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precision word of the D1T7B, the output from two 12-tit A-D converters can be
_inputted simultaneously under program control. The requlred speed of I/0
transfers and arithmetic for special-purpose data acquw51tion can be much
slower than for control applications because real-time analysis and control
response cormands are not necessary. Hence, the D1TB is f;p xible enou\H to be
used ‘in these areas formerly requiring special-purpose computers. As require-
ments change, the DITB can easily be re-prograrmed. In such fields a5 medical
ressarch, biological studies, and experimental physics, the D1TB can be pro-
grarmed to control the monitoriag, measuring, and recording of a variety of

quantities such as pressures, flow rates, IKG, and heart rate. Automation of
chemical laboratory instruments such as chromatographs, spectrometers and
AutoAnalyzers using the D173 elso appears Teasiblz. Calculation of éesired

e}

0
%)

parameters, recording of results, and graphic display are apprcprizte aprlica-

tions areas for this computer. 3irmultaneocus measursments of several guentities
1

are possible through the uss of sample-and-hold devices, a multiplexer, and

an A-D converter.

A Tlexibls, r=liable, mobile data monitorircg system can be develored using
the D17B corputzsr with interface to any of the following: operational

erplifiers, sarmple-and-hold devices, multiplexers, analoz-to-dizital converters

7

digital voltmeters, counters
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prov1de Tor the autcmatic testing of electronics corpone IC, logic cards,
corplete loglic asserbliss, and other devices and circuits. Programmed trans-
ducer testing and high-quality data collzction of si
es arplitude, current, and phase which can be eccomplished a2t high speeds have

significant advantages over manuel metheds. These ‘ﬁcac*ou=s are also

epplicable to non-dastructive testing as erployed in the ianventory of aircra
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parts basad on the characisr
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the =lectrical
output <f spectrometer-Iype instruﬁents.

On-line comrunication is also an importan£ a_plic;;iccs area to be eon-
sidered for the DITB. A daﬁa-concentratiph buller storag2 system for teletype

L4

and other lov spead I/Q cdevices caa be develeped. Programmed multiplexiag or

'..l

transmission over a narrow-dand comunication

.

parallel information ror saria
channel iz possiblie siace the D173 can provide for chaagirg the scan rate.

Preprocessing Tor analysis and corputation by a larze-scale corputer will also
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PROGRAMMING THE DLTB COMPUTER
C. H. Beck
Tulane University

| The.lqgiqal pover of general.-purpose computers is uniquely common to all
such rachines, but speed of execution, menmory size, costtiréliability5 and ease
of.COmmunicgtion (convenience to the user) differ widely. 'Size and weight
limitations, a high degree of reliability‘and strength, plus program require-
ments dictated a small, slow, serial memory for the DI(B. However, nmany
minicomﬁuters have less than half the memory of the DlTB}’e‘ Requirerents for
real-tine operétion imply the necd for the DITB to sequentially perform its
assigned tasks Tast enouzh so that all iaské are accorplished during é given
feriod of time and yet slow enough to ensure accuratie noise-Tree compu’tation.5

In addition to the usual capabilities corrion to srall general-purpose

Eomputers, it can be seen in Figure 1 that the D1TB has analog, pulse-type,
and serial. output systems. Parallel or multiprocessing such es the simultaneous
execution of two identical single—precision add, subtract, ormulfiply instructions
is another unusual operational. capability.

The need for store instructions arises Ifrequently because ol the need %o

M

preserve intermediate resulls vwhile some related intervening series of operations

T

18 being performed as in the evalﬁation of a general polynomial. Simultaneous
execution of a store operation is possible on the DLTB coincident with the
initiation of other operations without requiring an 2dditional instruction.
The contents of the accurmulator will be stored in the channel speciiied by the
'SF alddress as illus?rated in Figure 2.

instruction and address modification give the program the sbility to

branch to alternative seguences of instructions under program control as a

resullt of calculations in addition to the use of conditional and unconditional

il
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D178 functional data fiow diagram.



CHANNEL

{00}

Tag Tog Toz Tor Top TioTigTizy TisTisTisTiz T2 i Tio To Ta 17 T6Ts

T4 T3 73 T

CPERATION £l Sk : Sp . CHANNEL SECTOR
; ;
]
’ - .
siggx v {10011 01 1111 0 11
|
FLAGGED  SECTOR ot

Lcor? LOCATION
OF NEXT
INSTRUCTION

|

O SO &

CR 20" 0045 -

8-WCRD.
H

TEWORD

¥

() THE NEXT INSTRUCTICN WILL COME FROM ONE OF THE NEXT
16 SECTORS AFTER QPERAND AGREEMENT.

