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o AT D S "
Run ROT /No: relale agaty
- -
STP O HLT / Yes slop
} H
CTR, HEX O
WRD  HEX L2CH
END
i Fm —— N\ .
. 566 o SFF (A5 lscalibug
v =~ o
/s TLA.’?‘?"}.";”?_’V‘ Df)/m;’;‘;"
Slmhatine

' 4 o —
/Im’ﬁgii(jf_ covnlor 5 -2.56

/ sfére. 5e\f‘0

Losel wultipler
S Ts it 3e¥0 ?

)

pradvel =0 'n AC

~ -~

/ Shre A m cponle
7 Start with AC=0

' Adol wultipheand

/
/ Repeat Loop A Times
/ Hu/fl;o/lér

/7wl {pz’\'c,ahd
/ Ccounley
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=i ne  LirstT WmT g PYosTava s exeeulen icCaton
B— , - ) i
CTR unl A 75 0 TL Hae prAanri | ]
C.H . SRR jv o O, f4 The Pi Fiawm 15 c’iXECJTﬁG’.‘ 25}3;m
T"‘"‘T“'\i\ 3 s L 1 ;"T ~ /3, ; . e s
Siaring rrowm focahon (jp0),  lacalion ¢TR will be
\]4 * Y \AAAA% .’ r\..nj vHl N ) ¢ ,‘%»Q s} t
nereeniest  anst will mpl veach O uwhl 1T i1s
R !nA? ,\ié . _ _'_i ! , . .
e e we wles) = 45,53, Times al whien Time
Will yeaeh O ga2in, 7
] i VLt . X
Ve weed To tmtahig TR aw PRIy
LDA  MNBR
sTA  CTR
CLA
-4 D
6/-""
() \;'l r
r{“%‘(aM
NBR Dec -%§
C’.Ti?) HEX O
P, HEX O
/ oy RS SR T DR i
616 Mulhplicand (5 mihally w iocalion XL, Wil ¢ esfmﬁ'z.i
t‘&-t ME’) KH (‘»ﬁh‘c—‘“ has ?era 'V%\T\A”\/\ T"}Q

Prodch Wi ! w»\‘ram TWo !ocanows PL anel PH
(mma-ily 56&”0). Multipl ley 1¢ W loecafipu Y. CTR=-16

LOP  CLE - |
L-DA Y Sawme 2g¢ Eeg\fhv\m @,F
CIR Program w Table 6-/¢
sTA Y 1
SZE
BJN ONE
BuN ZRO |
ONE LDA XL o
ADD PL Double - precisum adof
< T
,,.TA PL P& X+ P
CLA
cIL Sawe ag progfam
ApD XH .
i lab -5
ApDd PH wm Table 6-15
ST P H
cLE _
—

R .
“Owhimyod

mext, Page

[¥e)
co
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L-16 conlimvedst

ZRO LDA AL Dpuble-precision
- 1
g i l '11
LIE. X Jeft-shift XH+xi
ST X
LDA AH
T
sTA XHW _]
——~ o T 1 bt
IsZ CTK Repeat 1L Tiwes
BunN LOP
iy T
h“"‘) R

6-17 -
. - . <o o ! ¥
TC wullipiier s wegalive Take The 25 compiemenc
i S L
ol wulliplier and wultirlicand aud thew proceed as

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

Clow- Charl lsmt
CTR&—7,
Pe D

]

