


















































































































































































































































































































































































































































































































































































































































Comprehensive Milner Algorithm
Test.

CMIL uses a Milner algorithm to perform Common
Memory integrity testing.

Comprehensive Register Conflict
Test.

CRCT is a random instruction register conflict
diagnostic which checks register conflicts/control
problems.

Comprehensive Random Instruction
Test.

CRIT

Comprehensive Slow/Fast Conflict
Test.

CSFT is a random instruction (fast/slow) diagnostic
which checks register conflicts/control problems.

Comprehensive Vector Instruction
Test.

CVIT is a vector register test that uses different
path, first pass and a bit counter method to detect
register and functional unit failures.

Extensive Address Multiply Test.

EAMT allows for extensive testing of address
multiply.

Extensive Address and Scalar Test.

EAST allows for exhaustive testing of the address
and scalar registers.

| Extensive Memory Backup Test.

EBUT tests Common Memory interface back-up
buffers using single and dual-port vector
commands.

Extensive Common Memory Test.

ECMT is an extensive Common Memory test which
correlates to foreground based FMM diagnostics
FCMT and FCCM. Banks are tested in parallel and
patterns are targeted to individual chips.

Extensive Floating Point Test.

EFPT simulates all results to verify functional units.

Extensive Instruction Buffer Test.

EINT

Extensive Local Memory Test.

ELMT tests background local memory using scalar
and vector read/write.

Extensive RA Table Test.

ERAT

Extensive Scalar
Adder/Pop/LeadingZ Test.

ESAT extensively tests the scalar integer adder
functional unit.

Extensive Scalar Shift Test.

ESHT is used to exhaustively test all scalar shift
instructions.

Extensive Simulate Result Test.

ESMT tests all A and S register non-floating point
and VM.

Extensive Semaphore and Status
Register Test.

ESST tests the status register, limit register, EXIT
instructions, 004 through 007 instructions and 035
instructions.

Extensive Vector Scalar Comparison.

ESVT performs a random compare of vector versus
scalar instructions to check for compatibility of
answers.

Extensive Vector Adder/lota Test.

EVAT tests the vector integer adder functional unit
as well as the compress iota.
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Extensive Vector Shift/Pop/LeadingZ
Test.

EVBT tests all vector shift instructions as well as
the vector population/leading zero units.

Extensive Vector Logical Test.

EVLT thoroughly tests the logical section of the
vector functional unit. All vector mask and vector
logical instructions are tested. A RTC test is also
included.

Extensive Vector Memory Test.

EVMT tests the background Common Memory
using vectors.

Extensive Vector Register Module
Test.

EVRT is a random data vector register test.

Foreground Adder Test.

FADD performs a basic checkout of the foreground
adder functional unit.

Foreground Address Register Test.

FBAR tests the Background Processor A registers
via the Foreground Processor and channel loops.

Foreground Scalar Register Test.

FBSR tests the Background Processor S registers
via the Foreground Processor and channei loops.

Foreground Clears Local Memory.

FCLR is a utility test program used to verify FMM
operations and clear local memory.

Foreground Constant Data Test.

FCON tests constant instructions 20, 21, 22, 30,
31, 32, 200, 220, 300, 320 and logical instructions
44,45 and 46.

Foreground Instruction Timing Test.

FCONFLICT tests conflict timing conditions in the
Foreground Processor.

Foreground Conflict Integrity Test.

FCRPT

Foreground Background
Communication Test.

FGBC tests the interrupt circuitry by loading and
running short programs in the Background
Processor which create error conditions. This
includes testing of the base, program and limit
addresses.

Foreground Channel Function Test.

FGCF tests the 1/0 logic that forms the interfaces
between the Foreground Processor, external
devices, Background Processors and Common
Memory.

Foreground Common Memory Test.

FGCM tests Common Memory via the Foreground
Processor and channel loops.

Foreground Status and Response
Register Test.

FGDH tests the DH stack status register, the call
pointer address and all the interrupt conditions from
the Foreground Processor.

Foregrouhd Local Memory Test.

FLAT

Foreground Logical Test.

FLOG performs a basic checkout of the foreground
logical functional unit.

Foreground Register Test.

FREG performs a basic A, B, C and conditional
jump test. No functional units are used in the test.
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Foreground Real Time Clock Test. FRTC tests the real time clock by checking
consecutive clock cycles at random intervals, using
incremental delays, and testing for stuck at zero
and stuck at one conditions for all 32 bits.

Foreground Shifter Test. FSHF tests the foreground shift funtional unit.

Foreground Instruction Buffer Test. FXIA tests the instruction buffers from the
Foreground Processor and the exit jk path.

The software tests listed in Table 19 are all off-line diagnostics; that is they are
run by themselves, while the operating system is not running. As was the case
with pulse-power testing, errors are detected when the expected data for a
given test packet differs from the data received from the module under test.
The application will report the error on the Macintosh screen. Errors may be
logged and stored to a report file using the Failure Consolidation Package.

Modules on which failures have been identified in full-power testing are
generally sent to Module Test for verification and toubleshooting under pulse
power. The module will then remain in the pulse-power test/repair loop until
these open items are resolved. At that time they will be returned to full-power
testing. However, there are times when the diagnosis of a problem can only be
properly implemented in full-power testing. Under these circumstances a
module may go directly to repair and return directly into the full-power
environment, completely bypassing the pulse-power test loop.

Module Repair

The electronic section of the CRAY-3 is designed to be repairable down to the
individual die in a module assembly. However, for installed systems the unit of
exchange will normally be a block of modules. This replacement procedure
will eliminate the time that would be needed to disconnect and then re-connect
the wiring harness if a single module was to be removed for repair.

As we have seen, the software diagnostics for the CRAY-3 analyze a fault
down to the individual die or group of die. Copies of the analysis
documentation are sent along with the module to be repaired. This
documentation informs the people who will be performing the repair of the
known or suspected cause of failure. Based on that documentation, along with
the repair history for that module, a decision is made as to the best approach
for each repair. Sometimes a entire stack will be replaced even though only one
die is suspected to be faulty. This may be done, for example, because since this
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7.4

module was built improvements have been made to several other die on that
particular stack.

With an individual module assembly, the unit of stacking and unstacking is one
single board stack. The module is placed in an assembly pallet and the guide,
logic and power pins associated with the stack needing repair are removed and
discarded. The four circuit boards in the stack are now separated and made
available for examination. If the problem is a faulty die, that die is removed.
This is accomplished by attaching a steel fixture with adhesive to the back of
the faulty die which is then pulled from the printed circuit board. A new die is
now inserted. The normal die attach process is used with modifications in the
die attach fixture to accommodate the 15 die which are already attached to the
circuit board. On completion of the die attach process the stack is re-assembled
on the module using the Universal Stacking fixture. The module is now
re-submitted to pinning so that new logic jumper and new power pins may be
inserted.The repair cycle time for a single stack is less than a normal working
shift. The module is now available for Module Test or for re-submission to a
system.

Failure Analysis

During the module repair process, components are inspected to determine the
cause of the reported failure. This information is logged and analyzed so that

trends can be spotted that might give some clue as to how the manufacturing

process or the design of the component itself could be improved.

The failure analysis procedure starts with a list of failing components along
with a description of the problem found in Module Test. This information is
entered into a Macintosh-based database tracking system. This module
tracking system generates forms that are filled out at each stage of the repair
process.

As a module is unpinned and then unstacked, each board is inspected for
damage, contamination, or manufacturing errors. Defects are noted on the
forms that travel with the module. Failures that involve die are sent to Die
Attach for inspection.

Before a die is removed it is inspected with an infrared microscope to check for
damage to the substrate or bonding pads. After the die is pulled off the circuit
board, the gold leads are inspected to make sure the bond is intact and that the
stamping forces and stamping procedures were correct. Finally, the
micro-circuits of the die are inspected with a high-power microscope to check
for scratches or fabrication defects in the circuits.
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When this process is completed, a two-letter failure analysis code is assigned
to each component identified for repair. These codes are entered into the same
database tracking system that generated the repair travelers which
accompanied the module. This database containing the history of every repair
can then be searched and sorted by different criteria and appropriate reports
generated. By studying failure modes and trends observed in the repair process
changes can be implemented to improve the manufacturing of new modules.
The repair codes which are used are listed in Table 20.

TABLE 20. Failure Analysis Codes.

