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1. GENERAL INFORMATION

A. SCOPE OF MANUAL

This manual contains general and specific information which
describes the theory of operation and maintenance procedures for
Transistorized Realtime Incremental Computer Expandable (TRICE)
systems. Written text is augmented with appropriate illustrations,
such as block diagrams, logic diagrams or schematic diagrams. In-
formation within this manual is written to the level of an electronic
technician having a working knowledge of transistorized digital circuits
and a rudimentary knowledge of calculus to the extent of knowing the

concepts of integration and differentials.

B. SCOPE OF SECTION

This section of the manual contains general information which
describes the overall purpose and capabilities of the TRICE system
and specific information which describes the physical and electrical

characteristics of the system and sub-assemblies within the system.

C. IDENTIFICATION OF EQUIPMENT

TRICE systems are manufactured by Packard Bell Computer, a
division of Packard Bell Electronics, Los Angeles, California. The

frontispiece is an overall view of a typical TRICE system.
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D. PURPOSE, USE, AND CAPABILITIES OF TRICE

Each TRICE system is a special purpose digital computer which
contains digital differential analyzer modules which are inter-connected
via a patchboard to solve mathematical problems involving differentials
with the speed normally associated with analog computers and the
accuracy inherent to digital computers. Conventional digital modules
and circuits are used within the timing, control, and storage circuits
and permit the internal operations of the TRICE to proceed automatically
upon receipt of appropriate data and instructions from an input device.
The results of any computation may be outputted to visual displays on

the front panel or to an appropriate output device.

The overall capabilities of a TRICE system is dependent upon the
number of options incorporated into the basic system as described in

the subsequent paragraph.

E. DESCRIPTION OF TRICE (Figures 1-1 and 1-2)

Figure 1-1 is a typical TRICE system and Figure 1-2is a

block diagram of the same., Both of these drawings illustrate that

a basic TRICE system is comprised of a patchboard, control and

indicator panel, control unit, buffer register, keyboard, and a

TMB-5 rack containing digital differential analyzer modules (TRICE

modules), The function of these components is described in sub-
sequent paragraphs.

E-1. PATCHBOARD

The patchboard permits the individual TRICE modules to be inter

connected in accordance with the dictates of the problem to be solved.
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E-2. CONTROL AND INDICATOR PANEL

The control and indicator panel contains function switches which
work in conjunction with the patchboard for determining the routing of
signals between the TRICE modules, and visual indicators which permit
operating personnel to monitor the contents of the various registers as

well as the presence or absence of primary power.

E-3. CONTROL UNIT

The control unit is comprised primarily of circuits which permit
the overall operation of the TRICE to be synchronized with associated

input and output devices.

E-4. BUFFER REGISTER

The buffer register serves as a mediating device between the
TRICE modules and the PB-250. The buffer register is capable of
exchanging information with a TRICE module at a rate of 3 megacycles
and with the PB-250 at a rate of 2 megacycles. The contents of the
buffer register is also made available for visual display by operating

personnel.

E-5. KEYBOARD

The keyboard is comprised of 35 pushbutton type switches which
permit operating personnel to manually enter control and data signals
to the TRICE. Individual keys are labelled with appropriate identifica-

tion as to function or data.

E-6. TMB-5 RACK

Each TMB-5 rack contains up to 16 integrator modules, 4 variable

multiplier modules, 4 constant multiplier modules, 4 summer modules,
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and 4 servo modules. A brief functional description of these modules

is given in subsequent paragraphs.

E-6a. Integrator

Each integrator module contains three registers, designated as
R, Y, and I, and associated logic circuits which permit the basic
equation (dz = ydx) to be mechanized. The I register is used to store
a numerical value which represents the initial condition of the problem
to be solved. The Y register permits a summation of individual dy
input pulses which, in turn, are added into the R register when a dx
pulse is received. The contents of all registers are restricted to be a
fraction. A carry pulse, designated as dz, is generated whenever the

contents of the R register exceeds a fractional value,.

E-6b. Constant Multiplier

A constant multiplier module contains two registers, designated
as R and I registers, and associated logic circuits which permit the
equation (dz = Kdx) to be mechanized. The I register contains a con-
stant which can be added into the R register each time a dx pulse is
generated. Thus, by repetitive addition a multiplication function is
performed. The R register is restricted to containing only a fraction.
Any carry pulses which occur out of the R register are designated as

dz pulses.

E-6c. Variable Multiplier

Each variable multiplier module contains five registers, desig-
nated as R, X, Y, Ix, and Iy, which permit the equation d(xy) = ydx +
xdy + dxdy to be mechanized. The Ix register is used to store the
initial value of a problem which is to be transferred into the X register,

The Iy register stores an initial value which is to be transferred into
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the Y register. The X register accumulates (or summates) the indivi-
dual dx inputs, and is added to the R register whenever a dy pulse is
generated. The Y register accumulates the individual dy inputs, and
is added to the R register whenever a dx pulse is generated. The R
register is common to the X and Y registers and permits an algebraic
summation of the two registers to be performed. The R register is
restricted to containing a fractional value and generates a dz output
whenever the contents exceed unity value in either a plus or minus

direction.
E-6d. Servo

Each servo module contains two registers, designated as the Y
and I registers, and functions as a special computing element which is
used as a nulling device in the solution of differential equations or as a
decision element in the generation of discontinuous or non-linear
functions. The I register is used to store the initial value of the prob-
lem and the Y register serves as an accumulator of the individual dy

pulses received.
E-6e. Summer

The summer module is comprised basically of logic gates which
permit a summation to be performed on as many as six different dy
inputs. The summer module can only be used in conjunction with a Y

register of an integrator or servo module.
E-7. OPTIONS

The basic TRICE system described above may be expanded by
various optional equipment described in subsequent paragraphs which

permit the capabilities and speed of the TRICE system to be enhanced.



E-7a. TMB-5 Rack

Additional TMB-5 racks containing TRICE modules may be added
to the basic system whenever more complex problems are to be solved.

A maximum of four TMB-5 racks may be incorporated into one system.

E-7b. TMB-6 Rack

Whenever the TRICE system is to work in conjunction with analog
equipment (i.e., plotter), a TMB-6 rack containing a maximum of 12
analog to digital converters, 12 digital to analog converters, and 6
reference power supplies may be readily added to the system. Each
digital to analog converter is capable of converting 14 binary bits
(including sign) into an equivalent analog voltage within the range of
+6-2/3 volts. Each analog to digital converter is capable of digitizing
an analog input of £100 volts into 14 binary bits (including sign). The
reference power supplies are used to generate precise voltages as
required by the converters. Note: Each analog to digital converter
may be converted into a digital to analog converter by positioning a

front panel control on the converter.

E-T7c. PB-250 Computer

To improve the speed of transferring data and control signals
into and out of the TRICE, a PB-250 computer may be used. PB-250
PTU commands are used to set up the control circuits. A BSO com-
mand permits data to be transferred serially from the PB-250 into the
buffer register of the TRICE and a BSI command permits data to be
transferred serially from the buffer register of the TRICE into the
PB-250. PB-250 TES commands can sense the state of TRICE

signals via sense inputs on the TRICE patchboard.
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E-7d. Paper Tape Reader and Punch

The paper tape reader and punch permits digital data to be trans-
ferred into and out of the TRICE at the rate of 60 characters per second.
Paper tapes containing data and control signals may be produced with

an off-line Flexowriter.

E-7e. Decimal Converter Scaler

The decimal converter scaler is capable of converting binary infor-
mation into decimal information and vice versa. The converter scaler
is normally used whenever the information on the paper tape is in a
decimal format. Operations within the TRICE are performed using a

straight binary configuration.

E-7f. Linkage

When the TRICE system is used in conjunction with analog com-
puters or other input/output devices, interfacing or linkage circuits
are normally required. These circuits are housed within a separate

equipment rack.

F. LEADING PARTICULARS

Refer to Table 1-1 for physical characteristics of the individual
TRICE modules and Table 1-2 for the operating characteristics.
Table 1-3 lists the major components of a basic TRICE system as well

as optional modules and input/output devices.
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Table 1-1,

TRICE SYSTEM PHYSICAL CHARACTERISTICS

Height Depth Length Width
Components (in.) (in.) (in.) (in.)
Overall Basic System T2 28 72 -
Modules
Integrator 12-3/4 - 20 1-3/4
Constant Multiplier 12-3/4 - 20 1-3/4
Servo 12-3/4 - 20 1-3/4
AY Summer 12-3/4 - 20 1-3/4
Variable Multiplier 12-3/4 - 20 3-1/2
Table 1-2.
OPERATING CHARACTERISTICS
3.14573 Mc 3.00000 Mc
Clock Frequency | Clock Frequency
Word Length 24 bits 30 bits
Integration Rate 21?/sec 105/sec
Word Time 7.629 pnsec 10 psec
Maximum Usable Word Length 20 bits 26 bits




2. TEST EQUIPMENT AND SPECIAL TOOLS

A, SCOPE OF SECTION

This section provides information concerning test equipment
required for troubleshooting, maintenance, and repair of the TRICE

system.

B. TEST EQUIPMENT

Table 2-1 lists test equipment required for troubleshooting,

maintaining, and repairing the TRICE system.

Table 2-1.

TEST EQUIPMENT

Item Description Alternate Purpose
1 Oscilloscope; Tektronix | An equivalent | Measures pulse
Corp., Type 533 with unit rise time; shows
Type CA Preamplifier waveforms visually.
2 Multimeter; Simpson An equivalent | Measures resistance,
Corp., Model 267 unit current, and potential
differences.




C. SPECGCIAL TEST EQUIPMENT

Table 2-2 lists the special test equipment required to assist in

troubleshooting the TRICE system.

Table 2-2.

TRICE SYSTEM

SPECIAL TEST EQUIPMENT

Item Description Alternate Purpose
1 TRICE MTT-1 An equivalent To pinpoint mal-
Module Tester unit functions of TRICE

computing modules.

2 TRICE DLT-1 An equivalent To pinpoint mal-
Memory Tester unit functions of TRICE
memory modules.,

C-1. TRICE MTT-1 MODULE TESTER

The TRICE MTT-1 Module Tester is a self-contained unit which
requires standard l15-vac power input, and generates its own dc volt-
ages. It is built specifically for testing TRICE computing modules of

the following types:

1) Integrator I5

2) Servo S5

3) Constant Multiplier CM5
4) Variable Multiplier VM5
5) Summer SU5
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Refer to the MTT-1 Module Tester Operation and Maintenance

Manual, CSP-154, for a detailed explanation on this equipment.

C-2. TRICE DLT-1 MEMORY TESTER

The TRICE DLT-1 Memory Tester is a self-contained unit re-
quiring standard l115-vac power input, and generating its own dc voltages
and timing signals. The timing logic can be switched for 24-bit, 30-bit,
and 32-bit word length by a jumper-plug on the logic and timing module.
The clock frequency can be either 3.000000 Mc or 3.145730 Mc, depend-

ing on frequency required.

Refer to the DLT-1 Memory Tester Operation and Maintenance
Manual, CSP-155, for a detailed explanation of the TRICE memory

tester.






3. THEORY OF CPERATION

A, SCOPE OF SECTION

This section describes the theory of operation for the TRICE
system and for individual modules and control circuits. Written text
is augmented by references to block diagrams, logic diagrams, sche-

matic diagrams, timing charts, and logic equations.
B. GENERAL (Figure 3-1)

The TRICE computer system contains independent digital differ-
ential analyzer computing modules which operate in parallel and are
controlled and interconnected through a control console. Each com-
puting module operates serially. One-word recirculating registers
and serial adders perform the mechanization of the digital differential
analyzer algorithms. Communication between modules is incremental.
In each iteration (word time), pairs of lines indicate the existence and
sign of output increments of the computing modules. On an analog-type
patchboard, these lines can be connected to the increment inputs of the

computing modules according to the program (map).

Initial conditions and constants can be filled and digital output
obtained through the input-output devices of the control console Figure
3-2. By means of an address register, each computing module can be
selected for communication of its register contents to a common buffer
register. Visual read-out of the register value is available from the

buffer register indicator lights.
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In addition, the buffer register can communicate with a PB 250
computer for format conversion, typewriter, and paper tape input-

output.

C. TIMING AND CONTROL CIRCUITS

The selection of a particular TRICE module or converter for a
subsequent fill or read operation is accomplished by using digital
circuits to generate timing and control pulses. A description of these

circuits is contained within the subsequent paragraphs.
C-1. TIMING

The source of all timing signals in TRICE is a crystal oscillator
clock generator having a frequency of 3.000000 or 3. 145730 megacycles.
The output of the clock generator, as illustrated in Figure 3-3, is
distributed to all of the TRICE modules, all of the converters, and to
a binary counter comprised of flip-flops T1 through T5. Each TRICE
module and converter module contains clock shaping and amplifying
circuits which permit the clock pulses received via the coax cables to
be reconstituted. Five flip-flops, designated as T1 through T5, are
logically interconnected to form a binary counter which permits intra-
word timing pulses of Pl through P32, Pl through P30, or Pl through
P24 to be generated. The number of P pulses is a function of the num-
ber of bits per word. The number of bits per word, in turn, determine
the basic frequency of the clock generator. As listed in Table 3-1 the
clock frequency of a 30 bits per word TRICE system is 3. 000000 mega-
cycles. The clock frequency of a 32 or 24 bits per word TRICE system
is 3.145730 megacycles. Tables 3-1 also lists the corresponding

iteration rates and word times for each frequency.
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Logic equations for the T1 through T5 flip-flops are as follows:

tl = Tichl
T1
otl'= TICH
t2 = TzCll (T1F16) Note: The P16 term is present
i 7
ot2 = T2ClI1 (T1P16) only on modulo 30 counter.
t3 = T3CAl (T2T1)
T3
ot3 = "T3Ch1 (T2T1)
t4 = T4CR1 (T3T2T1) Note: A Plé6 term is added to both
T4
otd = ‘T4CA1 (T3T2TI) equations for modulo 24 counter only.
t5 = T5CR1 (T4T3T2T1)
T5
ots = T5CAL1 (T4T3T2T1)

In the preceeding equations, the C{ 1 term is a true output from
the clock generator and T or T signals are true and false signals from
the individual T flip-flops as designated by the associated number.

The P16 signal is true at all times except at P16 time. This term is
added to the AND gate controlling the resetting of flip-flop T2 only if
the flip-flops are to function as a modulo 30 counter or to the AND gate
controlling the resetting of the T4 flip-flop if the flip-flops are to func-
tion as a modulo 24 counter. The Pl6 term is not used when the T1

through T5 flip-flops function as a modulo 32 counter.

Table 3-2 lists the various consecutive configurations of the T1
through T5 flip-flops for each mode of operation. The initial configura-
tion of these flip-flops is defined to be that configuration in which all
of the flip-flops are off. This configuration is designated as Pl time

of each word. The terminal configuration of these flip-flops is defined
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to be that configuration in which all of the flip-flops are on. This
configuration is designated as P32 time within a 32 bit word, P30 time
within a 30 bit word or P24 time within a 24 bit word. In the logic
equations the corresponding timing signal is called P30, Table 3-2
illustrates that the configuration of the T. through T5 flip-flops are
identical for the first 16 bit times and the last eight bit times. The
configuration of the flip-flops at P17 time is controlled by the P16

term listed in previous equations. In a 32 bit per word system, the

P16 term is absent and hence the flip-flops function as a conventional
binary counter where Tl is the least significant bit having a weight of

1 and T5 is the most significant bit having a weight of 16. In a 30 bit

per word system, the P16 term inhibits the resetting of flip-flop T2

at the end of P16 time and hence the counter is advanced by a count of
three. In a 24 bit per word system, the Plé term inhibits the resetting
of flip-flops T4 at the end of P16 time and hence, the counter is

advanced by a count of nine.

Flip-flops P1, P4 and P30 generate the designated timing pulses

and are controlled by the following logic equations:

p30 =  P30CLl (T5T4T3T2T1)
P30

op30 =  P30CL1

pl = Pic L1p3o
Pl

opl = PiCc L1

p4 = P4ac 1 (T5T4T3T2TI)
P4

opd = P4cC Q1

Note: The P30 flip-flop is true during the last bit timing of each word

regardless of the number of bits per word.
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In addition, a P16 signal is generated by a diode logic gate which

mechanizes the following equation:

Plé = TST4T3T2T1

The time interval between equivalent points of two successive T5

pulses defines the duration of one word time. Table 3-1 lists the word

times as a function of the clock fre juency.

C-2. CONTROL CIRCUITS

The overall operation of the TRICE system requires control

circuits which permit the following:

a.

Selection of a control mode such as KEYBOARD, READER,
COMPUTER or PATCHBOARD.
Selection of a computing mode such as INTEGRATE, HALT,
RESET or COMPUTE OFF.
Selection of a special computing mode such as SELECTED
RESET, PATCHED RESET, INTEGRATE SLOW or SINGLE
CYCLE.
Selection of input-output mode such as DISPLAY, ADDRESS,
DATA or PUNCH OUTPUT.
Selection of input-output function such as READ or FILL.
Selection of a decimal converter scaler operation:

Convert input, convert output, decimal exponent, scale

exponent, register length.

Reader and Punch Output apply to the reader punch unit TRPI.

The computer control mode enables the PB 250 for control of TRICE.,

The decimal converter scale operations apply to the Decimal

Converter Scaler Unit DCSI.



C-2a. Selection of Control Mode

The selection of a keyboard, paper tape reader, PB 250 computer
or patchboard as an input device to control the TRICE system is accom-
plished by using two flip-flops designated as U and W. These flip-flops
assume any one of four configurations to signify a specific input device

as follows:

UwW = keyboard
Uw = reader

uw = computer
Uw = patchboard

Logic equations to control the status of the U and W flip-flops are

as follows:

u = LpVl + LpUL + GpBc4 + GpBc5
U
ou = Gp (Bc3+Bcb)+ (T)
W = Gp (Bc5+Bcb)
W
ow - Gp (Bc3+Bc4) + Lp (UL + TL) + @D

The @ signal is generated by the keyboard and permits the key-
board to assume control at any time. The Lp signal is generated during
latter half of each word time when the TRICE is in a PATCHBOARD
control mode. (Lp = UWT5). The T{, U{ and VA signals are generated
on the patchboard. These signals permit the control mode to be trans-
ferred from the PATCHBOARD to one of the other input devices. The
Vi signal permits the U flip-flop to be set and thus transfer the control
mode to the computer. The Ul signal permits the U flip-flop to be set
and the W flip-flop to be reset and thus transfer control to the reader.
The T{ signal permits control to be transferred to keyboard by

resetting the W flip-flop.



The Gp signal is generated during non-patchboard modes.
The logic equation for generating the Gp signal is as

follows:
Gp = Bp (B6B5Po + B6éB5Pe)

The Po signal is true if an odd number of true bits are contained
within the first four bits of the character being processed and Pe is

true if the character contains an even number of true bits.

The Bp signal is generated by a logic gate only during non-
patchboard control modes and is controlled by the following logic

equation:
Bp = w Cp+UW Cpg

The W signal is true only during keyboard or reader control
modes and the U and W terms are true only during computer control
mode. The Cpg signal isatiming signal generated by the computer and
the Cp signal is a timing signal generated by a flip-flop within the TRICE

during keyboard or reader operations.

cp Cp T5 (Kb Cb U+Rb UW+Rb P A4 Kb

Cp

ocp Cp T5

The T5 signal permits the Cp flip-flop to be true for one word
time as defined by the interval between two successive T5 pulses. The
Kb signal indicates that the keyboard has been activated. The UW term
indicate that from the reader and Rb indicates that the reader is ready
to read a character. The Cb signal is comparable to the Rb signal and
indicates that the keyboard is ready to generate another character.

