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DR 16 aladl> Wglos (g o 455
AR 12 abadl> ol (g )ls &5
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IR 16 Geoawd A5 (610 4SS
PE 12 Jgd w3 (5 ls %S
TR 16 Cdse oo ools (g ls a5
INPR 8 &8 38 L5115 eyfn 45
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a)IR « M [PC]
b) AC <~ AC+TR ) ARE~pc
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d) DRe— TR

he &— DR C) DRe—Ac , AC<«DR
e) DR & WEAK) P e Acy DR

he <— OR DR W, Ace—DR



Glaog dnwlro uolg g Aidlo b yigmols S yo 1) Lils bLI,HI 5 JS& (7)) JLo
Tyl jle cels Wdb w4 MIARITR+MIAR] Joe plxil gl o 0 LS

—P
—P Bus

o (1) PRe— m(AR])

> ll)ﬁz--l > (z,) h,c - DR
N v ® DR TR

- DR 7 > (lr) hc.ﬁ- Ac < ﬁR
I | (® DPR«ARAC
W 6 MCAR) «— R

TR




Wb b LS ow ploaSAC—AC+MAR] Jos plxil gl g 35 05 ;305 oicsw o (V) JL

Cadgds Jlas
1 H}}%{Hwa C¢ — Co = Coy
Ce c)—c4 = -
S AR M[ﬁ'&-} '* QM
ol
. 7 ~-%9
l DR
o [ DR ¢ MUHR)
c1o -~ c’)‘s = c")l
LD AC \‘——\r—; — )
:"+ ! Ace AcrDR = A PoyMUaR)

WWW.HREZAPOUR.IR



V el 23wl e 3 9 DR AAC ylo joi JLassI(

W el jlo el by ¥ a9 MIAR] (9,0 AC JUS! gl (T

! &’/"-f’;&""&?’f? X Gl (gl b W AC (40 )5 oo 1 (7
Vel 35 sl Gl Sy b AC « AC+ DR dmsbono (515



(5 g2l sl Jordl )

) Los
Yy ST
Memory-Reference Instructions (OP-code = 000 ~110) Gc‘b'é
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15 12 11 0
Lo 1 1 1 | Registeroperation |
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15 12 11 0
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Hex Code

Symbol |I1=0 [=1 Description

AND Oxox 8xoxx AND memory word to AC

ADD o 9xxx Add memory word to AC

LDA 200 Ao | Load AC from memory

STA 3xxx  Bxxx | Store content of AC into memory
BUN 4xxx  Oxxx Branch unconditionally

BSA bxxx  Dwxx | Branch and save return address
ISZ 6xxx Bxox | Incrementand skip if zero
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Hex Code
Symbol | =0 Saest Description
CLA 7800 Clear AC
CLE 7400 Clear E
CMA 7200 Complement AC
CME 7100 Complement E
CIR 7080 Circulate right AC and E
CIL 7040 Circulate left AC and E
INC 7020 Increment AC
SPA 7010 Skip next instr. if AC is positive
SNA 7008 Skip next instr. if AC is negative
SZA 7004 Skip next instr. if AC is zero
SZE 7002 Skip next instr. if E is zero
HLT 7001 Halt computer
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Hex Code
Symbol | Gl =1 Description
INP F800 Input character to AC
ouT F400 Output character from AC
SKI F200 Skip on input flag
SKO F100 Skip on output flag
ION F080 Interrupton —% TEN 1|
IOF F040 Interrupt off —% TeN€—©Q




Instruction register (IR)

15| 14 13 12 11-0 N N
- l l i Otherinputs Do _ Dg . “%
. e 3 xdﬂ : .
- coder I :
: 76543210 : 7-1 i(e
. hd DD . —— f .
: | ‘J’ J' J”LL *| Combinational . E . (S‘-:"
' T D_}' Control . . > Gﬂtl'ﬂl
. - logic . signals
. [ .
: T15 - :
5 t ot 5
: 15 14 ....21 0 :
. 4x16 .
decoder .
: 4Bt Je—— Increment(INR) :
: sequence  |e——— Clear (CLR) :
. o ~\" counter :
‘ (SC) <Je——— Clock .
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(Fetch)aadls 1 jauws SO colls p-)
(Decode) ygiws 40 45 oS o-Y

(Effective Address) ygo ol oyuiles—Y
(Execute) Joxllygiws ol y>I-F



T1

TO

AR-TQ
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Common bus

. R
IR [ 1 [ AR ]

ty (o]

(0SS0 g culo w 5L8)

T0: AR « PC (S,S.S,=010, T0=1)
T1:IR « M[AR], PC « PC+1 (S0S1S2=111, T1=1)
T2:D0.,.. ., D7« Decode IR(12-14), AR « IR(0-11), I« IR(15)




Start
L (el S Sl sld)

AR « PC
| ! T 1 Decade
IR « MAR], PC « PC + 1 =
3
T - 15 ny lﬂ." __©°
Decode Opcode in IR(12-14),
[, AR
< Slog-F &/
(Register or /O) = 1 =0 (Memory-reference o=
PaP a9 SIS T pemw— = = -
¢ (1/O) =1 =0 (register) (mdlrect)-1 =U{d|rect)f)cﬁ e S p—