@ THE CONTENTS OF THE A-REGISTER Witl BE COPIED INTO
THE FLAGGED CHANNEL UPON IXECUTICN OF THE
FLAGGED INSTRUCTION. THE WORD LOCATION OF YHE
FLAGGED CHANNMEL, WHERE THE CONVENTS OF THE
A-REGISTER WILL BE STORED IS DEPENDEMT UPON
THE APPROPRIATE OPERAMD SECTOR BITS,

Figure ». Flag store instruction sector coding.

123-WORD

on



¥7

branching instructions. Bit maniﬁulaﬁion is elso possible if the accumula tor
is masked by using the ]obica] AWD instruction.

The instruc tion reperb01re llsted in Table 1 contains 59 types of machine
language instructions. Although each tyﬁe'of inst;uction executed by the DiTB
diffeps_ffmn the‘others,'the kinds of actions perforﬁeé oceur in a comnon
sequgnce; ihig makes-it éonvehientlto describe the execution of each instruc-’
tion as being accomplished in the following five phases vhich are usvally
comﬁon‘to delay-type memories:

1. Instruction search (IS)

2. Instruction read (IR)

3. Operand search (0S)

i, Opersnd read (OR)

5. Execute (EX)

Figure 3 shows that the DlTB can perform several of these phases simultancously
with increased effic1ency corpared to sequeantizl operation. This figure assunes
minimal delay coding of instructions which require an exscution tims of one
"word time. The advantaoo of this ninimized access timing is that, once a.

minimal delay coded program is initiated, the eiffeclive conr_o tion time of

any instruction is. equa] to the basic execution time oz the ingtruction. If

random access addressing vere used in the DL7B, the search operations (IS and 03)

could each require up to 128 word times or cre disk revolution of 10 ms.

Mi imal delay coding p]ace; tn° next instruction et a location vhich will pass

the read head immzdistely arfter completion of the current instruction.

.

7 o s . . I
The word size Tor minicomputers ranges from 8 to 21 bits.  Providing
for direct addressing of the entire memory of the DITB as iilustrated in:
Figure 4 by using a 12-bit operand address field is a feature of considereble

velue. A typic 1 two-address (un,Jagszn) D1TB instruction as illustrated in

Qu

q . .
Figure 5 has three parts: an op code and two addresses. One addres

S



Numeric Code - Code - ‘Description

00 20, s SAL _ Split accumeulator left shift
00 22, s ALS . Accumulator left shift
00 24, 2 SLL .- Split left word Ieft shift
0026, s SLR . Split left word right shift
0030,s SAR Split accumulator right shift
00.32, s ARS "~ Accumulator right shift
00 34, s SRL Split right word left shift
00 36, s SRR Split right word right shift
0060, s COA Character output A
04 ¢, s SCL Split Compare and limit
10 ¢, s TMI © Transfer on minus
.2 ¢ s, SMP Split multiply
24 ¢, s MPY Multiply
30 ¢cs SMM Split multiply modified
34 cs MPM Multiply modified
T4002, s BOC Binary output C
40 10, s BOA Binary output A
4012, s BOB Binary ocutput B
40 20, s RSD ~ Reset detector .
40 22, s HPR Halt and Proceed
40 26, s DOA Discrete output A
4030, s~ VOA Voltage output A
40 32, s VOB Voltage output B
40 34, s voC . Voltage output C
40 42, s ANA And to accumulafor
40 44, s MIM Minus magnitude
40 406, s COM Complement
40 50, s DIB Discrete input B
40 52, s DIA Discrete input A
40 €0, s HFC Halt fine countdown
40 62, s EFC Enter fine countdown
40 7-, s LPR Load phase register
44 ¢, s €LA Clear and Add
S0 ¢ s TRA Transfer
54 ¢, s STO ~ Store accumulatior
60 ¢, s SAD " Split add
64 c,s ADD - Add
70 ¢ s SSU Split subtract
74 ¢, s SUB Subtract

Tgble 1. DI17B instruction repertoire.
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UNFLAGGED iNSTRUCTION (T20=0)

