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CONTROLLER FOR THE ECHELLE SPECTROGRAPH (SYSTEM NUMBER EL 653)

1.1

1.1.1

INTRODUCTION

Overall System Description
Optical - Mechanical |

The Lick Observatory Coude Echelle Scanner System is a very
high resolution spectrograph using Varo image intensifiers with an
iﬁage disseétor to record the data. The nature of an Echelle grating
is such that the visible région of the spectrum is dispersed highly
and in many different orders. To separate these'orders a second

dispersing device is necessary -- in our case a small standard grating.

The light from the 120-inch telescope is focused on a slit - the
emergent conical beam is collimated by a mirrof. The collimated beam
is diffracted by the Echelle grating and deflected downward to the
cross-disperser which is mounted directly underneath the collimator.
This prevents stray light from ever reaching the camera. The cross

disperser reflects the beam back to the Echelle grating where it

becomes diffracted again. This beam is then brought to a focus by

the collimator mirror on the front face of the image tube chain.

Thus the Echelle rotates about a vertical axis and the crass-
disperser rotates about a horizontal axis. Im order to position a
desired wavelength accurately on the image tubes a positional

accuracy of about 15 arc sec is necessary for the gratings. Achieving




CAUTION

1.2.2

1.3

1.4

a small amount through a gear train by a small stepping motor.
Limit switches and mechanical stops prevent the table from moving
too far. A potentiometer sends coarse position data back to the
control box. Mounted on the motor shaft is a cam which operates a
micro switch positioned by a rotary solenodid. This is used only
during calibration. Each motor has.a knob on one end of its shaft
to permit manﬁal movement.
However, if the motor is moved by hénd, all position data is invalid
and the system must be recalibrated. (See Section 2.5)
Focusi

The focué stage provides linear motion for the collimator focus
mirror via a lead screw driven directly by a stepping motor. This
stage also haé 1imit switches, mechanical stops and a position
potentiometef.' The focus stage is never calibrated, as the position

potentiometer is accurate enough to provide absolute position data

directly.

Driver Box (EL-653-3WE)

All three stages are cabled back to the driver box mounted
on an I-beam in the pit. This box couples position and limit
switch data back to the control box and provides the power drivers
needed to operate the motors and solenoids.

Control Box (EL-653-2LA, B, C, F)
This unit is in the slit room and enables the operator to

set the position of the gratings and focus mirror. The pulses




2.2

2.3

2.4

2.4.1

Lamp,Teét

The unlabled red button forces the digital display 1ogig to
jlluminate all seven segments of each digit to test for missing
or dim segments.
Meters

Meters are supplied as a coarse position indicator for the
two gratings. They read a voltage éerived from a position potentio-
meter on each stage.' The meters do not have enough resolution to
serve as primary position indicators, but act as a back—ub to the
more complex digital system. They also givé an idea of stage
position when power is first turned on (before the digital display
has been célibrated).' The focus position potentiometer: is displayed
as a digital number, so no meter is needed.
Display
Gratings

The grating position is controlled by pulses sent to the
driver box. The migroprocessor (MPU) counts thesé pulses and
displays the accumulated count. The accuracy of the digital
pﬁsition display.depends on the stepping motor responding co#rectly
to every pulse. Each pulse rotates the motor 1.8 degrees. This
movement is geared down by a factor of 2700 to give a grating

rotation of 2.4 arc sec per pulse.




2.6

Calibration is required after turning on power or if a.mofor
is turned by hand.

Calibration is advisable after hitting a limit or pressing thé
stop button.
ECH, CR. DISP, FOCﬁS‘

These switches are used with the thumbwheel switches to ﬁove
the stages to a known position or to move a known‘distance.

B Normal procedure is to set the thumbwheéls to the new position

and push the corresponding button.

The settings of the thumbwheels may be changed while the stage
is moving, but if this causes the stage to change direction, a few

pulses may be ignored by the motor. These few pulses will not be

ignored by the displays, however, resulting in an erroneous position

indication.

When a button is pressed, the motor starts at 45 pulses per
second and speeds up to 350 pulses per second in about a half second.
The speed remains high until the MPU senses that the motor is within
100 pulses-of its final position; The motor is slowed down to avoid
an abrupt halt.

To overcome the effects of any backlash which may creep into
the gear trains, the motor always reaches its final position,moving
in the forward direction. Thus, when it has been moving in reverse,
the motor will overshoot ‘the final pésition by 200 pulses, stop, and

come back 200 pulses in the forward direction.




3.1

3.1.1

3.1.2

THEORY OF OPERATION
Control Box (See drawing F1-653~2LA)
The heart of the system is the microprocessor card, FL 608.

From this card, 13 of the 16 address lines go to each of two device

.gelector (address decoder) cards, EL 630, whose outputs are used to

select which of 12 input or 9 output data woxdslare connected to.the
microprocessor's 8 bit bidirectional data buss.

| The microprocessor (MPU) gets its input via four El 632 "24 BIT
INPUT STROBE" cards from pushbutton switches, thumbwheel switches,
limit switches, multiplexer outputé and an Analog to Digital converter
output. MPU outputs go through thre EL 634 "24 BIT OUTPUT BUFFER"
cards gS‘digital display data, thumbwheel enables, inputs to tﬁe
multiplexer, controls to the analog to digital converter, and signals .
to the steppiﬁg motors.
Microprocessor Card (EL-608-38)

This cards holds the microprocessor (MPU), €1, 3 address line

buffers, G3-5, 2 bidirectional data buffers, G6-7, reset logic, G2

and G9, 256 bytes of RAM, G10, Gll, 2048 bytes of EPROM, and address

decoding for therRAM and EPROM, Gl4-16.

Program iﬁstructions reside in the EPROM while the RAM is used
for any data changes such as the jnformation being used for the
displays.

Device Selector (EL-630-2L)

This card decodes the address lines to provide a low level

on one of 16 output lines. These outputs are used to enable the

1/0 cards and reset flip-flops for the specified addresses. It
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selector EL 630. The reset line is pulsed at power turn—on tO clear
all outputs. |

The select lines are gated with a pulse {produced by combiningﬂ-
¢2 and the read/write line) to latch data on the MPU buss into the
selected output pork. ¢2 is gated with R/w to fire a one shot (G4)
only dufing a write operation., This deléys the time the latchs are
strobed until about 200 n sec after the rising edge of $2.. This
delay is necessary to allow the data from the MPU to stabilize the
buss; The output of the one shot is gated with the select inputs to

detérmine which latch is to receive the data. In this system, the

outputs are assigned hexadecimal addresses 29 through 2E and 33.

Display (EL“GSB—ZLC)

The display is controlled by two data words from MPU. The word
at address 2A contains two BCD numbers that determine which segments
of the display digits are turned on. The word at address 2B selects
which digits are enabled. Some of the bitc in this word emable two -
digits.

When two are enabled, bofh halves of the word 2A contain valid
segment data. But when only one digit is enabled by word 2B, only the
lower & bits of word 2A contain valid segment data.

Word 2A is fed into two 7 segment decodexr—-driver cafds, EL 262,

that actually turn on the segment lines of the display. EL 262 also

gets an input from the lamp test button which causes all segments to

be turned on when pressed

Word 2B goes first through 7406 open collector buffers: before

going to the LED driver, EL 451, because the input to the EL 451




3.1.7

lj
with the 1lv to Sv input signél and is of such a magnitude to cancel
a one volt input.. This accomplishes the lv offset. The feedback resistof
sets the gain as required to produce a 10 volt output with a maximum
(nominal 5v) input which is different in e;ch stage. The Echelle and
Cross disperser meters are driven from the outputs of G2 and G3B to

serve as coarse position indicators.

The output of the offset and gainsetting op amps are sent to an

“analog switch where one is selected (by inputs J, K and L) to be inverted

and passed on to the ADC's analog input.