3 13 f{/:” /&7y T3 ~ e o
" Execute " Execute AR {—M[AR]:I Nothin
inp ut-output register-reference lv _l'g—
instruction instruction - Y\s S e

L sc e o0

SC« 0 SC « 0 Exev::iL:gE T4
memory-reference
l J ,Jo __« instruction \\\ e Ilo
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DR =
000 —% Do , Eﬁ&. =3 (2D
AND to AC A fre—>
D,T,: DR« M[AR] Read operand
DyTs: AC« ACADR,SC«0 AND with AC
ADD to AC B
@el " D.T,: DR« M[AR] Read operand

D,T.: AC«AC+DR,E«C_,,SC«0 Add to AC and store carry in E
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LDA: Load to AC
D.T,: DR « M[AR] \
D,T.: AC «DR,SC«0

STA: Store AC E'—-*
D,T,: M[AR] « AC, SC

P ° °
BUN: Branch Unconditionally &,’;;b\

D,T,; PC«AR,SC«0 - Bw
’-’;‘ e oe o o cameeayeam @
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D.T,: M[AR] « PC, AR « AR + 1 .
D.T.: PC« AR, SC « 0 AR —> direr;
AR\ —¥ T 7T —pe

ISZ: Increment and Skip-if-Zero
D:T,: DR « M[AR] e >
D;T:: DR« DR + 1
D.,T,: M[AR] « DR, if (DR =0)then (PC«<PC+1), SC«0
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Memory, PC, AR at time T4

20
PC=21

AR =135
136

BSA jsws gl y>! ] Lo)

0 BSA 135

Next instruction

Subroutine
k! l
1 BUN 135

20
21

135
PC =136

~Lrsers)
Jlrrr

0 BSA 135

Next instruction

G

Subroutine

|

135

1 BUN

=

Memory, PC after execution

MLAR  ¢—pc
ARE~- 125 +\
P AR

EA =)\
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Fetch? AR e«—pc 2 AR<— 3AF
TR <— M[3AF] : TR €« 9325 , Pc=—pPc«)

o
(CT2 S5 ’?:/ AR<eM[32€E] ¢ AR «—09AC ADDP :J€

O
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ST ¢ BRIF
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7€E€CS3 A n .
C €& Lt

do P62 > Aceors2 , E =

Ac=oAbL, DREBBIFE . Pc<—3AFel=38Bo ¢« AR=9Ac (<

Sceo ¢« E =l
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TR -32) <« MUAR)
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ISZ {M [MAR] <— M [MAR]+1,if (M [MAR] == 0)Then PC < MAR) sl Joddl 9w
BSA{Push PC ,PC < MAR)
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Cs —
' i B i
—O— \] |- y O-— ('
Mew B
<«o— R D
t F Cho
(.|2 < O 4—( 3 ('4 *
("‘/ ("/ i iy signal op
PC 4(~|4 IR (.7*% %«(“, ——————————
4 Co—0 | C, INC(PC)
P
(‘""/ o<—C, Q-C3 \LU * Control C|7 ]NC(AC)
Co . ’ RS * signals C, INC(SP)
* \Y l } ol
-—O— A P
R . ('nnt.ru| : Flags
unit .
—
Clock Control

signals




AR <« Pc

Feich: 1,2 cpemy MAR<pC LR & MUAR) , Peepeel
AR < TR )

T:Cye I MBRe MIMAR) , Qe \ : Peepe!
<o &I

Ta et IR MBR , G |, MAR <—[MBR

Decade *

T3: S ;| Dewnde (IR(12-%)) , T« LRCS)

'r}l'. i Cg <!
Co <« |
TsI : Sget : MAR <« MBR

T MBR €— MT MaR]
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Cige— |- MBRe-SP

BSA: c .« P < Sf'ﬂ < ge | . MARG~MBR
16 "
&=\ 7 MBR<~ Pe
wmAaR

—»
cvirl 324\ MIspletmer b PWh pc
g\ fc,ve-wuﬂR —sp

Isz: Cos(,Coel i MBR & MUMAR)

Coel . Ace AR~

Su<l s MBReAC
Sty ed : MOUR) < IVER
©7 €12 0R(AA : C gel 9P < MAR 3
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(9556999 <l gwd)

IR()=B,i=86,..., 11

! o

} [

INP

OuT

SKI

SKO

ION
IOF

SC«0

AC(0-7) « INPR, FGl « 0
OUTR « AC(0-7), FGO « 0
if(FGI = 1) then (PC « PC +1)
if(FGO = 1) then (PC « PC + 1)
IEN « 1

IEN <« O

Clear SC

Input char. to AC
Output char. from AC
Skip on input flag
Skip on output flag
Interrupt enable on
Interrupt enable off
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Instruction cycle =() R

:

Fetch and decode
instructions

+

Execute
instructions

R = Interrupt f/f

=1 Interrupt cycle

;

Store return address
in location 0

M[0] « PC

1

Branch to location 1
PC « 1

|

IEN « 0
R+« 0
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Before interrupt After interrupt cycle
256

Main Main

255 Program Program
PC =256 ¥
1120
/O /O
Program Program

..................................

