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7002 SZE

G$igB RUN AGN /5lé“’ 90 Jo % covnt 1T
t;'/07 BUN RoT / bt =0, repeat

7400 AGN CLE
6110 eTR  /Increment covnler

ISZ
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L-i2 {5y Lovniinved
(& D 700k
ipF 7007
2 ! D ./"Atgi:'-[—)
613 (190, = (4583,
L DA ADS
. A [ le plf 2
[ I L )
LDA NBR
cLA
Lop s7A  PTR
TsZ PTR
ITsz CTR
RUN LOP
HLT
ADS, HEX 500
PTR, HEX O
CTR, HEX O
END
6-1Y4
— LDA A
sSZA '
4 ;.u T
NZR c¢MA
? INC
STA CTR
cih
LoP, ADD B
Tsz. ¢TR
Bun LOP
- BT
R, DEc —
8, bdEC =
\_,! g% H:\’{ O

www.samy007. blog? "3

+

;L
/Checﬂ l‘r Yé yvaan: Aq i

(s =0

it o

o

f)//t v

' 4 o —
/Im’ﬁgii(jf_ covnlor 5 -2.56

/7 sfére 5e\ra

Loso] wultvpher
S Ts it 3e¥0 7

)

pradvet=0 jn Ac

~ .

/ Shre A m cponler
/ §T2‘i . ’.dﬂ") AC-‘-

' Adol wultipheand

/

/ Repeat Loop A Times

/ wu/ho/le;
/ mu, z\c,aHO(

/ CoJnley
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G152 The firsT Thwo fhe progviva is execeuts ioCcaTion
——— N . . ks X 4_) .:.-:
CTR will 92 75 O Tf the program is exeevled 2gain
P o A } A 7 o e e .
ST&'{“T%:—AL}' +70wm iDcaiion ‘\Jiv"),\"il- f:ca?ioy\ CTHK L\,‘l” be
“r"":"""{‘v‘\éﬁlf_?"' anat dff?l npT "e_ac_iq 9] U‘f\’t.\'%\q r%; ;'5
; 3 T _ L ! R ¢
\\A\C—r_\r"A\e,‘v’\T’:@“{ L" {n )55{2’ /rﬁ}’ess aT Lt}."?!ii,’: ﬂ Yo l.{_
Will vezeh © 202in, ’
ve weed o M;J\—\Bé\gﬁ TR awd P as follows
LDA  NBR
sTA  CTR
CLA
s7h P
Pr‘fi.vam
NBR Dec -&
C’.Ti?) HEX O
P, HEX O
] ] i
] ' ¢ g ' i
616 Mulhplicand (5 mihally w iscalion XL, Will be Skﬂy
left mio ¥H (which "has 3ero 'm’ﬂany\ The pa
Prodch' will w»\‘(am Wo !ocanows PL anel PH
(mma-ily 56&”0). Multipl ley 1¢ W loecafipu Y. CTR=-16
]
LOP) CLE - i
. ] ' ?
LDA Y Same 2g Sequnin of
CIR Program\'v\ Table 6-14
sTA Y 1
SZE
RJUN ONE
BuN ZRO ]
ONE_  Lpa AL — :
Dpubl recision ad
ADD PL e-¢ adel
STA  PL _
- P& X+ P
CLA
CTL Sawme 3¢ program
A X H .
. ’_*DD " w Table 6-15
ADD P
ST P H
CLE _
P y —
“owhinwyog Q\c'l‘: Pd
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L-16 conlimvedst

ZRO, LDA AL 1 Dpybie-precizion
- !
g i I '11
—ib o ft- shilt  XH+ XL
STA  Xi AR
L DA XH
LT
sTA XH _I
——~ o T y b
TSZ CTK eregf; P Ttwe g
BunN LOP
i;'T
h“"‘) o

6-17 :
, . L < o R
T¢ wullipiier 1s vegalive Take The £S5 cowmpiement
j T N
ol wulliplier and wultirlicand aud thew proceed as

v Table &-1% (with eTR==7),

Clow- Charl lsr‘“tl
CTR&—7,
Pe D

]