The ADC's other input is a posﬁtive logic pulse called START
(conversion) from the most significant Bit of word 33 which initiates
the conversion process at its falling edge, The START is also wired
to the input strobe, woxd 31, so the MPU can see that the START is
really there.

The ADC output called END OF.CONVERSION (EOC), is reset HIGH by
the rising edge of the start pulse., When the conversion is over, the
EOC 1ines'goes low, signaling the MPU that the data is ready.

The data output of the ADC is a 12 bit word ar¥anged as 3 four
bit BCD numbers. 'This 3 digit number is the stage position as read
by the selected position pot.

For Focus, this number is displayed directly as stage position.
The grating stages requireAmore éccuracy, however, S0 thié dafa cannot
be used directly for determining theix position, although it is accufate
enough for coarse position during calibrate.

Linit Switches (EL-653-2LD)

Each stage has a forward and a reverse t1imit switch that will stop

motor movement in software and light ‘an LED on the front panel. As an

extra precaution, the limits gate the pulses to the motors in El 655.
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3.2.1

3.2.2
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the MPU switches to its PDP—in-control mode. The data then present would
be stored and FFL cleared by the MPU.

The MPX DATA READY line is fed back to the MPX. When it is cleared,
the COﬁputer knows its data has been accepted and it can put out a new
data word.

When the MPU is ready to send data to the MPX, it wiil load up
MPE bits 2~11 and begin sampling the MPX ACCEPTED DATA output'of FF2.

The compﬁter will set FF2 with ?ULSE-Z after it has acquired the data,

and the MPU, seeing FF2 go high, clears FF2 and can send a new data
word if needed.
Driver Box (EL—653-3WE)

The driver box, located in the pif, contains two solénoid drivers,
and three stepping motor drivers plus associated parts. The limit

switches and position pots are fed from the 3 stages to the control

box through this unit.

Solenoid Driver (EL 562)

A level applied to the input pf a solenoid driver causes 12v to
appear at pin M for as long as the inpﬁt level lasts. An input level
will aléo,trigger thé 555-0/8 whose output applies a 24v pulse to pin M.
The 24v pulse is needed to pull tﬁe solenoid in, but only 12v is needed
to hold it in,

Stepping Motor Driver (ELl572)

The forward and reverse inputs axe shaped by two one-shots and fed
to an up-—down counter, G2, whose output is decoded by G3. The 4 outputs
of G3 go high sequentially, one ét a time, G4 OR's 2 adjacent outputs to

provide overlapping pulses to the power transistors.




3.3.2

3.3.3

17

Grating Stages (EL-653-2WB)

The grating stage motor drives a worm against a worm wheel for a

reduction of 30 to 1 with a ten turn position pot coupled to the worm

- wheel shaft. The echelle motoxr's normal range is 30,000 pulses or 150

turns, so the pot will make 5 tﬁrns. The cross disperser motor has a
range of 20,000 pulses or 100 turmns, so its pot will make 3 1/3 turms.

The worm wheel shaft also drives a worm inside the turntable assembly
to give an additional 20 to 1 reduction for a total of 2700 to 1. Thus
for every step of the motor (1.80), the table moves .000667° or 2.4 arc 7
sec. |

Beyond the normalrrange reached by the motors are limit switches
which, when hit, interrupt the.forward and reverse pulses via gates.

The software looks at the limits too, and when they are hit interrupts

the program. Beyond the limit switches are mechanical stops.

Calibration {see Sections 2.4.1 and 2.5)

Calibration is required after turning on power or if é motor is
turned by hand.

Cﬁlibration is advisable after hitting a limit switch or pressing
the stop bﬁtton.

The MPU uses the grating stage position pots just to determiﬁe
coarse position, since they are only accurate to about 10 motor steps
and cannot be used directly for calibrating the displays.

- Their éccuracy is good enough to position a cam wheel attached
to the motor shaft to a particular point-ivloo. The cam wheel has a.

detent into which a microswitch can fall. The MPU watches this switch
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4.3 ' Software Diagnostics

4.3.1 To enter the test loop, press STOP and CALIBRATE. Release
STOP first, then CALIBRATE. |

To exit the test loop, press STOP.

4.3.2 To zero either Echelle or cross disperser- displays (has no
effect on g;ating poéition), enter test loop, then press ECH. or
CR. DISP.

4.3.3 | To display position pot data in the focus display, enter the
test loop and press both FRD and REV focus push buttons. The position
pot data displayed is determined by the right-most digit of the
Echelle thﬁmbwheel. The focus pot is selected by zero. 2 sélects
the Echelle pot, and 4 selects the cross disperser.pot.

4.3.4.. ~ The following section will be included when the Multiplexer
software is added. |

To find out how much noise is on a pot signal, entex the
test loop, press both FRD and REV focus push buttbns, then press
ECH, CR. DISP. or FOC for their respective pots. The program
continuously samples the pot voltage and remembers the lowest
and highest value read. These values are displayed in the Echelle
and cross disperser readouts respectively. The difference, and
indication of reiative noise, is displayed in the focus readout.

To select amother pot signal, simply press ECH, CR., DISP,
or FOC, whichever is desired. All 3 displays can be zeroed by

pressing both ¥RD and REV focus buttons.




SPECIFICATIONS

RESOLUTION: GRATINGS = 2.4 ARC SEC PER STEP

FQCUS = 0.0003125 INCHES PER STEP

CALIBRATION TIME: MINIMUM = 7 SEC
MAXIMUM = 3 MIN 10 SEC
POWER DISSIPATION: DRIVER BOX: NO MOTORS = 17W
ONE MOTOR = 61 W

TWO MOTORS = 105 W

CONTROL BOX: FULL BRIGHT DISPLAY = 50W.
FULL DIM DISPLAY = 41 W

HEAT GENERATED BY DRIVER BOX DURING A 10 HOUR NIGHT* : 600 BTU
150 KGRAM-CALORIES

* Assumptions: Both motors run during calibration for 2 wmin; one motor

moved for 15 sec every 10 min.
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yZ\5
74K
750

751
752

753
754
T
754
757
758

ORY
QOO0
085
oen
Q20
Q00
el
M6
Q9N
QN6
T
060

O™y
000
Q8%
QO9PE
Ol é
O9E
OE6
QP
OCd
Ok
S KLY
FFE
060

OL2 e LIAT
0
STAL
CNT
1:' e \Jse;i:;:
0
N3
DEGCZ
GNT2
BNE
e o
RTSH
Vs .
N3y L0AT
0
BTAL
ONT3
NEyNECT
CNT3
ENGZ
CNT 3
NECYE
LNTE
BNE
1 s

RTS

FALH-VL0A 0R/15/78  FAGE &3




ATEMS FE N R PALH-YTOA 0R/15/78  PAGE 7
1LOG0 . S TEMS Aoy Nt

1051 JEETS DIRECTIONRESETS RaMP BIT IF CLOSER
1052 745K 038 ALUySEC /THAN S50 STERS,HETS OR RESETS FLEGDIRy AND
LOG3 avd OF8 SED JMONEFIES FLGY (LS50 0=050 5 80=2ER0D .