Y C‘.}')ec_)( 5l3v~, zo.{ \Mu”g’(;h'e_r-

i
\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¢/

P

I
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CiLE
LDA B

CMA

T NC
ADD AL
sTA CL

e N

saNe \‘ LA
daf\(’?' ;‘CfL -
| sT7A TM™MP
L. DA OH

,»‘»‘.,i’l'\.'
. ADD AW
add carry s ADD TMP
sTA CH

WL T

- TMP) pEx O
6-19 2= x®y=
2} d

LDA Y
CHA
AND X

cMA
;TA THP
LpA X

cHh

(ORN
i
™
o

cTL

< r

pUN ONE

RUN OVFE

BUN EXT
ONC) SN A

BUN OVFE
=XT ) QLT

7\‘&}-&- x’»df =

o +0%W 2 di\_‘f}ia"“'[ //////
: ! i
Qe cpmplewent of sublizheqd

(S
Riy+BL

complewment L3

. y .
nf M A oS s
Ao i d!{rz/eﬁr ouee ‘

A,

5 N 'l
r
BL 15 complewmenTed
1]
‘ odl o]
aval neremenies whilke

AH e owly CowmplewenTed,
i .
L A Lo
Locghow [ MP S4ves ine

eaxry from E while BH
Is aowp‘\ewe/uréd.

[(Xa,y ~(><"5!)"_]/

AND TMP

CMA
sThA £

HLT
b
Y
h

)
THP, —

~ ~

.Qa{;
|
co | ovF | g
%\_———_'?i D.K-; \r{_,__,-\i
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6-41 -—fg'i//vn: Lorogiaw
BSA  SUR
I N o> ol S | b
e X 1234 Zdubiiantva]
HEX 4321 7Zyinveud
[ - P _
HE X O / of ’;%e"ewyg,

2

S“
7\)

- Callwg Program

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

Subyou fne

CHP) Hex O
LDA CMP L
sTA PTR
Toz CMP
LDA CMP I
(-23 cRY, Hex o
N CIR
TR
CIR
IR
BuN CRY I
6-24
LA  ADS
SsTA PTR
LDA N8R
AsTA CTR
Lo% BSA "";\42 /wbrpﬂLw Table 6-20
STA PTR
Tsz PTR
sz CLTR

47

SUE  HER O
LDA SorR L
cMA
NG
TS E SJUB
ADD SuR T
IsZ SuU&
sTA <sufy T
Iz SJdbB
BunN sub T
C MA
ING
STA CTR
LD% LDA o1TR T
CHA
sTA PTR I
Is57 PTR
Isz CITR
BRuN LoP
Is2 CMP
puNn cMP T
Pﬂg —
cTR) S
AC
HERX
r""'"\

.on 1861 nop 279¢C

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

BN LoOP

LT
ADS, HEx H0O
PTR, HEX O
NBR. DEC —SI2
CTR . HEX O
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i
b

(

K?
N
Fe~

N

LDA  WRD STA CHz
AND Meli LT
STA ZHI WRD ME Y —
LDA WRD T ae
AxD MS2 : ‘3; H::
\ = —
CLE N
ReA SRE /svbrpuline f MSt, HEX OOFF
shift qight Ms2 HEX FTEOO
Lizht Tweg
" L o
i ags
N
— e — T
p o5 40 ' ; £
| Tnilizlize mewory f’ —¥Y—
} buf?é_r iJ Load clovble |
| _ ¥ |  characler 2g9am ‘
| Load wext dpvble X —
; ! ”~ ¥ L ¥ . ’ '
ECAarlaJ’tr Lrom buffer AND Ac Wi
| inlo AC He X EEDLD
4’.
A " ¥
N wl
A b‘z}c_ orth Compare Ac wilh
HEYX D0 ®RF -
1- HEX ODoo
tompare Ac with
REX oood

Qg | 1o
%

D 3 L F
Mc‘_“.’t e

L —
-—.-_\J
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Locaton  Hex code
260 3213 SRV, STA SAC
201 7080 CTIR
202 2214 STA 5%
2073 F200 SKIL
204  Hao§ RyN NXT
206 FLloo oOUT
zZ07 B RS STA P71 I
204 F1ob NXT,  sKp
20A ‘Liz_a/E BUN EwT
2006 Axlb L DA 012 T
20C FYoo oUT
RoD é;t_lc'o rez PT2
ZAZ0FR .7¢cYp cTL
A10 A2 13 LDA SAC
211 Fego Iz)t\\‘ e
212 Cecoo BUN ZROD T
213 DO O00 SP;C) T
214 ©boo Sk, L
21, O D60 P72,
6-2.3
SRV, STA SAC NXT) L DA MoOD
SR | 57 A
STA =
LDA MDD /cheek MoD - BuN EXT
CMA 52(\”{.6{’ SKo -
SZA ) ou]'?)y'é BuN EXT
ByN NXT / HOD#alli% o A PTR2 T
< KT T Y Service ieviee OUT
! ] y .
_9},‘;’;’ T mpot - Tsz PTR
ov T Dev!ce. EXT. cowhinve 2s
sTA FTI T ’ m Table 4-23
1872 PTI