BF Bond Failure. Bond failure due to poor welding.
Bl Bad Insert. Poor seating height, bad cut, etc.
BP Bad Pin. No bulge or some other problem with a pin.
BW Broken Wire. Wire broken at printed circuit board or
connector.

CB Cratered Bond. Cratered bond pad discovered at IR
inspection.

CR Cracked. Cracked or chipped die.

DA Die Attach. Die attach mechanical failures; shear,
mis-stamp, etc.

DM Debris in Module. Metal contamination found in module at
unstack.

EF Electrical Failure. Suspected electrical failure. Requires FAST

re-testing of suspected die.

IN Inconclusive. Die evaluated, but no damage was found.
MP Missing Pin. No pin was inserted during Module Pinning.
NA Not Analyzed. Die was not analyzed. No data is available.
NF No Failure. No problems found during inspection.
oL Open Lead. Pad lift or bad solder connection.

OM Other Module Assembly. All other failures found at Module Assembly.
OP Open. Open connection. Die attach mechanical
failure, pad lift, or cratered bond is suspected.
0Ss Other Solder. All other failures found at Solder.
Printed Circuit Board. Problem with PCB thickness, warpage, hole

PC diameter, drilling, damage or circuit trace short

or open. -

PL Pad Lift. Pad lifting discovered at IR inspection.
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sc Scratch. Scratch on circuit traces. Metal has been
damaged.

SE Stacking Error. Boards swapped or rotated. Missing spacer or
flowblocker.

SL Short in Logic Plate. Short or open in logic plate.

SO Short in Ohmega Plate. Short or open in resistor plate.

SP Short in Power Plate. Short or open in power plate.

TP Twisted Pair. Twisted pair inversion.

ucC Upside Down Connector. Connector installed incorrectly.

UP Upgrade. Upgrading die, plates or boards for new
revisions or for new testing.

We have now completed our discussions of the major components that make
up the CRAY-3 electronic modules. We have also presented a brief discussion
of how these assembled modules are tested and repaired. Having done that we
can move on to Chapter 8 where we introduce the much larger pieces of the
machine that hold all of the smaller pieces and allow them to function properly.
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Cabinet Design

8.1

In this chapter we turn our attention away from the smaller component parts of
the CRAY-3 and look at the electrical and mechanical systems that tie
everything together to make it a functional machine. We will discuss the
System Cabinet and its associated components, including the Octant Assembly,
Wire Harnesses, Cooling System, Translator Cards and Power Supplies. After
those discussions we will look at the System Control Pod and discuss the
functions which it performs in cooling, controlling and monitoring the entire
machine. Finally, we will present an overview of peripheral equipment which
is typically used with the CRAY-3.

System Cabinet

The CRAY-3 computer system is contained in a series of modular tanks
arranged in varying configurations. A front view of a single tank is illustrated
in Figure 129. The lower section of the tank contains the power supplies for the
CRAY-3 circuits and the cables for communication with peripheral equipment.
The section above the tank top plate contains the electronic modules for the
computer. -

The System Cabinet external footprint for a four-processor version is 109.22
cm wide (43 inches) and 71.12 cm in depth (28 inches). The System Cabinet
external footprint for a 16-processor is a 109.22 cm (43 inch) wide octagon.
The power supply section stands 100.33 cm (39.5 inches) above the false floor.
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The acrylic lid extends the height another 21.59 cm (8.5 inches) giving a total
height above the false floor of 121.92 cm (48 inches).

" FIGURE 129. Front View of a Four-Processor Tank.
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the cosmetic skin.

The power supply portion of the cabinets employs a two-piece cosmetic skin
which can be separated and removed for access. The electronic section at the
top of the cabinet is covered by a one-piece acrylic cover. The cover is attached
to the tank top plate with non-metallic screws. The acrylic top is sealed to the
tank top plate with an integral O-ring. The tank assembly is designed to stand
on the sub-floor, below the false computer room floor. The legs on the
baseplate are designed to allow the system to adjust to various floor heights so
the system skins fit neatly on the false floor tiling (see Figures 133 and 134).
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FIGURE 130. Front View of Eight-Processor System Cabinet.
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FIGURE 131. Eight-Processor System Cabinet with Skins.

The section under the computer room floor is organized into bulkheads for
cable and cooling connections. Above the computer room floor, the power
supply section and the electronic module section are organized into individual
sections called octants (tanks). Each system cabinet has from one to eight
octants depending on the system configuration. Each octant is in effect a
one-eighth slice of an octagonal pie. Each tank is a single-piece aluminum
casting. The tanks are fastened to the baseplate which serves as a manifold to
evenly distribute coolant to each tank. The area enclosed by the acrylic lid,
above the top plate, is common to all of the octants.

210 Cray Computer Corporation July 22, 1993



FIGURE 132. Front View of Prototype One- or Two-Processor System Cabinet.
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FIGURE 133. Sub-Floor Mounting of the System Cabinet.
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As mentioned earlier, the construction of the system is modular. Individual
octants can be added to the baseplate to form groups of one, two, four and eight
tanks (see Figure 134). In this way an initial configuration of a single processor
(in one octant) can be upgraded to a 16-processor machine (in eight octants).
The electronic assembly section above the top plate is also arranged into
octants (see Figures 135, 136, 137 and 138).

FIGURE 134. Baseplate for the Octants.

The octants, which hold the power supplies
and modules, fit on the baseplate. The
baseplate shown here can accommodate
up to four octants (eight processors with
their associated memory and power
supplies).

One octant would fit in this area.
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FIGURE 135. Top Plate for a Four-Processor CRAY-3.
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FIGURE 136. Top Plate for an Eight-Processor CRAY-3.
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FIGURE 137. Modules Mounted in an Eight-Processor Cabinet.
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FIGURE 138. Top Plate for a Prototype One- or Two-Processor CRAY-3.
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82 Octant Assembly

As we have seen there are 336 modules in the upper portion of the CRAY-3
cabinet. These are grouped in eight octants of 42 modules each. Each octant
has two ranks of modules. The outer rank of modules is for Common Memory
and consists of 32 modules. The inner rank of 10 modules is for the
Background Processors, I/O modules and one Foreground Processor per
machine. Each octant contains two processors of four modules each and has
provision for two Foreground Processor or I/O modules. The individual
modules are mounted vertically into a horizontal power bar and are spaced on
7.62 mm centers. The modules are interconnected by means of connectors
attached to twisted pair wires or Flex circuits soldered to the outer boards of
each module. These 44-pin logic connectors are then interconnected by means
of a system wire harness. There are local connections direct from module to
module and also interconnections from octant to octant by means of the system
wire harness.

FIGURE 139. Modules and Power Supplies in an Octant.
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Electrical power is delivered from the power supply section to the electronic
module section via vertical power bus bars. Horizontal power buses attached to
the vertical power buses coming from the power supplies then accept the four
tapered power blades of the modules allowing for both a mechanical and
electrical connection to the buses. The four power blades on each module are
forced into slots in the power distribution blocks by screws. The power
distribution in an individual octant is illustrated in Figures 140, 141, 142 and

143.

FIGURE 140. Power Distribution in an Octant Assembly.
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FIGURE 141. Horizontal Power Buses for Memory from Module Side.
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FIGURE 142. Horizontal Power Buses for the Memory Modules.
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FIGURE 143. Horizontal Power Buses for Logic Modules from Module Side.
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FIGURE 144. Horizontal Power Buses for Logic Modules.
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The octant assembly of modules is removed from the cabinet as a complete
section. The outer rank of memory modules with the horizontal power blocks
is removed as one unit after disconnection from the system wire harness. The
center block of processor and I/O modules is also removed as one group in the
same way as the memory modules.

In the next section we will look at the power supplies that prow)ide the
necessary voltages for the modules at the current demands required for
continuous operation of the computer.

Power Supplies

The CRAY-3 computer system uses a bank of eighteen linear power supplies to
provide power to the memory and logic modules for each octant. Each power
supply provides approximately 1,700 watts at either +3.3 volts DC (known as
Vp), -1.2 volts DC (known as Vn) or +5 volts DC (known as Vm).