1054 760 OAY LYEST

LODS
10896
1OE7
1058
1059
10460
1061
1042
1063
1044
1065
1046
1067
1048
10469
10706
1071
LO73
L1073
1074
LO7%
1076
1077

1

1

1

1 761 001 001

1 742 085 STAZ

1 763 093 FLGZ

1 764  ORS  LDAX /X NOT=0y I8 CALIERATE MODE,

1 765  0pe Ré

1 766  OE%  SRCZ

L 767 ORF CFRC

1 768 08%  STAZ

L 769 0GR RRé

1 766  ORS  LDAX

L o7eR 028 R7

1760 OES  SRCZ

1 76n  ORE  CFRR

1 768 085 STAZ

L 76F 003 RRY

Lo770 ORS LIAX

L7710 026 RS

L o772 029 ANDE

1 77% 00K 017

L 774 OES  SECZ

1775 ORI CPRA

1776 0BE  BTAZ

1777 0G4 RR§
L0781 778 090 BCC  /IF CARRY IS CLEAREDy RESULT WAS NEGATIVE ANI
1070 1 779 007  SURT-l-. /SURTRACTION MUST BE DONE IN REVERSE ORDER.
1080 1 776 0A%  LDAL
1081 L 77R 000 000
Logn 1 77 085 BTAZ  /SINCE RESULT WAS POSITIVE,
o83 1 v7D 090 FLGBIR  /RESET FLAG.
L0841 Y7E  04C  JMF
108% 1 P7F 000 0
1086 1 780 7A0  RMFTST
1087 1 781 038 BURTSEC
Loga 1 7832 0A%  LIAZ /00 SUBTRACTION
1089 1 783  OBF  CPRC /UPSINE DOWN TO GET
1090 1 784 OF%  GECX /A POSITIVE RESULY
1ovi
1092 )
1098 1
1094 3
1095 1
1094 1
1097 4
1098 1
1099 1
1100 1
1101 1
1102 )
1103 1
1104 1

1785 024 Ré /T USE IN GEETING
. 786 085 GTaZ  /HOW FAR AWAY THE RAMF
1787 0C RS /DOWN FOINT 18H.
i 788 OAL LIOAZ

789 ORE CPRE

784 OF % BRCX

788 2% R7

780 080 RN A

780 03 RR7

78k ORS DAY  /ZMASK OUT UFPER

78F 024 235} JFOUR BITS.

790 029 ANIT

791 OOF 017

VA2 08% STAZ




/TEMS

1105
1104
13107
1168
1104
1110
1hil
1112
1113
1114
1115
1116
1417
1118
1i1e
11320
1121
1132
1123
1124
1125
1124
L1277
1128
1129
1130
1131
1132
1133
1134
1138
1136
11357
1138
1139
L1140
1141
1142
1143
1144
1145
11446
1147
1148
1149
1150
1151
31152

1158
1156
1187
1158
1159

i-ii-l-i-li—'ii!—i!—'-:—'i—‘-b-‘iﬁédi-‘i—‘i—'iﬂ'i—ﬁi-ﬁﬁﬁ!—’-é—'-i—'—i—‘-?dh‘-!-‘i-—'-i—‘-!-'-i-*'F‘i—li-'-"rﬁi-'-z-‘-i-‘-i—'-i-*i-‘-i-‘-‘.—’-'siz-&

I R e e e

FEHA R

793
794

PN

796
797
798
799
796
7R
ValaM
791
A
ardd
760
741
a2
73
764
785
706
767
768
7H9
7On
7HR
760
7465
70E
706
7RO
7E1
TH2
783
784
JB5
R4
TR7
7RG
7RY
7EA
FHEE
7RC

FRD

ZRE
7BE

700

700
763
703
7C4
FANY,
706
707
708

OL4
OA
OR%
OES
004
OHS
OL4
QY0
ol
OAY
080
OBy
OO
Of
Q0G4
0%
Oi9
OAS
O3
OO
OLS
038
QA%
0L
ONo
013
OnY
080
8%
Q9
QA%
41313
O30
008
A5
OCH
02
QL
Q%G
Q2R
0%
TR
018
OTe
040

Ok

50
0RO
FEe
OaY
000
085
093
0AC

PALM~ULOA 0R/LN/78

RIRE

LAz

CHFRA

aRcz

Rle

5TY67

RRE

BCC T CARRY 18 CLEAR THIS TIME>»

O b o ZSOMETHING 16 WRONG § JUME OuT.
LOAL

200

HTAZ JBET FLAG.

FLGDIR
RMIFTSTLDAY  ZIF THE MOST
CRR8  /BTGNIFECANT niGiT
© BNE 18 NOT ZEROy

OUT—1-. /BRANCH.

Lnaz  ZIF THE MIDDLE

Ry /ZSTGNIFLCANT DIGET

BNE JI8 NOT ZEROy

OUT=1~. SBRANCH.

HEG

LD, JIF THE TW AND THE DISFLAY

RRé ZORE NOT EQUAL G0 TEST

BNE AROR %0,

NOTL 1

LOar  JIF RR& IS5 ALSO=0ys

200 /SET THE ZERQ FLAG.

HTAZ

FIL.GZ

RMPFCLR s LEAZ

FLGCAL ZIF IN CALTER» DONT RESET RAMP.
Bt
[:]Ur o l -y
1L.0A7
RED
ANDE
w37 JRESET THE RAMP BIT.
BT0
N1
H5TAZ
REX
GuUT e L
cLI

RTS

/
NOTZ GRCT
120 Z1% DIFFERENCE -+ B0V

RO

(133 S R AN,

LAY YES .

0

SYAL

F.GZ

JpE

FaGE




/TEMS

LL&0
1161
1EA2
1163
1164
1145
Liddh
1147
1168
11469
L1720
1171
L1733
1173
L1724

1183
Lig4
1185
1184
1187
Lian
Ligy
L1906
Lo
Ligs
1193
1194
L1995
L1494
1197
L1
1199
1200
1201
1202
1203
1204
LAGH
1204
1207
1208
L1209
1240
1211
L2
1213
1214

P

w5
/ L VAR |

709
7CH

700
760
JCH
70E
70F
700
201
g e
03
714
pa s
06
Nz
708
ne
ya =
Fal
70E
Faui

J0E

PO
7EQ
761
7ER
AR
7E4
7E6
VE7
PES
TED
7EA
PER
PEC
7ET!
TEE
7EF
7FO
7E1
7F
7F3
764
7H
i)
TED
7F
76

JFA

7F R
7FC
7F Y
7FE

000
7Rl

OAS

092
OF G
1
085
Oue
OnY
000
Q8%
094
OAL;
oCs
009
020
QO35
Q20
085
0Cs
GAD
094
020
Q00
83t
088
ono
FFA
4]2%4]
Oce
ORY
OnF
O83%
02N
Q085

oy

DA
032
030
000
8531
OBH
QR0
FFé
OAS
094
Olo
QL%
OnY
OF i
085
094
OA
092

At -V OA

4}
RMPFCLR
/
BRLAGHy LI1AZ
FIL.GREVY
BER AIF FLAG NOT SET»
SJHPOUT -1~ ZBRANCH .
SThz  Z1IF FLAG SBET»
RRE  /8TORE REY CODE.,
LOAX
GO0
H5THE /RESET
FLG2LP /.86,
TRVFWI DA
N
OGRAT
D40  /SBET
8THZ  /RAM-
R FBET.
STAL
N
LYY 7150 STERS
226 SDURING RaMP LR,
SRy DB
O
ORTVE
NEY ANEGR Y REG,
BNE I8 Y REG » OF
S SYES,
LEAZ /NGy
e
ANDT  /RESET
X377
8TaZ  /RaME
R JRIT.
LR VA
BRI
LOYI /%0 STERS
42 /NMURING RAMF TOWN .
JORE 5 ISR
0
HRTVE
NEY STECR Y REG,
BNE I8 Y REG » QF
SORZ 4~ SYES,
LIAZ  ZLOOK &T THE
FLGZLEP ZLOOF FLAG,
BNE ZTIF FLAG ES HBETy
HETHGOF1-s /BRANCH.
LDaY  ZIF NOTe THEN
377 /SET
STaz  /THE
FLG2LP /AFLAG
LOAZ  ZONT GENERATE
FLGREY //”

02/15%5/78




/TEMS

1215
1214
1217
1218
1249
1220
1221
122z
L2323
1224
120y

Pl |
L2
1227
1228
122
1230
1231
1232
)
1234
L2358
1236
1237
1248
1239
1240
1241

1242

1243
1244
124%
1244
iR47
La4
1249
1250
12%1
1252
1253
1254
1255
1256
L2%7
1258
125¢
1260
1261
L2&s
1263
1244

