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AND memory word to AC

Add memory word to AC

Load AC from memory

Store content of AC into memory
Branch unconditionally

Branch and save return address
Increment and skip if zero

Clear AC

Clear E

Complement AC

Complement E

Circulate right AC and E
Circulate left AC and E
Increment AC

Skip next instr. if AC is positive
Skip next instr. if AC is negative
Skip next instr. if AC is zero
Skip next instr. if E is zero

Halt computer

Input character to AC
Output character from AC
Skip on input flag

Skip on output flag
Interrupt on

Interrupt off
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T,: AR € PC
T,:IR € M[AR], PC €« PC +1
T,: AR € IR(0 - 11),

D, -D, € IR(12 - 14)
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|IR « MIAR], PC— PC+1 |

T2

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

(Register or /O) = 1 o7 = 0 (Memory-reference)

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

N

y T3 1 13 y T3

Execute Execute AR « M AR Nothin:
input-output register-reference
instruction instruction

SC« 0 SC « 0 Execute T4
memory-reference
instruction
SC « 0

v v y

D, | Ty: AR € MIAR] —— (asiiunopsc) atislo  asnls ysiws

D, I' T;: Nothing (paiions) abadls @ agzlyo Hgiuws

D; I' T5: Execute Reg Instruction EARPUPTIS IS
D; | T;: Execute /O Instruction /0 ) agzlye gt
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Symbol | pperation Symbolic Description

AND AC « AC A M[AR]

ADD AC « AC +M[AR], E « C,_,,

LDA AC « M[AR]

STA M[AR] < AC

BUN PC « AR

BSA M[AR] < PC, PC « AR + 1

ISZ M[AR] < M[AR] + 1, if M[AR] + 1 = 0 then PC « PC+1

LDA: Load to Accumulator
STA: Store Accumulator

BUN: Branch Unconditionally
BSA: Branch and Save Return
Address

ISZ: Increment and Skip if Zero
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AND to AC
D,T4,: DR « M[AR] Read operand
D,T;: AC« AC ADR,SC « 0 AND with AC

ADD to AC
D,T,: DR « M[AR] Read operand
D,Ts: AC«+— AC+DR,E« C_,, SC « 0| Add to AC and store carry in E

LDA: Load to AC Read operand

D,T,: DR « M[AR] )
D,T;: AC « DR, SC « 0 Load DR content in AC

STA: Store AC ,
D,T,:; M[AR] < AC, SC « 0 Store AC content in Memory
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BUN: Branch Unconditionally
D,T,: PC«AR,SC« 0

BSA:
DsT,: M[AR] < PC, AR < AR + 1
D;T;: PC«AR,SC« 0

Memory, PC, AR at time T4 Memory, PC after execution

20 |0 BSA 135 20 |0 BSA 135

Next instruction 21 Next instruction

21

Subroutine Subroutine

l l

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

ADD LDA

vy DTy vy P4

DR « M[AR] M[;g] (—;\C
=

L DiT

AC « AC +DR
E « Cout
SC«0

BSA

y Dgl ¢
M[AR] « DR

If (DR = 0)

then (PC < PC + 1)
SC«0
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Fetch RT,: AR « PC
R'T,: IR « M[AR], PC «— PC +1
Decode R'T,: DO, ..., D7 « Decode IR(12 ~ 14),
AR < IR(D - 11), | — IR(15)
Indirect D,IT,: AR « M[AR]
Interrupt
T,'T,' T,/ (IEN)(FGI + FGO): R«1
RT,: AR « 0, TR « PC
RT,: M[AR] —« TR,PC « 0
: PC—PC+1,IEN~0,R«<0,SC 0
Memory-Reference
AND D,T,: DR < M[AR]
D,Ts: AC « AC ~DR,SC « 0
ADD D,T,: DR < M[AR]
ST AC -« AC+DR,E+~C_,,SC 0
LDA D,T,: DR « M[AR]
D,Ts: AC «DR,SC «0
STA D,T,: M[AR] < AC, SC <0
BUN : PC — AR, SC « 0
BSA : M[AR] « PC, AR — AR +1
: PC « AR, SC « 0
ISZ : DR « M[AR]
: DR <« DR +1

M[AR] < DR, if(DR=0) then (PC « PC + 1),
s

C0
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(Common to all register-reference instr)
(i=0,1,2, .., 11)

SC+0

AC « 0

E~0

AC « AC’

E«FE

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
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(Common to all input-output instructions)
(i =6,7,8,9,10,11)
C0
AC(0-7) « INPR, FGI — 0
OUTR « AC(0-7), FGO « 0
If(FGI=1) then (PC «— PC + 1)
If(FGO=1) then (PC — PC +1)
IEN — 1
IEN 0
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Receiver

OUTPUT Device .
interface FGO

. Transmitter
INPUT DevViCe |l i nterface ]

4 )
JLyw bl yuno :

Slge bLG)I oo : “

J
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OUTPUT Device | ﬁ_ﬁiﬂ:g; @—— OUTR FGO

) Transmitter
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SoKiws b a5 Il 53 3515 0315 Jol3 AC L (sjlge yg0 4 OUTR g INPR slowls

NN NN

S (50 0315 J3S JLyw @90 4 (529)5/(639)9
(flag) 2y 51 Jiomsels 9 G29)>/1539)9 S y iloj BB (13)S (ygySim gz @
950 03laiwl FGO ¢ FGI slo
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osld 3gy9 J21)6 >
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o550 9 63 BINPR 3)lg JUyw job ) o (A 35 03945 63,58 (g3lS 51 Loy v
9 03 INPR &S s agdy yigaol S U 394 (;0FGI=) «did JoSINPR eaonh a5
A5 (505 Joyl (5loodls Uebd ju5 (il oliiuwd
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39 3)lg Llgiy (g32) (631> B 39 (0FGl=0 g &S (5
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wl (JIEOUTR o5 sl g gline 4 9 cwlFGO=) Lyl
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R = Interrupt f/f

Interrupt cycle

A

Fetch and decode Store return address

: : in location 0
instructions M[0] < PC

1
Execute r l'
instructions

Branch to location 1
PC «1

0
R« 0




Before interrupt After interrupt cycle
256
0 BUN 1120 0 BUN 1120

Main Main
Program Program

(o)
Program




start

SC« 0,IEN«0,R«0

L

R'T,
[ARcPc_| T

| IR < M[AR], PC  PC +1 |
| RT,

AR « IR(0~11), | « IR(15)
D,..D, Deco[de IR(12 ~ 14)

=0(Instruction c =1(Interrupt
Cycle) Cycle)

D,I'T,

Execute Execute
o RR
Instruction Instruction

RT,
AR 0, TR PC

RT,

[ MAR] - TR,PC0 |
[

RT,

SC0

PC.PC+1,IEN< 0

D,I'T3

WIAR] [ idie ]

Execute MR
Instruction

D;T4
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