The power supplies are grouped into six racks to simplify power distribution
and ease of installation. Each of the two Vp racks used for powering the logic
modules holds four power supplies. The two Vp racks used to power the
memory modules hold seven power supplies. One rack is used to support a
single Vm power supply. The sixth rack is used to hold two Vn power supplies.
This sixth rack is physically split to allow the output of one Vn power supply
to provide Vn to the logic modules and the other Vn power supply to provide
Vn to the memory modules. These racks of power supplies are located in the
System Cabinet directly below the modules. The power supplies are immersed
in the coolant that passes through the modules prior to its return to the Control
Pod heat exchanger.

The power supply output power is connected to the modules via a system of
vertical and horizontal bus bars (see Figures 140, 141, 142, 143 and 144). The
input power is provided to the power supply racks via fiexible, ribbon
connectors that pass through a sealed penetrator and connect to a rigid vertical
bus bar located behind the racks. The input power used by the power supplies
is nominally rated at 220 volts AC, three-phase, 400 Hz. It is provided by an
external motor generator (MG) and powers a wye and delta transformer in each
power supply, resulting in twelve output phases from the transformers. Each of
these phases is then rectified and their outputs combined. This voltage then
passes through an output choke and is ready for use. The front plate of the
power supply rack is used to parallel all input voltages for the supplies in that
rack.

222

Cray Computer Corporation July 22, 1993



FIGURE 145. Linear Power Supplies in an Octant Assembly.
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Since the power supplies are linear, output adjustment is accomplished by
varying the input voltage. This is done in one of two ways. For Vn and Vm a
voltage vernier board is used. This board uses an external triple ganged
potentiometer to adjust the base drive on six bi-polar pass transistors. The
action of these transistors will vary the amplitude of the input voltage passed to
the power supplies. Two of these boards are used in the Vn rack and one in the
Vm rack. Due to the much higher output current consumption of the Vp racks
the vernier board is not used. Instead, the motor generator output voltage is
adjusted through the use of its own controls. Since the power supply input
voltage is common to all racks, the adjustment of Vp will cause a change in
both Vm and Vn. Therefore, Vp is adjusted prior to setting Vn and Vm.
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FIGURE 146. Simplified Top View of a Vp Logic Linear Power Supply.
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FIGURE 147. Simplified Top View of a Vp Memory Power Supply.
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FIGURE 148. Simplified Top View of a Vm Power Supply.
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FIGURE 149. Simplified Top View of a Vn Power Supply.
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Next we look at the wire harnesses used to interconnect modules, the
processors and memory so that each module can perform the necessary logical
functions as part of a complete computing system. The wire harnesses carry
data and control signals. They do not deliver power voltages to the modules.
As we have seen in this section power delivery to the modules is accomplished
by the rack mounted linear power supplies and their associated system of fairly
large metal bus bars.
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s.4 Wire Harnesses

In a CRAY-3 system each of the octants has nine unique wire harnesses
electrically connecting the modules to each other. These nine wire harnesses
are grouped in three functional sets: the Common Memory, the first Processor
(PO) of the octant and the second Processor (P1) of the octant. Each functional
set is comprised of a top, center (they connect to the edge opposite the power
blades) and bottom wire harness.

The top wire harness for Common Memory is comprised of 144 connectors
which mate with the modules. There are approximately 1,270 connections in
this set. The center wire harness for Common Memory is comprised of 507
connectors which mate with the modules and 62 connectors referred to as
“floating connectors.” There are approximately 4,830 connections in this set.
The floating connectors serve as links between Common Memory, the
Processors and other octants. The bottom wire harness for Common Memory is
comprised of 154 connectors which mate with the modules and eight floating
connectors. There are approximately 1,390 connections in this set.

The first and second processors of the octant are connected with wire harnesses
on the top, center, and bottom of the modules. Each processor has unique wire
harnesses in the octant. There are approximately sixty percent fewer
connectors in these wire harnesses than in the Common Memory harnesses.
This accounts for approximately fifty percent fewer total connections in these
wire harnesses. As additional octants (hence processors) are added to the
system, the center wire harnesses are altered to accommodate floating
connectors for communication between octants.

Each module has a specific number of logic connectors which allow signals to
communicate with other modules in the system. The number of edge
connectors on a module ranges from 24 on the F and H modules (Common
Memory) to 46 on the B module (part of a Background Processor). These
connectors are mated with a wire harness to allow communication with other
modules. Each grouping of modules has wire harnesses that connect to the top,
center and bottom connectors on each module. This is illustrated in Figure 150.
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FIGURE 150. Wire Harness Connection Points to the Modules.
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Bottom Wire Harness connects to these connectors.

The connectors used are a molded plastic part with two rows of 22 pins. One
row of pins connects to the true (logical zero in the CRAY-3) wires of a twisted
pair of 34 AWG wire. The other row connects to the false (logical one in a
CRAY-3) wires of the twisted pair. There are 22 twisted pairs of 34 AWG wire
on each connector.

The production process for each wire harness begins by stripping and
pre-tinning each twisted-pair on the connector to the proper lengths specified
by the design documentation for that wire harness. Each connector (with the
corresponding twisted pairs of wires attached) is then loaded into a fixture
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which allows them to be oriented in the same relationship to each other that
they will have when attached to the modules in an octant. Each wire is located
using an electrical homing device and connected to its signal destination using
a solder sleeve.

The solder sleeve is a piece of translucent shrink tubing approximately 5 mm
long with a ring of solder and flux. When heat is applied the solder is re-flowed
making a solder connection as the tubing shrinks tightly around the connected
wires. Each connection is tested to ensure its quality.

FIGURE 151. Simplified Diagram of Four-Processor Wire Harness.
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85 Cooling

The CRAY-3 is cooled by direct contact immersion in an inert liquid
fluorocarbon similar to that employed in the CRAY-2. However, the high
power density of the CRAY-3 required further development of the CRAY-2
cooling mechanism to provide adequate heat removal. Operating temperature
throughout the computer circuits averages 30° Celsius.

The high packaging density of the CRAY-3 results in a power density of up to
640 watts per cubic inch. Each nine-layer CRAY-3 logic module is 121 by 107
by 7.14 millimeters and contains up to 1,024 gallium arsenide logic circuits
consuming from one to three watts each. Total power consumption for a
two-processor octant is approximately 45,000 watts.

The individual modules are separated from each other by insulating separators
or shims. These are sheets of acrylic material slightly larger than the module
face and 0.203 mm thick. These shims block any inter-module coolant flow so
that all coolant flow will be directed between the layers of each module rather
than between the modules themselves. This flow blocking insures that the
coolant will flow over the die and around the exposed areas of the jumpers for
maximum heat transfer.

A key factor in the design of the cooling mechanism is the narrow channels
between the module layers through which the cooling fluid must flow. The
channels are a maximum of 300 microns from the back surface of a die to the
adjacent printed circuit board. The flow through the channels is also partially
blocked by many z-axis interconnect twist pins distributed throughout the
modules. The pins actually serve to improve the heat transfer ability of the
fluid by continually breaking up the insulating boundary layer that would
typically form with flow between two flat planes.

The cooling system utilizes a closed loop re-circulation design. Fluid cooling
and conditioning is performed in the C-Pod, away from the System Cabinet.
The operation is best described by tracing the fluid path through the primary
components in the loop (refer to Figure 152). The circulation pump moves
warm fluid returning from the tank through a heat exchanger and through
conditioning filters in the C-Pod. The cool fluid is then delivered to the
computer tank baseplate via piping under the computer room false floor. The
fluid is routed through the baseplate and ported into the area above the CRAY-3
electronic modules and forced down through the modules. As the fluid exits the
bottom of the modules into the top of the tank the cooling of the computer
circuits is complete. The fluid then flows down through the tank cooling the
system power supplies prior to exiting the bottom of the baseplate. The warm
fluid is returned to the pump inlet in the C-Pod to complete the circulation
loop. Total temperature rise of the coolant across the loop is approximately 5°
Celsius.

3207 - CRAY-3 Hardware Description Manual 231



FIGURE 152. Simplified Diagram of the Cooling System.
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A fluid reservoir is located in the C-Pod to serve as a holding tank while
servicing one of the tanks. When the system is not operating, any one or two
tanks may be simultaneously emptied for servicing. The reservoir is also used
to supply continual make-up fluid to the circulating loop during system
operation.

FIGURE 153. C-Pod Cooling Components—Front Right View.
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FIGURE 154. C-Pod Cooling Components—Front Left View.