1
1
1
1
]
1
3
1
1
]
1
1
1
1
1
1
1
3
i
]
1
1
1
1
1
1
3
1
]
1
|
)
1
1
1
1
1
i
1
1
1
1
1
1
1
|
]
1

VI R

PEF
800
801
802
803
804
0%

. 806
1 807
. 808
. 809

BOA
BOR

1 80c
. gon

3oL
SO

L 810

811

- 812

813
814
815
814

1 817
KERRE

819
814

1 BB
1 81C
Bin

81K

1 giF
1820

g1

gon
g
| BR24

L B2%

Baé

S
| 8208

ga9

1 827

B2k

1 820
1 89n
1 BRE

8IF
830

040
085
Qe
O/aY
Q00
(4353
O%R
OnY
Q000
Q20
Q00
8¥e
040
0G0
05
0A%
oy
029
030
OF )
OLée
QA
o8
{09
004
085
O
085
oCe
QS
el
Q0%

- O0F

O
087
Onl
025
Q8%
086
Ol
0C8
029
OF B
0OBY
02Kk
08Y
ocH
040
Q00
494

/FORWARD
FAME) L1
ZBTORE .
ARESET
000 /REVERSE
8TaZ  /FLAG.
FLGREV
LAl /RAUSE FOR 82mS
O ZBRETWEEN DIRECTIONS,
JER
O
DELAY
JHE
0

LGSR
STAZ
RRE

LOAE

DRV
SETISR  LDAL
BRE ZCHECK DRIVE CODE TO
ANDT  /SEE IF FOUUS WAS DRIVEN.
060
REQ AIF CORE
SHEOUT e
Lhaz  ZIF FRESENTy
RRI
ORAT
Q04
G8T62
RY
STaZ
HRD
LAz /THERN
R ZEQUALTZE FOCUS CFR/H.
ORGT /7BLANK THE LEAST $16. DIGILT,
oLz
ST
FOPRE
LA
R7
STeL
FOFRA
L0
KRR
ANy
373
5THZ
RN
8TAZ
RRI
JHEOUT y JMP
O
JERE

I8 ABSENTy

/SET FObUs TW CODE,

ZOLEAR FOC TW CORE.

GRIF NEXT

FALH-VL0A 02/715/78

FORT .

FaE 73




/TEMZ

1265
126
1247
1248
1269
1270
L2713
1272
1273
1274
1275
1276
1227
1278
1279
1280
1281
1282
1283
12634
1285
124846
1267
12688
1289
1290
129,
1292

1293

1294
1295
L2946
1297
1298
1299
1300
1301
1302
1303
1304
130%
1304
1307
1308
1309
1310
1311
1312
1313
1314
1315
1314
LEi7
1318
13

1
1

1
1

1
1
(4
i
L
1
1
1
1
1
1
1
1
1
1
1
L
1
1
1
1
i
1
1
1
1
i}
1
1
1
1
i
1
1
1
1
1
1
i1
1
1
1
1
1
i
1
1
1

1
i

/=214

HH
32
833
8R4
235
B4
RV
NEE

B339

83A
gan
830
ga30
HEE
gG3rF
840
841
842
843
844
H4%5
844
Gar
8ag
849
840
B4k

840

g4n
gak
gar

8Y%0

8al
8ua
85%
Sid
855
{6
857
BhEe
859
8%a
BUR
L5 i1
aun
BOE
HUF

860 .

861
B62
géd
844
865
D6b

0AG
OGS
009
040

085

027
08%
QLY
020
000
8én

084

096
OnS
DEY
29
003
OFQ
QO
O/
o0
020
000
H9R
OAS
Oy
029
4141 M
OFO
008
0A2
0%
QR0
000
goR
OAS
QY
029
030
OFO
OOH
06
41414
020
000
PHR
Oné
026
A%
4] s
o3y
43340
08
OR7

PALH-VLI0A OR/1%/78

/TEM7 VEPER
NRIVE DAL
RRY  /BEY
ORAT
100 /BSTATUE
STAZ
19 ZWORTD .
8TaZ
RIRY
JER
0
FLEDLY
HBTXZ
TEM? /8AVE X REG CONTENTS.
FECH L RAZ
RIRE
AN
003 /ECHELLE MABK.
REQ JHOVE ECH MOTORST
OEfe-L=e Z2F NOT»BRANCH .
CLOXT /3F YEG»LOAD
002  JECH ann, OFFSET.
JER
0
UPDATE ZCHANGE ECH CFR.
PR s LDAZ
RRE
ANDT
014 /0ROSE DISPERSER MABK.
BEQ JHMOVE DFR MOTOR?
Eede, ZIF NOTy BRANGCH.
LOXE  ZIF YESyLOAD
00%  /IFR AR, OFFSET.
JER
0
UFDATE /ZCHANGE DR CPR.
FOCyLOAZ /DOES FOCLE
RIRE
ANDE  /ZREQUIRE
0460
BEQ - ZURDATINGT
BTNt~ , /N0y BRANCH.
LOXT  /YESy GET OFFSET CODE.
000
JBR
0
ROADG
BTN LEXZ
TEHE /ZBRESTORE X REG.
I 1([2%4
RRS  /RESET
ANEE
AP? SBTATUS
STHEZ
we JWORD .

FaGE

8




STEM?

1320
1321
1322
IR
1324
132G
1326
1327

1328

1329
1330
1331
1332
1333
1334
1. 335

1336

1347
1338
1339
1340
1344
1343

1343

1344

1345

1344
1347
1348
1349
13560
1.3%],
1352
1353
1354
135G
L3%5é
1387
1358
1359
1360
1341
L3&s
13463
13464
1365
1344

1367

1368
1349
1370
1374
137
1373
1374

844

848 .

840
BéN
B6E
goF
8§74
871
(e

873

874
875
876
87?7
8078
A
876
a7
a70c
a7n

 B7E

87F
880

881
a8

#2483
a4
8a5
B4
887
11813]
89
08
BaK
ga0
a88n
B8k

BEF

890
891,

BoR

893

8§94

89%
894
897
898
899
894

g9R

0%
OnS
060

- 0AS

OGS
Q09
004
08B
027
085
OC%
020
000
203
Onl

o2l

029
044

- Ou0

FE7
OAd
OCe
085
020
0nY
000
OB

o0

0AaY
003

020 -

000
BEY
OAY
0Cs
009
040
08
O

2%
ORF
085
QR
04
OC;
029
OF
08
027
08
06s
060

QA

|
S FalLH-V10A

a8Tad
B9
TS
/S
BLEOLY ¢ LDAZ /8ET STATUS
RIS ZWORD.
ORAT
004
HTAL
1y
STod
RRY
WATTy JER
Q)
G0
LIAZ
Rl
AN
100
BNE
WALT~ %~
LI
RRE
5744
RE
LAY
000
STAL
RE. Z0UTPUT PULSE.
LAl /Z8ET UP NUMBER
003  /0F DELAY LOORS,
JER
0
NELAY
[TV
RRID
QRAT
100
S8Tad
RY
ANDE
Y
STHE
I ZTIME DELAY TRIGGEER.
L.OAZ
KRS  ZRESET
Ay
373 SETATUS
BTAZ
R9 JWHRE .
BYAZ
T e
RTS
/
UPFBATE s LIAZ

2715778

f*AGE

g1




/TEMY Rl A . FALH-V104a 02/1%5/78 PAGE 8-

1375 1 89c  OCE KRS

L3746 1 8%0h 009 ORAT  /SET STATUS

1377 1 89k 080 200 /WORD

1378 1 B9F O8s HTAL

1379 1 8A0 031 R1%G

1380 1L BAL 085 BTAZ

1381 i 8aA2 oCk RIRLS

1382 1 BA3 oFg SED

1383 1 8a4 08A TXA  /NEXT 21 LINES CHECK WHICH OF  TWO
1384 1 aab oCY CMET  /OPDSTTE GOING MOTORS TO UFDATE .
138G 1 806 002 2 JTEST FOR ECH OR DFR.