Tp Toy Tog T2z Ty Too ToTig iz Mg Nis Tia Tia T2 i Mo To Ta Tr TeTsT4 TaTa Ty To Ty
x OPERATION FAG NEXT INSTRUCTION CHANNEL SECTOR X X
CODE SECTOR ADDRESS NUMBER NUMBER
Op £ " $p c S
FLAGGED INSTRUCTION (Tgg=1)’
Tp To4 T3 Tan 71 Too TioTige MizTe NisTig Tia Tiz ™ Mo To Yo TrTaTs Ty T3To Ty To Ty
] i |
t !
| FIMG | secTox
i QPERATION v e S CHANNEL SECTOR :
X FLAG | STORAGE | OF WEXT -TO" X X
% COPE LOCATION  INSTRUCTION | ~UMBER NUMBER
{ | |
| S : Se

Figure 4. D178 instruction word format.



UNFLAGGED IHNSTRUCTION

OP CODE | F | NEXT INSTRUCTION SECTOR OFERAND Y
Toa T23 T22 T2i|T20{Tio Tig Ti7 Tie Tis Tia Miz{Tiz ™o Tio Yo Tg|T7 T Ts T4 T3 T2 M ¢
o? F s? c ' s . F‘
LN TR T U 00 A T S B B xxxx:xtt:xgzgmmv
7 01 7 6 | 7 7 £ Quas.ocTAL
4 - :
?
7 S 7 7 7 ? } IMAXIMUM VALUE)
CODE RANGE NUMBERING SYSTEM
SECTOR 000 B 177; SEQUENTIAL GCTAL (0,1,2,3,4,5,6,...177)
CHANNEL 00 ) 76 EVEN OCTAL (0,2, 4,6,10,12,...76)
INSTRUCTION SECTOR 00 § 177, SEQUENTIAL OCTAL (0,1,2,3,4,5,6,...177)
. UNFLAGGED INSTRUCTION 0 UNFLAGGED INSTRUCTION
_ OPERATION | ' 0§74 LAST OCTAL DIGIT ENDS IN 0 OR 4

Figure 5. Two-address (unflagged) Dl?B'instruciion coding.
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‘identifies the operaﬁd which fﬁlfilis tﬁe samc function as the addreés field iﬁ
a‘singie address ﬁachine;~the second is the address mode field sP vhich is used
- to épecify the address orf the next instruction within thglactivg memofy channel.‘
One biﬁy(F-flég) in the address mcde field férmits the use of two alternate
addrgéé @odeg. If the flag bit is ON, an insfructiqu is interpreted as a.three-
address word. A typica; three-address (flaggéd) instruction as i}lustratéd in
Figure 6‘h£s four parts: an op codé and three éddresses. One address again
idén@ifies_the operand; the second is used.io specify the cﬁannel SF in which
the present contents of the accumulator are to be stcred; the third is used
to specify the address sP of the next instruction within the next sixteen ;
successive menory locations in the aétive chaﬁqel. A program in a single
addréss machinz is likely to require much nore memory than is required by the
D17B. |
- _In.the two-~address formaﬁ, the 12-bit operand a@dfess is rgquiredAfor
direct addressing of the total memory, T bits are required to specirfy the
address'of_the next instruction if any sector within the active channel is
allowed, one bit is ;equired for the flag, and the & remaining bits are
allocated for the op code field. This limits the D73 to 16 unique 4-bit
codeé agd a 12-bit operand address field. Two of the remaining}&fbit op ccodes
are useé Tor instructions.that do‘nﬁt reference nemory (control, lozic, I/0
end shifts). A 5-bit portion of the operand address field is used as an
extension of the op code.

Considerable expansion of the inséruction repertoire appears to be
~poésible. Op code 1# is not used, hence thé addition of one instruction that
requires accesé té ﬁemory‘co;ld be considéred; Also{ thére are numerous unused

5-bit op code extensions which could be considered.