Y C‘.}')ec_)( 5lév~, zo.{ \Mu”g’(;h'e_r-

]
\I;miws

Y Y+1| 2% complemont wolfipher

X ;(—’1'! ;1,5 CO\M?“Q‘MQ\A”E ml)HleEf_an

- /r

b

Proceeo 25 T
Table &-1¢/

(o e e e

I
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o 4ntw A ADusie-precisi
ClLE 2's complewment of svblyshend
LDA BL BY+BL,
CMA 7 (’,O‘yi»iiD.[e_\MQvft Ls
INCD Al formesd c?;%ﬁi 2 5-{9/%0";";(16,‘
AD b -
Fa) " . . .
e : izi:n; C L Triw"i) ~..'_%l_ ' Ciw«?’awg?reﬁil
LaXry :l CTL i avaol ‘;MC.‘:_’-Q‘MQ‘.«%QL{ vﬂfiif_
L s7A TMP Y e ,o\,\‘i\f C;:\.v,«g%ew;eﬁ‘t{;,
) =gy '
oA o G
\/’l(‘DD Al Locahiow 17X 521V€? ine
add earry - ADD TMP caxyy from = while BH
~ sTA CH s cowp‘\ewm'réd,

BWLT
'TMP) Rex O

y, 7, N AN /
6‘.;6} 2}:’7;@8!: X‘éfxa —;[(\(5) ‘Q(g) }

| DA '\\’A _ AND TMP
C HA - cMA

AND X s7h Z

v | .
i}g THP ' LT
LpA X 1

CHA AE _
AnD Y Z‘;} .
CMA THI)

-

¢
/

LDA X
cCLE
eTL

Ve o}

SLE ,

_ s pA

~ 3 . 4 ”>' - '
6(}]\} UJF «x |
‘ RUN EXT {0\;; \‘ ’
BuN OVF oK,
EXT, 9T .
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RSA  SUR

FEX 1239 /S binabevs
HE X 4321 /yinvend

HEX O ,/9.,;{:% feuco.

2

S“
7\)

- Callimg Program

BsA cMP
Hex 100 fshivhug adokess
DEC 32 /nwmber of words

Subyou fne

CHP) Hex ©O
LDA CMP L
sTA PTR
TszZ. CMP
LDA CMP I
L-23 cRy, HEx ©
- CIR
IR
ATR
IR
BuN CRY I
6-24
LDA ADS
STA PTR
LDA N8R
sTA CTR
LoP BsSA - "";\42 /wbrpﬂLw Table. 6-20
STA PTR
rsz PTR
rsz CTR

www.samy007 .blogfa.com
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) :

s
Pt

LDA SOR L
cMA
nNe
TS 72 SJUB
AbD SUB T
IszZ svb
5TA Sufz 1
C MA
INC
SsTA CTR
LOP, LDA PTR T
CHA
sTA PTR I
IsZ PTR
Isz CTR
BuN LoP
Is?2 CMP
puNn cMP I
PTR> —_—
CTR, ——
Ac
HEx
r“"‘"\

.on 1861 nop 279¢C

\'0'30\5%0 om 1801 4679

BN LoOP

LT
ADS, HEx H0O
PTR, HEX o
NRR, DEC =512
CTR . HEX O



Sy

i
b
0

AND M5 HLT
STA 2K WRD  HEX —
.’;i}‘:\l ‘*AJF‘D /ot ’ HNEY —
AND Mg s L
:”LE < H A, HEX =
. 1 vpo— On e
Rsh SR8 Ssvbisulne /5 Msl, HEX COFF
Shift risht Ms2, MEX FEOO
Liaht Wwmeg
L v
_, 72Xt
é_;i(l/‘ }
= v _ i
é,inssf.’zz'é{ \Me_‘mo\,’y f! \‘W‘r
L L Do ’ Lo uble |
3 Uity pad. couble |
, _ T - ll tharacler 2g9am ‘
%Lozd wext dpvble A} —
%C!!\a\r‘arf‘t( ﬁ}"“.‘v\ Eﬂg'fzer A ‘Hi
é ¥ \1 e 3 Y 3 ] AND Ac w'
L wh  AC HEx REOO
‘lr_ I,
A Y 3y
m%b‘ﬁc with Compare AcC wilh
L = .,O o
tompare Ac wifh
REX onod

Qg | 1o
v

D 3 L F
Mc‘_“.’t e

L —
-—.-__‘J
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Locahon  Hex code.