o aon 080 200
QCE Q4G JMP
QoF 000 0
1427 ano  OEE CLRD
1428 1 801 0AS  DECYLIAZ
1429 1 8DR  OUE RS

LAR4
1A%

LAR2G

1386 1 8a7 ono BME
1387 1 8aA8 007 NFERFRD 1o
1388 1 84aY Ol LOAZ
1389 1 BAA 009 RRE
1390 1 BAR 029 ANDT
1391 1 8aC 001 1
1392 1 - 861 04€ JEF
1393 1 8aE GO0 0
1394 1 8AF 8na OFRFRDC-4
139G 1 880 0a%  DPRFRIeLDAZ
1396 1 8RL 0C? RRE
1397 1 882 029 ANDY
1398 1 883 404 4
L399 1 8R4 ono BNE
1400 1 BRG 003 3
1401 1 aré 040 JMF
1402 1 BR7 000 0
1403 1 8rd 81, NEC
1404 1GR9 018 INCyOLC /TF INCR»
140% 1 8EA 0AY LOAT  /ahn
1406 1 8BEE 001 Q01 /UNE
1407 1 88C O7% ARCx /10
1408 i 8RN 080 200 /LG1.
1409 L 8BE O 8TaX
1410 1 8RF 080 200
1411 L &GO - 0UA HEX
1412 1 8C1 QaY LOAY /Al
L4313 1 8C2 Q00 000 /FREVIOUS
1414 1 803 Q7% ANCX  /CARRY .
1415 1 84 080 200
14164 1 805 0945 8TAX
1417 L BLSH 080 200
1418 1 807 OCA X
141% 1 ace 0aY LOAT 76l
1420 1 8cYy 000 000  /PREVIOUS
1421 1 8CA 07% AUCX  /CARRY
LA 1 80k 080 200 /AND
1423 } 81 0% BTAX  /JUMF .
L
1
1
i




/TEM?

1430
1431
1432
1433
1434
1435
1434
1437
1438
1439
1440
1441
1442
1443
1444
1445
1444
1447
1448
1449
1450
1481
1452
1453
1454
145
1A% &
1457
1458
1459
1460
1461
1442
14463
1464
L&&S
14664
1467
1468
1469
1470
L4741
1472
1473
1474
1A
1476
1477
1478

w&awwshaﬁéakaﬁééﬁidb&ﬁ:ﬂbsﬁ;dhaw;¥9Akawsﬂb~M§ﬂbswsﬂhtwséhtwaww

e e e e Beb e ek e fe el

Juidl4

803
g4
8ns
ané
anz
an8
8ne
goA
SR
S
gnn
8INE
SIS
8EQ

8EL

gEY
BE3
8E4
BES
BEd
gE7
ges
gEe
BEA
SER
8EC
gEn
BEE
aEF
aro
aF1
L1 S8
ar3
ar4
8FYy
aré
87
8ra

8F9

BFa .

8FR
grc
BFD

8FE

BEF
900
901
90

009

040

o8h
O3
OB
oL
OR0
GRS
O
oRY
OOl
D95
080
oun
QRS
080
0OES
GO0
075
00
OCa
QBRY
Qs0
OE?
H00
095
080

Al

OCR
029
O3F
08l
031
085
GUR
ous
0L
060

Q8%
QLI
e
000
Q03
Qs
00
QL0
o
Q&1

Al
100
STAL
RiG
BTAL

RRLS
HEC

LEaY
200
SRCT
001
STaX
200
DEX
LA
200
ancl
000
BTHX
200
DEX
LIDAX
200
SRCY
000
85TaX
200

(29 .
FALH-VI0A 02/15/78  PAGE 8-3

/SET STATUS
/WORD

JGET CINDERECTY CPR7S.
JLEAST 16 NIGITS.
/SUBTRACT ONE.

ZBTORE  CINDIRECT) .
JUELR X REG FOR NEXT CPR,

/BURTRACT ANY RORROW
JTHAT MaY BE PRESENT.

/BURTRALT ANY
ARORROW THAT
/MaY RBE
/PRESENT .

CLROyLOAZ

RIRLY
ANDY
77
STaZ
R1S
STAZ
RICLE
GL.In
CLL

R4

JRESET HTATUS
ZWORL «

/089 US PER LDOP FLUS 8US.

DELAY y 8TAZ

AR
0 ¢ JBR
Q
SMD
RECE
AR
BNE

1 IR I

RTS



/TEMS

1LA7e
1480
1481
1482
1483
Lat4
1485
14846
1487
1488
1489
1490
1491
1492
149%
1494
1495
1494
1497
1498
1agy
i%00
1501
1502
1503
1504
1505
1506
L1507
1508
150%
1510
i5i1
1512
1513
1514
1519
1514
1517
1518
1519
1520
Laal
1522
1523
1524
1925
1526
1527
1528
15329
1530
1531
1532
1533

B R bk e R R ek R b el D R R ek b fb RO feb P M B PR el Bl ek ed Beb ek RS e S ek el b fd b Geb G B B feb Bk (b i ek ek et 3

/=188

e

0A%
0L
009
020
OB
027

085

(0141
GAS
08B0

o9

O0F
085
080
0AS

083

009
OFQ
08%
083

oy

094
OES
004
080
OF 0
004
OAd
081
030

. 00A

0AZ
OO0
OAY
080
Q85
0an
0AY
001
085
o8
OAY
41914
OBY
Q2%
0aY
007
00
QU
Ot d
oG
OB&
oL

FALH-VI06 OR/15/78

/TEMS /=188
A27% USEC PER PASS.
BMDy L. DAZ
RR?
ORAY
040
8TAZ  /8ET STATUS WORD,
kY - -
HTAZ
RRY
LOAL  /THES GROUP
ECPFRAZOF INSTRUCTIONS
ANDL  /MABKS QUT ANY
017 /BITHS MORE
SYOZ  /GEGNIFICANT
ECFRA/THAN THE
LIAZ  ZWANTED DATA.
NCFRA
ORAT  /7BLANK UNUSED DIGIT.
3460
BTAZ
DCFRA
LBXZ  /RESTORE X REG,
TEMS
TidX
ASLYE
COUNTE /7DIEPLAY STRORE.
BEQ ZIF COUNTS TURNS UP
QOFG~1~. /ALL ZERO Sy RESET.
L.BAZ I8 THIS TO BE
FLGA /THE FIRST
BMI ZOF 8 PAGEEST
XCPRe3=o Z0F NOT»BRANCH.
GOFSLOXY  /78EYT X REG
Q00 /TO ZEROD.
LoaY
2040
85TAL
FLGA /8ET FLAG A.
LIOAT
001
HTAZ
COUNTE JINITIALLZE.
XCPRyLDAT /BLANK DYXGITH
000 /DURING
HTAL AOATA
RE ZUHANGE .