BUN EXT / MD+#0
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: - .~ i ' » - _i;,_ : *r;i‘
Wi op(Deeseof 1S 2 Small Si3e C.Pu (wﬂru/ﬁi YRy

o

‘\/\.‘f‘ e 3 4 ’ - n ; £ /‘ } f n J.'
;5'&1\‘,"()?{05' fam s 2 'r’@'jfam for a stguence ot miel08P2Ya o

A

(]
i RN B s AT A DT ; mh j
The townlrpl uvit Df' 3 WaCIoPTocessoy canw be havdwired ef
Y i P N '
mievo Plog fawmmodt deponcling on the speeific G}{?_St?‘ﬂ,,
A N ‘f‘ ~ s R l'_/ } ’5 V
A v'r\\.m,G,Dri}%fzuwwﬂfeQ! COmpuley 063 wol have B be 2
WiYe pYoce 5501,
-z
s b \ » a v .l—- ' 5 i /"'i ‘J—, ﬂ/,qf./v .. ..’/: - 'iL -.'.. -
TavAWwI(eA Cﬁ?\l‘(ﬂi) Dy S ANLHOVL ) YD fue ntalvi a
P SR
O D \MQ_W\MY,

7-

———————

W)

.

Micrpsperatione — an elementar dzgi?lgf compiler spefation,
- \ T JI'“ ' N A J s r

Micyow sﬂ;}auow— 21 wslrwelion shreel w @vd?!)/ a}éww}/
:’Wie,\'op{[;g(a_w\— d segvonee 0{ m:'cmiméji?uc:jféws, |

AY ,
MUcYoepde — same an MILTOPTD4 AWM,

7-4
40 10 40 lo 4D
A Sequencey| | CAR RoM | | Pa¥s Miero— |
——] > ‘ o} )?{ 2
A | Yej;\sﬂ | spetatons
- A l A
Clock 1 £l - | T
Cloele 2
50 ns 50 - SOns 5Pns S5Dus
Clog.;{_? i 1 ) } | )
C:r)ti{&__
K S
L |
Lreqvency of each clocl ’ L
$ ¥ mee—p = /000 b A
quenct oy 100 %10 700 710 = /-DMIH;

_‘[{’ the daTs 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 V2 MaAL
(3) ol o op0  MEAC WD of
. A Ya SEAD  JNC P
(&) 060 1op 101 yop  WEAD - INC]
A i SN }n‘
(cy 10D [0 0070 DRTAC ALTDR VO P
7-12 Rinary
- R - ' syi
(a) READ  DreM[ARY FR=10p Q08 100 127
DRTAe. ACe=DR  F3F/O/
(B) AtTDR DR&AC  Fa=I0y  Oop 100 10
SN T A b o . ND 1 =inAN
e LI I N P S =il N Tl
/ - r2=/10 L
CYARTPL Pes AR Y

MO A =1

UK T ARC AC’&.J)R =1 + 2
i 1 50Th =

YRITE WealeDk wi=y |Both vse

T IT=0, the opeY 200l B “'830: i the /";sf fhie Yoims Moo
aw@ Adﬁl\?.j 'tO /At M '“ne. CD\AG/

T T=1, the c:,({ﬁcj)ve 2ddyese 15 fezd '«‘To bR
"and touto) 905 b INDR2, The
subvtine wysl read The opevane wih DR

TNDR2?: DRTAR U TMP NERT

RsEAd U RET . —

7-14 |

() Brawneh W S=p and z=2 /qoﬁbmve 2nd
0

Now - ;\«'VLO ,4(’;) —S%ee last méﬁ”//cjiu/r '

froB\Q\M 7- 16,

5 )