The Rb and Cb signals function as electrical interlocks by preventing

a second character from being accepted until the previous character



has been properly processed. These terms also prevent a single

character from being processed more than once.

Figure 3-4 illustrates the relationship between the various sig-
nals when control codes are received from the keyboard. Logic equa-

tions for generating Kc, Kb, Cp and Cb signals are as follows:

kb = Kb € @)

Kb
okb = Kb Kc
<: @00 0:0+@
cp = CpT5(KbCbU-+RbUW +Rb P A4 Kb)
Cp
ocp = Cp TS
cb = Cb T5 Cp
Cb o
ocb = Cbhb T5 Kb

The Bc3 through Beb signals which appear in the logic equations
of the U and W flip-flops are generated automatically as a function of

the data being received from the keyboard, reader or computer.

In the following equations, L1 through L5 are signals from the

computer, R1 through R6 are signals from the paper tape reader and

@ through are signals from the keyboard.

Bl = WEK) + UWRL+U W LI
B2 = UWE) +UWR2+UW L2
B3 = UW®) +UWR3+UWL3
B4 = UWE) +UWRL+UW L4
B5 = Eﬁ@+UﬁR5+UWL5
B6 = UW +UWR6+UW
BcO = B4 B3 B2 Bl

Bcl = B4 B3 B2 Bl
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Bc2 = B4 B3 B2 Bl
Bec3 = B4 B3 B2 Bl
Bc4d = B4 B3 B2 Bl
Bc5 = B4 B3 B2 Bl
Bcb = B4 B3 B2 Bl
Bc7 = B4 B3 B2 Bl
Bc8 = B4 B3 B2 Bl
Bc9 = B4 B3 B2 Bl

The preceding equations indicate how the various signals received
from the paper tape reader, computer or keyboard are automatically
converted into Bl through B6 signals. The Bl through B4 signals, in

turn, are converted into BcO through Bc9 signals.

As shown in the equations for the U and W flip-flops, the Bc3
signal causes the U and W flip-flops to be reset. This condition places
the TRICE system into the KEYBOARD control mode. A Bc4 signal
turns on flip-flop U and resets flip-flop W and the TRICE system is in
the READER control mode. A Bc5 signal places the TRICE system in
to the COMPUTER control mode by turning on both flip-flops. A Bcb6
signal resets the U flip-flop and turns on the W flip-flop to place the
TRICE into a PATCHBOARD control mode.

The Bcl through Bc9 signals are continuously monitored to deter-
mine whether an even or odd number of true bits are present within the

Bl through B4 signals. Logic equations to perform this function are as

follows:
Pe = Bc3 + Bce5 + Beéb + Be9
Po = Bel + Be2 + Be4 + Be7 + Be8

Table 3-3 lists the correlation which exists between the signals

generated by the paper tape reader, keyboard and the computer to
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Table 3-3. (Sheet | of 2)

CONTROL CODES

b Bit {51:-,2';? Tape Code Sypewriier Keyboard Name e Fachbonacd
Code | 1o Ctha Code Clock State Input

06 . Bc0

01 ® 1 1 Bel Dp

02 + e 2 2 Be2 Dp

03 © ee L REGISTER LENGTH Be3 Fp

04 ‘e 4 4 Bed Dp

05 L N ] N CONVERT INPUT Be5 Fp

06 re e O CONVERT OUTPUT Beb Fp

07 re 0 e 7 7 Be?7 Dp

10 [ 8 8 Be8 Dp

11 ® - L] R Be9 Fp

12 .- @

13 ®: o0 STOP

14 e-e

15 .0 @

16 e.00

17 e-c00

20 . . SPACE DATA Bed Fp AD

21 s - L] DECIMAL EXPONENT| Bel Fp

22 e - @ K SCALING EXPONENT Be2 Fp

23 e + oo 3 3 Be3 Dp

24 e .o M Be4 Fp

25 e .o e 5 5 BeS Dp

26 ° - 6 6 Bcb Dp

27 e .s0e P PUNCH OUTPUT Be? Fp AD

30 0. Q Bc8 Fp

31 o0 ] 9 9 Be9 Dp

32 eo0: ®

33 ee: ee

34 o0 -0

35 e0.0 o

36 e®:00 + + Bl Sp

a7 0008 - - Bl Sp




Table 3-3. (Sheet 2 of 2)

CONTROL CODES

g_fd: “SFiTl;'lth} Tape Code Typg:;:ter Keyboard Name begie Pat‘;:;?:lm

Code Code Clock State

40 00 | e . o o Bc0 Dp

41 o1 |e - @ A ADDRESS Bel Ep AD

42 02 |e . e B Bc2 Ep

43 03 | e . ee P KEYBOARD Be3 Gp Tw K

44 04 | e .o D DISPLAY Be4 Ep AD

45 05 | e ‘e v COMPUTER Bes Gp uw c

46 06 | e .o e w PATCHEOARD Beb Gp Tw

47 o7 ® ‘000 G INTEGRATE Be7 Ep H: L I

50 10 |e e. H HALT Bc8 Ep HT H

51 11 e e: o Z COMPUTE OFF Bc9 Gp HT co

52 12 e eo. o

53 13 e 8. 8@ =

54 14 s 0.8

55 15 e #.0 o

56 16 e o.00 C/R

57 17 e e.o0e

60 20 o0 . " Bel

61 21 ee . ° $ Bel Gp

62 22 |ee + ® s INTEGRATE SLOW Be2 Gp s

63 23 |lae . e C SINGLE CYCLE Be3 Ep {C) sC

64 24 |es -® u READER Bc4 Gp Uw R

65 25 |ee -0 @ E READ Be5 Ep (So)

66 26 e 08 F FILL Beb Ep (5i)

67 27 |e® @00 X SELECTED RESET Be7 Gp (Rse)

70 30 |eee- ¥ PATCHED RESET BcB Gp  (Rpe) PR

71 31 |eee. o I RESET Be9 Ep HI(Rtc) RT

72 32 ese - o u/C

73 33 see: @@ f

74 34 |(eee-e L/C

T5 35 eeeo e o

76 36 ese 00 TAB

77 37 |eee-eee | DELETE




Table 3-4,

PATCHBOARD CONTROL LINES

Inputs Outputs Inputs
I  Integrate OP Operate 0 Sense Lines
{(PB250 TES)

H Halt P HO Hold T 1
RT Reset Compoting: loe ey COOPdwr |,

Modes o Modes

Condition

CO Compute Off PS  Pot Set 3
K Keyboard Ofa Overflow Analog 4

TRICE
B Reader Control Ofm TRICE or Converter 5

Modes
C GComputer Ofc Converter 5
PR Patched Reset Oft TRICE 7
SC Single Cycle Ofl TRICE Block 1 10
X0 of2 Block 2 i1
X1 Of3 Block 3 12
X2 Of4 Block 4 13
X3 Not Used 0f5 Block 5 14
x4 Of6 Block 6 15
X5 Qf7 Block 7 16
X6 Of8 Block 8 17




control the TRICE., Table 3-4 lists the input and output control line

of the patchboard.

C-2b. Selection of a Basic Compute Mode

TRICE modules internally can have two states; the compute on
condition, in which increments can be received and generated, and the
compute off condition, when computation in the module is disabled. In
a normal problem setup all increments originate from the independent
variable input from the patchboard (lines Te and Ts). These lines are
connected to the dx input of the integrators integrating for the indepen-
dent variable. Before the start of a computing run the initial values
contained in the I registers of the modules are inserted into the Y
registers by the reset operation. To allow more flexible programming

the reset operation can be performed in three selective ways.

1) All modules are reset in the total (normal) reset operation,

2) Only the modules which have their patched reset input con-
nected to the ratched reset bus (on the patchboard) are reset
in the patched reset operation.

3) Each module can be individually selected by the address

selection logic and reset in the selected reset operation.

Flip-flops H and I are used to control the selection of INTE-
GATE, HALT, RESET or COMPUTE OFF compute modes. The sig-

nificance of the four different configurations is as follows:

HI = INTEGRATE
HI = HALT
HI = RESET
HI = COMPUTE OFF



Logic equations to control the status of the H and I flip-flops are

as follows:

h = Lp(HY +G{) + Ep (Bc7 + Bc8)
H
oh = Lp(zl +1{) + Bc9 (Ep + Gp)
i = Lp (GX +1f) + Ep (Bc7 + Be9)
I

oi = Lp(HZ+ ZV) + Ep Bc8 + Gp Bc9

During PATCHBOARD control mode, the Lp signal is true during
the latter portion of each word time. The coincidence of a GL signal
with the Lp signal sets flip-flops H and I. The TRICE system is set to
the INTEGRATE compute mode. The coincidence of an Hi. signal with
the Lp signal sets flip-flop H and resets flip-flop I. H I defines the
HALT compute mode. The coincidence of an I{ signal with the Lp sig-
nal resets flip-flop H and sets flip-flop I. H I defines the RESET com-
pute mode. The coincidence of a Z{ signal with the Lp signal resets
both flip-flops. When both flip-flops H and I are off, the TRICE
system is in the COMPUTE OFF compute mode.

The equations which contain the Bc7 through Bc9 terms permit
the H and I flip-flops to be set accordingly with information received
from the keyboard, paper tape reader or computer, as described pre-
viously. The Gp term has been defined under control modes. The Ep

term is defined by the following logic equation:
Ep = Bp (B6 B5 Po + B6 B5 Pe)

Thus, the Ep signal is generated if there is an even number of
true bits within the character received from the keyboard, reader or
computer. Whereas, the Gp signal is generated if there is an odd

number of true bits.



A coincidence of an Ep signal with a Bc7 signal sets flip-flops H
and I to the INTEGRATE compute mode. A coincidence of an Ep signal
with a Bc8 signal set flip-flop H and resets flip-flop I to the HALT
compute mode. A coincidence of an Ep signal with a Bc9 signal resets
flip-flop H and sets flip-flop I to the RESET compute mode and the
coincidence of a Gp signal with a Bc9 resets both flip-flops to the

COMPUTE OFF compute mode.

C-2c. Selection of a Special Computing Mode

The four basic computing modes described in the previous para-
graph may be modified to permit more flexible programming. A
SELECTED RESET computing mode causes only an addressed module
to be reset and a PATCHED RESET computing mode causes only the
modules which are properly wired via patchboard to be reset. The
RESET computing mode causes all TRICE modules to be reset. The
special reset modes are executed within any basic computing mode. A
SINGLE CYCLE and INTEGRATE SLOW compute mode may be executed

only during the basic HALT compute mode.

The various reset modes are controlled by the following flip-flops

and logic equations:

rsc = Rsc Gp Be7

Rsc
orsc = Rsc (G2 R)
rpc = Rpc Gp Bc8 +R Lp Yy
Rpc
OrpC = Rpc (GZ R)
rtc = RtcEpBc9+RLply
Rie
ortc = Rte (G2 R)
r = R T5 G1 (Rsc + Rpc + Rte)
R
or = B 36 &1



Rs = Rsc R
Rp = Rpc R
Rt = Rtc R

The preceding equations indicate that the Rsc flip-flop (selected
reset) is set only by a control code Bec7 Gp received from the key-
board, paper tape reader or computer. The Rpc flip-flop (patched
reset) is set by a control code Be8 Gp received from the keyboard,
paper tape reader or computer and by a 4 4 signal from the patchboard.
The Rtc flip-flop (total reset) is set by a control code Bc9 Ep received
from keyboard, reader, or computer and an I{£ signal received from
the patchboard. The R flip-flop is set whenever any one of the above
mentioned flip-flops is set. The preceeding equations also indicate that
an Rs, Rp or Rt signal is generated whenever a coincidence occurs
between the R flip-flop being on and the Rsc, Rpc or Rtc flip-flops

respectively, being on.

In addition to the timing signals of Gp and Ep, which have been
described previously, Gl and G2 are timing signals generated by the

G1 and G2 flip-flops.

Logic equations for the Gl and G2 flip-flops are as follows:

gl = GIlR+GI T5HGe
Gl _
ogl = Gl T5 H G2 + G1 T5 G2 (Rsc + Rpc + Rtc)
g2 = G2 T5Gl
G2 _
ogd = G2 T5Gl1
Timing signals Gc and G are generated by the following equations:
gc = Gc TS5 H
Gce -
oge = Gc TS5 H
G =Ge R
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The relationship between the various timing signals is illustrated
on Figure 3-5 through 3-8. Figure 3-6 illustrates that a Te signal
becomes true during an INTEGRATE mode. The logic equations for

controlling the Te signal are as follows:

te Te T8 C 4 Te Th 1 1

n

Te

ote Te T5 (H + 1)

In the preceding equations the H and I terms define the INTE-
GRATE mode and H + I define non-INTEGRATE modes. The C term is
true only during a SINGLE CYCLE or INTEGRATE SLOW mode and is

described further in subsequent paragraphs.

Logic equations for the S and C flip-flops which control the
SINGLE CYCLE and INTEGRATE SLOW modes are as follows:

3 ] = ngBCZ

os = ST5H+EpBc8

c = CLpCL +EpBc3+SrS
C

oc = C T5 Te

In the preceding equations, the Sr signal is obtained from a free

running multivibrator having a frequency of 100 cps.

The S flip-flop may be turned on with a control code Bec2 Gp and
turned off at the fall of T5 during TOTAL RESET or COMPUTE OFF

modes as defined by the H signal or by a control code Bc8 Ep.

The C flip-flop may be turned on by a Cf signal from the patch-
board; a control code Be3 Ep from the keyboard, reader or computer;
or by the coincidence of an Sr and S signal. In all cases, the C flip-flop
is automatically turned off by the coincidence of the Te and T5 signal.

The Te signal is true during any INTEGRATE mode. Figures 3-9 and
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FIGURE 3-9. INTEGRATE SLOW
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FIGURE 3-10. SINGLE CYCLE
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3-10 illustrate the relative timing of the various signals when S and C

signals are generated.

C-2d. Selection of Input/Output Mode

The selection of ADDRESS, DATA, DISPLAY or PUNCH OUTPUT
modes is controlled by flip-flops A and D. The configuration of these

two flip-flops indicate the different input/output modes as follows:

A D = PUNCHOUTPUT

A D = ADDRESS
A D = DISPLAY
AD=DATA

The ADDRESS mode is selected when the address in the binary
display is to be changed. The DATA mode is selected when the infor-
mation in the binary display register or the decimal display register
is to be changed. The DISPLAY mode permits the contents of the
addressed module to be read at the rate of 100 cps and displayed in the
binary display register and the decimal display register. During PUNCH
OUTPUT mode, the contents of the decimal display register is punched

on paper tape.

Logic equations for controlling the A and D flip-flops are as

follows:
a = EEpBCl-I—Fp Be7
“ oa = A Ep Be4 + Fp Be0
d = DEpBc4 +Fp Be?
P od = D Ep Bel + Fp Be0

Logic equations for the Ep and Becl through Bc7 control codes have

been given previously. Logic equations for the Fpsignal are as follows:
Fp =B, (B6 B5 Po + B6 B5 Pe + B6 B5 Bc0)
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During an ADDRESS mode (A D), an address register comprised
of nine flip-flops, Ral through Ra9, is loaded by the character input.

Complete logic equations for theseflip-flops are as follows:

ral = Ral Cfla Gdg + Spa Bl
Ral
oral = Ral Cfa Gdg + Spa Bl
ra2 = Raz C{a Ral + Ab Dpa B3
Ra2
oraZz = Ra2 Cla Ral + Spa
ra3 = Ra3 CLla Ra2 + Ab Dpd B2
Ra3
ora3 = Ra3 Cfla Ra2 + Spa
ra4 = Ra4 Cfa Ra3 + Ab Dpa Bl
Ra4
ora4 = Ra4 Cla Ra3 + Spa
ra5 = Ra5 CLa Ra4 + At Dpa Bl
Rab
orab5 = Ra5 Cla Ra4 + Spa
rab = Rab CfLa Ra5 + Au Dpa B3
Rab
orab = Rab Cla Ra5 + Spa
ra7 = Ra7 C{a Rab6 + Au Dpa B2
Ra7
ora? = Ra7?7 CLa Rab + Spa
ra8 = Ra8 CLla Ra7 + Au Dpa Bl
Ra8
ora8 = Ra8 Cla Ra7 + Spa
ra9 = Ra9 Cla Ra8 + (Ab At Au) Dpa Bl
Ra9 P .
ora9 = Ra9 Cla Ra8 + (Ab At Au) Dpa Bl
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The equations containing a CK a term permit the Ral through Ra9
flip-flops to be a shift register. Information is obtained from Gdg and
shifted into Ral and then to the other flip-flops in a sequential manner.
These equations are used when working with PB250 as described in

subsequent paragraphs.

Logic equations for generating Sp, Spa, Dp, Dpa, Ab, At and Au

are as follows:

Sp = Bp B6 B5 B4 B3 B2
Dp= Bp (B6 B5 Po + B6 B5 Pe + B6 B5 Bc0)
Spa = Sp (AD)
Dpa = Dp (AD)
ab = Ab Spa
Ab
oab = Ab Dpa
at = At Dpa Ab
At
oat = At Dpa + Spa
au = Au Dpa At
Au
oau= Au Dpa + Spa

The Sp signal is true when a sign character is being processed

and the Dp signal is true when a digit character is being processed.

The proceding equations for the Ral through Ra9 flip-flops

control the following sequence of operations:

1. A plus or minus sign causes an Spa signal to be generated.
2. The Spa signal allows Ral to be set or reset in accordance

with the Bl signal received from the control unit. The Spa
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signal also resets Ra2 through Ra8 flip-flops and sets flip-
flop Ab. Flip-flops At and Au are reset by Spa signals.

3. A character representing a digit causes a Dpa signal to be
generated.

4. The Dpa signal in conjunction with the Ab signal permit the
Bl, B2 and B3 bits to be transferred into the Ra4, Ra3 and
Ra2 flip-flops, respectively. The Ab flip-flop is reset and
the At flip-flop is set by the Dpa and Ab combination.

5. The second Dpa signal is generated when the second digit
character input is received from the control unit. The Dpa
signal in conjunction with the At signal set Ra5 if Bl is true.
If Bl is false, Ra5 remain reset. The At Dpa signal resets
flip-flop At and sets flip-flop Au.

6. The third Dpa signal is generated when the third digit char-
acter input is received from the control unit. This Dpa signal
in conjunction with the Au signal set Ra8, Ra7 and Rab in
accordance with B1, B2 and B3 bits, respectively. The third
Dpa signal and Au signal also reset the Au flip-flop.

7. The fourth Dpa signal is generated when the fourth character
input is received. At this time, the Ab, At and Au flip-flops
are all reset and the Ra9 flip-flop will be set or reset in

accordance to the Bl bit.

The contents of the address register contains four fields of infor-
mation. If the Ral flip-flop is off, the address designates a TRICE
module and if the Ral flip-flop is on, the address designates a converter.
Ra2, Ra3 and Ra4 flip-flops contain the block address of he TRICE
module or converter. Ra5 through Ra8 flip-flops contain the unit
address of the TRICE module or converter in the octal system. The

status of the Ra9 flip-flop is only applicable when a TRICE module is
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addressed. If Ra9 is false the Y register of the module is addressed

and if Ra9 is true the I register is addressed.

Figure 3-11 is a simplified block and logic diagram illustrating
the loading of the address register. Table 3-5 lists the various con-

figurations and significance of the address register.