I
e N
o [) N
SN LTINS
S [}
N o e e AN RN
/ﬁf B\ = //

,, N NN T TSN =\
\ e . N
V \ , N / =

- B i 1247

Breather Line

Pressure Relief

5
a
i

Fluorinert
Reservoir
Exchanger

Heat

July 22, 1993

Circulation
Pump

PU/PD
Pump
Starter

Pump-Up/Pump-Down
Pump

Cray Computer Corporation

234



g6 Iranslator Cards

The translator cards are used to convert the signal levels used in the CRAY-3
into signal levels required by any peripheral equipment connected to the
machine. The translator cards also convert signal levels from the peripheral
devices into signal levels required by the CRAY-3. All I/O signals to and from
the CRAY-3 pass through the translator cards with the exception of the console
interface where the CRAY-3 signals are directly connected to the console
equipment via a custom interface board.

Presently, the translator cards and their associated power supplies are mounted
in an electronic components box located underneath the computer room tile
floor (see Figure 155) within six feet of the System Cabinet. The translator box
mounts on a small stand which in turn sits on the sub-floor in the computer
room.

Each translator card is structured to provide a maximum of 48 input/output
signal pairs. These 48 pairs are divided into two groups in the documentation
to provide clarity. There are three different types of translator cards: low-speed,
high-speed HIPPI, and high-speed. The low-speed cards are used for the I/O
signals passing to the DD-49 or LSX equipment. Two DD-49 or LSX Systems
can be interfaced to a single translator card. The high-speed HIPPI cards are
used when connecting HIPPI devices. A single translator card is required for
each HIPPI device. The basic difference between the low-speed and
high-speed HIPPI cards is in the Emitter Coupled Logic (ECL) termination
used. The low-speed cards use a 60 ohm to -2 volt termination whereas the
high-speed card terminates the ECL signals in accordance with the HIPPI
specification. The high-speed HIPPI cards also differ from the high-speed
cards in the way specific HIPPI control lines are terminated in the CRAY-3
interface implementation. The HIPPI translator card has been modified so that
the interconnect signal to the HIPPI device is pulled to a ECL low. This was
done for both the source and the destination cables.
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FIGURE 155. Translator Box.
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87 System Control Pod

The ancillary functions for the CRAY-3 are housed in a separate cabinet known
as the System Control Pod. The System Cabinet containing all of the logic
modules and their associated power supplies does not have any control
capabilities. Therefore, all of the monitoring and control must be done through
the C-Pod and the System Console. The C-Pod measures about 127 cm (50
inches) square by 165.1 cm (65 inches) high and resides in the same room as
the CRAY-3 System Cabinet. Approximately one-fourth of the System Control
Pod sits below the raised computer room floor leaving about 138.4 cm (54.5
inches) visible in the computer room.

The System Control Pod is connected to the main CRAY-3 system cabinet
under the computer room floor by means of power and control cables, and
coolant piping. There are three cables per octant fitted to the CRAY-3 cabinet.
The fluid transfer for coolant between the CRAY-3 cabinet and the Control Pod
is by means of two 3-inch hoses; one for fluid flow into the CRAY-3 cabinet
and one for fluid flow back from the cabinet.

The System Control Pod houses electronic controls and monitoring devices for
both the electrical and fluid handling equipment of the CRAY-3. The logical
operations of the CRAY-3 system and system Dead Start functions are
monitored and performed from the System Console. The console is a
microprocessor-based UNIX workstation. The workstation is connected to the
Foreground Processor of the CRAY-3 through the translator cards located in
the translator box underneath the computer room floor.

The electronic equipment in the System Control Pod includes the front panel,
the maintenance panel, the electronic module, the motor starters, the clock
source, the AC box and the DC bulkheads. The components of the fluid
handling system include the reservoir, the heat exchanger, the up/down pump,
the circulate pump and the filters. The reservoir stores the Fluorinert when it is
not in the tank. Initially the tank is filled with Fluorinert from the reservoir via
the Up/Down Pump. After the tank is full and the control valves for the
Up/Down Pump are closed the Fluorinert can be circulated through the system
by the Circulation Pump. The Heat Exchanger continually cools the Fluorinert
as it circulates through the system. There are two filters in the system. One
removes any particulates or debris while the other handles chemical
by-products that will be present if the Fluorinert reaches an elevated
temperature and burns. The following section will only address the electronic
equipment in the System Control Pod.
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FIGURE 157. C-Pod-Front Right View.
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FIGURE 158. C-Pod Front Left View.
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8.7.1 Front Panel User Controls

The front panel of the System Control Pod is the primary means by which the
user will operate and control the non-logical operations of the CRAY-3. The
front panel can be broken down into three sections (see Figure 160). The top
portion of the front panel contains the touch screen display panel. The center
section of the front panel contains the user switches board which holds the
main switches for operation of the CRAY-3. The bottom section of the front
panel contains the maintenance switches board which holds the auxiliary
switches that are used less frequently.

FIGURE 159. Posiltioning of User Controls and Maintenance Panel.
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FIGURE 160. C-Pod User Controls.

ON ON ON
OFF OFF OFF
CIRCULATION MG MG
PUMP POWER EXCITER
UP RESET UP
OFF
DOWN DOWN
UP/DOWN SYSTEM TOP
PUMP RESET COVER
MOTOR PRESSURE VOLTAGE AUTO
STARTER INTERLOCK - SENSE LEVEL
RESET ENABLE
B B El DISABLE
0 1 2 3
OPEN
OCTANT VALVE POSITION

242 Cray Computer Corporation July 22, 1993



There are six switches on the front panel for primary operation of the CRAY-3.
The switches are mounted to the user switches board which is located behind
the front panel. These six user switches include 1) the on/off switch for the
circulation pump, 2) the on/off switch for the motor generator power, 3) the
on/off switch for the motor generator exciter, 4) the direction of the up/down
pump, 4) the system reset switch, and 6) the lift switch for the top cover.

There are eight switches located at the bottom of the front panel for secondary
operation of the CRAY-3. These switches are mounted on the maintenance
switches board that is located behind the front panel. The eight maintenance
control switches (for up to an eight-processor system) operate 1) motor starter
reset, 2) the pressure interlock, 3) voltage sense, 4) auto-leveling, 5) octant
valve position for Octant 0, 6) octant valve position for Octant 1, 7) octant
valve position for Octant 2 and 8) octant valve position for Octant 3.

The operating parameters which are monitored for the CRAY-3 are displayed
on the touch screen display panel located at the top of the front panel (see
Figure 161). This includes the conditions of the fluid handling equipment (flow
meters, pressure transducers, thermocouples, level sensors and the status of the
pumps), the output voltage for the motor generator and the DC bus voltages in
the System Cabinet.

FIGURE 161. The Touch Screen Display.
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The flow meters measure the rate of flow of both the chilled water and the
Fluorinert in gallons per minute. The thermocouples measure the temperature,
in degrees Celsius, of the Fluorinert and the chilled water at various points
throughout the system. The pressure transducers measure the pressure in
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8.7.2

pounds per square inch in the tank, the heat exchanger, and at the pumps. The
level sensors measure how much fluid is left in the tank or the reservoir. The
status of the pumps (powered or tripped) is also recorded.

Both AC and DC voltages in the system are monitored and displayed on the
front panel of the C-Pod. The motor generator status is also displayed along
with the value of the output voltage (phase-to-phase) of the motor generator.
The values of the DC bus voltages from the power supplies in the tank are also
monitored and displayed.

Maintenance Panel

The maintenance panel of the Control Pod is located to the left of the front
panel and contains several controls for adjusting operating parameters of the
CRAY-3. The output voltage of the motor generator, the flow rate of the
Fluorinert, and the DC bus voltages in the tank (except for Vp) can be fine
tuned by the user from the maintenance panel. The knobs that control the DC
bus voltages in the tank are mounted on the voltage adjustment boards. There
is one voltage adjustment board for each octant and they are located just .
behind the maintenance panel. The user may adjust Vp by adjusting the motor
generator output until the desired Vp is attained. Once the Vp voltage is set the
user may adjust the voltages for Vn Logic, Vn Memory, and Vm Memory. The
maintenance panel also contains a clock that tracks the amount of time the
system has been operating.

FIGURE 162. Maintenance Panel Controls.
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8.7.3 Electronic Module

The electronic module is located behind and to the left of the maintenance
panel. It contains three sections (see Figure 163). The top section contains the
power supply plate. The middle section contains the card cage for the PC
boards and the bottom section consists of three signal condition boards.