B R I R I I N R Ll
e e e




(ad8g JSow)

T, T,T, (IEN)YFGI + FGO): R « 1

RT;, AR «0, TR« PC
RT.: MIAR] « TR, PC « 0
RT,: PC«PC+1, IEN«0, R«0,SC«0



start
SC«0,IEN «0,R « 0

=0(Instruction =1(Interrupt
Cycle) Cycle)
R’Tn ¥ RTO
AR « 0, TR« PC
AR < PC | g, — RT.
IR « M[AR], PC « PC + 1 M[AR] « TR, PC « 0
R'T Fi'l‘2
AR « IR(0~11), | « IR(15) PC«PC+1,IEN « 0
D,...D; « Decode IR(12 ~ 14) R ¢« « 0
=1(Register or |/O) éw(Memow Ref)
=1 (/O | =0 (Register) =1(Indir) I =0(Dir)
D,IT, DI'T, 'IT3 I D'I'T3
Execute Execute AR <- M[AR Idle
/0 RR l’ l
Instruction Instruction

Instruction

Execute MR D, T4



Fetch
Decode

Indirect
Interrupt

Memory-Reference

AND
ADD
LDA
STA
BUN
BSA

ISZ

-
Q) 99 Ree 5
R'T,. AR « PC
RT,: IR « M[AR], PC « PC + 1
R DO, ..., D7 « Decode IR(12 ~ 14),
AR « IR(0 ~ 11), |« IR(15)
D,'IT,: AR « M[AR]
T, T,/T,/(IEN)(FGI + FGO): R« 1
RT,: AR « 0, TR« PC
RT:: M[AR] « TR, PC « 0
RT,: PC«PC+1,IEN« 0O, R« 0,SC«0
D,T,: DR « M[AR]
D, Ts: AC « AC ADR,SC« 0
D,T,: DR « M[AR]
D, Ts: AC «AC+DR,E «C,,,SC « 0
D,T,: DR « M[AR]
D,Ts: AC «DR,SC«0
D,T,: M[AR] « AC, SC « 0
D,T.: PC « AR, SC « 0
D,T,: M[AR] « PC, AR « AR + 1
DsTs: PC «AR,SC « 0
Dals: DR « M[AR]
DeTs: DR « DR + 1
DeTe: M[AR] « DR, if(DR=0) then (PC « PC + 1),

SC«0

41



Register-Reference

DJT;=r
IR(i) = B,
I
CLA rB,:
CLE rB.o:
CMA rBg:
CME rBs:
CIR rB,:
CIL rBg:
INC rBs:
SPA rB,:
SNA rB,:
SZA rB,:
SZE rB,:
HLT rB,:
Input-Output D,IT,=p
IR(i) = B,
p:
INP pB,;:
ouT pB,o:
SKi pBg:
SKO pBg:
ION pB.:
IOF pBg:

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

1

20 o 0 Reg T
o W\

E<0O

AC « AC’

E«F

AC « shr AC,AC(15) « E, E « AC(0)
AC « shlAC, 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)

A

S “o Wal

(Common to all input-output instructions)
(i=6,7,8,9,10,11)

SC«0

AC(0-7) « INPR, FGl « 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




RT,, AR < PC LD(AR)

RT,. AR « IR(0-11) LD(AR)

D.IT,, AR « M[AR]  LD(AR)

RT;, AR «0O CLR(AR)

D.T, AR «AR+1 INR(AR)
WY

LD(AR) = RT, + RT, + DT,
CLR(AR) = RT,
INR( R) DT

Tg —

From bus —lr'?—bl
D7/

AR

12
" Tobus

o

LD

vivivivly
;

INR |

L Clock

CLR




pB.: IEN « 1 (I/O Instruction)
pB,s: IEN <« O (l/O Instruction)
RT,: IEN « O (Interrupt)

p = D.IT, (Input/Output Instruction)

D?'—' )

| { \P
BS'—
R —
T2_.

D
D

D

— |IEN

B (+ )

olyY.
R
°

-
&
—

Q (¢ <) :'SQ!(*) + K'Q 4)



16

1=6 Adder and
From DR —%—p| logic

8 circuit
From INPR —S<Z—p-

16

AC 1%
To bus

I LD| INR| CLR| Clock

Control

gates
D,Ts: | AC «AC ADR AND with DR
D, T.: | AC«AC +DR Add with DR
D,T.: | AC« DR Transfer from DR
pB,,: | AC(0-7) « INPR Transfer from INPR
B, | AC «AC’ Complement
rB.,: | AC « shrAC, AC(15) « E | Shift right
MB,: | AC « shlAC,AC(0) « E | Shift left
M, : |AC 0 Clear
MB.: | AC «AC +1 Increment

45



From Adder _18 16
and Logic > AC | I 7~—a TObus
Do —— AND LD Clock
Ts — INR
D1 :).“DD CLR
Do —, DR
Ts —_
5 NPR
BT
r COM
Bg
—SHR
By —
— ~SHL
Bg e’
L ——INC
Bs e
——CLR

46
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