Logic equations for converting the contents of the Ra2 through

Ra4 flip-flops into the appropriate B signals are as follow:

= Ral + Ra3 + Ra4

= RaZ2 + Ra3 + Ra4
= Ra2 4+ Ra3 + Ra4

= RaZ2 + Ra3 + Ra4

et

= RaZ2 + Ra3 + Ra4

= Ra?2 + Ra3 + Ra4
= Ra2 + Ra3 + Rad

2% 2 o gyl gl

= Ra2 + Ra3 + Ra4

Logic equations for converting the contents of the Ra5 through
Ra8 flip-flops into the appropriate U signals (U0O through Ul7g) are

as follows:

= Ra5 + Rab + Ra7 + Ra8
= Rab5 + Rab + Ra7 + Ra8
= Ra5 + Rab6 + Ra7 + Ra8

- Ra5 + Rab + Ra? + Ra8
= Ra5 + Rab + Ra7 + Ra8
= Ra5 + Rab + Ra7 + Ra8
& Ra5 + Rab + Ra7 + Ra8
= Ra5 + Rabt + Ra7 + Ra8

= Ra5 4+ Rab + Ra7 + Ra8
= Ra5 + Rab + Ra7 + Ra8

g =1 <:| al al c| gf <:| cf <:|
~D oo -] o~lon M [¥8] [ 45] P o
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Table 3-5.

{Sheet 1 of 2)

ADDRESS REGISTER FORMAT

TRICE Modules
A MR
0 Q 0 0 0 0 I100 Y
0 0o 0 0 1 1100 1
0 6 0 1 0 I101 Y
0 o 0 1 1 1101 I
0 0 1 0 0 IA02 ¥
0 g 1 0 1 11021
0 0 1 1 0 EA03-%
0 o 1 1 1 I103 I
0 1. 0 4 0 1104 Y
0 1 0 0 1 I104 I
0 1 0 1 0 I 108
0 1 ¢ 1 1 I105 I
0 1 1 0 0 I106 Y
0 E LG 1 I106 I
o 1 1 1 0 1107 Y
0 1 1 1 1 A0
1 0 0 0 0 s 110 Y
1 0 0 0 1 S 110 I
1 0 0 1 0 5111 Y
1 0 0 1 1 S 111 I
1 0 1 0 1 CM 112
1 1SR | 1 CM 113
1 1 0 0 0 VM 114-5 X
1 1 0 0 1 VM 114-5 Ix
1 1 0 1 0 VM 114-5 ¥
1 1 9 X 1 VM 114-5 Iy
1 ¥: <L 0B 0 VM 116-7 X
1 1 1 © 1 VM 116-7 Ix
1 , SR G 0 VM 116-7 Y
1 I 1 1 VM 116-7 Iy




Table 3-5. (Sheet 2 of 2)

ADDRESS REGISTER FORMAT

Converter Modules

-

Digit C B
igi . T u Module

Bit 1 2 6 7 B

b
wm
~0

[ 100
101
102
103

104

o o o o
ot
(=]

105
106
107

O O o O o O o o
o

E- - - - - -

= O = 0O = 0O = O

Block Selection

Digit

Bit Module Block

=0
[v1]
|

u I
2 3 4 5 6 7 8

st
Block 2 17 Rath

Block 3 d
2" Rack

TRICE  Block 1 }

L= = ]

Block 4

L= =
—

Block 5
0 Block 6
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3rd Rack
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Block 8 4 Rack
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Block 2 1%t Rack
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e
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—
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U10 = Ra5 + Rab + Ra7 + Ra8
Ull = Ra5 + Rab + Ra7 + Ra8
Ul2 - Ra5 + Rab + Ra7 + Ra8
Ul13 = Ra5 + Rab + Ra7 | Rag8
Ul4 = Rab5 + Rab + Ra7 + Ra8
Ul15 = Ra5 + Rab + Ra7 + Ra8

The DATA mode {1_1& _D) is used to enter new data into the binary
data buffer and decimal converter scaler which is to be transferred
into the selected TRICE module or converter from the keyboard or
paper tape reader as specified by the address register. The DATA
mode permits the various registers within the TRICE to be loaded with
the proper information prior to the execution of a fill operation. Infor-
mation received from the keyboard or paper tape reader is processed
through flip-flops Dbl through Db4 prior to be transferred into the
binary data buffer and decimal converter scaler. Logic equations for

the Dbl through Db4 flip-flops are as follows:

dbl = Dpd Bl
Dbl

odbl = Dbl Mc + Dpd

db2 = Db2 Mc Dbl + Dpd B2
Db2

odb2 = Dbz Mc Dbl + Dpd

db3 = Db3 Mc Db2 + Dpd B3
Db3

odb3 = Db3 Mc Db2 + Dpd

db4 = Db4 Mc Db3 + Dpd B4
Db4

odb4 = Db4 Mc Db3 + Dpd

In the preceding equations, the Dpd signal in the reset side of

the flip-flops causes all of the flip-flops to be reset at the leading edge
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of the Dpd signal. The Dpd signal in conjunction with the appropriate
B signal (Bl through B4) from the keyboard or papertape reader set the
Dbl through Db4 flip-flops at the trailing edge of the Dpd signal. Logic

equations for generating a Dpd signal are as follows:

Dpd = Dp_ﬁ D
Dp = Bp (B6 B5 Po + B6 B5 Pe + B6 B5 Bc0)

The equations containing an Mc signal are used when the infor-
mation within the Dbl through Db4 flip-flops is to be shifted in a
serial manner from Dbl toward Db4 flip-flops. Logic equations for
generating the Mc signal and associated timing and control signals for

the shift operation are as follows:

Mc = Md T5 1T 52
tsl = T51 TH
T51
ot51 = T51 T5
ts2 = T52 T51
TH2Z
oth2 = T62 TH1
mcl = Mcl Mec
Mcl
omcl = Mcl Mc + Dpd
mc2 = Me2 Mecl
Mc2
omc2 = Mc2 Mcl + Dpd
md B Md Dpd
hd omd = Md Mc2

Figure 3-12 is a timing chart of the various signals generated
during the shift operation. Flip-flops T5land T52 form a modulo 4
counter which is advanced by T5 signals. A Dpd signal may be gener-

ated at any time by the character input. Flip-flop Md serves as a
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temporary memory device and is set whenever a Dpd signal has been
received. The Md flip-flop is reset after four shift pulses (Mc) have
been generated. During the time that the Md signal is true, a Mc pulse
is generated whenever the T51 and T52 flip-flops are true simultane-
ously. The first shift pulse may occur at any time but subsequent shift
pulses are generated periodically every four word times until the Md
flip-flop is reset. The Mcl and Mc2 flip-flops also function as a

modulo four counter and are advanced whenever a Mc pulse is generated.
Figure 3-13 is a combination logic and block diagram showing the data

flow into and out of the Dbl through Db4 flip-flops.

The transferring of information from the Db4 flip-flop to the
binary data bufier and to the decimal converter scaler is controlled by

the following logic equations:

Bic = Db4Md + Coc

1l

Bip = (Mcl Mc2) Mc + Cop

Note: The term (Mcl Mc2) can be reduced to (Mcl + Mc2). Thus, the

Bip signal is generated at all times except when both Mcl and Mc2 are

off, the initial configuration of these two flip-flops.

The Bic signal is true whenever a true bit appears in the Db4
flip-flop and the Bip signal is a control pulse which permits only the
original contents of Dbl through Db3 (an octal character) to be shifted
into the binary data buffer. All four bits are always transferred into

the decimal converter register.

If octal information were processed during the DATA mode, the

contents of the binary data buffer is valid and the contents of the deci-

mal converter scaler register is disregarded. Informationwithin the

binary data buffer is transferred to the addressed module by executing

a FILL operation. If decimal information were processed during the
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DATA mode, the contents of the decimal converter scaler register is

valid and the contents of the binary data buffer is erroneous and is dis-

regarded.

By executing a CONVERT INPUT operation, the contents

within the decimal converter scaler register is converted into an equiva-

lent binary number and transferred into the binary data buffer.

The Bic and Bip signals control the transfer of data into the

binary data buffer in the following manner:

1.
2

The Bip Signal turns on the Bi flip-flop.

The Bi flip-flop in conjunction with a P30 signal (last bit time
of each word) turn on the Sg flip-flop. At the same time, the
data bit Bic is transferred into the Rdc flip-flop.

During the time that the Sg flip-flop is on, the Rdc flip-flop

is added in series with the binary data register between flip-
flops Rd30 and Rdl and information within these flip-flops is
shifted from the Rdl end toward the Rd30 end at a 3mc rate.
After one word time, the Sg and Bi flip-flops are turned off.
The Rdc flip~flop now contains the former Rdl bit and the new
bit is in Rd30. The bits which were formerly in positions Rd2
through Rd30 have been shifted to positions Rdl through Rd29.
After the Sg flip-flop is reset, the Rdc flip-flop is discon-
nected from between Rd1l and Rd30.

The Rdl bit shifted into the Rdc flip-flop is lost when the Rdc
flip-flop is reset at the first Pl time after the Sg flip-flop is

reset.
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Complete logic equations for the various flip-flops mentioned in

the preceding paragraph are as follows: (Only equations containing a

Bi or Sg term are used during the transfer of information from flip-

flops Dbl - Db4 to the binary data buffer)

rdc
Rdc

ordc

rdl
Rdl

ordl
Rd2 .

rd30
Rd30

0rd30

bi
Bi

obi

s5g
Sg

osg
cl1
cla

]

Rdc Csc (CV) + Bi Sg Cf1 Rd30 + Bi Sg P30 cll 1 Bic
+ (So Ral) P1 Cfl1

Rdc Csc (CV) + Bi Sg CL1 Rd30 + Sg P1 C£1

Rdl C&d [Es Gsg Ra9 + So Ral (I-Y) + Sc Rde
+ Bi Rdc + Bop Rd30]

Rdl CLd [Es Gsg Ra9 + So Ral (I-Y) + + Sc Rdc

+ Bi Rdc + Bop Rd30])

Rd29 shift register, shift clock C{d
Rd30 CLd Rd29

Rd30 C{d Rd29

Bi Bip Cl1

Bi Sg P30 CL1

Sg C&1 [P30 Si + Pl So Ral + P16 (So Ral) + P30 Bi]
+ P16 CR1 Bop Es

Sg CA1 [P30 Si + Pl So Ral + P16 (So Ral) + P30 Bi]
+Sg C{1 Bop

TRICE clock (3 Mc)

Es Gsg C{2 + Es Hsg CL2 + Sg CL1
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During PB250 operations (BSO and BSI commands), the address
register (Ral through Ra9) and the binary data register (Rd1l through
Rd30) are connected as a 39 bit shift register. Information from the
computer is shifted into Ral and toward Ra9. Ra9, in turn, shifts data
into Rdl. Data in Rdl is shifted toward Rd30. For these operations,
the COMPUTER control mode (UW) and the ADDRESS mode (A-li) must

be selected, which makes signal Es true.

Logic equations for generating control and timing signals associ-

ated with the COMPUTER contrel mode are as follows:

clz = PB250 clock (2 Mc)

Es = (A D) (UW)

CAd = Es Gsg C{2 + Es Hsg CR2 + Sg CR1
Cla = Es Gsg Cf2

Hdg = Rd30

During a BSO command, the PB250 generates Gdg and Gsg sig-
nals. The Gdg signal represents data output and the Gsg is a shift mask
which permits the data to be shifted into the Ra and Rd flip-flops.
During a BSI command the PB250 generates an Hsg signal which per-
mits data only from the Rd flip-flops (Hdg) to be shifted into the

computer.

Figure 3-14 is a simplified logic and block diagram illustrating

the transfer of data between the Ra and Rd flip-flops and the computer.

C-2e. Read Operation

During a read operation, information within the I or Y register
of a TRICE module or within a converter module, as specified by the

address register, is transferred into the binary data register.



Cl2 Gsq Gdg Hdg Hsg o
* * Es=(UW)(AD)
Cla &
’ a
4
Ra9
cld
Rdl
i !
]
[]
e ]
;
o 1
24
— Rd24 +o—=9
e ;
30
™ Rd3Q0 |>—¢
32
—= Rd32 e
FIGURE 3-14. PB250 DATA INPUT-QUTPUT CONNECTIONS




The following logic equations are used when reading informaton

out of a selected TRICE module:

Ep = Bp (B6é B5 Po + B6 B5 Pe)
Sop = Ep Bc5 + Dip

s0 =_S€Sc3p
So
oso = So Sg
sg = Sg CL1 (P1 So Ral)...
Sg

osg = Sg CL1 (Pl So Ral)...

(I-Y) = Ra9 (Y1 + Y2+ Y3+ Y5+ Y6+ Y7+ Y 8)
+ Ra9 (I1 + I2 + I3 + 14 + I5 + 16 + I7 + I8)

rdl = Rd1 C{d (So Ral (I-Y) ...
Rd1
ordl = Rdl C {d (So Ral (I-Y)) ...

Upon receipt of a control code (Ep Bc5) an Sop signal is genera-
ted which sets flip-flop So. The Sg flip-flop is turned on by the first
Pl pulse after So is set. The Sg flip-flop is on for 30 bit times. During
this time information from the I or Y register is shifted serially into
the Rdl flip-flop of the binary data register. After 30 bits have been
shifted in, a second P1 pulse resets flip-flop Sg and the fall of Sg
resets flip-flop So.

Information within converter modules is transferred into the
binary data bufferina similar manner to that described for the TRICE

module. Logic equations which control this operation are as follows:
Sop = Ep Bcb5 + Dip
so = So Sop

So
0s0 = So Sg
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sg = Sg CL1 (P16 So Ral) ...

Sg
osg = Sg CL1 (P16 So Ral) .
sc = Sc CL1 Pl
Sc
osc = Sc CAL1 P16
Cro = (So Ral) Sg Sc
Cs=Sc+ .
Cac = Cas CR1
(CV) = DAI + DA2 + DA3 + DA4 + DA5 + DA6 + AD1 + AD2
= AD3 + AD4 + AD5 + AD6
rdc = Rdc Csc (CV) + (So Ral) P1 CL1 + .
Rdc L L
ordc = Rdc Csc (CV) + Sg P1 Chi %,
rdl = Rd1l CRd (Sc Rdc)
Rdl

ordl = Rdl CLd (Sc Rdc)

A control code (Ep Bcbh) generates an Sop signal which turns on
flip-flop So. At P16 time the Sg flip-flop is turned on and remains on
until the next P16 time. From P17 through the following Pl time, Sg
is on and the Sc signal is false and, a Cro signal is generated and
routed to the selected converter. The Cro signal permits a parallel
transfer of the data (14 bits including sign) from the counter register
to the converter buffer register. The Cro signal is terminated when
the Sc flip-flop is set at the fall of P1 time. The Sc flip-flop stays on
for 15 bit times and allows an equivalent number of shift clock pulses
(Csc) to be generated. During the shift operation, information from the
converter buffer register (CV) is shifted serially into the binary data
register (Rdl through Rd30) in a serial manner via flip-flop Rdc. An

articifial scaling bit is generated by setting the Rdc flip-flop at the fall
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of P1 time. Shifting takes place from P2 through P16 times, The Rdec
flip-flop is reset at the fall of the first P1 time following the shift
operation, The sign bit of the data received from the converter buffer
is in the Rdl position, the leasts significant bit received from the con-
verter buffer is in the Rd14 position and the artifical scaling bit is in

the Rd15 position,

Figures 3-15 through 3-17 are timing charts illustrating the
sequence of signals when transferring information into and out of buffer

register, TRICE modules, and converter modules.

C-2f. Fill Operation

During a fill operation, information within the binary data regis-
ter is transferred either to the I register of a selected TRICE module

or to the converter buffer register of a selected converter module.
Logic equations for filling into a TRICE module are as follows:

si = Si Ep Bcb

Si
osi = Si Sg
sg = Sg CA 1 (P30 Si)
Sg
osg = Sg CA1 (P30 Si)

Fs = 5i Ral S5g
If = Rd30 Si Sg

The Si flip-flop is turned on by the control code (Ep Bcé) and at
the following P30 time the Sg flip-flop is turned on. The combination
of Sg, Si and Ral generates an Fs signal which is distributed to all
TRICE modules. However, only ocne TRICE module, as determined by
the address register, will respond to the Fs signal. Within the selec-

ted module, the F's signal is gated with the If signal to permit new data
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to be shifted into the I register from the binary data register. During
the time that the Si and Sg signals are true (one word time), information
is shifted from the Rd30 flip-flop of the binary data register into the In
flip-flop of the I register within the selected TRICE module.

Logic equations for filling the converter buffer of a selected con-
verter module are the same as listed for the TRICE module with the
exception that a Cs signal is generated instead of a Fs signal.

Cs = 5i Ral Sg

The Cs signal permits Csc signals to be generated which will

shift the If signals into the most significant end of the converter buffer.

C-2g. Convert Input

During a convert input operation, information within the decimal
converter scaler (BCD format) is converted into an equivalent binary
value and transferred into the binary data buffer. Logic equations for

tnis operation are as follows:

Cop = A4 A3 (A2 Al) Ul (generated within decimal conver-

ter scaler)

Coc = Cop (Ds Uo + D18 Ds K + D18 Ds K + Sb) (generated in

decimal
converter
scaler)

Bic = Coc

Bip = Cop

bi = Bi Bip CL1
Bi
obi = Bi Sg P30 CL1



THIS PAGE LEFT INTENTIONALLY BLANK
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sg = Sg CL1 (P30 Bi)

Sg
osg = Sg CL1 (P30 Bi)

Chd = 5g CL1

rdc = Bi Sg C41 Rd30 +Bi Sg P30 CAl Bic

Rdc L
orde = Bi Sg C L1 Rd30 + Sg P1 C1

rdl = Rdl CAd (Bi Rdc)
Rdl

ordl = Rdl C4d Bi Rdc

The Cop and Coc signals generated within the decimal converter
scaler cause Bic and Bip signals to be generated within the buffer
register unit. The Bip signal is a control or timing pulse which turns
on flip-flop Bi. The Sg flip-flop is turned on by the first P30 pulse
after the Bi flip-flop is on. The Sg flip-flop remains on for one word
time. At the same time that the Sg flip-flop is turned on (fall of P30),
a data bit, Bic, is received from the decimal converter scaler and
transferred into the Rdc flip-flop. During the time that the Sg signal
is true, the Rdc flip-flop is connected in between flip-flops Rd30 and
Rdl. As a result, the new bit of data will occupy bit position Rd30 and
the bit formerly in Rdl is lost. The other bits are shifted by one posi-
tion. This process is repeated until 30 new bits of data are within the

binary data register.

Refer to paragraph F for further details on the decimal converter

scaler.

C-2h. Convert Output

During a convert output operation, binary information within the

binary data register is converted into an equivalent BCD value and
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transferred into the decimal converter scaler. Logic equations for

this operation are as follow:

Boc = R4l

Bop = A4 A3 (A2 Al) Ul (generated within decimal con-

verter scaler)
sg = P16 CL 1 Bop Es
Sg
osg = Sg CL1 Bop

rdl = Rdl CAd (Bop Rd30)
Rdl

ordl = Rd1 CALd (Bop Rd30)

In the preceeding equations, the Boc signal follows the Rdl flip-
flop of the binary data register. The Bop signal is generated within the
decimal converter scaler. The Sg signal is true only for one C£1 time.
As a result only one CAd (shift clock) pulse is generated per word time.
The CRd pulse permits one bit of data to be shifted from Rd30 into Rdl
while the remaining bits within the binary data register are also shifted
one place. The data bit shifted from Rd30 into Rdl becomes the Boc

pulse which is routed to the decimal converter scaler.