The power supply plate consists of a multiple output power supply and the
power supply board. The power supply provides +5 volts, +12 volts and -12
volts DC. Power is supplied to the mother board, the touch screen display
board, the top cover lift, the DC bulkhead, and the signal condition boards in
the System Control Pod.

The card cage, located in the center of the electronic module, contains the
control board, the display controller board, the filter board and the mother
board. The control board monitors and controls operation of the fluid handling
system. The display controller board monitors system parameters, displays
system information and acts as an interface between the Control Pod and the
system console. The filter board is used to filter signals from the tank, such as
DC bus voltages, pressure transducers and other input devices. The mother
board allows connection of the control board, the display controller board.and
the filter board with the rest of the electronics in the Control Pod.

There are three signal condition boards located at the bottom of the electronic
module. The signal condition boards convert and condition the thermocouple
signal and the signals of the flow meters and pressure transducers to voltage
levels that the control system can use. Two of the boards are eight-channel
boards and the third board is a four-channel board.
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FIGURE 163. Electronic Assemblies in the C-Pod—Front Left View.
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8.7.4

8.75

8.7.6

Motor Starters

There are two motor starters located at the bottom of the Control Pod on either
side of the circulation pump. The motor starters are used to start the circulation
pump and the up/down pump. The motor starter is actuated as follows: The
switch on the front panel is connected to the control board. When the switch is
activated and all conditions are acceptable, the control board sends a DC signal
to the DC coil of the relay. The AC contact of the relay is connected to the
motor starter which actuates the specified pump.

Clock Source

The system clock is supplied by the clock source located above the electronic
module to the left of the front panel. The clock source is a Wavetek Model
2410 Synthesized Signal Generator. It is generally set at 500 mHz and 13 dBm.
At the present time, the clock source may only be adjusted manually by the
user. Future design changes will allow the clock source to be adjusted from the
System Console (UNIX workstation).

AC Box

The AC power and the DC valve signals are transferred in and out of the
System Control Pod via the AC box. The AC box is located below the raised
computer room floor on the front side of the System Control Pod. The AC box
is divided into two sections. The left section contains the power and signals for
the valves, and the power control signal for the translator card assembly. The
right section contains the power to power pumps and other equipment located
in the System Control Pod.

The left section of the AC box contains the power relays, the C-Pod relay board
and the AC Bulkhead. The relays are used to control the valves and starters.
The C-Pod relay board acts as an interface between the control board and the
valves and motor starters. The AC bulkhead transfers AC power out of the
System Control Pod and DC valve signals into the System Control Pod.

The DC valve signals are transferred into the System Control Pod through the
connectors mounted on the top section of the AC bulkhead. These S pin
connectors for the DC valve signals are mounted to the valve signal board
which is located behind the AC bulkhead panel. The DC signal connections are
for valve positions of the octant’s valves; namely, the up/down valve and the
up/down bypass valve.

The AC power control lines are transferred out of the System Control Pod
through the connectors mounted on the bottom section of the AC bulkhead.
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8.7.7

These six pin connectors for the AC power control lines are hard-wired to the
power relays. The power relays and the relay board control the position of the
valves by sending power to the actuator for the valve. The AC power
connections include power for the remote translator box, the octant valves, the
up/down valve, the up/down bypass valve, and the compensation valve.

The right section contains the motor generator bulkhead board and terminal

strips. There are no connectors on the right section. All power lines are passed
through seal tight in the sides of the AC box and are hard-wired to the terminal
strips. The 120 volts is then distributed to the relay board, the power relays, the
clock source, and the power supply plate. The 480 volts is distributed to the

motor starters which operate the circulation pump and the up/down pump. The
motor generator bulkhead board acts as an interface between the control board
and the motor generator, which is used to power the DC power supplies in the

tank.

DC Bulkhead

The DC signals are transferred in and out of the Control Pod via connectors on
the DC Bulkhead. This bulkhead is located below the raised computer room
floor on the left side of the System Control Pod (see Figure 163). The
connectors are mounted to the DC bulkhead board which is located behind the
DC bulkhead panel. The signals on the DC connectors include the voltage
sense from each octant, as well as the common level sense and top pressure
from the tank. The Fluorinert and chilled water flow meter readings, the high
voltage sense, the RS-485 communication signals and the RS-232 signals to
the System Console are also transferred through the DC bulkhead.
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FIGURE 164. Electronic Components in the C-Pod—Front Right View.
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FIGURE 165. Sub-Floor Mounting of the C-Pod.
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8.8

Peripheral Equipment

8.8.1

8.8.2

The equipment that will be discussed in this section includes data storage units
which can be interfaced with the CRAY-3. Currently, three systems are
supported. These are the DD-49 and DS-40 disk systems from Cray Research,
Inc. and the RAID (Redundant Array of Inexpensive Disks) systems from
IBM. A brief discussion of the CRAY-3 circuitry used to control and interface
with these devices will be given following each hardware description.

DD-49 Disk Unit

The DD-49 Disk Storage Unit is manufactured by Cray Research, Inc. Each
unit has a capacity of 9.75 gigabits of data. The DD-49 consists of nine rotating
disks with 16 data surfaces. Data is accessed by 32 read/write heads organized
into eight groups, four read/write heads per group. The average rotational
latency is 8.3 milliseconds.

Sustained data transfer rate, using the four recording heads in parallel, is 78
megabits/second. Consecutive sectors of data can be read or written with ..
alternating data buffers in the disk controller. The head group selection can be
changed as data is moving for the last sector on the disk track. The first sector
on the next track can then be processed without missing a disk revolution.

The heads are positioned by two identical head actuator (servo) mechanisms to
one of 888 cylinders. The servo mechanisms are identified as Servo-A and
Servo-B. All heads move together in the positioning process. Moving to an
adjacent cylinder requires 2.5 milliseconds. Moving the maximum distance of
data cylinders requires 30 milliseconds.

The recording surface available to each head group is a disk track, which is the
basic storage unit implemented. Within each disk track there are 42 sectors in
which data can be recorded and read back. The data in one sector is called a
data block and consists of 512 64-bit words plus verification and error
correction data. All data transfers are either 16 or 2048 parcels.

DS-40 Disk Subsystem

The DS-40 Disk Subsystem, also manufactured by Cray Research, Inc.,
consists of three components, the DCC-2 chassis, the DC-40 disk controller,
and the DD-40 disk storage unit.

The DCC-2 chassis contains the interface logic to operate the DD-40 DSU.
The chassis contains four dual ported DC-40 controllers that communicate
with a Foreground Processor channel.
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Each DC-40 controls two DD-40 disk storage units. Only one DSU controlled
by a DC-40 will be active at one time. The DSU selection is controlled by
parameter word bit values implemented by the Select Function (001).

The DD-40 DSU is a high performance, high capacity, fixed media magnetic
storage device. Each cabinet contains four 14-inch disk drives providing a total
data capacity of 5.2 gigabytes. The four individual disk drives operate together
as a single unit. Each disk drive has six disk platters and ten recording surfaces.
Data is accessed by 19 heads that are positioned by a precision servo
mechanism. Each disk has 1420 cylinders. With the heads positioned on
cylinder, 19 tracks of data are available, one track under each head. Each track
contains 12 sectors. There are 512 64-bit words plus error correction data in a
sector.

CRAY-3 Circuits for the DD-49 and DS-40

The CRAY-3 employs circuitry on the M module to interface between a DD-49
or DS-40 disk subsystem, two 512-word buffers and the foreground channel
loop. The Foreground Processor communicates with this circuitry using five
control and 16 data lines. The information is relayed on to the next node in the
channel loop. A function is processed if the ID in the function word matches
this controller's ID.

The DD-49/DS-40 controller communicates with the disk drive subsystem
using two 24-pair cables, each with a 16-bit data path. Control signals to the
drive include a 12.5 MHz Write Clock, Function Ready, and a four-bit Drive
Function Code. Control signals from the drive include a 12.5 MHz Read
Clock, Status/Data Ready, Error, Done, and Drive Ready. The Index/Sector
Mark signal is ignored. Data is buffered between the disk subsystem and the
channel loop using two alternating read/write buffers. Timing constraints
within the controller and the disk drive will limit proper operation of the disk
controller to a system clock in the range of 475 MHz to 525 MHz.