FLAGGED INSTRUCTION

Op CODE | F NEXT INST SECTOR . OPERAND : K
- . | T - 0
24 T23 bzfmwmiﬁvﬁsTWxﬁoTw MaTiz|Tia M TioTo Tg| T7 Tg T5 Tg4 T3 T2 N1y
1 .
T oy 1 vl ot 1,1 1 1 v ittt ot vl ot % 11 1 1 BINARY CODING
¥
. .
7 QUAS!-OCTAL
7 4121 3 f’ 7 6 1 7 7 o
7 7 7 7 7 7 7 7 ’ OCTAL
. CODING
FLAGGED CHANNEL CODING
Tig Tig iy ™ cobi -~ - FUNCTION - B
. :
0 ; 0 0 00 IDLE
¢ ,0 1 02 (F) 4-WORD LOO?P
LR 04 {T). TELEMETRY
0 : 1 06 (50) HOT CHANNEL
1 ,0 0 10 (E) 8WORD LOOP
1 10 1 12 ' " “L" 1.WORD REGISTER
! : 1 0 1 4 (H) 16-WORD LOOP
LI 16 {U) 1.WORD LOOP
H
]

Figure 6. Three-address (flagged) D178 instruction coding.
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‘Compiler routines which have the advantage of reducing programming effort
ere not currently available for the D1TB. The relative ireffiency of memory
fequireﬁent for compiler-produced programs coﬁpdred with programs written in

machine language makes the on-line compiler aﬁproach questionable at this

time.p’b The modular approach to the writing of special-purpose subroutines,

such as required for I/O operatibns,can result in considerable savings in time
end effort. Certain features such as dedicated I/0 registers reduce the

programmér's housekeeping tesk. The use of rapié-access memory loops provides
prograrming versatility and efficiency that help to overcome the*limited'speed

of execution and memory size of the D1TB.
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An-Input/Oﬁtput Panel for the D17 Computer

‘J. D. Bargainer
University of Houston

The D17 compufer is a general purpose, serial computer. It
is a negative logic machine with Logic 1 =-~l0volts and Logic 0 =
O‘VOltS. These levels are generally applicable within the ma-
chine although input and output signals have different levels.
The machine, as received,has no input or output equipment a3~
though it has the internal loglc for 1nte;fa01nc to devices .
_similar to Flexowriter.

Because of the absence of.I/O equipment it was decided to
build a control pancl consisting of a set of switches foir input
“and conﬁiol and a set of lights for output-moniﬁoring. The lights
are used only as a convenience since the registers are easily
monitored using an oscilloscope. The T signal which is a
negative pulse occurring at the.beginning of each word can be
used to synch the oscilloscope eXternally and the accumulator

(Ax) I-register (Ix) and L-register (LX) can be displayed on the
scope.

The block diagram for the panel is shown in Figure 1. The
~numbers on signal lines are the pin number for the D-17 and the
number of the cable where applicable (each wire from J-1 and J-3
has an identification number). The circuitry for the switching
section is shown in Figures 1 and 2. The relay and cross coupled
NAND gates insure against multiple entry of a digit into thé
machine because of contact bounce of the switch. The Halt-~Run
switch is a 2-pole wafer switch and the Halt-Single Step switch
is a telephone leaf switch. These were chosen to minimize con-
tact bounce. | ) ‘

Figure 4 shows the timing dlagrams for the control circuit.
. The clock signal, Bl is a square wave which represents the be-
ginning of bit at each transition. Some bits therefore follow
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‘a positive transition of B, while others follow a negative-tran-
sition. The signal B; is then sent through a differentiating
circuit which produces a positive pulse for the positive tran-
sition while the hegative pulses afe chipped. The clock signal
is also inyerted and sent through a differentiating'circuiﬁ;
These signals are then added together and inverted to produce

a negative pulse for each bit. The time constants are adjusted
so that the trailing edge (positive going) occurs near the center
of each bit. ,

The control circuit is used to produce a single word length
of clock pulses so that data can be shifted into the shift re-
‘gisters in l-word increments. A master oscillator (M) is used
to proauce one woxrd of clock‘pulses and therefore update the
output registers every 3 milliseconds. The control circuit resets
each time MD is low and at the next To pulse a both flip-flops
go_high until the second To pulse and then Flip-Flop 2 goes low.
The outputs of the flip-flops then are used to gate the clock
pulscs into the shift input of the shift registers.