C-2i. Selection of Display Mode

During the display mode, information within a selected module of
converter is read into the binary data register. As such, once the
operation is iniitated, logic equations common to the read operation

are used for the display mode.

Sr = 100 cps free running multivibrator

dip = Dip Sr (AD)

Dip

odip = Dip T5



Sop = Dip

s0o =?E;Sop
So
oso = So Sg
sg = Sg CL1 (P1 So Ral +.P16 (So Ral)
Sg

Sg CA1 (P1 So Ral + P16 (So Ral)

osg

After the A flip-flop has been reset and the D flip-flop has been
set by an appropriate control code, the Dip flip-flop is set by the Sr
signal and reset by the T5 signal. The Sop signal, which is generated
when Dip is true, sets the So flip-flop. If a TRICE module has been
addressed, the So signal causes the Sg flip-flop to be on for one word
time from Pl to Pl times. If a converter module has been addressed,
the So signal permits the Sg signal to be on for one word time from P16
to P16 time. During the times that the Sg flip-flop is on, a shift clock
pulse is generated and new information is entered into the binary data
buffer from the addressed module. Refer to the read operation for

further details.

C-2J. Punch Output Mode

During the PUNCH OUTPUT mode, information within the deci-
mal converter scaler is transferred to the paper tape punch. This
mode is identified by having the A and D flip-flop both true. Further
details describing the transfer of data is contained within subsequent

paragraphs within this section.



D. TRICE MODULES

This section describes the theory of the five major computing

modules used in the TRICE. The five modules are:

1) Integrator I5

2) Constant Multiplier CM5 -
3) Variable Multiplier VM5
4) AY Summer SU5

5) Servo S5

These modules mechanize digital differential analyzer algorithms.
Pulse trains, representing increments of change in a problem variable,
transmit information between computing elements. One-word registers
in the computing elements accumulate these increments, starting from
an initially set value, to represent the instantaneous value of the prob-
lem variable. The basic computing process in the computing element
consists of adding the contents of this register to a second one-word
register in the same computing element. Overflows of this register
are considered output increments of the computing element. The
maximum rate at which this addition can occur for each computing

element is the iteration rate of the digital differential analyzer.

Externally, TRICE computing elements operate in parallel; in-
ternally, the computing process operates serially. This makes the
iteration rate equal to the word rate (rate at which a one-word register
is processed). The digital code used in the registers is straight binary.
Negative numbers are represented as two's complement. The effective
length of the register is variable — the total register length is constant.
The significant part of the register is assumed to start after the least
significant non-zero bit stored in the register. This bit (the scaling
bit) is inserted as part of the starting value. It is not affected by com-

putation. The position of the scaling bit determines the weight with
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which increments are added to the register. This addition occurs at
the least significant end of the significant part of the register, i.e.,
immediately after the scaling bit. The weight of the most significant
end is fixed; in machine units the range of the register is -1 <y < + 1,
Machine units are related to problem units by the scale factor of the

register.

Increments in TRICE can be positive, zero, or negative (ternary
transfer). They are represented by the state of two lines, the existence
line and the sign line. The existence line corresponds to the absolute
value of the increment (logic true = absolute value one). The sign line
represents the sign of the increment by logic true = positive sign, logic
false = negative sign. The logic inverse of the sign line therefore
represents the inverted sign. The state of the increment lines can
change only once per computing iteration, i.e., the maximum rate at
which increments can be generated is equal to the iteration rate. Con-
versely, if a pair of increment lines stay, for example, in the +1 state
for n iterations, this corresponds to the occurrence of +n increments.
Because of the serial computation in the computing elements, output
increments resulting from computation in one iteration are generated
only at the end of that iteration (word time). Therefore, they can only

be used during the next iteration.

D-1. INTEGRATOR (Figures 3-18 through 3-22)

The logic equations, timing diagrams and block diagrams are
placed together at the conclusion of this section and are intended to be

used in conjunction with the following text.
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The integrator contains 3 one-word registers. The I (initial

condition) register stores the starting value of computation to allow

fast access to this value for insertion into the Y (variable or integrand)

register.

The I register, as all TRICE module registers, isa recirculating

delay line register. Recirculation can be interrupted and new informa-

tion inserted by their different operations.

a)

b)

c)

The normal method used in the TRICE computer operates
through logic terms FS and If. FS, the serial fill gate,
goes true for one word time (one recirculation period).

As it enters the module, Fg is gated by the address terms
U and B, so only a module selected by its address can be
filled. While F is true in the module, the I-register
receives serial fill data signal I; instead of recirculating

its former contents.

The I register of the integrator can exchange its contents
with that of the Y-register by term Ig. I interrupts
recirculation in both I- and Y- registers and gates through
I read flipflop into the Y write flipflop and the Y read
flipflop into the I write flipflop. After one recirculation

period the contents has changed places and I going false

enables recirculation again.

The octal fill logic (terms F, L, Iy’ I, in conjunction
with Gj) can insert one three bit octal digit at the least
significant end of the I-register, move the rest of the
register contents three bit positions towards the most
significant end, shifting out the former three most

significant bits. The process consists of two phases.
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First F is true, but not G,. During that time input lines
L IY' and IZ are read into flipflops 14, Iz, and Il, respec-
tively. When Gl is found true at P3p time G, is turned

on, provided Gj is found true at P3( time, and goes

false after exactly one word time. F and G, during that
word time insert 14, IZ, and Il’ as a three bit register in
series with the recirculating I-register. At the end of

one word time the three new bits are in the three least
significant bit positions, the former three most significant
bits are in I4, I‘2 and Il and all other bits are shifted three
positions. F and G, going false interrupt the lengthened
register and restore normal recirculation. F is gated

by the address lines like F;. This logic is used only in the
module tester and in some older, simpler versions of the

TRICE computer input logic. It then operates directly

from a manual keyboard.

The Y register stores the value of the integrand. The integrator
can receive increments for addition to the Y register in either of two
ways: (a) Directly from two sets of increment input lines (Yel, Ysl,
Ye2, Ys2) and combine them in the AY adder of the integrator into a
serial representation of their sum at the output of the Yd flip-flop;

(b) Indirectly from a separate AY summer computing module. This
module performs a similar operation as the AY adder on six sets of
increment input lines, and feeds the serial representation of the sum as
signal Ya to the integrator, which then shapes and clocks it in the Yd
flip-flop. This second input is qualified by the gateline A, which
selects the AY summer for operation with the integrator on the

patchboard.
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In either case, the scaling bit in the Y register initiates serializing
the sum of increments. Flip-flops I4, I2, and Il are used during com-
putation to sense the scaling bit, and to form timing signals to gate the
significant part of the registers. At the most significant end of the
register, I4, I2, and Il form timing signals for sensing overflows of
the registers. The scaling bit in the Y register flip-flop (Yr) turns on

14, Therefore, Yr I4 is true only for the scaling bit.

I2 and Il are turned on one pulse time after I4. I4 is turned off
at the end of the word by the end-of-word pulse P30. I2 follows one
pulse time later than I4, and Il follows one pulse time after I2. Thus,
14 is on for the significant part of the Y register in Yr. Itis used in
the Y adder, which adds Yr and Yd and the carry Yc of this addition,
to prevent the carry from extending beyond the sign bit of the Y regis-
ter. I4 qualifies the Yr terms of this adder. It prevents one bits, out
of Yd or Yd, from being stored in bit positions of the Y register beyond

the sign bit, where there were no one bits before.

P30 time is sign bit time in Yr. The adder feeds the sum of Y
and AY. (represented by Yd) to the Y register write flip-flop Yn. In
case computation is stopped, Yd does not come on (Go term on ''on"
trigger), nothing is added to the Y register, and the old value is
recirculated by the first two terms of the adder logic: Go Is Yr Yd Ye
+ E-I_s Yr Yd ::?-t-:-, equivalent to (mﬂ Is Yr Yd Yec. This term, in con-
junction with the terms (Go R) Ir and Is Ir, serves to insert the contents
of the I register into the Y register during the reset operation (Go R is

true then), or the interchange operation (Is true).

The remaining terms of the adder do not interfere, because Yd
cannot operate in the reset operation (R term on trigger); Yc cannot
come true, because Yd does not come true. The interchange operation

should not be used when increments are added to Y. No interlock is
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provided in the logic for this case. Timing flip-flops I2 and Il do not
operate during the reset operation (—ﬁ on their on triggers), whereas 14
opéerates as in compute. In this instance, I4 is required to generate an
initial value for the R register. IZ2 and Il not true inhibit computation

in intermediate terms and inhibit the output flip-flop "on'' triggers.

The remaining logic of the integrator mechanizes the exact
integrating algorithm that leads to the generation of output increments.
The new value of Y, with an interpolative or extrapolative correction
term derived from Y, has to be added to the third register of the inte-
grator, (the R register) and outputs generated from overflows. The
addition of Y to R is qualified by a separate incremental input to the
integrator, consisting of lines Xe and Xs. This is the primary input
dx, the independent variable of integration. The algorithm to be

mechanized is:

Rnew = Rold + (Ynew dx + 1/2AY) signdx

for extrapolative mode

Rnew = Rold + (Ynew dx - 1/2 AY) signdx

for interpolative mode

R new = Rold + (Ynew dx +0) signdx

if no special mode is selected.

The first term in the parenthesis is represented by Yt in the logic
(Xe is true for dx = 1. I2 is true for the compute mode during the
significant part of the Y register in Yn. The scaling bit is therefore

suppressed by I2).

The second term in the parenthesis is represented by Y. @ and
I are true if extrapolative or interpolative modes are patched respec-

tively. In case of interpolative mode, YA is the one's complement of
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Yd. The necessary correction to form the two's complement is added
in by carry flip-flop Yh ( @ term in its on trigger). The carry in this
case is already on for the least significant bit, adding an extra one into
that position. Multiplication of the second term by 1/2 is accomplished
by the timing difference between Yd representing AY, and Yn repre-
senting Y. Yd is one bit time early with respect to Yn; therefore, it is
one-half as significant as Yn when the two terms are added. The two
terms in the parenthesis are added into flip-flop Yu. Yh serves as
carry flip-flop in the adder. Multiplication of the sum by the sign of

dx occurs at the input to Yv by forming the one's complement, if the
sign is negative. The complement correction in this case is added in by

the flip-flop Rc of the R register adder.

The R register adder function is similar to the Y register adder.
Bits of the same weight appear two pulse times later in R than in Y, to
compensate for the delay through flip-flops Yn and Yu in forming the
quantity to be added to Rr. This quantity Yv is gated by Il to suppress
the carry of the Yu adder beyond the sign bit. This use of Il requires
it to be turned on at the same time as I2, since the 1/2-increment bit
has now been added at the least significant end to Yn (otherwise corre-
sponding bits in Yn are one bit time later in Yu). The R register does
not have a sign bit, therefore I2 is used to limit the carry, as 14 was
used in the Y adder. The first two terms Go Rr Yv Rc + R Rr Yv Rc
equivalent to {E}—J—E) Rr Yv Rc and the last term (Go R) I4 again are
used to insert the initial value into the R register, and to recirculate
the R value unchanged, if not in the COMPUTE mode. Il in the later
case does not come on, and so inhibits Yv. This results in nothing

being added to R.

The initial value for R is generated by I4. I4 in the reset opera-

tion is turned on by the scaling bit in Y, as in the COMPUTE mode. It
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is always turned off by P30. A bit pattern of one's extending from two
bit times before the least significant bit to one bit timie before the most
significant bit (P1 time in the R register read flip-flop Rr), is entered
by I4 into the R register. This represents a value one increment less

than 1/2. It also enters a dummy bit before the 1/2 increment bit at

the least significant end, which does not affect computation.

Overflow of the R register is detected by the logic of flip-flops
Ze and Zs. P2 selects the sign bit time of the quantity Yv added to R.
Rc is the carry of the R register adder into this position, Yv Rc means
a positive quantity added to R and a carry into the sign position (i.e.,
positive overflow). Yw Rc indicates a negative quantity added to R, and
no carry into the sign position (i.e., negative overflow). The two off
trigger terms of Ze (the existence) represent the inverse condition.
Zs (the sign) can change only when there is a non-zero overflow. The
Of flip-flop senses overflow of the two other adders in the integrator.
Overflow of the ¥ register is sensed by the P30 terms. Overflow of
the Yu adder, i.e., the quantity (Y new dx + 1/2 AY), is sensed by

the Pl terms.

D-2, CONSTANT MULTIPLIER (Figures 3-23 and 3-24)

The logic equations, timing diagrams and block diagrams are
placed together at the conclusion of this section and are intended to be

used in conjunction with the following text.

The constant multiplier functions as an integrator with no AY
input. Separate initial condition and variable registers are not
required. The Y register of the constant multiplier contains fill logic
similar to the integrator I register. It is selected as an I register by

the control console, and is also used for addition to the R register
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similar to the integrator Y register. Since there is no AY, no adder
for the trapezoidal correction term (Yu adder in the integrator) is
required. Yv is in this case a flip-flop to generate a one-bit time
delay. This makes the timing of the R register and the output genera-

tion the same as in the integrator.
D-3. VARIABLE MULTIPLIER (Figures 3-25 and 3-26)

The logic equations for the variable multiplier are located on

pages 3-111 through 3-113 and supplement the following test.

The algorithm to be mechanized in the variable multiplier is the

following:
R new = Rold + Y newdx + X old dY

The logic function of the variable multiplier is similar to two integrators
sharing one R register. There are two initial condition registers, Ix
and ly, and two variable registers X and Y. The {ill and reset logic of
these registers is the same as in the integrator. Only one incremental
input is added to each of the variable registers X and Y, because the
addition function can make use of only one increment per iteration.
Flip-flops Xd and Yd serialize the input increments. Xc and Yc are

the carry flip-flops of the X and Y adder. The Yx logic forms the one's
complement of the new Y value according to the sign of dx, and gates Y
with the existence of dx. The complement correction to form the two's
complement is added by the carry flip-flop Yh of the Yv adder. The
logic of flip-flop Xy performs the same function for the former X value
using dY. A flip-flop is used in this case to compensate for the timing
difference between former and new variable register value (read versus

write flip-flop timing). The complement correction for this operation
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is applied by carry flip-flop Yh. The logic of the R register, the

R register overflow detection, and the generation of output increments
are the same as in the integrator. Overflows of the two variable
registers X and Y and of Yv (term added to R) are sensed by the over-

flow flip-flop Of.

D-4. AY SUMMER (Figures 3-27 and 3-28)

The logic equations, timing diagrams and block diagrams are
placed together at the conclusion of this section and are intended to be

used in conjunction with the following text.

The AY Summer is an auxiliary computing module, used to
increase the number of possible incremental inputs to the Y register of
an integrator or servo, from two to six. The sum output of the AY
Summer in serial form is selected for use in one particular integrator
or servo by a gateline (logic Ai or As) controlled by a jumper-plug on

the patchboard,

The sum of increments is formed in three steps. A timing signal
from the control unit (P4) turns on flip-flop P5. Flip-flop P6 follows
P5 by one pulse time. The sum is formed in six register flip-flops:

A, B, C, D, E, and F. The end-of-word pulse P30 clears all six

flip-flops.

During P5 time the incremental input lines, Yel, Ygl, Ye2, Y&z,
Ye3, Ys3 are sensed, and their sum is generated in flip-flops A, B, C,
in sign and absolute value form (A on for positive sign, B 2-bit, C 1-bit).
Simultaneously, Ye4, Ys4, Ye5, Ys5, Yeb, Ysb6 are sensed, and their

sum formed in flip-flops D, E, F.

During P6 time, the two sums are combined to form a second

sum, in sign and absolute value form, in flip-flops A, F, D, C (A on
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for positive sign, F 4-bit, D 2-bit, C l-bit). Flip-flop E is not used
in the remaining logic. Flip-flop B is always turned off by Pb6 time
to prepare for the conversion of the sum to serial, complement form

(Ya in logic).

Signal Sh, which is true for scaling bit through sign bit time of
the integrator or servo selected for connection to the AY Summer, con-
trols this conversion. The sum in F, D, and C is shifted out through
C and replaced by zero. If the sum is negative (A off), B is turned on
by the first one bit appearing in C. Any bit appearing in C after that is
inverted so that the output Ya forms the true complement. Ya is fed to
the Yd flip-flop of the servo or integrator connected to the AY Summer.
The least significant bit of the sum is entered into Yd at scaling bit
time, so as to appear on the output of Yd at the least significant bit

time of the Y register read flip-flop Yr.

The formation of the sum in the AY Summer occurs independently
of the Compute mode of TRICE. If TRICE is not in the Compute mode,
signal Sh consists of Yr (Y register contents) only; therefore, serializa-
tion and complementation are not executed properly. The timing of
formation of the sum in the AY Summer leads to a programming restric-
tion. Since the shift and serialization can only start after formation of
the sum, the scaling bit in the integrator or servo connected to the AY
Summer can appear earliest in P7 time (with direct input o the inte-
grator or servo P3 time would be possible). The maximum Y register

length is restricted to 22 bits between scaling bit and sign bit.

D-5. SERVO (Figures 3-29 and 3-30)

The logic equations, timing diagrams and block diagrams are
placed together at the conclusion of this section and are intended to be

used in conjunction with the following text.
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The I and Y register logic and function are very similar to those
of the integrator. The computing process, i.e., the method of gener-
ating output increments, is different and peculiar to the servo. No
addition of the Y value to an R register takes place here; instead, the
value of Y is sensed by flip-flop I1. If Il is on at Pl time, (sign bit
time of Yn, the new Y value), and there is a primary input increment
dx, Ze is turned on. This indicates the existence of an output incre-
ment. The sign of the output increment is controlled by flip-flops S and
Zs. S follows the product of the sign of the primary input increment
(Xs) and the sign of the new Y value (Yn at Pl time). Zs follows S, if
an output increment (Ze true) exists. The delay between S and Zs also
generates the proper timing of the output sign change, which is required

at P2 time.

The functioning of Il depends on the mode of servo operation
(decision mode or normal mode). @ is patched true on the patch-
board for decision operation. In the normal mode Il is turned on by any
nonzero bit in the new Y value (Yn) between scaling bit and sign bit.

I4 and I2, which operate identically as in the integrator, select this
part of the Y register (I4 eliminates the sign bit, 12 the scaling bit).
I1 is always turned off by the I2 terms among its off triggers, i.e.,
after P2 time. In the decision mode, the W condition on I1

on trigger prevents Il from being turned on by the most significant bit
of Y. At this same time (P30 time), the @ P30 terms among the

I1 off trigger, implement the decision operation. The sign bit (yn at
P30 time) and the most significant bit (Yn at P30 time) of Y are checked
to determine if Y is larger than 1/2 in absolute value, inwhich case
Il is turned off (decision operation). Yn (yn) is true for Y > + 1/2;

Yn (yn) for Y< - 1/2. For Y = + 1/2 or -1/2, all bits to the right of

the most significant bit are zero, so Il has not been turned on before
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the most significant bit time. The complete algorithm of the servo

operation therefore is:

dz =1lifdx=1and 0 <Y < 1 for normal operation
or
dz =1lifdx=1and 0< Y < 1/2 for decision
operation

Sign dx = Sign dx Sign Y new

E. DIGITAL CIRCUITS

E-1. LOGIC CIRCUITS (3-31 through 3-35)

The digital circuitry employed in the TRICE system uses pnp
transistors. The logic levels are negative voltages (about -8 v) for
true, and zero voltage (ground level) for false. They are represented,
for example, by the cutoff state and the saturated state of a grounded
emitter pnp transistor switch. Flip-flops consist essentially of two
pnp transistor switches crosscoupled. Resistor-capacitor coupling is
used. Triggering of flip-flops occurs on the positive-going edge of the
trigger pulse. A trigger capacitor is charged during the time the
trigger pulse is at negative level. The rise of the trigger pulse then
discharges this capacitor into the base of the conducting (saturated)
transistor of the flip-flop. An isolating diode with a small dc back bias
is used between base and capacitor to prevent noise from triggeririg the
flip-flop. Diode gates implement the logic functions. AND gates con-
sist of diodes, the cathodes of which are joined at a gate resistor that
is returned to a negative voltage. Nominally 2 milliamperes are

required to hold an AND gate false.
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Two types of OR gates are used. One is the counterpart of the
diode AND gate, consisting of diodes, the anodes of which are joined
at a gate resistor that is returned to a positive voltage (dc OR gate).
This type of gate operates with less current than the AND gate (about
1/3 ma), and pnp emitter-follower circuits are used to obtain current
gain. The emitter resistor can supply about 5 milliamperes into a
load returned to negative voltage at the logic false (ground) level; there-
fore, a maximum of three AND gates can be driven from an emitter
follower circuit. The other type of OR gate used consists of several

trigger inputs into one flip-flop base (ac OR gate).