The controller communicates with the foreground channel loop, a single buffer
stack, and the disk drive interface. It contains a controller status register, a call
response register, a bus-in and drive status register, and a bus-out register. All
internal data paths are 16 bits wide. The controller itself does not interpret or
manipulate any disk data—it merely provides for the transfer of data between
the drive and the foreground channel.

The channel interface circuitry contains the call response register and relay
paths for channel loop data and control. Arriving channel loop data is made
available for function parameters, drive function re-coded, drive parameters
and buffer write data. Buffer readout data, status register contents and blank
response data are merged for transmission to the channel loop.
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The data buffers are located in a separate board stack. Each buffer has a
capacity of 2048 parcels. A channel buffer pointer and a DSU buffer pointer
indicate which buffer is to receive and supply data to the channel or DSU.
Independent pointers and data paths enable a data transfer to or from one
buffer while data is concurrently transferred from or to the other buffer. This
ping-ponging of the buffers allows continuous disk read and write sequences
that can avoid costly missed disk revolutions.

FIGURE 166. Block Diagram of the DD-49/DS-40 Disk Controller.
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Many of the functions from the Foreground Processor contain parameters used
in the disk functions. A continue-read or -write function may be pending
requiring these parameters be held until the function is sent to the drive.
Function parameters and write data are merged into the bus-out register for
transmission over Cable A. The 8-bit controller functions are re-coded to 4-bit
drive function codes and held for transmission. The module clock is divided by
40 to produce a nominal 12.5 MHz Write Clock signal to the drive. A two
nanosecond pulse is provided at the active edge of Write Clock to initiate a
buffer read sequence for each parcel sent during data transfers to the disk drive.

FIGURE 167. Drive Function Timing Sequence.

Function Request

WriteClock _fM\ T\ [~
FuncReady = \___ [
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Bus-In 104/, 2R /111,

Function Done

1. Error and Status/Data Ready are asserted only under certain conditions.
2. Signal levels shown are for Cray-3 (GaAs) logic.
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The Read Clock signal from the disk drive is re-synchronized to the 500 MHz
CRAY-3 system clock by a 15-stage shift register that samples and shifts every
8ns. A two nanosecond pulse is created within the window of valid data/control
signals from the drive. The Status/Data Ready, Error, and Done signals are
sampled with this pulse. The bus-in and drive status registers are entered with
Cable B data under certain combinations of these drive signals. Captured
bus-in data is made available to each buffer stack for read function data

transfers.

FIGURE 168. Cable A Timing Diagram.

Cable A Timing
(Signals to Drive)

Write Clock

Function/
Data Ready

4-bit Function Code
16-bit Bus-Out
Parity

Notes:

. Setup time Ts = 20 nsec.
. Hold time Th = 20 nsec.

. Signals are inverted on cable.

W NN G W

Y

1

\

< Ts P Th>

H
Ml 75 n8eC (+10.74, -2.10) e

r

Valid

Valid

Valid H

. Signals shown are Cray logic levels as measured on module.

. Write Clock is 50% duty cydle. Controller provides 80 nsec period (at 500MHz).
. Read Clock period is 50% duty cycle.
. Maximum 4.5 nsec rise and fall times.

. Max potential signal skew through cabling and translators is approximately 12nsec.

3207 - CRAY-3 Hardware Description Manual

255



FIGURE 169. Cable B Timing.

Cable B Timing
(Signals from Drive)

0 ! i
Read Clock g } ‘
1 H ] g

Done \ . /
®
;
. .
Status Signals { Valid | |
Q
i
§
. 5 §
16-bit Bus-In i Valid | =x
i i
Notes:
1. Write Clock is 50% duty cycle. Controller provides 80 nsec period (at 500MHz).
2. Read Clock period is 50% duty cyde.
3. Maximum 4.5 nsec rise and fall times.
4. Setup time Ts= 20 nsec.
5. Hold time Th =20 nsec.
6. Signals shown are Cray logic levels as measured on module.
7. Signals are inverted on cable.
8. Max potential signal skew through cabling and translators is approximately 12nsec.

Data transfers between the controller and the foreground channel will always
be eight blocks of 256 parcels for a total of 2048 parcels. The receiving node in
the transfer must be initialized first followed by the transmitting node. The
receiver will immediately issue a function response of zeros. The transmitting
node will then begin the transfer by sending a data pulse followed by 256
parcels of data. The receiver acknowledges receipt of the data by issuing a data
pulse, after which the transmitter may begin with the next 256 parcel block.
The transmitter will issue a function response of zeros at the completion of the
data transfer. The primary and secondary channel transfer counters will be used
to count the groups of 256 and the 256 parcels within each group, respectively.
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8.8.4

A call pulse received during a data transfer will cause the transfer to abort and
all subsequent processing will be skipped.

Data transfers between the controller and the disk drive will be either 16 or
2048 parcels long. All transfers will be in groups of 16 parcels, with an
acknowledgment from the receiving device between each group of 16.
Transfers to the drive will be acknowledged by the drive with the Status/Data
Ready signal. Transfers from the drive will be acknowledged by the controller
by issuing a Data function (0110). The primary and secondary DSU transfer
counters will be used to count the groups of 16 and the 16 parcels within each
group, respectively.

RAID Disk Array Subsystem

The RAID (Redundant Array of Inexpensive Disks) is a disk subsystem
designed to provide very high data transfer rates, large capacity and reliable
data availability. The subsystem is connected to the CRAY-3 computer over a
full duplex HIPPI channel and is capable of sustained transfer rates of over 50
megabytes per second. The RD subsystem controller provides one or two full
duplex HIPPI channel connections.

The RAID subsystem consists of a controller and one to eight racks of Disk
Drawers. Each Disk Drawer contains two 1.5 gigabyte (unformatted) Head and
Disk Assemblies (HDAs). A rack is made up of either 6 or 10 Disk Drawers.
All racks attached to a controller must have the same number of Disk Drawers.

In the 6 Disk Drawer rack, four of the Disk Drawers contain data and the
associated Error Correction Code (ECC), one Disk Drawer contains parity and
one Disk Drawer is a standby. This rack provides a storage capacity of 11
gigabytes (formatted) and can sustain a transfer rate of over 25 megabytes per
second.

In the 10 Disk Drawer rack, eight of the Disk Drawers contain data and the
associated ECC, one Disk Drawer contains parity and one Disk Drawer is a
standby. This rack provides a storage capacity of 23 gigabytes (formatted) and
can sustain a transfer rate of over 50 megabytes per second.

The ECC and parity information interact to assure the integrity and availability
of the data even if one disk drive in a rack fails. A failed drive can be repaired
while the RAID subsystem continues to operate. The data for the failed drive is
reconstructed by the subsystem as a background operation when the drive is
returned to service. The individual HDAs in the subsystem are very reliable,
with a MTBF of over 100,000 hours. A redundant array of these drives offers
very secure storage as well as high performance.
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8.8.5

TABLE 21. Available Models of the RD Disk Systems.

RD106 1 6 25 11
RD206 2 6 25 11
RD110 1 10 50 23
RD210 2 10 50 23
Upgrade Racks:

RDO006 6 11
RDO10 _ 10 23

The capacities and transfer rates assume the use of 64K byte blocks for
formatting purposes.

CRAY-3 HIPPI Circuitry

The CRAY-3 contains a 32-bit HIPPI source controller and a 32-bit HIPPI
destination controller. Each of these controllers interfaces between a
foreground channel loop and an external HIPPI simplex channel. The
Foreground Processor and other I/O nodes communicate with the controllers
using five control and 16 data lines each. This information is relayed to the
next channel loop node. A function is processed if function group and node
address fields match the controllers’ group and ID.

Device control signals include CLOCK, REQUEST, CONNECT, READY,
PACKET, and BURST. The HIPPI channel uses a 40ns clock for a burst
bandwidth of 100 MBytes/second. Data is buffered using a 4096 x 64-bit word
buffer stack and a 32 parcel FIFO. The FIFO allows sharing of the buffer stack
during concurrent channel loop and HIPPI channel data transfers. One external
data transfer function may be queued in the source controller to reduce idle
HIPPI channel intervals due to foreground interrupt response time.
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Integrated Circuit Packages
Used in the CRAY-3

This appendix provides a listing of all the integrated circuit packages used in
the CRAY-3. The table gives the name of the integrated circuit package using
the latest revision available at the time of printing. It also lists every board
stack where each package is used. The quantity listed is the number of times
each package is used in a 16-processor CRAY-3 with the exception of those
quantities followed by a single or double asterisk. The quantity followed by a
single asterisk is the quantity in an M module only. The quantity followed by a
double asterisk is the quantity used in a 16-processor machine but not
including the packages used in any I/O modules. The last column in the table
gives a very brief description of how the package is used.

