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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.

1-2
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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,

1-4



( WYHOVIQ 207178 ) 321481 ‘2-1 34N9Id

SMOT4H3IN0
SANIIHNNY L ‘INdLNO/LNdNI
90TVNY 300N 90TYNY SANITINNYL LNIWJIND3 TYNOILHO *
i IVLNIWINONI
,JUVO8HOLYd 90TVNY _ H
1NdLNO/1NdNI _
90TVNY §
Q¥VO8HILYd 30141 37NAOW 30181
e 1 o= _ | SLNIW3HONI SLN3IW3HINI
% vY-a/a-v | S '] IO}
T § 3} _ g |2 |2 MOT4H3IN0
MO1353A0 _ z 2 |3 -
1353y | 2 S | (3LNdWO0D‘L3S3Y ) TOMLINOD 3AOW
0010 H3LHIANOD L_ T |z (2 INdNI 8310VEVHD
=) | z |o «
(13s34) NI Qv3y | 2 m quYOE AT
| (s3l) a
1n0 avay
| LNdNI INIT3SN3S y
|
F344n8 YILHIANOD | | LINN T0¥LNOD INd1IN0 Y310VHVHD
) 1 | [inse) Lnani w3 sovavo T ~ LNdNI ¥310VHVHD
S T e z |@ 0 3 i
w o |3 m H
m » 0528d H31NdWO0I o= |2 (B HINNd ¥3av3y
2 |5 * o |12 |9 |2 *
S , EREERE
m |~ o
2 & mole e
m M |€ |2 |5 (gos Ho AMYNIG) LNdLNO/LNdN] Li8
& o |3 m |© 1
S 2l |2 2
< |7 |5 |5 ¥31¥9S ¥3LYIANOD
- (1s8-08@) = z |2 .
= LNd1N0 /LNdNI TvI¥3s
E
714 “Lnoav3y viy3as
43151934 ¥344N8
ss3ayaay




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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