Rfc1k]

LOAL  /THESE TINSTRUCTIONS PROVIGE A 100USED

007  /DELAY TO ALLOW THE CURRENT TO
STAZ  /THE DISPLAY DIGITS JUST TURNED
A0 JO0FF 1O DECAY S0 THERE 18 MONE

DELyDECZ  /ZFLOWENG WHEN THE NEXT DIGITS ARE

A JTURNED ON. THIS AVOIDS *GHOSTS.
INCGZ
1]
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/TEMS

15354
1535
1536
153%7
1538
1539
1540
1541
1542
1543
1544
1545
15446
1547
1544
1549
1550
1551
1552
1553
1554
LEEE
1554
1557
1558
155y
1540
1561
1562
1543
13544
1545
1866
1567

1548

1549

1570

%71

1572

L1523

1574

1675

15726

1577

1578

1579
1580
1581
L3582
1583
1584
1585
15584
1587
1588
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F=188

L38
YaAY
93A
GRH
P30
Q%N
Y3
QAF
Q40
941
042
43
Y44
P45
P44
Qa7
S48
P49
P44
Gap
P40
Q40
9aE
QAR
P50
951
QuR

S
P54
el

-956

Y7
Pu8
PGP
A

PER

YaHc

PEI
PIE:
P5F

P4HO

a1

263
63
@
PHE
YhHéb
o7
68
P69
FaHN
QoHI
ol
PoHI
Yok

1)
oG
N
FFa
§357s)
Qe

004
OF O

067
6CY
007
OF 0
067
ORE
ORO
049
OFF
08
026
OAY;
08
o
029
010
004
0AY
000
085
081
0AL
083
029
OOF
0B
083
OA%
021
010
028
OAS
020
010

003 .
Q4

000
AOR
0AY
000
085
091
OB
021
085
026
o8’

<::§> FALH-V106 02715778  FOAGE

BECY,
AQ
BNE
DEL 1
TXA JLSOLATE FOCUS abbRESS
CHMPE  ZOFFSET CODE & SEE IF
Q04  /FCPFRA IS5 TNVOLVED THIS TIME.,
BEQ ZIF TT I8 INVOLVEDy
SWaF -, - JRRANCH .
CMFL  /ZTEST TO SEE IF FOPRE
Q07 /I8 INVOLVED THIS TIMF,
BER ATF Y TS TNVOLVED,
CBWaR-1- ZRRANCH,
LIax 1.0an
200 /HARTIWARE
GCHPL yEORT ZHITH
K ALOMPLEMENTED
STAZ SHBEGHMENT
Ré& SNATH.
LOaZ  A.04N0
COUNTE /HARDWARE
8Ya7 ZWETH
RE JOTGEY DAaTH.
BEL /WA THAT THE LAST DielTy
4 ZEIF NOT s BRRANCH .
LEAT ZIF IT WAS
GO0
BTaz /CLEAR
FILLGA /FLAG A,
LIAZ  ZCLEAR UNUSED GIGIT,
DEFRA
ANDY
017
8YAE
DCRFRA
CHRSTRF LDAZ
Ri JLDOK AT STOP RIT.
B AE8 BTOF ARGENTS
CHRLIM~ L~ ZTF S0 BRANCH.
L.OAZ
RO _
R ZIF CALTR I8 NOT PRESSED BRANCH.

TETTST
LIDAT ZIF 8TOF PR OIS PRESENT
000 /RESET THE FOLLOWINGS
8TAZ  /7COMPUTER FLAGY

FLGPDP

8TAZ . /MFX DATA FLAGS,

R

BTAZ

RC ZOUTPUT TO MPXy

BThZ

G o




/TEMS

1584
1590
1591
1592
1593
1594
1595
1594
1597
1598

1599

1400
L6011
1402
1603
L6Ga
1605
1606

14607

1608

1609
14610
1611
1612
1613

1614

1615

14614
1617

1618
1619
1620
1623
Leaz
1623

1424
14625
1626
Len?
1628
L&y
14630
1631
1632
1633
1634
1435
1636
14637
1638
1639
1640
1641
Laaz
1643

Boo bk feb b b fed R bed fE el b ek b b b ek fel Jeb Gk fd feb (b Gk S jmb led el el fed fek e fnd

el b Pl jed e el el fui e e Jeb Rl el b e 3 b el feb e

/#1698

PaF
@70
971
o7
P73
@74
7Y
P74

kY7,

978
Q97
978
Q7R
C A
71
PVE
Q7
280

281
92

83
84
85
8d
o8y
it
Q89
Q8A
YOK
YHC
San
PHE
o8F

9YQ
99

Q2
Y3
P94
P9E
AT
VY7
QU
Gy
PG
GOR
'l
90
PR
4l
200
fH1
242
B3
A4

QR
08
ocey
O
030
085
O0h
085
G0
Q8%
oCe
085
o8
083
092
065
027
085
oS
086
094
o4t
000
420
DA%
022
029
Q3
OF O
003
040
0G0
KA

0ASG

RO,

029
001
0F0
003
020
000

AGE
0A?

000
0BG
091
OAt
QCS
029
OXF
085
027

085

L4

FALH-V10A 02/715/78

RI ZTWe Ty RAMF »
STaL
RRID
HTAZ
RL3  /7abBCy POTy SOLENGING
BraZ
REL3
GTaZ
RE RRIVE REGISTER
BTAZ :
RRE
BTAZ
FI.LGCAL. Z0ALTRRATE FLAGY
8TAZ  /REVERSE FILAGs
FLGREV
8TAZ /8TATUS WORD,
RY
BTaL
RRY
SETZyBTXZ /8AVE X REG.
TEMS
Ji
0
AGATN ARETURN T CONTROL .
CHRLTMy LIAZ
R2 ZLEMIT REGIGTER .
ANIT AMABK OUT DETENT SWITCOHES.
077
REQ JONY LIMITS?
3 /NGOy BRANCH .
S AYESy HTOP EVERYTHING!
0
SETZ
/7
LIy2 / CHKMFX
R4

CANDT  /MABK OUT

001 /¥HMFX DATA READY® RBIT,
BEQ 18 MEX BIT PRESENTY
003 /NO» BRANCH .
JER SYESy
0 SERVICE THE
MEXEVE AMULTIFLEXER .
LEBAY  /RESET THE COMPUTER FLAG,
0
BTAZ
FLOGFOF
ENDGMI e L DAZ
RRY
AN
337 /RESET
8THL /8TATUS
RY ZWORD .
8TAZ

RR%
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/TEMS

1L&44
14645
L6446
Laaz
1648
Laay
14650
1451
1452
1663
1454
1655
1654
1457
1658
1659
1460
1661
1662
1663
1464
16645
1646

B b bt ek fed ek feb fek b b6 Ik e fed Bl e e e

/=188

Pan
POd
A7

P8
989
FHA
YAk
PAC
9Al
Pk
POF

 PRO

PRI
bR
PRA
R4
PR
PR
YR7
G
SRy
PRa

084
09
Qa0

QRS
080
040
04
047
044
0BH
oYz
QR
080
00/
O0A
004
00A
005

097

041
000
P47

STXZ
TEMO
RTH

/

FALH-VL0A 02/15/78

ZBAVE X REG.

SUAFLDIOX  /GET FOCUS

200
LSk
L8R
LR
LGSR
BTAZ

TEMS3
L.OAX

200
ASL
ASL.

§L.
ASL
ORAZ

TEMS
JHF

0

CMPL.

ZOTGIT NATA .

SMOVE LEFT NUMBER
ZOVER TO THE RIGHT
ZPOBITION

ZAND BAVE,

ZGET SAME SAME DATnH
ZAND MOVE RIGHY
ZNUMBER INTO

LEFT FOSITION,

ZCOMBINE TWO SHIFTED
APARTS OF THE DATa.