SRY. STA SAC
CIR

LDA
CHA
5ZA

s KT
BYN NXT
INP
ouT
5TA PTIT

T892 PTl

< 7
SRV,

NAXT

SAC

—

SE,
PT2,

TA SE '
> MOD  /cheek HoD

BUN NXT / Mob# ll s
1 Service

5épot

Devlee

BUN EXT / MD+#0

www.samy007 .blogfa.com
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STA
CTIR
STA
SKL
RuN
NP
oJUT
STA
IsZ
SKO
RuN
L.DA
OUT
LsZ
L. DA
cTL.
L.DA

IDN
8UN

———
——

—
E————n

A
s
)

0)
Im

NXT

AR
"~

)

ERT
PTZ2 T

PT2
SE

SAC
ZROD T .

NXT, LDA MoD

SZA
. Bun ERT
Sef\ih‘.e{’ Sk -
gu]?y‘é RBuN EXT
r/e oo LDA PT2 T
L oot
- Tg7 PTZ2

EY‘T) Cowlinve. 35.

‘\‘V\ Ta_ib \e_ 6-23



™
it
I
O
—|
1
A
~

A

g - { ' o .,,.,i.;.f‘ : *r;\
WMIC{Oppeestst 15 2 Small K Ciru (wmrd/m on i,

o

>‘—‘-~ R ; ’ - n ¥ y o n/‘ !{,",,0/.{.'{'\
Mujt);!:)g fawm jsa pioglam for & Sequence of miciospeYalion

A

[ 4
R s b s Y .} ‘.r / n
The cowntrol unit of a wiciopiocessor ean be. hardwired or
¥ . i }? . [ ANEN ] '
MCY Prog (2 wwmedl r/&pevxclmg on the speeific clesign,
? \ - , l__ N y V
A vr\\.m,epr@%f&wwﬁfe&! COMpueY 063 wsT have B be 2
WiYe pYoce 5501,
7z
S A R ol B SR L S Han A
TavAWwI(eA Cﬁ?\l‘(ﬂi) Dy L FINLHUR. ) FYED e rilalr a
PN
O To \MQ_W\MY,

7-

———————

W)

.

Micrpaperahiove— an elewentar d’fﬂtl conpiler spefuton,
- S A0 S A ' " *

Micyomn STfa)Ahow— 27 ms\wﬁow shreel w Ca.ﬂ_fnl :;MMM}/,
. ) N "§~ 3 L,

Miccoprogram- 2 seguenee of memindiructions,

MicYoeoelo - Same an meOPﬁ)gr’a.vm,

7-4
40 10 40 o 4D
A Sequencey| | CAR ROM || aTp Miefo- |
— [ Yegsie! opevatons
. = At A
Clock | 2 - J T
Cloale 2
50 ns 50 - SOns 5Pns S5Dus
Clog.;{_? i g ) } )
C:r)ti{&__
K A
| _! | |
fx’e JOWe of szc)" C]OL‘\( -‘-—j———-—"‘ =, Joo0 ¢ ) A
rrequency &y 100 %10 00710 = /-DMIH;

_‘[{’ the. daTa reyi's/ér s fewmoved we ecan vse a

Single. phase chek Dk 2 ‘(reqc}ency of %i//fﬁ =)L} ng
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N B
L/f)v\ \ WY Tt T 52
,f L
; 6 1 /6 =32 biis
o Selecl | Addvese Microsperations |
Y 1
. ; L
(b) 4 bils
N
(¢y Z briis
7-6
—_— 5 L . /2. .
Cewtrol memory =2 < Qb
0 ’
i?’:) S i‘)\‘\_é—
Ly 12 bile
~ PO i 3 R
{C) | 2 ML)I’f!P!e%E‘{Q= each 0*": Siulf‘_ 4-To~1 line
. g .
7-1
/A owotopy =3
(b o1otiog =44
Vi =40
(cy ot} Vioo o0
7-3 Lo,
oF tocle = (bl
N XXX X x
Contyo \___\Mew‘}f {)Glxx RRR X '00 &
addess =i bk g
7-9
O /2w — w i
mpv s —— —— tQU//:!/lS
— | RoM
Y0 V/é-'*é 2)1\(