In order to obtain negative levels, the integrated circuits
of the controller and the shift register are operated with the
bvcc inputs at gréund and the ground inputs at -5v. This results
in a 0 to -5v logic swing. The shift registers are constructed
with Type D flip flops. The outputs then drive lamps through
"discrete transistor driver circuits. These techniques are used
to mcnitor Axf Lx and Ix" Other signalsicould easily be monitor-
ed usring similar techniques.
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Connections to J1

J1(100) Wire $ ' Connected To Function
1l 1501 P?-l Il
2 1502 P7-2 12
3 1503 P7-3. I,
4 1504 P7-4 I,
5 1505 P7-5 15
6 - 1506 P7-6 I, |
7 1507 P7-7 Precision Time Puls:
8 1508 P6-31
9 1509 P6-19 - SClo
10 1510 -P6-20 »SC20
11 1511 P6-21 SCy
12 1512 P6-22 5C, 0
13 1513 P6-25- PVEC
14 1514 P6-23 SCe
15 1515 ‘ P6-24 SCTO
16 {1516} E5->CR4
| 1517 :
X (st rat-c
18 1520 E6-CR].
19 1521 TB4-7~
20
21
22 1524 © -anode CR3
23 1525 ~ P2-10 Da
24 1526, E4
25 1527 TB4-22
26 1722 white P1-N
27 1722 red Pl-P
28 1722 green © P1-R
29 1722 Pl1-S
30 1721 black - P1-j

31 1721 white P1-k




J1 (100)

32
33
34
35
36
37
' 38
39
40
41
42
4
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

Wire i

1721
1721
1721
1721
1522
1523

1546
1720

1722
1720
1549
1549

1528
11528

1720

1554
1555
1555
1556
1557
1558

red
greeﬁ
orange
blue

black
black
white
black
white
black
red

white
black

Connected to

Pl-m
Pl-n
Pl-p
Pl-x
P2-13

~P2-23

Pl-J
Pl-Ir

P1-K

Pl-M
P2-3
pP2-2

Pl-c

TB4-5

P2-9

P2-16
P2-8




J1(100)

67
68
69
70

71

72
73
74
75
76
77
78
79
. 80
.81
82
83
- 84
85
. 86
87
88
89
90
.91
92
93
94
95
96
97
98"

99

100

" Wire #

1559
1683

1563
1563
1544
1545
1652

1560
1541

1562

1542
1543
1537
1538
1539
1540

Connected to

P2-17
P2-4

Jl-84

-J1-83

P5-19
P5-18
P5-37

P2-22

P7-17

P2-12
P7-13
P7-12
P7-8

P7-9

P7-10
P7-11

65

Function

re
HC

wC
6C

5C
X1lc

X2cC
X3C
X4c

Discrete
Discrete

Discrete

Discrete

Discrete

Discrete

Input
Input
Input
Input
Input

Input




J3(100)
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Wire #

1580

1581

1610

1601 red

160). " white

1601 black
1638

1604

1604

1600

1600

1585

1585

1609

1602 red

1602 white

1602 black

1618

1599

1599

1598

1598

1586

1608

1603

1603

1603

shield ground

1594

1595

1596

1597

1583

1606-1640
~shield ground

Connected to

TB4-3
TB4-6
TB3-15

P7-22

P7-27
P6-17
P2-6
P6-1

"P6-2
‘P6-40

P6-41
(TB2)
(TB2)
TB3-6
P6-27
P6-16
P6-15
P6-10
P6-46
P6-47
P6-35
P6-36
TB3-8
TB3-7
P7-35
P6-14
P6-13

J4-1

Jd-2

J4-3

J4-4

chassis ground
TB3-5



- J3(100) Wire # Connected to

39 1731 J4-5
40 1732 J4-6
41 1733 J4-7
42 1734 J4-8
43 1584 chassis ground
44 1725 J4-16
45 1725 J4-17
46 1591 P6-37
47 1591 P6-38
48 1617 P6-9
49 1582 | TB3-21
50 1605-1640 TB3-5
51 1639-1676 TB3-3
52 1592 P6-48
53 1592 P6-49
54 1607-1640 TB3-5
55. 1726 J4-18
" 56 1727 J4-19
58 1593 P6-42
59 1593 . P6-43 -
60 1632 TB3-14
- 61 1633 TB3-13
63 1615 P6-8
64 1588 P6-6
65 1589 P6-11
66 1590 P6-12
67 1680 P7-24
68 1631 TB3-16
69 1634 TB3-17
71 1622 ‘TB3-10
72 1730 J4-15
73 1611 (TB-2)
74 1627 P2-19

