clock




MRI - LDA

At the end of the T, cycle, AR . m E a?
holds the effective Address oo =
!

LDA : AC < M[AR] | i —+ o

"3
D,T,: DR < M[AR] "M S
D,T.: AC< DR, SC«0 7 =i _

Why not connecting the bus to the inputs of AC? | [ e

x
£

— a delay is encountered in the adder and logic circuit. | 0| LDA| 202

Time(Mem read) + Time(Bus transfer) + Time(A&L) > 1 cycle

— Not connecting the bus to the inputs of AC maintains | i s
one clock cycle per microoperation. |

e +—16-hit common bus +—

A G

. Clock



MRI - STA

At the end of the T, cycle, AR

holds the effective Address

STA : M[AR] <~ AC

D,T,: M[AR] < AC, SC < 0