<

The RDM esan be ?{ogz’amweé{ lo
clesived addyess fn a f‘fyew wpvl

Lrow the m Sy vehay,

Etther wulliplex exeve, Three-sTate gates, of jata
Ioam r’a?u,vabzu’t 5 2 mux) are needed o '\ng{er

iw formation {rom many Sources f, 2 common deslinalion,
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~ s A NCDLF MnF
(2) ol no oo AL THESA o
. A YOF SEAD NG P
(&) 060 100 01 W
A A 7 T, C,ﬁ’ 2 inp
7.1 RBinary
: - } Y 7
(2) READ  DReMIARY FR=1p 200 100 1)
h ’ - —_— = N
DRTAe ~AcCeDR  F3F/0
(B) AeTDR  DR&A  Fa=l0) Oop 100 10
O T A b o . ND 1 =inAN
-~ LI I [ B AN s g
f 7 )
/ ,. o R F2R=I/1D Yy
C TP Pr £ A —
L )Aﬁ PL =100 .waosgzi.rg)ﬁgp

PRTAC =3

IR T AC Ac_«DR Both yeo E
A - . | Both vge. F

WRITE WCARLEDA Fl=11i oo Vo&

4“ J 0 The. %’ex’ahd 15 feao m the /";sf fmt‘f‘ofnsf?u{f:ﬁgf,
' "avd added b Ac i the comf
7L T=1, the c:,({f.cj)ve 2ddyese 15 fead '«‘7Lo bR
" and %waw\ 9025 T » INDR2, The
subvtine wysl read The opevaned wh DR

INDRZ2:  DRTAR U TMP NEXT
READ U RET .

7-1% . |

() Brawneh W S=p and z=2 /qoﬁbmve 2 nd
v

Now - ;\«'72,0 AC;) —S%ee last méﬁ”//cjiun '

froB\Q\M 7- 16,

AR

(‘b/ 40, 00D OO OO 10 20D 1900000
A0 0po OO0 00O M 0D 1000000
4n: opd obp oo O ol [0pool1]

o000 00 11O PO 00 100000p
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— g
/=i
PR TN v N - \ A PR y .
(a) &1, CLRAC oM i/ TIMP NDer T
Ry y
. s YA (ST — A - . .
! . WRiTE REEAD T Chib FETrH
~
/- Ny <R < o o /e o
b ADD, sSVi5 ) RET 43 (VEXT)
2 TN AT 7 M A D “
/j:) :Dmf"}—*i":) ’Na‘/)i? L .{\"!“Tr ,é{i/
/I‘ ) I\\
{ b)
“ / . %; . N . il |
ra A .. VA s n I I . o, ¥ i
6oy Lawng YWWETETMene A Rnol {:a)w?),igmg\,{'i AC atf tho
e I )
C\_"\hg". s va ) ,_}, - — ~ - ~ L.
e POV L \\_ YW .'ﬁ HEEN TIA L ’f N " .
. {«L!; Alh d TME I VISRCT epuirp!
;“n - ﬂ";" e ; Jd /a 1 2
CHE S NoL e iutw o G
t ] - .
1Y Covant (2 i } P )y .
[ I H s, _’_ .
bl Cawwel Yead awd wiiTe a] The same Tiwme,
t

The CALL behaves as 2 TMP sinee. Heve 1s

o velvry Leom FETEW,
v A H [ _,’__»
621 Cannol add and gué?}gcf-j The $ame Time
The. RET will be exeevted mdepondeut of S,