The type of circuitry described is implemented with different
component types and values, depending on the frequency of operation
and the supply voltages. Nominal 3-megacycle circuits, for operation
with +8 volt (switch load supply, emitter follower collectors) and -14
volt (AND gates), are used on the TRICE computing modules. Similar
circuits packaged on 15- and 35-pin plug-in modules, and designed for
operation with +6 volt and -12 volt, are used in the TRICE control unit
and buffer register, and in the PB250 Computer. Nominal 200-kilocycle
circuits for +6 volt and -12 volt operation on 15- and 35-pin plug-in
modules are also used in the control unit for application where switching

is required only at the word rate of TRICE (100 kc) or the PB250 (83 kc).

Because of the trigger method used, the maximum switching rate
can be obtained with a symmetrical square wave as clock signal. Up
and down time of the clock signal must be at least 2. 5 microseconds
for the 200-kilocycle circuitry, and 0. 16 microseconds for the

3-megacycle circuits.
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E-2. MEMORY CIRCUITS (Figure 3-36)

In addition to flip-flop registers, recirculating delay line regis-
ters are used as memory elements in both TRICE and the PB250.
Generally, a register consists of a write flip-flop driving the delay
line input, a delay line, a read amplifier, the read trigger circuit, and
a read flip-flop. Logic for changing the contents of the memory register
is inserted between the read and write flip-flops. The delay lines are
the acoustic type, with wire as the delaying medium, and transducers
based on the magnetostrictive effect at the ends. For a longitudinal
mode line, the characteristic delay is about 5 microseconds/inch. The
circuits and operation of the one-word register lines used in the TRICE

computing modules is described in the following paragraphs.

The delay line package, containing the wire used as a delaying
medium, the read -- write coils with electrical terminations, the read
amplifier, read trigger circuit, read flip-flop, and write circuit, are
mounted on theMSR-5 printed circuit assembly. This assembly plugs
into the main module board on the circuit side (inside the module
chassis). The write flip-flop, and associated input gates, close the

recirculating loop, The write flip-flop is located on the main board.

A clocked, non-return-to-zero digital pattern, with the levels 0
and -7 volt, is fed to the write RC from the write flip-flop collector.
This write RC, in series with the write coil and coil termination,
represents the collector load of the write flip-flop. Each transition in
this waveform initiates a mechanical wave traveling along the wire.

(A current change in the write coil causes a change in its magnetic
field. This change, in turn, is translated into a change in mechanical
tension in the wire by the magnetostrictive effect. This launches a

mechanical wave in the wire.) At the receiving end, the mechanical
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wave momentarily changes the magnetic reluctance of the wire, which
effects a change in the flux distribution of a polarizing magnet. This
change in flux is sensed by the read coil, which generates an electrical
signal (about 10-millivolt amplitude). The whole process involves two
differentiations, so that a step change. at the input causes a dipulse at
the output. The output signal is amplified by the read amplifier (d-c
coupled, gain controlled by negative feedback) to 2. 2 volt amplitude,
An emitter follower with an a-c coupled signal input allows bias adjust-
ment. Then the signal triggers, by d-c coupling, a flip-flop (read
trigger) to restore the non-return-to-zero pattern. Triggering takes
place near the peak of the trailing half of the dipulse. The trigger
circuit output is fed to the clocked input gate of the read flip-flop to

restore synchronization with the module logic.

F. DECIMAL CONVERTER SCALER

The decimal converter scaler accepts decimal information from
the character input of the TRICE console (keyboard or paper tape
reader), applies a binary scale exponent, truncates the binary register
to a specified length, adds a scaling bit and converts to binary form the
contents of the decimal converter scaler for subsequent loading of a
TRICE module or converter module with an initial value. During an
output mode the decimal converter scaler converts a binary number
received from a module register to the decimal equivalent, eliminates
the scaling bit, applies a binary scaling exponent and a decimal magni-
tude exponent. The resulting decimal number is either displayed on a

decimal readout or processed through the paper tape punch.

Auxiliary quantities such as decimal magnitude exponent, binary
scale exponent and register length can be entered in decimal form,

converted into binary form and stored until replaced by new values.
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These stored quantities are also displayed on the console. A set of
control codes, also entered through the character input, determine
which operation is to be performed. In the display mode read-out and
binary to decimal operations, conversions are initiated automatically

at a 100 cps rate.

The decimal converter scaler consists of two logic module cases
and a set of decimal and binary indicators on the control console. Input
and output connections are made via the control unit to the keyboard,

tape reader and tape punch.

The mechanization of the logic of the decimal converter scaler is
built around a nine digit decimal register which may be shifted left or
right and apply the necessary corrections to implement multiplication
and division by 2 and 10. These basic steps permit binary and decimal
exponents to be applied and binary to decimal and decimal to binary
conversions to be performed. In applying exponents, the register is
logically connected between the least and most significant digits and a
marker register keeps track of the position of the most significant non-
zero digit and separates the two ends of the number. For converting
binary to decimal and decimal to binary the register operates open
ended and its most significant end is connected to the binary data regis-
ter which communicates with the computing and converter module
registers. Conversion of data into and out of module registers oper-
ate on fractions. As a result, a decimal to binary conversion consists
of successive multiplications by two in the decimal register. Overflows
across the decimal point are the bits of the binary number, which is
generated starting with the most significant bit. A binary to decimal
conversion consists of successive divisions by 2 in the decimal register
any binary bits shifted in across the decimal point until all binary bits

are used up and the binary and decimal point coincide. All operations
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in the decimal register are counted in an operation counter, which
together with a set of control flip-flops starts and stops sequences of
operations. This logic also controls the entering of the auxiliary
quantities (decimal exponent, scale exponent and register length). All
these quantities are entered in decimal form into the least significant
end of the decimal register and converted to a fixed number of binary
bits as whole numbers in absolute value and sign form. As they are

converted, they are shifted into the proper binary register for storage.

F-1. DECIMAL DATA INPUT AND OUTPUT

The simplest mode of operation of the decimal converter scaler
is input to and output from the decimal register of decimal digits and
sign. For this mode, the control flip-flops (Al through A5) are off.
Digit information to be entered into the register comes from the digit
register comprised of flip-flops Dbl through Db4 within the control unit
accompanied with a shift clock Mc. Mc becomes the left shift signal
Sm of the decimal register (flip-flops D18 through D91). Data is
entered into D91 by way of term Ain, which contains Db4., Each digit
generates four shift pulses, sequentially the four bits of the digit appear
in Db4, most significant bit first, and are shifted into the least signifi-
cant decade, flip-flops D98 through D91 of the decimal register. The
contents of the most significant decade D18, D14, D12 and D11 flip-
flops, is shifted out and lost. Information within the other decades is

shifted left by one decimal position.

The sign is entered into the sign flip-flop Ds by a Spd clock pulse
which is generated whenever a sign character is received during the
DATA mode. The Bl signal, the least significant bit of the character
input, selects between+ and - . A data code entered in this mode appears

in the decimal converter as clock pulse Fp and code Bco, combined to
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Fpo. (Note: All control codes in the decimal converter scaler are
treated in a similar manner. For example, Fp and Bc5 are combined
to form Fp5.) Fpo turns on flip-flop A5. If flip-flops Al and A2 are
on, they are turned off. Flip-flop K follows flip-flop A5 and makes
left shift signal Sm true. At the same-time, Us signal is true by its
A2 Al term. Operation count signal Uc goes by its Al A2 A5 term and
left shifts in the decimal register and counts in the operation counter
Ul through U8 occur, until Ul through U8 read a state corresponding
to a count of 36 (Ub U5 U4 U3 U2 Fl). Then the count clock Ue is dis-
abled by Ur. Ur through Uc clears the U counter and resets A5 and K.
The details of the sequence are such that counts in the U counter occur
for any state from Othrough 35, whereas shifts happen for U between 1
and 36. Since Db4 is cleared after processing each input digit, zero
bits are entered into the decimal register during this automatic shift
operation. The U counter also counts the shift pulses Mc, when a
digit is entered. Since there are four pulses for each digit, U8 - U3
contain the count of digits and U2 and Ul count the bits of each digit.

In normal operation the U counter starts at zero (it can be brought to
this state by entering a data character). If then ''n'' digits are filled,
the U counter counts to 4 n. Entering a data character then, will con-
tinue counting in the U counter and entering zeros until 36 counts,
corresponding to 9 digits, have been made. This mechanizes the
entering of trailing zeros. If data is entered with zero in the U counter,
9 zeros will be filled into the decimal register, that is it will be cleared

to zero.

If a visual readout only is required operation of the decimal
counter ceases after converting the number and applying decimal and
scale exponents. The result is then held in the decimal register, un-

til replaced by new information. For paper tape punch output, decimal

3-87



digits and sign are extracted from the decimal register and formed into

complete character codes under control of the control unit and punch

unit.

Flip-flop P, which turns the punch on, is turned on by control
code PUNCH OUTPUT (Fp Bc7), also flip-flop A4 inthe decimal conver-
ter. If the control logic is in the KEYBOARD mode (U W), Cp will
start generating character pulses. The Cp flip-flop is partially con-
trolled by the Rb signal generated by the reader punch unit. The
timing circuits are common to both read and punch operations. That
is, Cp = Rb P A4 Kb. The Kb terms insures that the keyboard key
PUNCH OUTPUT has returned to its off position before the punch
starts operating. For the reader mode of the control logic punch and
read cycles are common and mechanized through the terms Rb U W.
The control code Fp Bc7 = Fp7 inserts the proper character for the
sign of the decimal number into the output register, comprised of
flip-flops E1l through E6, and sets flip-flops A and D of the control
unit to the state AD (PUNCH OUTPUT). Therefore, the contents of
E1l through E6 appear on the punch input lines, M1 through M6, and
the sign will be punched out on the first timing cycle for which the
punch is on. Cpin the AD mode generates punch pulse Pp to prepare
the next digit from the decimal register for output. Pp turns on K and
this causes the U counter to be advanced by Uc signals and the decimal
register to shift left whenever Sm signals are generated. When a
count of 3 appears in the U counter, flip-flops Ul and U2 are true and
flip-flop K is turned off. The digit is shifted out of the decimal regis-
ter into the output register (El through E6) by shift clock pulses Ec.
Flip-flop E1 through E4 contain the digit in BCD code. As each shift
operation starts, E5 is turned off and E6 is turned on. This is the

correct code for a zero, which remains in the E register if no one bits
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are contained within the output digit. The first one bit that appears in

case of a non-zero digit turns E6 off. Any further one bits in the out-
put digit turns E5 on and off, alternately. This permits an odd parity
bit to be generated. The overall sequence is such that as the sign is
punched out, the first digit is put into the E register. The count in

the U counter is four after that operation. When the eighth digit is
punched out, the ninth digit is put into the E register and the count in
the U counter is 36. This turns off the A4 flip-flop and resets the U
counter. The Ec signal is inhibited and the ninth digit remains in the
E register. During the KEYBOARD contreol mode, with flip-flop A4
off, Cp signals are inhibited and PUNCH OUTPUT is terminated.
During the READER control mode, Cp signals are generated as long
as the reader is on. Any Cp pulses occuring before the AD state is
terminated will cause repeated punch out of the ninth digit from the
decimal'register. In normal operation punch out from the decimal
register is terminated by a DATA code, which changes the mode AD to
AD (DATA) and connects the character input Bl through B6 to the
punch input lines M1 through M6. Input codes will be duplicated on the
output tape until an ADDRESS code (EpBcl) turns off flip-flop P which

inhibits the punch out logic.

F-la. Arithmetic Operation of the Decimal Converter Scaler

The decimal register consists of nine decades and each decade
stores a decimal digit represented by four binary bits. Multiplication
and division by 10 in this register consists simply in shifting the con-
tents of one decade into the position of the next decade, that is, four
shifts left or right. In the logic equations, signal Sm causes left shifts
and signal Sd causes right shifts. Multiplication and division by 2 is

required for binary to decimal and decimal to binary conversion and
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multiplication and division by powers of 2 for scaling. It can be mech-
anized by shifting and correcting the results. A method that operates
on each digit separately is used in the decimal converter scaler. In
multiplication by 2, it is necessary to shift out at the most significant
end of a decade a one bit if the contents of the decade is 5 or more. In
this case, a value of 3 is added to the cormtenté of the decade. After the
shift, this added 3 acquires the value of 6. This is subtracted auto-
matically because a bit shifted out at the most significant end has a
weight of 16 but is entered into the next decade with a weight of 10.

The logic for this change (addition of 3 in case the contents of decade
is 5 or more) is controlled by signal Cm. The relationship of the de-
cade for values of 0 through 9 before and after the addition of 3 and

shift are illustrated in Table 3-6.

In case of division by 2 a right shift is made first and the cor-
rection second. When a one bit is shifted into the next lower decade
(to the right), it enters it as if it had a weight of 16 before the shift
and acquires a weight of 8 after the shift. It actually had a weight of
10 before the shift and should cause a value of 5 to be added to the
next lower decade. To achieve this, a value of 3 is subtracted after
the shift, if the contents of the decade is 8 or more. The logic for

this operation is controlled by the signal Cd.

Table 3-7 illustrates the contents of two adjacent decades before

and after the shift and subtraction.

F-2. DEGCIMAL TO BINARY CONVERSION OF AUXILIARY DATA
(EXPONENTS)

To enter decimal exponents, scale exponents and register length,
the value is first filled into the decimal register by the digit input

logic. The decimal point is assumed at the least significant end of the
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Table 3-6.

BINARY TO DECIMAL CONVERSION

Original Contents of Decade ! Corrected Contents of Decade
Before Shift After Shift
0 | 0 0
1 1 2
2 2 -4
3 3 6
4 4 8
5 i 8 1.0
6 9 1. 2
7 10 1. 4
8 11 1.6
9 | 12 1.8

The decimal point indicates the separation of two successive decades.

Numbers larger than 9 before multiplication by 2 are improper.

Table 3-7. (Sheet 1 of 2)

DECIMAL TO BINARY CONVERSION

Original Contents Contents After Shift Contents After Subtraction

0.0 0.0 0.0
0.2 0.4 0.1
0.4 D 0.2
0.6 0.3 0.3
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Table 3-7. (Sheet 2 of 2)

DECIMAL TO BINARY CONVERSION

Original Contents Contents After Shift Contents After Subtraction
0.8 0.4 0.4
1.0 0.8 0.5
1.2 0.9 0.6
1.4 0.10 0.7
1.6 0.11 0.8
1.8 0.12 0.9

decimal register. Decimal to binary conversion of this number is
initiated by entering one of the control codes Fpl (decimal exponent),
Fp2 (scale exponent), or Fp3 (register length). In all cases, flip-flop
A3 is turned on and flip-flops Al and A2 will be set as follows:

Al A2 for decimal exponent

Al A2 for scale exponent

Al A2 for register length

Since either Al or A2 is on for any of these states, flip-flop K is
turned on and Uc signals are generated for the U counter. Alternately
Sd signals, to permit right shifts of the decimal register, and Cd sig-
nals, to correct the right shift to a division by 2 in the decimal regis-
ter, are enabled. During decimal exponent conversions, the Sd and
Cd signals are generated until the U counter is advanced to 12. During
a scale exponent conversion, these signals are generated until the U
counter is advanced to 14 and during a register length operation, these

signals are generated until the U counter is advanced to 10. As a

3-92




result, 6, 7, or 5 binary bits will be generated, respectively. As the
bits appear at the least significant end of the decimal register, they
are shifted into the decimal exponent register (flip-flops Del through
Deb by shift clock pulses Dec; shifted into the scale exponent register
(Bel through Be7) by shift clock pulses Bec; or into the register length
register (Ri1 through Ri5). The sign of the decimal register, con-
tained within flip-flop Ds, is transferred into the sign bit flip-flop Des
of the decimal exponent register with an Fpl code or to the sign bit
flip-flop Bes of the scale exponent register with an Fp2 code. The
register length register does not require a sign bit. Information for
the exponent and register length is converted to binary and stored in
this form to simplify the logic for comparing during the conversion of
data the value of exponent or register length with the count in the U

counter.

F-3. DECIMAL TO BINARY CONVERSION OF DATA (INPUT)

The decimal to binary conversion of input data starts by entering
the decimal value into the decimal register via the digit input logic.
Any exponent or register length information must be stored prior to
this operation. The sequence of conversion is initiated by control code
CONVERT INPUT (Fp Bc5 = Fp5). Flip-flops Al and A2 are turned on
and flip-flop K follows at one clock pulse later. Uc signals are gener-
ated to advance the U counter until such time as the Ur signal becomes
true. The Ur signal causes a Uci signal to be generated and flip-flops
Al, K, and the U counter are reset. The Ur signal goes true by the
A3 (A2 Al) Ube terms. The Ube term means that the U2 through U8
configuration agrees with the Bel through Be7 configuration. That is,
the count within the U counter equals the count within the binary ex-

ponent register. During an Al A2 mode, the Us term permits the sign
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of the exponent register Bes to be read. Depending upon Us, either
Cm and Sm for positive sign or Sd and Cd for negative sign are alter-
nately enabled. The Sd, Cd sequence causes division by two in the
decimal register; the Sm-Cm sequence causes multiplication by two.
There are two steps for each factor of two and the U2 through U8 flip-
flops of the U counter count the number of times that a factor of two is
applied. The count within the U2 through U8 flip-flops is compared
with the stored scale exponent and operation stops when the two
values are equal. A Uch signal terminates the application of the scale
component, turns off flip-flop Al, which changes the mode of the
decimal converter to application of decimal exponent. That is, the
mode flip-flops Al and A2 are changed from a Al A2 configuration to

an Al A2 configuration.

The Uc signal is subsequently enabled and flip-flop K is turned
on again until the Ur signal goes true. This time Ur goes true by the
A3 (A2Al) Ude terms. The Ude signal is true whenever the configura-
tion of the U3 through U8 flip-flops is equal to the configuration of the

Del through Deb flip-flops of the decimal exponent register.