76 1616 P7-26



J3 (100)
77
78
79
80
81
. 82
83
84
85
86
87
88
%0
91
92
93
94
95
.96
97
98
99
100

Wire #

1619

1619

shield grodnd
1635
1636
1637
1729
1629
1624
1624
1620
1620
1737
1738
1739
1740
1728
1628
1623
1623
1621
1621
1612

69

Connected to

P6-38
P6-39

P7-21

P2-20 .
P2-2
J4-14
TB3-9
P7-19
P7-37

"P6-50

P6-33
J4-9
J4-10
J4-11
J4-12
J4-13
TB3~11
P7-32
P7-31
P6-44
P6-45
P6-7
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(50)

Connected to

A28-c
A28-M
A28-1
A28-T
A28-11
A28-30
A28-F
A28-P
A28-B
A28-W
A28-R
A28-K
A34-F
A34-D

A71-M
A43-V
A70-14
A61-5
.A63-37
A59-~J
A59-11
A34-V
A30-37
A27-u
A59-T
A70-V
A54-26
A70-19
A70-W
A70-23
A70-10
A70-13

70

Function

15
data

()
w

L =
QO Q

t‘ .




J3(50)

34
'35
‘36

37
38

-39

40
41
42
43
44
45
46
47
48
49
50

Connected to

A22-1
A58-J
A30-M
A34-30
A34-J
A28-J
A22-D
A34-c

‘A22-0
A59-M
A34-37
234-12

A71-30
A71-20
A28-37
A28-D
A28--J

-
Q

T

Function

<
a
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Q
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wbv wbvz 0o o

g
N
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J4 (50)
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Connected to

A26-37
A26-30
A26-D
A26-1
A26-T
A30-T

CA30-V

A30-J

A30-1

A30-11
A22-37
A22-T

A22-C

A22-M

A23-N

A38-D
(A26-J)
A26-C
A26-M
A26-11"
A26-0
A58-11
A58-37
A58-V

A59-C

A59-D
A59-1
A59-37
A59-30
A59-V
A34-1
A34-T

Function

0

By

N0 0 .0
w O
w N

t
K\
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o o000 NNOOO0Nn ()mp
U

SW N =TS W -

0 N 0
=g gogogog
U W N
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J4 (50)

34
35 .
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

73

Connected to Function

A22-V

A22-11
A22-30
A30-30
A30-D

A30-c

A58-1
A58-D

A58-¢

A58-T

A58-30
A58-M

A71-T

A38-J ,
A21-40, A72-38, A24-R & A31-35
A57-8 '

A57-E
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J11 (50)
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Connected to

A38-W
a38-HM
A38-31
A38-38
A38-1
- A38-11
A38-c
A38-T
A40-1
‘A40-D
A40-J
A7l-c
A71-1
A71-D

A71-3
_A71-11
A40-c
A40-T
A40-11
A73-37
A734T‘
A73-c
A73-M
A73-W
A40-30
A40-M
A40-37
A73-1
A73-D
A73-J
A73-11 -
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J11(50)

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

" Connected to

A73¥3o
A61-7
A61-33
A63-17
A63-27
A63-28
A63-F
A63-7
A63-C

263-F

A63-42
A69-33

A65-33

A65-R
A62-18
A62-E

-A62-J

A62-R

Function .

A\

10
10
0
10
10
10
10
10

- 10

10
10
10
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Wire No.

1501
1502
1503
1504

" 1505 .

1506
+ 1507
1537
1538
1539
1540
1543
1542
1647
1648
1649
1541
Blank
1624

- 1635
J601

1680
1723
1616
1601w
- 1567
1569
1724
1623
1623

Blank

1624

4 Connected .To:

Jl-1 -

- J1-2
CJ1-3

Jl-4

Jl-5

Jl-6
Jl-7

Jl-96
Jl-97
Jl-98
Jl-99
J1l-95
Jl-84

.P2-5

P2-15
P2-6-
J1-91

" J3-85
TB1-1(Blank)
J3-80

J3-4
TB1-4 (Blank)
J3-67
J2-3
J3-76
J3-5
J2-4
J2-6
J2-7
J3-97
J3-96

TBl~l4(Blank)

. J3-86

L]
v W N -

Function

L I B

=

c

Precision Time Puls<

Xlc
X2C
X3C

X4cC

Vv5C
\qe

wc

= oM

HC

Discrete
Discrete
Discrete
Discrete
Discrete
Discrete

Input
Input

-Input

Input
Input
Input