- R g J '
63! The MAP s wﬁw?(éa’ ufegf?a?;}@ sz Z sr 60,

716 ORS 16

AND |  NOP I CcALL INDReT
AT vV IMP  NEXT
I TMP  FETCNM

ORG XD

SUR o P T cALL- . /NDReT
READ y TMP NEXT
SUR U JMP FETC W

T

U
DRTAC, ACTDR U oM
ADp v o TMP EXCHANGE +2

(Tt -
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InDRCT

NEXT

e~
NE Y

ANDOT

N

M m
7

U
TCH
INDRCT
FETCIt

—

}‘

NOP T
READ )
DRTAC ACTDR U
XOR (o $UB) W
OR&, &9
BERIY DeTAC ACTPR Z
NOP v
EQUAL ! 7ne P U

SELS

CALL

JMP
IMP

JMP

/NDRcCT
NEXT
NEZT

BEARL

EQUAL
FETcH
FETCH

DRG  HOD
NHP
NOf
Nop
ARTPC U

RPNz ! S
Z.
I

TMP

Jﬁ?
TMP
CALL

FETeW

FETCY
/NDRCT
FETC H
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I$7Z:  NOP
REATD
INe Dk
DRYAC, ACTDR

CALL.  /NDRCT

SMP o NEXT

JTMP  NEXT

TP NEXT (% Fast

ce N ccC M
.
5N
=

DRTAE, ACTyR zego T
WRITE JMP FeETCH
ZERD: e \TE, /NePe JMP FETCH
/1%
OOh iSOT i CHLL  LNDRCT
PCTDR ARTPC U JMP  NEXT
WRITE, /Nefe U TMP  FETCH
719
Frowm EH&; 7-1
F2 =0l (5) pce Pl
F3=1D (6) Pce AR
FROM, & [ _ae
F3 "ot ¢ Load jw
F3. swipt 2 Pe S
Wf}_"" =] TInetewent Clo—i,k

/-20
“—___A fx‘e.u o,f 5 bﬁ‘g LN -s,oec,{.pf p'l'g.l =31 wff.faopefzﬁo%
A feld of 4 bits can speafy 2t =15 wierospeatiow,

9 &b g vilrospefations

7-&\

——— )

See Fi(j. g-2 (b) for cowtro| word 2xawmple
(D 16 regfsﬁvs neeof 44::"[2.; ALU need 5 Al?&) and|

The shilly need 3 bils o enepdle all operalions
4 4

| : 4. 5 3 - =ap bk Btal
ISRe | [ SReZ[ DeaT [ ALD ShT]

C(_") —Rs__ R RY ADD  SyiFT
|2/01T o410 100|010 pgp| RU<R5+R 6
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N > S -
e mBEs R e
o 1= = [ ] 5 _\o 3 M
mEs

t

-I;Oj/r

._____L”pu
4

T
lrmv —

Sy -
N 1
L =
= "y W s

=
J At nm MUX2

€

}

P

s e i ettt

)

N
}
Vs
9
=y
2
Pl
AN
')
)
Pt
Lfs

o =l

. N =, —
SO PR ”sv._..?v..ﬁ.. 205,80 < “\r?\ & ‘.1
ALY A A =G Yy T IS X
NS = ot wadl oo P N> 3 (49 .

)

MUX2|

’ H

! & &
o T Y b A =
..... O A OAOA OO
o ] P(v fuo C LD h/wvf/,u (o QO O ﬁd\i OO ..I..l'.lyll_

,,Q -0 = O - OQOQ - —y -
D OQOQQ - - O DOAVQ~ we

‘%-3 (C}’taf":i’.f
A
F
i

-0~ Qe

3

\ ) - ) Oy O —
©0--00--50- 055"
*

3
gee F&%‘ga
!i‘
i ﬁ
I
L wie .,
]

OOOO e imee e OO QO o= -
D DOOO OO vt e e =

v

~J (
o

1)

i ive
The

& beeavse &S p =&
G’ becavse g@ I =&

biL
valve of The setee

—
—

ol
o

o
atus

)

s
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CHAPTER ¢
-1
- A H ~f ¥4
(25 32 wolhiplexeis each 24 size foxl,
) \ +-
by mfp\ffs €2ach o seleel ove o b (egisiers,
R I ; 3 H H
(C) U-To-1b - line decwndey
, TR S
() 2343541 =45 dafa wput lves
_ : + ;o
A+ =33 dala ovlpel lines
;\\ ‘L; Af L /.(:“ = f,_)? ‘Jl’??i
—r i —p ] - ?
N (SCLA | SELR | SELD | ppR ‘
7D
OT L

20+ 80+ 10 = 120 WSee.