TABLE 22. Integrated Circuits Used in the CRAY-3.

AA-02.A AA 512 Address Register.

AB-03.A AA 128 Address Adder.

AC-02.A AA 32 Adder Carry Pyramid.
AD-03.A AB 256 Merge Data for A Registers.
AE-02.A AB 256 Distribute Aj Data.

AF-02.A AB 128 Distribute Ak Data.
AG-02.A AA 16 Zero Tests.
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AH-03.A AA 32 Readout Pointer.
Al-03.A AA 32 Sequence Control.
AJ-02.A AE-BE-CE-DE 512 Vector Element Pointer.
AK-03.A AA 16 Sequence Control.
AL-02.A AE-BE-CE-DE 256 Transit Time Delay.
AM-02.A AE-BE-CE-DE 64 Common Memory Pointer.
AN-02.A AE-BE-CE-DE 64 Vector Destination Pointer.
AO-02.A AE-BE-CE-DE 128 Vector Length Distribution.
AP-02.A AE-BE-CE-DE 192 Vector Unit Window.
AQ-03.A AF-BF-CF-DF 128 First Level g Translations.
AR-03.A AF-BF-CF-DF 64 First Level h Translations.
AS-02.A Al-AJ-BI-BJ-CI-CJ-DI-DJ | 1024 Vector Address Relay.
AT-02.A Al-AJ-BI-BJ-CI-CJ-DI-DJ | 128 Go Write Vector Register.
AU-02.A AI-AJ-BI-BJ-CI-CJ-DI-DJ | 128 Scalar Readout Pointers.
AV-02.A Al-AJ-BI-BJ-CI-CJ-DI-DJ | 256 Scalar Write Source and Destination.
AW-02.A Al-AJ-BI-BJ-CI-CJ-DI-DJ | 128 Vector Read Source Pointers.
AX-02.A Al-AJ-BI-BJ-CI-CJ-DI-DJ | 256 Vector Read Destination Pointers.
AY-02.A Al-AJ-BI-BJ-CI-CJ-DI-DJ | 128 Vector Write Source and Destination.
AZ-02.A AM-AN-BM-BN-CM-CN- 128 Vector Write Source and Destination.
DM-DN

BA-03.A AF-BF-CF-DF 64 Go Issue Distribution.
BB-02.A AF-BF-CF-DF 128 Go Vector Readout.
BC-02.A AF-BF-CF-DF 64 Go Vector Write.
BD-02.A AF 16 A Register Destination Delay.
BE-02.A AF 16 A Register Destination Delay.
BF-03.A AF 16 A Register Destination Delay.
BG-02.A AF 16 Constant Data to A and S Registers.
BH-02.A AF 16 Constant Data to A and S Registers.
BI-02.A AF 32 Constant Data to A and S Registers.
BJ-03.A AF 16 Address Arithmetic Control.
BK-04.A AF-BF-CF-DF 64 Vector Function Control.
BL-02.A AF-BF-CF 48 Functional Unit Modes.
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BM-02.A AF 16 Common Memory Control.

BN-02.A AF-BF-CF-DF 64 Local Memory Control.

BO-02.A AF-BF-CF-DF 64 Scalar Register Readout.

BP-02.A AF-BF-CF-DF 128 Vector Readout Source.

BQ-02.A AF-BF-CF-DF 128 Vector Readout Destination.
BR-02.A AF-BF-CF-DF 128 Vector Write Source and Destination.
BS-02.A AF-BF-CF-DF 128 Scalar Write Source and Destination.
BT-02.A AF-BF-CF-DF 64 S Register Destination Delay.
BU-02.A AF-BF-CF-DF 64 S Register Destination Delay.
BV-02.A AF-BF-CF-DF 64 S Register Destination Delay.
BW-02.A | AF-BF-CF-DF 64 S Register Destination Delay.
BX-02.A AF-BF-CF-DF 64 S Register Destination Delay.
BY-03.A AF-BF-CF-DF 64 S Register Destination Delay.
BZ-03.A AF-BF-CF-DF 256 Constant Data Distribution.

CA-03.A DA 16 A Register Destination Pointer.
CB-02.A DA 16 A Register Destination Pointer.
CC-02.A DA 16 A Register Destination Pointer.
CD-03.A | DA 16 | ARegister Path Conflicts.

CE-04.A DA 16 S Register Destination Pointer.
CF-02.A DA 16 S Register Destination Pointer.
CG-02.A DA 16 Release S Register Reservation.
CH-03.A DA 16 S Register Path Conflicts.

Cl-04.A DA 16 Vector Add, Shift, Logical Conflicts.
CJ-03.A | DA 16 Floating Add, Multiply Conflicts.
CK-03.A DA 16 Branch and Local Memory Conflicts.
CL-02.A DA 16 Common Memory Conflicts.
CM-03.A | DA 128 Instruction Parcel Selection.
CN-03.A DA 48 Instruction ijk Distribution.

CO-02.A DA 32 Operand Register Busy Translations.
CP-02.A DA 128 Operand Register Conflicts.
CQ-02.A DA 16 Instruction Group Translations.
CR-03.A DA 16 Instruction Group Translations.
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CS-03.A DA 16 Instruction Group Translations.

CT-02A | DA 16 Instruction Group Translations.
CW-02.A | DA 64 Advance Rank Control.

CX-04.A DA 16 Multi-Parcel Conflicts.

CY-06.A DA 64 Valid Issue Parcel.

CZ-03.A DA 64 Go Issue.

DA-02.A AH and AQ 256 Front End Address Computation.
DB-02.A AH and AQ 32 Back End Address Bits 00-03.
DB-03.A AH, AQ and AR 32 Back End Address Bits 00-03.

Revision 10 and C urrent
Revision Stacks.

DC-02.A AH, AQ and AR 32 Back End Address Bits 04-07.

DC-03.A AH, AQ, and AR 32 Back End Address Bits 04-07.
Revision 10 and Current
Revision Stacks.

DD-02.A AH, AQ and AR 32 Back End Address Bits 08-11.
Revision 10 and Current
Revision Stacks.

DD-03.A AH, AQ and AR 32 Back End Address Bits 08-11.

DE-02.A AH and AQ 160 Back End Address Upper Bits.

DF-02.A AH and AQ 256 Limit Test Circuits.

DG-02A | AHandAQ 32 Port Control.

DH-02.A AH and AQ 32 Range Error Resolution. .

DI-07.A AL 128 Buffer Registers for Bank Select.

DJ-09.A AL 128 Buffer Registers for Bank Select.

DK-02.A AL 384 Buffer Registers for Bank Address.

DL-02.A AL 32 Merge Octant Selection Data.

DM-02.A AL 64 Merge Bank Selection Data.

DN-02.A AL 128 Merge Bank Address Data.

DO-03.A AL 128 Memory Octant Buffer Control.

DP-03.A AL 16 Memory Port Control.

DQ-02.A AP and BC 128 Buffer Element Pointer.

DR-02.A AK and AP 128 Buffer Write Pulses.

DS-02.A AP 32 | Buffer Lower Readout Data.
Replaced by EV-00.A
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Revision 10 Stacks and
Current Revision Stacks.
Replaces TE-05.A.