FAGE
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/TEMS /=168 FALH-V10A 02/15/78  PaAGE 10

1647 /TEMY /=198

1668 PRE 084 RDADCHBTYZ  /85AVE Y REG.

) &GP 9RC 099 TEMY / Foci x=0

L&70 PRI 040 LOYI / gcHi x=12

1671 PRE 000 000 / DPRY w=4

173 PRI 0as L.0AZ

1673 PC0 0CA RR13

1674 PC1 o ORAABRX/RESET ADCy

L&7% 4 M4 Q00 0 ZBELECT MPX

L6764 PC3 A0 ABCRST/INFUT*FOCUE" ,

1677 204 08% SThZ

1678 205 030 R13

1679 PCh 089 HBTAZ

1680 Qr7 OCA RR13

1681 s OAS LA

1682 09 oA RRL3

1683 ?0a Q3N ANDIARX/START ARG AND

1484 YOR 000 0 ZREGET OTHER

14685 PLe AQL ANCST/TWO FOT BITH,

1686 2C0 08 8TAZ

1487 PCE 00h R13

1488 YCF 08y STAZ

14689 P00 030 R13

1690 fnL . o88 NEY JUECR Y AND TEST FOR ZERO.
L&?i en OFQ REQ ZIF THE LODOF HAS BEEN DONE
1492 g S 024 (1o /2%6 TIMESy GIVE UP AND CONTINUE.
1693 P14 04H LDAZ

14694 e b O Ri1 Z1F START BIT STILL

169% n4 029 ANDE  /PRESENTy DD XIT AGATN.
16?6 N7 002 002  ZIBOLATE ANC START BIT.
1497 Yne ono BNE :
14698 ene FES ROAHCHI~ /RESTART S LINES RELOW ROADE.
L&ee PLicy 0A%  ANCLDAT ZEET UE A

L7060 R 002 002 ZNELAY TIME OF 4A2U8EC.
1701 ¢ 020 JEHR

1702 YL 000 0O

1703 I 753 NL3+2

1704 P0F OA% Lhaz

170% PEQ O O

1706 YEL 029 ANDHY

1707 PE2 001 001

1708 CPES OF0 BEQ ZRRANGH IF *EQC" 18 LOY.
1709 PEA 009 LONE 1, o

1710 PES 0a9 LIAT ZIF BTILL HIGH: SOMETHING
1711 PE6 GEE 384 /18 WRONG.

1712 PE7 08%  6TAZ 10680 ERROR CODE

1713 E8 02411 FOFRA ZINTO FOG

1714 YE® 085 8TAZ FILSFLAYS .

L7205 PEA 087 FOPFRE

L71é PER 040 JHl

1717 EL 000 O

1718 PEN P &

1719 QLR 0A%  DONEYLDAZ  /TF DONEy LOAD

1720 YEF 02E R10 ZMEN DATA AN

1721 FO 095 8TAX  /8TORE Z-PAGE» X,




/TEME /=188 FALH-VL0A 02/715/78  PAGE 10~1

YF1 084 206 /POTHI

PF2 O LDAZ

PF3 O R1%L . /7LE0

14 S B ¢ ANDY  /BAVE 4

PFG OFo 360 ZUPPFER RITS.
b O9G 8TAX

PF7 087 207 /FOTLO,

PFo 005  GL087  /RESET

Y O0A RR13  /ANALOG
KA Q29 ANIL /UL T TRLEXER
PFR O0F 017

PFC 085 BTAZ

I 030 R

FE 0835 STAL

YEF oChH RRL3

AGO T LOXZ /RESTORE

AQd 094 TEMR /X REGISTER.,
Ao Oon4g LOYZ  /RESTORE
1740 ADS 099 TEMS /Y REGISTER.
1741 A0 4 040 RTS

1742 /

L7
1723
1794
1725
1796
1727
1796
1729
1730
1731
1732
1733
1734
1735
1736
1737
1738
1739

e a R o R TR

1743 1 A0b 090  ANCRET22 FOCUS
1744 1 Aa0é&  01F  ALCET 037

1745 1 A07 QU0 EADRCR 300 e on
1746 1 A8 . 04 EANCS.117

1747 1 a0y 0AQ  DADCKR»240 / .o
1748 1 a0a o 02F  NADCS, U7

1749 /

1750 AdR 0a%  THTTST LUAZ

17251 AOC 020 RO

1752 AOD 030 BMY _

1753 AOLE O 374 JHATT FOR CAL.TO GO aAWAY.,
1754 AOF 0A%  THTLPLRAZ

1755 410 020 RO

17%6 Al QR ANTEE

1757 a2 o0k QL JONY STAHRT P.B.7

17258 313 OF ¢ REQ

1759 al4 HO3 3 ZTF NOT e BRANOCH .

17460 ALY (20 JEBR

1761 Als 000 0

1762 a1z ANl Z0EP SE=ReDmd,

1763 _ /

1764 Al18 47347 1.0a2

17465 Gilv 4N ) g

12466 Ala 029 ANDT

1747 a1e 030 Q4O ZFOCUS FRD & REV FRS,
1748 ALC QG4 CMPT

1749 ALl O30 GhHO

1270 AlE O Q) BER

1771 AlF 006 TETROT 1~ ZIF FPRESENT v BRANCH .
1772 20 GG JER

1773 A2 000 0.

1774 AR 203 SMI

1775 23 Q40 NS

17274 A24 1ale] )

P b b el fel el fR b Gt e P
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/TEME

1777
1778
L7279
1780
1781
L7
17683
1784
1785
1784
1787
1788
1789
17960
L7%3
1792
1793
1794
1794
1796
1797
L7298
1799
1800
1801
1803
1803
1804
1805
1906
1807
1808
1809
1810
1811 .
1812
1813
1814
1814
L8146
1817
1818
1919
1820
1821
18
1823
1824
1825
1824
1827
1828
Lene
1830
1831

B R b el R jeb ed D et S R b feR 3 R Bl peb b el DS el b feb e jeb Rl b jed b b fed R RS b eb eR b S Bk el el el jed

b fmdi el b Tl

/=188

ARG

ALG
Al?

A2E

YAy
ALA

AR

AR
AR
ARE
A30
a34
AZD
AZS

B34
CAZE
A%

Aa37
A38
A3
A3A
A3E
A%
A3
ASE
ASE
A40
441
A4
A3
A44
A45
Adé
A47
A4E

(49

A4A
A4R
A4l
A4

A4

A4F
ASO

AOF

OnY
000
05
094

- OAT

020
029
Q0E

- OFQ

003
040
0400
As
0AS

P Wt

009
010
085
O2R
OA%
024
029
O0F
QA
084
094

. 020

000
YRR
) v
0B84
085
084
OB

(87

088G
087
020
000
903
04C
OO0
ALA

ORY

004
0N

001
040

029

TSTLR
/ .
JAPUTE POSN POT DATA IN FOCUS DISPLAY.
TETROT» LOAT

O

8T0g

TEMG  /8ET X INGEX FOR SMD
Ly

RO

AN

QOlé ZANY START PR’ 5%

BEQR

3

S ZIF 80 DISFL.AY

O ZNOISE DEVIATION.,

FNOTOE

LI

REN

ORAL

020

8Taz .

R ZBET TW CORE FOR EGH.
L.0AZ

Ré

ANDY

017

TAX JPUT LESD OF ECH TW IN X INDEX.
GTXZ A O=FOCUS, L=ECH | 4= pPR

TEM2

JHR

QO

ROALG Z0ET POT DATA,

Lax.

206

5TAZ

206

LOAX

207

8TAHZ

207 AFUT POT DATA IN FOOC DISELAY.
JER

O

SMD

JHE

0

TEFOT 4
V'
JEETE SELECTED DISPLAY TO ZERD.
ZNSEy ANIY

004 AMASK OUT FOL .,

BNE ZBRANCH IF BIT STILL THERE,

1

RTH 0 MOTHING IF IT'9 FOC PR,
/

ANTY

FALH-V10A 02715778  FAGE
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7 TEMS

1832
1833
1834
1835
1836

1837

1838
1839
1840
1841
ig42
1843
id44
184%
18446
1847
1848
1849
1850
1851
1La%2
1853
1854

186G

1856
1857
1858
1859
_1B&O
1861
1842
1863
1864

b b b fmi feb el (b e el b Beb gl

o b ek i el ek fed feb e

- e

/=188

abh7
AGE
Aty
ASA

Uil
AGG
AL
AGE

SF
ALY
Asél
ALZ

AbE

H6H4
ALHS
Abé
aab7
848
ALY
AED
AHR

AGD
Aaan

AGE

AGF

BFC
BFI

Q02
ono
00y
QA
Q00
Q8
083

083

084
Q85
085
060

. 0AY

000
OB
080
085

08
o8
082

060

04ac
000
A2b

040
BFC

GO0
004

N FalLH-VL0A 02/15/78

GO2 ZHASK QUY NIFR.
BiNEE
ZECH=1L-  /BRANCH IF BIT STILL THERE.
ZOPRYLIAT ZEF RBIT’S GONESET NPR=0,
)
GTAZ
NCRRA
GThHL
BOPRE
STaZ
NCERE
TS
/
ZECHLIAT  Z1F BIT 2 REMAINSSBET ECH=0.
G
GTAHZ
ECHRA
BTAZ
ECFRER
SBTAZ
ECPRE
RTS
/
FNOISE » JMP
4]
TETFOT
/
MPXBUYCYRTS
s