(The decodaer srale propagate ot fhe same a5 the muxs)
/

é:—:?- : SEtA SEiR SELD OPR Cowliol wavd
(& RV« R21R3 K2 R2 RV ADD 210 41t 00y s0cl0
[ RYy<erY RU — RY CoHA |60 xxx 160 OO
(c) R5« R5-1 RS — Rz DIeA 101 wx 101 OOUID
() R < shl R Rl - R6&6 sSHLA  opl xxx 110 160D

(€ R7eTwpot Iyl - R7 ToFA DD xxx |1} 00000
&M . "y

Control ward SEIR 5B Bp> OPR Miwsoperalion
(2) voi ©10 ¢il bpipr R R2 R3 SUR  R3&RI-R2
(L) 00 00D 00 Dppon  Twe Tt Vove Tern  DufpoteTpt
(c)o10 00 0D 2lipp R~ R> Ry %0 RaeRyDRs
() 000 001 960 00010 Tipt RI None, Pvv “AfteTipitet)
(e) N1 100 DN 10000 R7 Ru R3 SweAa R3eshrfy

lnd po—

55

(a) STack 4vll wth 64 \lewms,
(&) Stack ew?h{.
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Y

)

l_ N
SPe—<se_
) 394 ¢
Pop 1 SPemsbrl
DR < M[5P] '
& _7
o
Cél) ABx CDx E¥ % + +
(B5) AB* ARD%x C E k3 % +
(%) Pé‘*‘E*LB%T%‘Ré‘f‘
o A . C.
z‘a, C LY ! —
= O N
(&) A _ Ny E Al |
. Bxc D+ — () {((Fﬁ’é)%—&— TD)*—C%—B)*-A
(2+4 Lio(a+6)+3] = &/¢
RENYT 3 4 +26+ 0% 8+'x
A IZEE
A 2 2 B 81Bolsn 88
SIS 17 7V 7N 71717 71 7167
S H t a6+ jp= + #
7 _ : _ FIFo
80 Mewery 3y 1rap-gy avoud — -
WR1TE (of 2t full) " Rend 750 ;
M [we] £ DR [ Re 2
we e We % 3
ASe & ASe ) ‘C,/ Lg";’—‘;’— y
(\)C% { %D‘%' Q\M«f ) ! ASc i - 3
DR ME. C,’) Ny _Jatd MI’S 16
fligfi;,@;i, Y <ol =Rl 7
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3
-

(ST

—

L ¥ s 3 =

y
ok
— S &ris
3 S f a2 ("3/*/";5‘;‘/.\ ; Trdaf s a i Ten ,‘,,j'/f(p,n
{fif‘,/)m(, OG0 KOS 5 t;{}":; AALACLE
. i : 3
INSiYve 1hgu s

i

= RAS5L lomby ﬂa'we

2Eb=25D = & tombimalioue can be vsed Lot ove adiies
o L0

[ N> { f} ] ,ﬁlﬂf‘e
| £p Cetles | Mdazns | & pEAressS
———- < neTruetipug
ix I v >
AR

v ' i 3] , Iy . r,L‘ . A
Maxomom wowberx of éne addlfese [nslrue fion :

/’ AiD\ - s e

—— b XA = PS5 /b
r A
8-1R

() RPN . XAB-CHDExF-xGHK=+/=

%-13 : |
254Kk =25.20=2'5 2ololregs

~,1:

18 bils

I

Ma;{?* = i} 1”7
. i _  Regigler = 6 7
| speodle | Medk Repiste, | Addnpon N
‘ 3 =32 Opecplt _ 5
o £ 75 =32 operdt 5y
,.,' ’

7= EF{FCTW€ adlelyecs | Pc | Wwede Hode
o W Y
(D Direel ¢ z-= (R =% | wraWex ihsTrveiy
(5 Ludiveet s z=MLIY]
(ey Re&.JWe', Z= V*w’fz

(@) Twolexed @ 7= \(+><

.z operand

{3} R)e!gﬁi‘,ie 2—&10{7(869 = 500 -T75]=—25|
(&) 251 = o0001HIo11; =25 1= N1a0d0! Ol
y Pe=7s1=001011101111 5D0=00011111 910

. .

I = oplptlioiti)
RA= -25) =Fi1111060000)0)

EA=5pp = 0001 it{1dip0
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e ~ : } - L i’ !
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