During the Al A2 mode, the Us signal permits the sign of the
decimal exponent register Des to be read. Depending upon the Us sig-
nal, either Sm for positive sign or Sd for negative sign is enabled. The
decimal register is shifted left or right, accordingly. There are four
shifts for a factor of 10 and flip-flops U3 through U8 count the number
of times that a factor of 10 is applied. The contents of the U3 through
U8 flip-flops is compared with the contents of the decimal exponent
register. When the value within the U counter is equal to the decimal
exponent register, the Ur signal becomes true and Uc4 signal is gen-
erated which resets the U counter and the K and AZ flip-flops to term-

inate the operation.
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During the two previous operations, a marker register, com-
prised of flip-flops C1 through C9, is used in the following manner.
At the start of applying the scale exponent, flip-flop Cl is set by the
Cin term. This marker then follows the most significant non-zero
digit in the decimal register by means of the C{L and Ck terms. The CL
term shifts the marker to the left to a lower numbered C flip-flop cor-
responding to a lower numbered decade of the decimal register. The
Ck term shifts the marker to the right. The C{ term goes true when-
ever there is a left shift in the decimal register, as indicated by the
Sm term, and there is an eight bit in the decade containing the marker.
That is, whenever the most significant non-zero digit enters the next
decade to the left. The CX term then clears the contents of the 8, 4,
and 2 bits of that decade and inhibits shifting into these stages. The
one bit receives the bit from the 8 bit stage of the next lower decade at
the same time. The Ck term goes true when the 8, 4, and 2 bits of
the decade containing the marker are zero and there is a right shift in
the decimal register. At that time both the marker and the one bit of
the most significant non-zero digit leave the decade. As long as the
marker is in a particular decade, only zeros can be shifted in from the
next more significant decade. As long as flip-flop AZ is true, thatis,
during applying scale exponent and decimal exponent, the ends of the
decimal register are connected by the A3 A2 terms of Ain, which goes

to the input of D91, the least significant stage of the least significant

decade, and the A3 AZ term of the D18 input, the most significant stage
of the most significant decade. After applying the decimal exponent,
the marker is still within the C register. The marker has to be moved
toc the decimal point and clear the least significant end of the scaled
number. That is, between the most significant end and the decimal

point. For that purpose the C{ term is enabled by the CO C1 A2 terms.
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The CL signal remains true as long as the marker is in any stage but
Cl. As the marker moves toward the most significant end of the regis-
ter, the decades ahead of the marker are cleared, including the one bit
stage of each decade since the Sm signal is not true whenever C{ is
true. When the marker is in the C1 flip-flop, the C{ signal goes false
and the ninth decade is not cleared. Cl1 flip-flop is turned off by the

Cl T5 A2 terms and the marker disappears.

At the same time, the A2 Al Cl terms turn on the Al flip-flop to
start the decimal to binary conversion into the binary data buffer regis -
ter. The Uc signal is generated and the U counter is advanced and the
K flip-flop is turned on. These conditions prevail until the U counter
reaches a count of 58 (Ué U5 U4 U3 U2 ﬁ_l}. At that time the Ur signal
becomes true and the subsequent Uc signal resets the U counter and
the K and Al flip-flops. The operation is terminated and the decimal
converter scaler returns to the idle state. During the time that the K
and Al flip-flops are on, Cm and Sm signals are enabled alternately
(Us is true by the A3 A4 (A2 Al) terms). The data is multiplied by two
for each Cm and Sm sequence. Every Sm signal shifts a new binary
bit of the converted number out of the most significant end of the
decimal register. These bits or their complements, if flip-flop Ds
is on, are gated to form a Coc signal. Note: If Ds flip-flop is on, the
sign of the decimal register is negative. A clock pulse Cop is generated
for each bit simultaneously with the Sm signal. Coc and Cop signals
are fed to the binary data register by means of the Bic and Bip signals,
The first Cop pulse appears before the K flip-flop is set true. That
is, before any binary bits have been generated. At that time the sign
of the decimal register appears in the Coc signal to be entered into the
binary data register preceding the bits of the number. A bit is gener-

ated for each two counts of the U counter until the configuration of the
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U2 through U6 flip-flops agrees with the configuration of the R{1 through
RA5 flip-flops of the register length register. At that time the Urk
signal goes true and the K flip-flop is turned off to inhibit any further
outputs from the decimal register. At the same time, an Sb flip-flop

is turned on for one clock pulse time to permit a scaling bit to be gen-
erated. Thereafter only zeros appear on the Coc line to fill the least

significant end of the binary data register with zeros.

F-4. BINARY TO DECIMAL CONVERSION OF DATA (OUTPUT)

The mode, in which information from the binary data register
is converted for decimal read-out or punch-out, is selected by flip-
flop A4. This flip-flop is turned on by control code CONVERT OUT-
PUT (Fp6 = Fp Bc6). The Fpb signal also turns on flip-flop Al to start
the binary to decimal conversion. The Uc signal is enabled, the U
counter starts to count and the K flip-flop is turned on. This condition
prevails until the Ur signal becomes true when the U counter has been
advanced to a count of 58. A subsequent Ucl signal resets the U counter,
turns off the K flip-flop and turns on the A2 flip-flop. The scale ex-
ponent is applied after the A2 flip-flop is turned on. During the time
that flip-flops Al and K are on, Sd and Cd signals are generated alter-
nately (Us is false for output operations). Each sequence of Sd and Cd
signals divides the contents of the decimal register by 2. Binary bits
from the binary data register are obtained with a Bop clock pulse.
Each time the Bop signal is true, an Sg signal is turned on for one 3
megacycle clock time at P16 time and the binary data register is
shifted one position to the right. The least significant end of the regis-
ter is connected to the most significant end of the register. Output
bits are read from the most significant stage or flip-flop Rdl of the

binary data register. Before the first Bop pulse is generated, the Rdl
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flip-flop contains the sign of the binary number. The sign bit is trans-
ferred by a control code Fpé into the Ds flip-flop of the decimal regis-
ter. Depending upon Ds, a Boc signal or its complement appears on
Bin and is shifted into the most significant end of the decimal register
during the time that its content is being divided by 2 by the Sd and Cd
sequence. Initially flip-flop Sb is off and no bits are entered into the
decimal register. Sb is turned on by the first true bit appearing on
Boc, the scaling bit. All bits thereafter are entered into the decimal
register until the conversion process in terminated by the Ur signal.
Excluding the sign bit, 29 bit positions of the binary register are
scanned. However, 30 shifts are performed so the contents of the
binary register retains its original configuration. Following the binary
to decimal conversion the scale exponent and the decimal exponent are
applied by the same logic and sequence as during the input conversion.
The sign of the exponents are inverted in the Us equations, this effect-
ively reverses the scaling done on the input information. At the end

of the operation applying the decimal exponent, when the marker bit
reaches flip-flop Cl, flip-flop A4 is turned off and the decimal con-

verter scaler returns to the idle state.

In the DISPLAY mode flip-flop Dip is true for one 100 kc clock
pulse time every 10 milliseconds as controlled by the free running
multivibrator Sr. The Dip signal causes a Fpo signal to be generated
to produce a simulated control code DATA (FpBco). This initiates a
clear pulse cycle of the decimal register. During the clear cycle the
binary data buffer register reads the contents of the selected module
register. At the end of the clear cycle, signal Fpb6 is generated to
produce a simulated control code CONVERT OUTPUT (FpBc6) which

starts the convert output sequence.
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G. PB250 CONNECTIONS

The connections between TRICE and a PB250 computer are ac-
complished by permitting the following PB250 commands to be executed;

PTU, BSO, BSI, and TES.

G-1. PTU COMMANDS

Five code lines (L1 through L5) enter the control unit of the
TRICE as Bl through B5 in the computer control mode (UW). An
additional code signal B6 is always true in this mode. Cpg is the syn-
chronizing clock pulse generated by the computer. It takes the place
of the internal clock pulse Cp and becomes Bp. Signals Bl through B6
and Bp are used in the same manner as control codes originating in

Keyboard or Reader.

G-2. BSO COMMANDS

PTU signals are not sufficient to control the TRICE. BSO sig-
nals are used to enter data and addresses into the control section.
For this operation, address and data registers are connected in series.
The TRICE has to be in the Computer control and Address modes.
Signal Es enables the input from the computer into the address register.
Shift mask Gsg controls the shift clock CL2. Data input to the register

is signal Gdg.

G-3. BSI COMMANDS

Information from the data register is fed to the computer through
BSI commands. Signal Es must be true, and Hsg is the shift mask
controlling clock pulse CQ2. Data output comes from the least signifi-

cant end of the data register as signal Hdg.

§=39



G-4, TES COMMANDS

TES signals are divided in four groups. The first two groups
(TES 00 through 07 and 10 through 17) are connected to the patchboard.
All four groups (TES 00 through 07, 10 through 17, 20 through 27, and
30 through 37) can be connected to switches. (Switchbox mounted near
the Flexowriter on the table). No TES signal is connected to the TRICE

control,

H. CONVERTERS

The converters operate on an incremental basis. Their inputs
and outputs are connected as Ye, Ys and Ze, Zs respectively to the

patchpanel.

Conversion process is synchronized with the TRICE operation by
means of pulse Cvc (100 K cps or 131 - 072 K cps depending on TRICE
word length). The pulse covers pulse-times P23 and P24 and is turned
on in the Integrate and Halt modes. Each converter contains an input-
output buffer. Data input to this buffer register is signal If; data output
signal is CV. Fill and read operations are synchronized by shift pulse
Csc and a converter address must be selected. A transfer of contents
of the converter counter into the buffer register takes place upon com-

mand Cro. Signal Cro comes automatically with each read-out.

Setting the converter counters from the buffer register is executed
upon signal Cri. A signal Cri is generated whenever a total reset (Rt)
is activated in the TRICE control unit and a converter address is select-
ed. A signal Cre, generated simultaneously with Cri, resets the over-

flows in the converters.

Refer to CSP159 for further details on the converter modules.
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I. READER PUNCH UNIT TRPI

I-4. GENERAL

The reader punch unit consists of a 60 character per second paper
tape reader, a 60 character per second paper tapepunch, a timing and
control logic chassis and power supplies. These components are mount-
ed within a desk height cabinet on casters. The reader punch unit is
self contained and is used on line with the TRICE console to allow paper
tape inputs and outputs; or used off line to duplicate paper tapes; or
used on line with the PB250 computer. In the latter case, the signal
cable of the reader punch unit is connected to J18 of the PB250 and a
special input-output program is used within the PB250. Table 3-8
lists and describes the various controls and indicators of the reader

punch unit.

I-2. TIMING AND CONTROL

The reader and punch unit is an asynchronous device. As such,
each operation must be automatically synchronized in respect to the
associated input or output device. Successive operations may be initia-
ted at any time providing the time interval between successive opera-

tions does not exceed 60 characters per second rate.

The reader cycle requires a 4.5 millisecond pulse to energize
the reader forward step coil. The reader contacts change state begin-
ning 7 milliseconds and ending 14 milliseconds after the beginning of
the step pulse. Although the state of the reader contacts can be read
into the logic circuits at any time outside of the time interval of change,
the state of the reader contacts are read just preceding the step pulse

by the clock pulse that initiates the step pulse.
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Table 3-8.

READER PUNCH UNIT CONTROLS AND INDICATORS

Power On
Light
Punch On Turns on punch motor and logic, enables external
code inputs to punch
Ext Places punch motor and logic under external control
Motor On Turns on punch motor (overriding punch switch)
Ext Places punch motor under control by punch switch
or external input
Leader Turns on punch motor and enables punch logic to
punch blank tape, starts timing cycle
Clear Turns on punch motor and enables punch logic to
punch blank tape, sets up one "all one'" character
and starts timing cycle
Reader On Turns on reader motor and logic, enables code
outputs from reader
Ext Places reader motor and logic under external control
Motor On Turns on reader motor (overriding reader switch)
Ext Places reader motor under control by reader switch
or external input
Clock On Enables selfsustaining timing cycle
Off Disables selfsustaining timing cycle
Ext Connects external input to start timing cycle
Start Starts Timing Cycle
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The punch cycle requires simultaneous or parallel pulses of 4.5
millisecond duration to energize the desired code level coils and
sprocket and step switch coil. Note: Tape movement is controlled by
internal circuits of the punch unit which insure an adequate delay after

each character is punched.

The timing logic of the reader punch unit is common to the reader
and to the punch. Each cycle of operation is comprised of three phases:
A clock pulse phase of 10 to 20 microseconds during which information
is read from the reader contacts or from the punch input lines into the
punch register, an energizing pulse phase of 4.5 milliseconds during
which the reader step coil or the punch code coils are energized, and
a delay pulse phase of 12.5 milliseconds. A busy signal is generated
during the latter two phases to prevent a new cycle of operation from
being initiated until the previous operation is properly terminated.

The clock pulse is obtained from an external source such as TRICE
control unit or PB250 computer or generated internally immediately

after the delay pulse.

The punch and reader are turned on manually by switches on the

reader punch control panel or automatically in response to signals
received from associated equipment. The motor of either unit can be
turned on separately by a manual switch without turning on the logic
of the unit. Whenever a motor is turned on, a delay is inserted into
the timing cycle ta allow the motor to reach operating speed, During

this delay, the busy signal is generated to inhibit external inputs.

Depressing the CLEAR pushbutton causes the punch to be turned

on, initiates a timing cycle and inserts a character into the punch
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register in which all the bits are true. The CLEAR switch is depressed
whenever the punch mechanism has been mechanically tripped but un-

able to complete the operating cycle.

Depressing the LEADER button turns the punch on and initiates
a timing cycle. This operation is comparable to the CLEAR operation

with the exception that no character is inserted into the punch register.

During CLEAR or LEADER operations, timing cycles will con-
tinue if the clock switch is in the ON position. Timing cycles are also

initiated by the START button.

The timing cycle is generated by three one-shots, designated as
Nec, Np, and Nd. During EXTERNAL clock mode operations, the Np
one-shot is triggered by the character clock pulse Cp of the TRICE
control unit or a Cog (WOC command execute signal of PB250) pulse if
the reader punch unit is connected to a PB250 computer. During self
sustaining clock modes of operation (when clock switch is in the ON
position), the Np one-shot is triggered by the Nc signal, which takes
the place of Cp in the logic. During the latter case, timing cycles are
started by the CLEAR, START or LEADER pushbuttons, all of which
trigger the Np one-shot. Note: The symbol for the signal generated
by the CLEAR button is @ . The symbol for the signal generated by
the START button is (8).

The resulting Np signal is gated with a Mo' or a Ro signal to
generate a Nr signal which produces an energizing pulse for the reader
or punch coil. The Ro signal, which enables the reader logic, is true
when the READER switch is ON or due to R{ or F{ signals received
from an external unit. When the reader punch unit is connected to the
TRICE, the R{ signal is true whenever the READER mode (UW) is

selected. When the reader punch unit is used with the PB250 computer,
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the RL signal is controlled by the fast reader enable line (RfTf). This
line is made true by a RFU command and made false by a DIU command.
The F) term permits the reader punch unit to work in conjunction with
the bootstrap logic of the PB250. The Mo' signal, which enables the
punch logic, is true during normal punch operations, during the time
that the LEADER switch is depressed and during the times that the
CLEAR switch is depressed. During normal punch operations, the

Mo' signal is true if the PUNCH switch is in the ON position or upon
receipt of a M signal from the TRICE. Note: The ML signal is an

output from the P flipflop.

Reader and punch motors are turned on by Rm and Mn signals,
respectively. The Rm and Mn signals, in turn, are controlled by the
enabling signals Ro and Mo' or by corresponding motor switches
independently. Whenever Rm or Mm signals go true, the Nm oneshot
is triggered and stays on for about 200 milliseconds. This delay allows

the motors to reach operating speed.

The trailing edge of the Np oneshot pulse triggers the Nd oneshot
to generate a delay until the reader or punch is ready to execute another
cycle of operation. Signals from the Np, Nd and Nm oneshots are
gated together to form a busy signal Rb which appears on senseline 32g.
The PB250 checks the status of the reader punch unit by executing TES
commands. The trailing edge of the Nd oneshot pulse always triggers
the Nc oneshot. The trailing edge of the Nc oneshot pulse triggers the
Np oneshot to start a new timing cycle only if the clock switch is in the

ON position.

The reader code output lines R1 through R8 are generated by the
reader contacts and enable line Ro. The punch code coils are

energized from punch register N1 through N8 and punch pulse Nr (where
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Nr = NpMo'). The Nr signal also directly energizes the sprocket and
feed coils of the punch unit. External input codes are entered into the
punch register from lines M1 through M8 with clock signal Mp, which
is generated by an internal clock Nc or an external clock Cp in con-
junction with a punch enable signal Mo. The Mo signal is true when the
PUNCH switch is in the ON position or if the external input line M{ is
true. (The Mo signal is comparable to the Mo' signal with the excep-
tion the Mo signal is not made true by the CLEAR or LEADER switches).
The punch register N1 through N8 is cleared by the trailing edge of the
Np oneshot pulse. During CLEAR operations, the punch register is
loaded with all ones when the CLEAR switch is pressed. (Signal @ ).
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CM5 LOGIC

yv = 12 Xe Xs Yn + I2 Xe Xs ¥n

Yv
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VM5 LOGIC
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S5 LOGIC
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4, MAINTENANCE AND TROUBLESHOOTING

A, SCOPE OF SECTION

This section contains general maintenance instructions and
troubleshooting information for maintenance personnel having a

thorough knowledge of the TRICE system.

B. MAINTENANCE

The use of solid-state and precision electronic components
minimizes the maintenance requirements of the TRICE system to
periodic inspections to detect corrosion, excessive dust accumulation,

loose connectors, etc.

C. TROUBLESHOOTING

Malfunctions within the TRICE system are located in the following

manner:
1) Isolate malfunction to TRICE proper or to associated
input/output device.
2) If malfunction is within TRICE proper, isolate malfunc-
tion to control circuits or to computing modules.
3) Isolate malfunction to specific control circuit or to

specific computing module.



C-1. ISOLATING MALFUNCTION TO TRICE

Select and run a proven program (or diagnostic routine), which
uses all of the operating modes of the TRICE system and of which the
computed results are known, first using a PB250 computer and then
the reader/punch unit. If malfunctions are encountered only when
using the computer, the malfunction may be attributed to the control
circuits of the TRICE or to the PB250 computer. If malfunctions are
encountered only when using the reader/punch unit, the malfunction
may be attributed to the control circuits of the TRICE or to the reader
punch unit. If malfunctions occur when using the PB250 and the reader/

punch unit, the malfunction is within the TRICE proper.
C-2. CHECKING CONTROL CIRCUITS

Once it has been ascertained that the malfunction exists within
the TRICE proper, operate the TRICE manually via the keyboard and
observe the appropriate visual indicators on the console control panel.
Refer to TRICE OPERATING AND PROGRAMMING MANUAL, CSP-

150 for further details on manual operations.

If the control circuits of the TRICE are working properly but the
results of computation are wrong, locate the defective computing

module as described in subsequent paragraphs.
C-3. CHECKING COMPUTING MODULES
C-3a. Integrator Test (See Figure 4-1)

All Integrators are programmed in pairs to generate sine-cosine
functions. One Servo per module rack generates sequences of positive
and negative output increments which are reduced in rate to less than

the iteration rate by one constant multiplier per block of modules.
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Its ocutput is the independent variable input to the sine-cosine genera-
tors. All Integrator registers performing the same function e. g. the
Y registers of all odd numbered Integrators should track which can be
verified by type out through the PB250. For proper operation as
sine-cosine generators the Integrators should be in the extrapolative
mode, but the test can also be run in the other two modes (rectangular

and interpolative).