(‘D/ 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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-~ ;o
y/’_i" N
s TN v . » v R 4 o
(a) &1L, (LRAC oM y, TME ND e T
ey ,
, 8 74 - - AT — U — B .
f/Di » ‘V“’\iTE z'{it",;‘*i)‘xr:: _L I 2 E'_E:){Ch
~
7 - Ao~ - 2 o o S \;_-.\_
(,5;;’;\ /ﬁ\ ’J/’) D!’/’j 5 'IT\;T éj\vt\/{f>
2 FTA2 7 A 7 —~F sA AN D
63 :D\rﬁ&:, INC. DR 7 MAP 40
/r i ;\\
{ b)
v & L@ e .
.f'/ I8 ) h,\\;\ll\t VA Yo i s d \ { P *’vi ,'! }L
e/ L2 RN NWEICTMene Apll Lowele e :’%‘C ot the
Aw Y : —
s S W N T L
=z M WWe AnTh 3 Tmp [ AN e T L.
i s J J'_;', - W /"'<e"\’_?’, (_O,(:\L’Hfbli
ol AU T e - )
does wel cluen T 61
Y C 1 i H n Y Ly
i o - £ . ] % -’— .
b awwel YAl awd wriTe al The same. Tiwme,
t

The CALL behaves as 2 TMP sinee. Heve 1s

o velvry Leom FETEW,
’ Vad i _!__»
621 Cannol add and gué?}gcf-;?{ The $ame Time
The. RET will be exveevted ndepondeut 0{[ 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
DQ,TAC) ACTDR U TM
ADD v o JMP EXCHANGE +2

(Table 7-2)
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TADRCT

NE®T

e~
NE Y

ANDOT

N

M m
A

O
TCH
INDRCT
FETCIt

—

}‘

SEQ S
ReEAD
DRTAC ACTDR
XOR (b¢ $UB)
OR&, £9

BERI DrTAC, ACTRR

NOP

EQUAL S rne Pe

T
D
v
J

Z.
U
U

CALL

JMP
IMP

JMP

/NDReT
NEXT
NEXYT

BEQA

EQUAL
FETcH
FETCH

DRG 4D
VpP

NoP

Nop
ARTPC

BONzZ !

S
L
I

U

TMP
CALL
TMP

FETeW

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

CALL.  INDRCT

TMP o MNexT

JTMP  NEXT

TP NEXT (% fast

ce N ccC M
.
Y
Y

DRTAE, ACTyR zegro "D
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
F 3. st - PC
Wf}_"" =] TInerewent Cjo—i,k

/-20
“—___A -Fleu o,f 5 .bx"ﬁ's LN ‘SPQU:'FY C,'I"-E-_I =31 w;'craopefzﬁév;
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 ShFT |

C(_") —Rs__ R RY ADD  SyiFT
20T o110] 010000100 0p| R R5+R L
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3
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t
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L858

et e e et

g
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ij;
g At MUX2

’

T

Te

O, T=64 beeavse 5@ D=6
G' becavse 4@ = &

w3
== i

LI raase
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le
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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—
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(a) STack 4vll wth 64 \lewms,
(&) Stack ew?h{.
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3(’3\@0
- raad
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P Sf—> Y4oeo
DR < M[sSP]
o7
O~/
e N A > - H
{2y A CD =t % -t

(&Y FE+E*« CDe+B A +
3-5 |

(2) A M AL . C
= B-(p+E)» C (b) A+® DrE

(2+4 Lio(a+b)+8) =4/
RENT 3 4 +2C+ 0% 8+x

o i 13
b1 1213l 8| 58050 88

21317171 7{ 71717171 7 1¢t

3T 1T a6+ [p = + #
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; ~— : Regicler = & 7
g spesdle.| Mot l?«?frﬂé, Addnsnn s 25 bk
5 3 Z 75 =32 Opeode 3gljr’
8’,!Lf | SHs

7= EF{Fcﬁv\e adlelyecs | Pc | Wwede Hode

~ P i W"r‘ \(
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