G774 /BFU
00
04
%

FAGE
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S TEME /=180 FALH-V10A 02/715/78 PABE 11

A ocn DECR 413 FLGRIR 090 RESET AQF
ARG A \T) DECY 490 FLGPIE 091 RF 020
ADCY 069 RECZ o4 FLLGREV 0932 RMFOLR 781
AOCRET  A0Y LEL . P34 FI.GZ 093 RMPTST  7A0
ARCHET Aa04 NELAY 89 FLGRLEF 094 (NN 0C6
AICX 075 X oca FOC 854 RRC ocy
ARG g6 nEY 088 FOCST Hivg. RRY oCe
AGATN A20 T DFORWD H59 FTWCLER 713 . RRE oCYy
AL 70K, NFW &89 ING 8RrYy RRETST 71k
ANDARX 03D .. 8FR INCX OF & RRO 00
ANDY 029 nLa 739 TNCE Ok S il o1
ANRZ 025 .2 745 TNX Ok RiR13 OGH
ABL. 00/ 8.3 7% INY 0ce RR1S OLR
ASLZE 0046 DONE PELE JORY 70 RRé 02
AUTG 444 EQYHI 084 ST ZEF RR7 0L3
"0 oce DROTLG O8R SHE 040 RRB 0G4
BCC 090 DER 849 JMPOUT  82E R QLT
BCS 0RO DEFRIFRD 8RO IR Q20 RTN 85F
REGIN 435 CDPRLIM S 504 JERORY 4R RTS 0460
BEQ OF O HFRST 6384 JGIR 474 RO 020
BITA 020G DRTVE w3t JERE 494 R 021
RITZ 24 LRVFWD 710 1.DAA Oal RiG 02
BRLASH 70k BTWCLER 690 LOAT 0a% . ki1 O2F
BMI 030 i 730 LIAX ORSG R1X 030
BNE ono 2 749 LYAYT Okl R1% 031
R 010 03 755 LBAZ oAl 2 022
BRK 000 D3L.00F 534 - LIOX4A OaE R4 023
BYS 070 EADCR A07 LOXT oA Ré 024
CaLIR 443 EARGS A0H LOXZ OAd R7? 025
CALIBR 400 ECH 83K LOYY 0A0 R& 026
CALTST 728 ECHLIM 48D LOYZ 0A4 Ry 027
CHRLIM 987 ECHBT GCR LIMYBT 557 SRCT OEY
CHRETH 95K ECPRA 080 LR 04a HROX OF%
CLC 018 - ECPRE 081 LERZ 046 - HREZ OES
CLE ong ECFREO 082 i1 400 BEC 038 -
CLRI 8EE ENTR - AF7 MEXEVC  AsF GELS OF 8
CLRRE He? EniRy B7F N &7 HEL 078
CMPT oLe EFORWD 504 NOTZ 700 SETRSF  80E
(Pt P47 EFWD ALE O0FS P BETRRE 45K
CHPR SR ENDGMID 99D ORAARX 01D BETZ a2
CNT 098 - EORI 049 ORAY 009 B P03
CNT2 o%n EORZ 04% ORAZ 00% 8TAA 0B
CNT3 OPE EFOTHI 088 ouT 7BD START 400
COUNTS . 08¢ C EROTLO O 089 FHA 048 8TaX 095
CPRA ORI ETWCLR 628 FHF 008 8Tayl 091
CPRE OBE EXAMRO 43R LA 068 8TAZ 08%
CPRC OBF EXAMRL  44F FLSILY 848 HBTXL 084
DANCR AdY E3LOOF  4E7 FNOYSE AsC 6TYZ 084
nancs AGA Fi 4RI {3 g SUET 781
REPRA 083 FCPReG 086 Ry 028 Suar P88
DCEFRR 084 FOPRE a7 RB ORY Tax OAR
LICPRC 08% FFW ) RG Ot Tay OAB
nnIR a4 FLGA 08N R Y TEMO 095
DORY S8C FLGE O8E ROADG YRR TEM2 0964
DEE 8ol FLGCAL  O8F RE 020 TEM3 097
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TEM4 098

TEMS 099

TEM& 094

TEW?  o9g

TENLF  4F3

TETLE  AOF

TSTROT  A26

TSTTET  AOR

THX OBA

TXA 0fin

TXS 094

TYA 098

UFDATE  8YR

WATT gy

XBEGIN 480

XCPR 90 ..
XX 572 B
Y L 660

Yz GEE

ZIFR A5A

ZRIGE A1

ZECH AG3

1845

ERRORS DETECTENS o
LINKS GENERATEDS ©



Af

aAne
ARCT
ANCRST
ADCHT
ALNGX
AOCE.
AGATN
Al
ANDAEX
ANDY

ANDZ
Asl.
ALLZ
AUTI
Ao
BCC
BCS
B
BEGIN
BEQ

BITA
BITZ
BRLASH
BMI
BNE

BFL.
BREK
RS
CALITER
CalIiR
CALTST
CHELIHM
CHES TP
LG
G
CLRD
CLERE
LM
TMP,
CMPR
ONT 1
CNTZ2
CNT3
COUNTH
CFRA
CPRE
CHFRC
nanpcr

758
L&99%
8
1676
14685
83%
844
171
387
tEE

8é%

80
843
1281
1491

17464

874
884
894
226
7 A%
P08
Pi1E
1)
208
Pk
Had
13294
177¢
R4
Q44
1002
AT
Péd
PE4
1207
P7E
Qo
VAL
2274
el
PHG
1572
156948
1008
1O
1427
A 364
1024
15494
288
B2k
R
LT
Kbk
sod
HO4
Gl
L7474

1470

174348
1744%
1407

208%
448
L83
P S
&H02
a9
1292
1565
1784

14658
18504
S30%
1629
1078
1153

21 3E

T

492
1350%
1788

694
11634
390
180
P98

1339

vyt
& ond

696G

T 324
ALY
161 3%

Y80
157
14574

i ooy
waz

1646
&184
1014
1027
1040
1508
374
376
382

1475

1414

211
678

243
643
Y48
1303
1é61%
1801

1659

1531
i1z

234
708
1504

8045

471
24%
1020
1384
681

1147
Y81

1384

1019
1OFR
1042
1521
455
459
443

143

Lai2
7689

279
HEY
F74
1316
1625
1825

1460

1533

281
803
1G4

H7 2
310
1033
1399
792

1404
1148

13539

1044
1554
461
660
HEP

Y04

298
736
1073
1337
1638
16831

1461

LE35

360
819

1545

783
554
1047
1476
$07

1466

1445

1543

10446
]
774
780

1LOG2%

356
742
1102
1360
1695

402
914
1617

807
G968
1120
1536
Rty

17268

£B8%
8a9
89%

439
754
1141
1366

1706

419
984
14637

898

i

1124
L1497
1%71

1075
1067
1061

S20
796
1191

1390

1725

441
1165
1&g

1137

SAY
1129
1827

L8575

1107
1093
1089

Hia
8A7
1232
1397
1731

AQ3
1254
1708

1510

7464
1187
1333

b6
853
1256
1459
1756

H00
1283
1258

17652
865
1203



NANCS
BLFRA
DCFRRE
RCFRE
iR
PRV
DEC
NECR

DECY
NECZ
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