C-3b. Variable Multiplier, Servo and Constant Multiplier Test
(See Figure 4-2)

One pair of Integrators per module rack generate sine-cosine.
Their outputs are fed to all Variable Multipliers to form the product
of sine and cosine. Their outputs are accumulated in one Integrator
for each Variable Multiplier. All Constant Multipliers receive the
increments of the sine function and send them at a rate reduced by the
value of their constants to the Servos. The Servosform the absolute
value of this sine function. Their outputs are accumulated in Integrators.
The test can be run in both the normal and decision modes of Servo
operation. The Y register of the accumulating Integrators should
track in groups of those accumulating Variable Multiplier outputs and
those accumulating Servo outputs, which can be verified by typeout

through the PB250.
C-3c. Summer Test (See Figure 4-3)

Six servos operating in the decision mode in the first two racks
(block 1-4) generate sequences of positive, negative and zero increments
of different length determined by their register length. These are
patched into the six inputs of the first eight summers; they are connected

to work with the adjacent Integrator. All Integrator Y registers non
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should track which can be verified by typeout through the PB250. The
setup is repeated in block 5-8. Since the longest Servo Y register is
12 bits, the sequence of input combinations is repeated about 12 times

per second.
C-3d. PB250 Input-Output to TRICE and TRICE I Register Test

The PB250 generates pseudo random numbers, selects and fills
all addressable TRICE modules sequentially. After each fill operation
it reads back the number just filled and compares it to the number
sent out. In case of error the module address is typed out and the test
continues. In case of no error each module fill and verify cycle requires
one PB250 memory cycle (3 msec). A similar test checks the read and

fill operation of the A-D and D-A converters.
C-3e. A-D/D-A Converter Test (See Figure 4-4)

One pair of integrators per eight D-A converters generates
sine-cosine and feeds the increments of the sine function to the D-A
converters. Their analog outputs are connected to analog computer
amplifier inputs, amplified to the 100V full scale level (nominal gain
of 15) and sent back to the A-D converter inputs. The incremental
outputs of the A-D converters are accumulated in TRICE Integrators.
All registers participating in the test can be typed out through the
PB250. The test should be run at about half scale amplitude. The
Integrators last in the circuit (the ones connected to A-D Converters)
will not track digitally with the original sine-cosine but will deviate by
the analog errors in the circuit (approximately *2 increments max. ).
The test also can be used to set up zero and gain of all conversion
channels, if fixed digital values are filled into the D-A converter

registers and the sine-cosine is not started (halt mode of TRICE).
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FIGURE 4—4, A-D/D-A CONVERTER TEST
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C-3f. Digital-to-Analog Test

Increments of the sine output of sine-cosine generators of 13-bit
register lengths are fed to all converters which are connected to

operate in the d-a mode. All d-a registers should track
C-3g. Analog-to-Digital Test

All converters are connected to operate in the a-d mode. Volt-
ages of 0 v, + 50 v and -50 v are fed to their a-d inputs. With zero
input, both unipolar and bipolar zero adjustment can be checked and

set. With 4+ 50 v or -50 v input, the input gain is set and checked at

the opposite polarity.






5. PARTS LISTS

A. SCOPE OF SECTION

This section contains lists of modules used within the TRICE
system, excluding the modules of the digital-to-analog and analog-to-
digital converts and of the PB250 computer, and lists of replaceable
components, excluding hardware, structural and bulk items.

B. DESCRIPTION OF TABLES

B-1. TABLE 5-1

This table lists the name of module, part number and reference
designator of the computing TRICE modules. No quantity is indicated
for these modules since the exact amount of modules varies from one
system to another.

B-2. TABLE 5-2

This table is a composite listing of the standard digital modules
used within the TRICE system, exclusive of the computing modules
listed in Table 5-1, The table lists the module designator, part num-
ber and quantity of module cards usedwithinthe various sub-assemblies
including the reader punch unit,

B-3. TABLE 5-3

This table is a composite listing of the replaceable components
of the computing TRICE modules.

B-3a. Parts Description

A brief descriptive title of each part and pertinent values are
given in this column to identify the part properly.



B-3b. Part Number

These numbers identify the part within the Packard Bell part
numbering system.

B-3c. Reference Designators

The alpha numeric reference designators permit the partstobe
identified in respect to the type of part and to the electrical value.
For example, in reference designator R101, the R indicates the part
is a resistor and 101 indicates the ohmic value of the resistor. The
first two digits indicate the first two significant digits and the last
digit indicates the number of zeros which follow the first two signifi-
cant digits in order to express the value in ohms. That is, R101
indicates a 100 ohm resistor; whereas R100 indicates a 10 ohm resis-
tor. The letter P is used to identify potentiometers.

Reference designators of capacitors are similar to those des-
cribed for resistors with the exception that the letter C is used and the
digits represent the value of the capacitor in micro-micro-farads.

Reference designators associated with transistors correspond
with specific types of transistors. That is, Ql designators on TRICE
computing modules always indicates a 2N1500 type of transistor.

Note: The reference designators are silk screened on each
TRICE computing module. Therefore, should any of these parts
become damaged to the extent that identifying data is obliterated, the
part and value may be determined by decoding the corresponding
reference designator.

B-3d. Quantity

The five columns (titled I-5 through VM-5) lists the total quantity
of replaceable parts for each of the computing modules.

B-3e. MSR-5

This column lists the various components of the magneto
strictive register (MSR-5), which is a sub-assembly of all computing
modules, except the summer module (SU-5).

5-2



B-4. TABLE 5-4

This table is a composite listing of the replaceable parts mounted
on digital modules peculiar to TRICE systems. Individual columns of
information are the same as described for Table 5-3.

B-5. TABLE 5-5

Parts description, part number and quantity used within digital
modules EF-101, GD-100 and TD-101 are listed within this table.
Reference designators of these components may be obtained by re-
ferring to figures 5-1, 5-2 or 5-3. These three modules are digital
modules normally used within the PB-250 computer.

C. FIGURES AND PARTS LISTS

Figures 5-4 through figures 5-20 are combination schematics and
parts lists for standard digital modules.

D. HOW TO USE THE PARTS LISTS

The process of obtaining a Packard Bell part number for any
component within the TRICE system may be enhanced by using the
following procedures. These procedures are based upon the assump-
tion that technical personnel, familiar with the equipment, will perform
this task.

1) Isolate the location of the component to a specific module.

2) Ascertain the standard nomenclature and reference de-
signator of the part. This information may be obtained
either from a schematic of the module, irom the descrip-
tive labelling or markings upon the component, or from
the silk screened information on the module.

3) Once a particular component has been identified as to
nomenclature and isolated to a particular module, refer
to the corresponding table within this section. The
individual components are listed in alphabetical sequence
by standard nomenclature.

4) When ordering any parts from Packard Bell, use the
Packard Bell part number to ensure prompt and accurate
service.



Table 5-1.

LIST OF TRICE MODULES (COMPUTING)

Item Name of Part Number Reference
Module Designator
1 INTEGRATOR 505657 I-5
2 SUMMER 509589 SU-5
3 CONSTANT 505650 CM-5
MULTIPLIER
- SERVO 505653 S-5
5 VARIABLE 505656 VM-5
MULTIPLIER
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6. GLOSSARY AND LOGIC EQUATIONS

A, SCOPE OF SECTION

This section contains a glossary of terms and signals used within
the TRICE system and complete set of logic equations for the individual
units, excluding the TRICE computing modules. Refer to section 3 for

logic equations of individual TRICE computing modules.

B. GLOSSARY

Individual signals used within the TRICE system are listed

alphabetically and defined within Table 6-1.

C. LOGIC EQUATIONS

Logic equations for buffer register, control unit, converter
scaler register, converter scaler control and reader punch are listed

within this section.



Term

Al

A2

A3

A4

A5

Ab

Ain

BecO - Be9

Bes, Be7 - Bel

Bec

Bi

Table 6-1.
GLOSSARY
Definition

Character input mode flip-flop, on for address and
punch-out modes

Converter scaler mode flip-flop, on for binary shift
and decimal exponent and register length conversion

Converter scaler mode flip-flop, on for end around
shift and scale exponent and register length conversior

Converter scaler mode flip-flop, on for exponent
conversion

Converter scaler mode flip-flop, on for output (binary-
to-decimal) conversion and punch output

Converter scaler mode flip-flop, or for trailing zero
input and clear

Address register input marker, on for block digit
Input to least significant end of decimal register
Address register input marker, on for tens digit

Address register input marker, on for units digit

Bits of character input code (Bl lowest bit)

Decoded block address

Decoded Bl - B4 (digit part of character input code)
Scale (binary) exponent register

Shift clock for scale exponent register

Buffer register control flip-flop, on for bit input

6-2
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Bic

Bin

Bip

Boc

Cl - C9

Cb

Cd

Cin
Ck

Ca

Cr

Cy1
Cr2
Cia

Cipd

Bit input code to buffer register

Binary bit input to most significant end of decimal
register

Bit input pulse to buffer register
Bit output code from buffer register
Bit output control pulse to buffer register

Clock pulse of character input

Single cycle control flip-flop

Most significant non-zero digit marker in decimal
register

Common contact signal of keyboard, goes false when
key closes normally open contact

Reader or keyboard character input busy (interlock)
flip-flop

Correct divide, correct signal for binary right shift in
decimal register

Initial input to marker register Cl1 - C9
Right shift signal in marker register C1 - C9

(Converter-scaler) Left shift signal in marker register
Cl - C9

(Control unit) "Single c:yc;le'I input from patchboard
TRICE (3 Mc) clock

PB250 (2 Mc) clock

Shift clock in address register

Shift clock in binary data register
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Cm

Cre
Cri

Cro

Csc

cv

Cvc

D18 - D11

D98 - D91
Dbl - Db4
Des, Deb -Del
Dec

Dip

Correct multiply, correct signal for binary left shift
in decimal register

Zero in marker register stages C2 - C9

Binary bit output code from converter scaler
Binary bit output control pulse from converter scaler
Reader or keyboard character input clock pulse
PB250 character output clock pulse (PTU clock)
Converter reset

Converter read-in (transfer buffer-to-counter)
Converter read-out (transfer counter-to-buffer)
Converter read-out shift gate

Converter read-out shift clock

Common contact signal from KEYBOARD key
Converter read-out data signal

Convert clock

Character input mode flip-flop, on for display and
punch-out modes

Decimal register stages, D18 most significant bit of
most significant digit

Data digit input register
Decimal exponent register
Shift clock in decimal exponent register

Display pulse, initiates display cycle
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Dp Digit input clock pulse

Dpa Address digit input clock pulse

Dpd Data digit input clock pulse

Ds Sign of decimal register

El - Eb Digit output register (output of converter scaler-to-

punch)

Ec Shift clock in digit output register

Ep Character input clock pulse (A-I)

Es Block serial input-outputenable signal in buffer register

Fp Reader control input in reader punch

Fp Character input clock pulse (space, J-R)

Fpo Decoded character input pulse space = DATA

Fpl " J = CONVERT DECI-
MAL EXPONENT

Fpl " K = CONVERT SCALE
EXPONENT

Fp3 i L = CONVERT REG-
ISTER LENGTH

Fp5 4 N = CONVERT INPUT

Fpb ! O = CONVERT OUT-
PUT

Fp7 o P = PUNCH OUTPUT

F's Serial fill gate (fill of TRICE modules)

G Compute on signal
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Gl Computing mode control timing

G2 Computing mode control interlock

Ge Compute on flip-flop

Gdg PB250 block serial output data signal

G, "Integrate" input from patchboard

Gp Character input clock pulse ($, S-Z)

Gsg PB250 block serial output shift gate

H Computing mo-e control flip-flop, on for integrate and
halt

Hdg PB250 block serial input data signal

Hy, "Halt" input from patchboard

Hsg PB250 block serial input shift gate

I Computing mode control flip-flop, on for integrate and
reset

I Fill data signal

Iy, "Reset" input from patchboard

(IY) TRICE module read-out data signal

K Converter scaler control flip-flop, enables all

sequential operations

@ - @ Keyboard code contacts

Kb Keyboard busy flip-flop
Kc Any keyboard code on signal
Ll - 15 PB250 character output code (PTU code)
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Lp

M1 - M8
Mc

Mcl, Mc2
Md

Mg

Mo

Mp

N1 - N8

Nt

Ofl - Of8
Ofa

Ofc

Ofm

Oft

Clock pulse for patchboard input

Punch input code (only M1- M6 used in TRICE)
Digit input register (Dbl - Db4) shift clock
Digit input register shift counter

Digit input register shift control

Punch control input

Punch motor on

Punch logic on

Punch register set clock

Punch register

Internal clock one shot in reader punch
Delay one shot (reader punch)

Motor start delay one shot (reader punch)
Reader step, punch pulse one shot

Punch coil enable signal

Clear punch mechanism

Reader punch clock

Overflow in TRICE block 1-8

Analog computer overflow

Converter overflow

TRICE module or converter overflow
TRICE module overflow

6-7



P
Pl, P4, Pléb

P30

Pp

Ppc

R1 - R8
Ral - Ra9
Rb

Rd1l - Rd32
Rdc

Rz

Rs5 - Ryl

Rm
Ro
Rp

Rpc

Rsc

Punch on flip-flop

Decoded pulse times of T counter (TRICE word timing)
End-of-word pulse

Even parity signal of input character decoding

Odd parity signal of input character decoding

Punch pulse, pulse initiating preparation of a new out-
put character in the converter scaler

Same as Pp with T5 clock added

Reset timing flip-flop

Reader code (only R1 - R6 used in TRICE)
Address register

Reader punch busy

Binary data buffer register

Bit input {flip-flop in buffer register
Reader control input

Register length register

Shift clock in register length register
Reader motor on

Reader logic on

Patched reset signal

Patched reset control flip-flop
Selected reset signal

Selected reset control flip-flop
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Rt

Ritc

Sb
Sc

Sd

Sm

So

Sop

Spa

Spd

Tl = TH
T&1; Th52
Te

Total reset signal

Total reset control flip-flop

Integrate slow control flip-flop

Start internal clock in reader punch

Scaling bit flip-flop in converter scaler
Converter read-out shift control

Shift divide, right shift signal in decimal register

Shift gate flip-flop, controls any shift at the TRICE
clock frequency in the buffer register

Shift input flip-flop, controls filling from buffer-to-
modules

Shift multiply, left shift signal in decimal register

Shift output flip-flop, controls read-out from modules
to- buffer

Shift output control pulse, initiates read-out
Sign input clock pulse

Address sign input clock pulse

Data sign input clock pulse

100 cps multivibrator

KEYBOARD key signal direct to control mode flip-flop

Pulse time counter, counts down the TRICE clock to
form TRICE word timing

Countdown T5 for digit input timing

Independent variable existence flip-flop
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T

T8

Ul - U8

Ve

Yr

Z1

"Kevboard" input from patchboard
Independent variable sign flip-flop

Independent variable sign control flip-flop

Control mode flip-flop, on for reader and computer
mode

Operation counter (U counter) zero signal
Operation counter in converter scaler
Decoded unit address

Operation counter equal to scale exponent
Operation counter clock

Operation counter clear (clocked with T5)
Operation counter equal to decimal exponent
"Reader" input from patchboard

End of operation

Operation counter equal to register length

Sign of operation counter, determines direction of
operation

"Computer" input from patchboard

Control mode flip-flop, on for computer and patchboard
mode

"Patched reset" input from patchboard

"Compute off" input from patchboard
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BUFFER REGISTER

Cy1 = TRICE (3 Mc) clock

Cr2

PB250 (2 Mc) clock
Es = (AD)(UW)

Ced

EsGsgCr2 + EsHsg Cg2 + SgCurl

Cta = EsGsgCt2

Si = SiEpBcé

Si
oSi = SiSg
So = SoSop
So
oSo = SoSg
bi = BiBipCyl
Bi

obi = BiSgP30Czl1

Sg = 85gCs1[P30Si + P1SoRal + Pl6(SoRal) + P30Bi]
+ P16C41Bop Es
oSg = SgCs1[P30Si + PlSoRal + Pl6(SoRal) + P30Bi]

+ SgCs1Bop

Sc = ScCs1P1Cro
Sc
0Sc = ScCr1P1é6

Fs = Si Ral Sg
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Cro
Csc
Cri
Cre
Cvc

(CV)

(I-Y)

rdc

Rdc
ordc

rdl

Rdl
ordl

rd30
Rd30
ord30

Boc

I

1

Si Ral Sg + Sc

(So Ral) Sg Sc

cs c1

Rt Ral

Rt Ral

(GG2) T5 T4 T3 T2

DAl + DA2 + DA3 + DA4+DA5 + DA6 + AD1 + AD2
+ AD3 + AD4 + AD5 + ADG

Ra9 (Y1 + Y2 + Y3 + Y4 + Y5 + Y6 + Y7 + Y8)
+ Ra9 (I1 + 12 +I3 + I4 + I5 + 16 + I7 + I8)

Rdc Csc (CV) + Bi Sg C41 Rd30 + Bi Sg P30 C/l Bic
+ (So Ral) P1 C/1

Rdc Csc (GV) + Bi Sg /1 Rd30 + Sg Pl ¢/

Rdl C/d [Es Gsg Ra9 + So Ral (I-Y) + Sc Rdec + Bi Rdc
+ Bop Rd30]

Rdl C4d [Es Gsg Ra9 + So Ral (I-Y) + Sc Rdc + Bi Rdc
¥ Bop Rd30]
Rd2

:  Shift register, shift clock
Rdz9

cla

Rd30 C/d Rd29

Rd30 C/d Rd29

Rd30 Si Sg

Rdl
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Hdg = Rd30 Hsg
Spa = Sp(AD)

Dpa = Dp(AD)

ab = Ab Spa
Ab
oab = Ab Dpa

at = At Dpa Ab
At
oat = At Dpa + Spa

au = HDpaAt

oau = Au Dpa + Spa

ral = Ral Cpa Gdg + Spa Bl
Ral .
oral = Ral Cpa Gdg + Spa Bl

ra2 = Ra2 Cpa Ral + Ab Dpa B3
Ra2
ora2 = Ra2 Ctga Ral + Spa

ra3 = Ra3 Cpa Ra2 + Ab Dpa B2
Ra3
ora3 = Ra3 Cta Ral + Spa

ra4 = Ra4 Cta Ra3 + Ab Dpa Bl
Ra4
ora4 = Ra4 Cta Ra3 + Spa

ra5 = Ra5 Cra Ra4 + At Dpa Bl
Ra5
ora5 = Rab5 Cta Ra4 + Spa



rab
Rab

orab

ra’T
Ra7
ora’7

ra8
Ra8
ora8

2l

= g B

Sl
(S8

1

Rab Cpa Ra5 + Au Dpa B3

Ra6 Cya Ra5 + Spa

Ra7 Cta Rab6 + Au Dpa B2

Ra7 Cga Rab + Spa

Ra8 Ctya Ra7 + Au Dpa Bl

Ra8 Cya Ra7 + Spa

Ra9 Cpa Ra8 + (Ab At Au) Dpa Bl

Ra9 Cra Ra8 + (Ab At Au) Dpa Bl

Ra2 + Ra3 + Ra4
Ra2 + Ra3 + Ra4
Ra2 + Ra3 + Ra4

RaZ2 + Ra3 + Ra4

e

RaZ2 + Ra3 + Ra4

Ra2 + Ra3 + Ra4

RaZ2 + Ra3 + Ra4d

RaZ + Ra3 + Ra4

Ra5 + Rab + + Ra8

Rab5 + Raéb + + Ra8

| &

Rab5 + Rab +

o
2

+ Ra8

s

a7 + Ra8

Ra5 + Rab +

w

Ra5 + Rab + Ra7 + Ra8
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gt g = g o

c
ot

a
ot
Pt

o
ot
(R

Ra5 4+ Rab + Ra7 + Ra8
Ra5 + Rab + Ra7 + Ra8
Ra5 + Rab + Ra7 + Ra8
Ra5 + Rab + Ra7 +'Ra8
Ra5 + Rab + Ra7 + Ra8
Rab5 + Rab + Ra7 + Ra8

Ra5 + Rab + RaT + Ra8

Ra5 + Rab + Ra7 + Ra8

Ra5 + Rab + Ra7 + Ra8

Ra5 + Rab + Ra7 + Ra8

T1
otl

t2
T2
ot2

t3
T3
ot3

t4
T4
ot4

t5
T5
ot5

Ra5 + Rab + Ra7 + Ra8

T 1 Gl

T1Cygl

T2 Cy1(T1 P16)

T3 Gl (T2 1)

T3 Cz1(T2 T1)

T4 Gl (T3 T2 T1)

T4 Cgl (T3 T2 T1)

—

T5Cp1(T4 T3 T2T1)

T5Cy1(T4 T3 T2 T1)
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P30 = P30 C;1(T5 T4 T3 T2 T1)
P30
oP30 = P30 Cyl

Pl = P1Cs1 P30
Pl
oPl = P1Cyl

P4 = P4 Cy1(T5 T4 T3 T2 Tl)
P4
oP4 = P4 Cyl

Pl6 = T5 T4 T3 T2'T1



op

kb
Kb
okb

cp
Cp

ocp

cb
Chb
ocb

1]

CONTROL UNIT

T Lp Vs + Gp Bcd + Gp Bes + U Lp Uy

U Gp Bc3 + Gp Beb + (D)

W Gp Bc5 + Gp Bcb

W Gp Bc3 + Gp Bed + Lp Ug+ Lp T2 + (D)

A Ep Becl + Fp Be7

A Ep Bc4 + Fp BcO

[_)Ep Bc4 + Fp Be7

D Ep Bcl + Fp BcO

P Fp Be7

P Ep Bcl

Kb €2 ©

Kb Kc

9 0 08 0 8

Cp T5(Kb Cb U + Rb UW + Rb P A4 Kb)

Cp TH5

Cb T5 Cp

Cb.T5 Kb



Pp
Bp
Bl
B2
B3
B4
B5
B6
BcO
Bel
Bce2
Bc3
Bc4
Bc5
Bcb
Bce7
BcB
BcY

Pe

Ep

I

i

| 9 B 29

"

]

Cp AD

_V\?Cp + UW Cpg

— m —

UW (K1) + UW R1+ UW L1

—— o - -

UW K2 + UW R2 + UW L2

W {15_3 + UW R3 + UW L3
)

GW@ + UW R4 + UW L4

UW (K5 + UW R5 + UW L5

cl

W@+UWR6+UW

o B ogoE
o to tr." tﬂl
(8] [ %) Y] [ @S]
@ W w o
= — it it

(F8]
i
[
o

B4 B

|
|

B4 B3 B2 Bl

B4 B3 B2 B1

2l
kS
89

3

os]
V)
3y
—

_— —

B4 B3

zl
&

B4 B3 B2 Bl

Bec3 + Be5 + Bcb + Be9

Bel + Be2 + Bec4 + Be7 + Be8
Bp(B6 B5 Po + B6 B5 Pe + B6 B5 Bco)

Bp (B6 B5 Po + B6 B5 Pe)



md
Md
omd

t51
T51
ot51

t52

T52
oth2

mecl
Mcl
omcl

Mc2
omcz

db1l
Dbl
odb1l

1]

I

Bp (B6 B5 Po + B6 B5 Pe + B6 B5 Bco)

Bp (B6 B5 Po + Bé B5 Pe)
Bp B6 B5 B4 B3 B2

UW T5

Ep Bc5 + Dip

Dp AD

Sp AD

Md Dpd

Md Mc2

T5

T5

s |

T51
Md T51 T52

Mcl Mc

Mcl Mc + Dpd

Mc2 Mcl

Mc2 Mcl + Dpd

Dpd B1

Dbl Mc + Dpd
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db2 = Db2 Mc Dbl + Dpd B2
Db2
0db2 = Db2 Mc Dbl + Dpd
db3 = Db3 Mc Db2 + Dpd B3
Db3
odb3 = Db3 Mc Db2 + Dpd
db4 = Db4 Mc Db3 + Dpd B4
Db4
odb4 = Db4 Mc Db3 + Dpd
Bic = Db4 Md + Coc
Bip = (Mcl I\_/ICZ) Mc + Cop
Ml = ADEI + (AD) Bl
M2 = AD E2 + (AD) B2
M3 = AD E3 + (AD) B3
M4 = AD E4 + (AD) B4
M5 = AD E5 + (AD) B5
Mé = AD E6 + (AD) Bb
Sr 100 cps multivibrator
dip = Dip Sr(DA)
Dip
odip = Dip T5
h = HLp Hy + H Lp Gt + Ep Bc8 + Ep Be7
H
oh = HLp Zy + HLp It + Ep Bc9 + Gp Bce9

TLp Gy +ILp It + Ep Be9 + Ep Be?

I1Lp Z¢ +1Lp Hp + Ep Bc8 + Gp Bc9
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ocC

te

ote

tsc
Tsc
otsc

ts

ots

gc

ogc

rsc
Rsc
orsc

s Gp Bce2

S T5 H + Ep Bc8

CLpCy+ EpBc3+SrS

G TH Te

Te T5 C + Te T5 HI

Te T5 (HI)

— e

Tsc Sp A DBI1

Tsc Sp A D BI

Ts T5 Tsc

Ts T5 Tsc

Gec T5 H

Gc T5 H

—_—

Gl T5 HG2 + Gl T5 G2 (Rsc + Rpc + Rtc)

Gec R

G2 T5 Gl
G2 T5 Gl
Rsc Gp Be?

Rsc (G2 R)

1R+ G1T5 HGe
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rpc
Rpc
orpc

rtc
Rtc
ortc

or

Rs
Rp

Rt
Oft

Ofm

1l

Rpc Gp Bce8 + R Lp Yi

Rpc (G2 R)

Rtc Ep Bc9 + R Lp Iy

Rtc (G2 R)

R T5 Gl (Rsc + Rpc + Rtc)

R T5 G1

Rsc R
Rpc R

Rtec R

Ofl + Of2 + Of3 + Of4 + Of5 + Of6 + Of7 +

Oft + Ofc

Keyboard Lights

keyboard = UW
reader = UW
computer = UW
patchboard = uw
address = AD
display = A
data = AD
punch out = AD

compute off

reset
halt

integrate

integrate slow

+

Of8

= Tsc

= Tsc



d18

D18

0od18

dl4

D14

odl4

dl2

D12
odl2

dll

D11
odll

CONVERTER SCALER REGISTER

DI8 T5[Sd D91 C1(A3 A2) + Sm D14(Cy C2)
+ Cm D14 D12 + Cm D14 DI11] + Sb Sd T5 Bin

D18 T5[ Sd D91 (A3 A2) + Sd C1(A3 A2) + Sm D14

+ Cd D14 D12 + Cd D14 D11 + (Cz C2)] + Sb Sd T5 Bin
D14 T5 [Sd D18 + Sm D12(Cy C2) + Cd D18 D14 D12

+ Cd D18 D14 D11 + Cm D18 D11]

D14 T5 [Sd D18 + Sm D12 + Cd D18 D14 + Cm D14 D12
+ Cm DIl4 D11 +(Cz C2)]

D12 T5 [Sd D14 + Sm D11(Cz C2) # Cd D18 D12 D11

+ Cm D18 D11]

D12 T5 [Sd D14 + Sm D11 + Cd D18 D12 D11
+ Cm D14 D12 D11 + (Cs C2)]

D11 T5 [ Sd D12 + Sm D28 + Cd D18 D11
4+ Cm D14 D12 D11 4 Cm D18 DI11]

D11 T5 [ Sd D12 + Sm D28 + Cd D18 D11 + Cm D18 D11

+ Cm D14 D11 + Sm (Cg C2)]

Decade 1
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dz8

D28

odZ28

d24

D24

od24

d22

D22

odZ2

dzl

D21
od2l

CONVERTER SCALER REGISTER

D28 T5 [Sd D11 C2 + Sm D24 (Cs C3) + Cm D24 D22
+ Cm D24 D217

D28 T5 [Sd D11 + Sd C2 + Sm D24 + Cd D24 D22

+ Cd D24 D21 + (Cy C3)]

D24 T5 [Sd D28 + Sm D22 (Cz C3) + Cd D28 D24 D22

+ Cd D28 D24 D21 + Cm D28 D21]

D24 T5 [Sd D28 + Sm D22 + Cd D28 D24 4+ Cm D24 D22
+ Cm D24 D21 + (C4, C3)]

D22 T5 [Sd D24 + Sm D21 (Cs C3) + Cd D28 D22 D21

+ Cm D28 D21]

D22 T5 [Sd D24 + Sm D21 + Cd D28 D22 D21

+ Cm D24 D22 D21 + (Cy C3)]

D21 T5 [Sd D22 + Sm D38 + Cd D28 D21 + Cm D24 D22 D21
+ Cm D28 D21]

D21 T5 [Sd D22 + Sm D38 + Cd D28 D21 + Cm D28 D21
+ Cm D24 D21 + Sm (Cyg, C3)]

Decade 2 (typical 2-8)
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d98

D98

0od98

d94

D94

0d94

d92

D92

od92

d91

D91
od91

I

CONVERTER SCALER REGISTER

D98 T5 [Sd D81 C9 4+ Sm D94 (Cy Cl) + Cm D94 D92
+ Cm D94 D91]

D98 T5 [Sd D81 + Sd C9 + Sm D94 + Cd D94 D92

+ Cd D94 D91 + (C2 C1)]

D94 T5 [Sd D98 + Sm D92(Cy, Cl) + Cd D98 D94 D92

+ Cd D98 D94 D91 + Cm D98 D91]

D94 T5 [Sd D98 + Sm D92 + Cd D98 D94 + Cm D94 D92
+ Cm D94 D91 + (C4C1)]

D92 T5 [Sd D94 + Sm D91(Cz C1) + Cd D98 D92 D91

+ Cm D98 DI1]

D92 T5 [Sd D94 + Sm D91 + Cd D98 D92 D91

+ Cm D94 D92 D91 + (Cz C1)]

D91 T5 [Sd D92 + Sm Ain + Cd D98 D91 + Cm D94 D92 D91
+ Cm D98 D91]

D91 T5 [Sd D92 4 Sm Ain + Cd D98 D91 + Cm D98 D91
+ Cm D94 D91 + Sm (Cy C1)]

Decade 9
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CONVERTER SCALER REGISTER

cl = C1(T5 Cy) C2+ (T5 Ck) C9 + Cin T5
c1 s
ocl = C1 T5 (Cq +Ck) + C1 T5 A2

c2 = C2(T5Cy) C3 + (T5 Ck) C1
G2
oc2 = C2 T5(Cs+ Ck)

c3 = C3(T5Cyg) C4+ (T5 Ck) C2
s
oc3 = C3 T5 (Cy + Ck)

c4 = C4(T5 Cy) C5 + (T5 Ck) C3
C4
oc4

C4 T5 (C4 + Ck)

c5 = C5(T5 Cg) Cb + (T5 Ck) C4
c5
0c5 = C5T5 (Cy + Ck)

c6 = Cb(T5 Cz) C7 + (T5 Ck) C5
Cé
ocb = C6 T5 (Cg + Ck)

c7 = C7(T5 Cy) C8 + (T5 Ck) C6
el
oc7 = CT7 T5 (Cs + Ck)

—

c8 = C8(T5 Cy) C9 + (T5 Ck) C7
Cc8
oc8 = C8 T5 (Cy + Ck)

c9 = C9(T5Cz) Cl + (T5 Ck) C8
C9
0c9 = C9 T5 (Cy + Ck)
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Cy

Ck

1

1

CONVERTER SCALER REGISTER

(Sm D18 C1) + (Smi D28 C2) + (Sm D38 C3) + (Sm D48 C4)
+ (Sm D58 C5) + (Sm D68 Cé) + (Sm D78 C7) + (Sm D88 C8)
+ (Sm D98 C9) + C1 Co A2

Sd [(D18 D14 D12 C1) + (D28 D24 D22 C2) + (D38 D34 D32 C3)
+ (D48 D44 D42 C4) + (D58 D54 D52 C5) + (D68 D64 D62 C6)
+ (D78 D74 D72 C7) + (D88 D84 D82 C8) + (D98 DI4 DI2 C9)7

—— — — — — — —— —

C2C3C4C5C6C7 C8C9
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CONVERTER SCALER CONTROL

del = Del Dec De2
Del __
odel = Del Dec De?2

de2 = De2 Dec De3
De?2
ode2 = De2 Dec De3

de3 = De3 Dec De4
De3
ode3 = De3 Dec De4

de4 = Ded Dec De5

De4 e
ode4 = De4 Dec De5
de5 = De5 Dec Deb
De5

ode5 = De5 Dec Deb

deb = Deb Dec D91
Deb
odeb = Deb Dec D91

des = Des Fpl Ds
Des
odes = Des Fpl Ds

bel = Bel Bec Be2
Bel
obel = Bel Bec Be2
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be?2
Be?2
obe?2

be3
Be3
obe3

be4
Bed
obe4d

beb
Beb5
obeb

beb
Beb
obeb

be7
Be7
obe7

rp3
Ry 3
orp3

1

Be2 Bec

Bel2 Bec

e

Be3 Bec

Be3 Bec

Be4 Bec

Bed4 Bec

Beb Bec

Beb Bec

Beb Bec

Bebt Bec

Be7 Bec

BeT7 Bec

Bes Fp2

Bes Fp2

Rz1 Ryc

Rt¢1 Rsc

Ri2 Rgc

R12 Ric

R:3 Rsc

R:s3 Ryc

Be3

—

Be

(¥3)

R43

Rp 3

R4

Ro4
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rie4
R4
org4

rs5
Rp5
org5

ul
Ul
oul

ul
Uz
oul

ul
U3
oul

u4
U4
ou4d

ub
Us
oub

ub
U6
oub

u’?
u7
ou7

u8
Us
oud

1l

R44 Rec Rr5

Rt4 Ryc Ryp5

Ry5 Ryc D91

R45 Ryc D91

—_—

Ul Uc

Ul Uc + Ucy

U2 Uc Ul

U2 Uc Ul + Ucy

U3 Uc (Ul U2)

U3 Uc (U1 U2) + Ucy

U4 Uc (Ul U2 U3)

U4 Uc (Ul U2 U3) + Ucy

—

U5 Uc (Ul U2 U3 U4)

U5 Uc (Ul U2 U3 U4) + Ucy

Ué Uc (Ul U2 U3 U4 U5)

U6 Uc (Ul U2 U3 U4 U5) + Ucy

U7 Uc (Ul U2 U3 U4 U5 U6)

U7 Uc (Ul U2 U3 U4 U5 U6) + Ucy,

U8 Uc (U1 U2 U3 U4 U5 U6 UT)

U8 Uc (Ul U2 U3 U4 U5 Ub U7) + Ucy
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el
El
oel

el
EZ2
oel

el
E3
oel

ed
E4
oe4

eb
E5
oeb

eb
E6

oeb

Fpo
Fpl
Fpl
Fp3
EFp5
Fpo6
Fp7
Dec

Bec

1

1

I

1

]

El Ec D18 + Fp7 Ds

El Ec D18 + Fp7 Ds

E2 Ec E1 4+ Fp7

E2 Ec El

3 Ec E2 + Fp7

E4 Ec E3 + Fp7

E5 Ec(D18 E6) + Fp7

E5 Ec D18 + Ppc

E6 Ppc

E6 Ec D18 + Fp7

Fp Beco T5 #+ Dip

Fp Bel

Fp Bel

Fp Bc3

Fp Bcb T5

Fp Bcb T5 + (DAY (A2 Al) Ucy
Fp Bc?7 T5

A3 (A2 Al) U1 T5

A3(A2 A1) U1 T5
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Ppc

Ube

Ude

Ur

A3 (A2 Al) Ul T5
A4 (A2 A1) K T5

Uz T5

Ur T5 [(Al + A2) + (A1 A2) K + (Al AZ) Mc + A5 (A3 Al)]

Pp T5

(U2 Bel + U2 Bel)(U3 Be2 + U3 Be2)(U4 Be3 + U4 Be3)
(US Be4 + U5 Bed)(Ub Be5 + Ub Beb)(U7 Beb + U7 Beb)
(U8 Be7 + U8 Bev)

(U3 Del + U3 Del)(U4 De2 + U4 De2)(U5 De3 + U5 De3)
(U6 De4 + Ub De4)(U7 De5 + U7 De5)(U8 Deb + T8 Deb)

(U2 Re1+ U2 Ry1)(U3 Re2 + U3 Rr2)(U4 Re3 + U4 Ry3)
(U5 R4 + U5 Ry 4)(Ub Ry5 + Ub Ry5)

A3(A2 A1) U4 U3 U2 Ul + A3(A2 A1) U4 U3 U2 Ul

+ A3(A2 Al) U4TU3U2 Ul + (A2 Al) U6 U5 U4 U3 T2 Ul

+ A3 (A2 Al) U6 U5 U4 U3 U2 Ul + A3 (A2 Al) Ube
+ A3(A2 Al) Ude + Fpl + Fp2 + Fp3

A3 [A4(A2A1) + A4(A2Al) BeS + A4d(A2A1) Des
+ (A2'Al) + A4(A2Al) BeS + A4(A2K1) DeS]

—— —— —— —— —— — —
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A2

A5

A3

A4

Sb

al

oal

a2z

oaz

ab

oab

a3

oal3

a4

oa4

sb

osb

A4 A3 (A2 Al) Ul

A4 A3 (A2 Al) Ul

US (Al + A3) K Ul + US (Al A3) K
US (Al + A3) KU1

US Al K U1

USALKUl + USAL K + (A2 Al) Mc

K T5 A5 + (A2 Al) Ppc + K (Al + A2) Uo Uc

K Ucf + A3 Ad (A2 Al) Ut/ T5 + Ab (A2 Al) U2 UL T5

Al T5 Fpi + A4 (A2 Al) C1 T5 + Al T5 Fp3 + Fp5 + Fpb

Al Ucf A4 + A4 (A2 A1) Ucf + Fpo

A2 T5 Fp2 + A2 T5 Fp3 + A4 (A2 Al) Ucl + Fp5

A2 Uc/ Al + A3 A2 Ucf + Fpo

A5 Fpo

A5[h¥f

A3 T5 Fpl + A3 T5 Fp2 + A3 T5 Fp3

A3 U/

A4 Fpb + Fp7

A4 U/ (B2 A1) + (A2 Al) C1 T5

Sb T5[K4 (A2 A1) UL Urﬁ] + A4 (AZ Al) Ul Boc T5

Sb T5 Ad + A4 (A2 Al) Uc/

6-33

B ——————— p——

—_—— —




Coc = CopLDSUO-’rDISFSK-I- D18DSK+ST{|

dS = DS Spd Bl + Fpb Boc

odS

1

DS Spd B1 + Fpb Boc

Ain = D18 A3 A2 + Db4 A4 A5 (A2 Al)
Bin = Boc DS + Boc DS

Cin = A3 (A2 Al) Uo
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Control

Ro

Mm
Nm nm
Np np
Nd nd

Nc nc

1]

]

READER PUNCH

R [+ F¢ + (Reader ON )

Ro + (Reader Motor ON§ Reader Motor Relay Coil

M2 + (Punch ON
Mo + (CLEAR )+ ( Leader )

Mo' + CP‘unch Motor OI\D Punch Motor Relay Coil

Rm + Mm 200msec
Nt + @@ 4, bmsec
Np 12, 5# sec
Nd 20msec
Np Nd Nm

Cp( Clock EXQ-F Nc( Clock On )

(Start )+ ( Leader )
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