DT-02.A AP 112 Buffer Upper Readout Data.
DU-02A | AP 32 Buffer Control.
DV-02.A AK 16 Common Memory Port Control.
DW-02A | AK 16 Memory Backup Retry Control.
DX-03.A AK 16 Destination Tag Selection.
DY-04.A AK 16 Scalar Path Reservation.
DZ-02.A AK 16 Readout Buffer Entry Pointers.
EA-03.A AK 16 Arriving Signal Delays.
EB-02.A AK 16 Destination Tag Generator.
EC-02.A AK 32 Merge Destination Tag and Backup.
ED-03.A AK 256 Octant Rank Buffers.
EE-02.A AK 64 Merge Octant Group Data.
EF-03.A AK 64 Deliver Scalar Destination Tags.
EG-02.A AK 64 Deliver Vector Destination Tags. -
EH-02.A AK 16 Deliver Special Destination Tags.
El-07.A FH-FL-GH-GL-HH-HL 9216 Bank Address Registers.
Replaced by ET-00.A
EJ-07.A FD-FP-GD-GP-HD-HP 3072 Bank Write Data Distribution.
EK-04.A FD-FP-GD-GP-HD-HP 1536 Bank Readout Data Merge.
EM-06.A FD-FP-GD-GP-HD-HP 512 Bank Control Sequence.
EN-03.A BD 256 Merge Common Memory Write Data.
EO-03.A BD 128 Form Initial Error Code.
EP-02.A BD 64 Form Final Error Code.
EQ-06.A FD-FP-GD-GP-HD-HP 1024 Bank Write Enable Fanout.
ER-07.A FL-GL-HL 512 Chip Select Registers.
ES-04.A FL-GL-HL 256 Mode Flag Registers.
ET-00.A FH-FL-GH-GL-HH-HL 9216 Bank Address Registers for 4 Meg by
Revision 10 Stacks and 1 Memory.
Current Revision Stacks.
Replaces EI-07.A.
EU-00.A FD-FP-GD-GP-HD-HP 1024 Go Bank Distribution for 4 Meg by 1

Memory.
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BN-CI-CJ-CM-CN-DI-DJ-
DM-DN

EV-00.A AP 32 Buffer Lower Readout Data for 4 Meg

Revision 10 Stacks and by 1 Memory.

Current Revision Stacks.

Replaces DS-02.A.
FA-04.A CA and CB 128 Wirite Data.
FB-03.A CA and CB 256 Address Data.
FC-03.A CAand CB 32 Control and Parity.
FD-03.A CAand CB 160 Readout Data Merge.
FE-03.A cC 64 Approximation Write Data and j Data.
FF-05.A CcC 16 Approximation Control.
FG-05.A cCc 256 Multiplicand k Data Fanout.
FH-03.A CcC 192 Muttiplier j Data Fanout.
FI1-03.A CcC 16 Approximation Round Summand.
FJ-03.A cC 32 Approximation Readout Summand.
FK-03.A cC 16 Hold Sj and Instruction Relay.
FL-03.A CD-CH-CK 208 Muittiplier First Translation.
FM-04.A CD-CH-CK 1296 Mutltiplicand Re-code and Level 1

Adders.
FN-03.A CL 16 Force Zeros.
FO-04.A CD-CH-CK 1008 Adder Levels 2, 3, and 4.
FP-03.A CL 64 Sign Extension.
FQ-03.A CcL 544 1-7-6 to 1-2-1-0-0 Adder.
FR-03.A cpP 64 4-4-4-4-4 o 1-2-2-2-2-1 Adder.
FS-03.A CK and CP 32 Lower Section Carry.
FT-03.A CP 16 Low Section Carry.
FU-03.A CcP 80 Upper Section Carry.
FV-03.A cP 64 Front 4-Bit Add.
FW-03.A CcP 16 Round Group Final Add.
FX-02.A cp 176 Final 4-Bit Add.
FY-02.A cpP 16 Upper Coefficient and Control.
FZ-03.A CO and CP 192 Two-Phase Delay.
Result Delay (CP).

GA-02.A Al-AJ-AM-AN-BI-BJ-BM- | 256 Scalar Add Data Group.
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GB-03.A Al 16 Scalar Add Carry Propagation.

GC-03.A Bl and Cl 32 Scalar Add Carry Propagation.

GD-03.A DI 16 Scalar Add Carry Propagation.

GE-02.A AO 128 Front Portion Scalar Shift.

GF-02.A AO 128 Back Portion Scalar Shift.

GG-02.A AO 128 Merge Scalar Shift Results.

GH-03.A AO 16 Scalar Shift Count.

Gl-03.A AO 16 Scalar Shift Control.

GJ-02.A AO 64 Front Section Scalar Population
Count.

GK-02.A AO 64 Front Section Scalar Leading Zero
Count.

GL-02.A AO 16 Center Section Scalar Population
Count.

GM-02A | AO 16 Back Section Scalar Leading Zero
Count.

GN-02.A AO 16 Merge Population and Leading Zero
Count.

GO-02.A AF and DF 64 Parcel Delay Circuits.

GP-02.A DF 16 Foreground Interface Signals.

GQ-02.A DF 32 Constant Data to S Registers.

GR-02.A DF 16 Functional Unit Modes.

GS-02.A DF 16 Go Vector Unit Windows.

GT-02.A AH and AQ 16 Delay Registers for Constant Data.

GU-03A | AB 16 Selection Control.

GW-02A | CF 64 Constant Data and Aj Sign
Distribution.

GX-02.A CF 16 Floating Multiply Control.

GY-02.A BF 16 Floating Add and Common Memory
Control.

GZ-03.A BF 16 Branch Control.

HA-03.A DH 16 Channel Control Signals.

HB-03.A DH 64 Channel Data Node.

HC-02.A DH 16 Early Channel Functions.

‘HD-03.A DH 16 Real Time Clock and Instruction 037.
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HE-03.A DH 16 Group A Registers Bits 00-07.

' HF-03.A DH 16 Group A Registers Bits 08-15.
HG-02.A DH 16 Group A Registers Bits 16-23.
HH-02.A DH 16 Group A Registers Bits 24-31.
Hi-03.A DH 48 Group B Registers General.
HJ-03.A DH 16 Group B Registers Bits 08-15
HK-02.A DH 128 Data Distribution.

HL-04.A DH 16 Semaphore Flags.

HM-02.A DH 16 Channel Functions for Registers.
HN-03.A DH 16 Channel Functions and Memory Slot.
HP-02.A DD 64 Buffer Address Distribution.
HQ-03.A DD 128 Buffer Write Puises.

HR-02.A DD 128 Butfer Readout Distribution.
HS-02A | DD 16 Buffer Address Pointer.

HT-02.A DD 16 Buffer Length Counter.

HU-02.A DD 64 Memory Address Register.
HV-02.A DD 16 Reference Length Register.
HW-02.A | DD 16 Channel Function Translations.
HX-02.A DD 16 Buffer Control Sequences.
HY-02.A DD 16 Destination Selection Control.
1A-02.A BA 128 Lower Six Bits Coincidence Test.
1B-02.A BA 384 Eight Bits Coincidence Test.
IC-02.A BA 32 Merge Coincidence Tests.
ID-03.A BB 128 Branch Address Register.
IE-03.A BB 16 Instruction Word Counter.
IF-03.A BB 112 Instruction Word Counter.
IG-02.A BB 16 Word Counter Carry Circuits.
1H-03.A BB 16 Program Address Register.
l-03.A BB 80 Program Address Register.
WJ-03.A BB 128 Memory Address Merge.

IK-02.A BB 16 Current Field Pointer.

IL-03.A BB 16 Instruction Stack Readout Pointer.
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IM-02.A BB 16 Test Branch Address.

IN-02.A BB 16 A Register Branches.

10-02.A BB 16 Semaphore Branches.

IP-03.A BB 16 S Register Branches.

IQ-02.A BB 16 Program Address Parcel Pointer.
IR-02.A BB 16 Foreground Sequences.
1S-03.A BB 16 Advance Buffer Field.

IT-03.A BB 16 Common Memory Requests.
JA-02.A MC 1" Foreground Channel Control.
JB-01.A MC 4 Foreground Channel Data.
JC-01.A MC 4 Buffer Address and Write Data.
JD-01.A MC 4 Channel Data Merge.

JE-01.A MC 1* Function Translation.

JF-01.A MC 1 Channel Transfer Length.
JG-01.A MC 1* Buffer Stack Control.

JI-01.A MC 3 Ready Counters and Adder.
JJ-01.A MC 1* Data FIFO Address.

JK-01.A MC 8 DATA BUS.

JL-01.A MC 2 PARITY BUS and DATA Errors.
JM-02A | MC 1 CONNECT and READY.
JN-02.A MC 1* REQUEST, PACKET, and BURST.
JO-01.A MC 2" Packet File Data and Address.
JP-01.A MC 1" End Packet Ranks.

JQ-01.A MC 1* Packet File Count and Control.
JZ-01.A MC 2" CLOCK Edge Detect and Fanout.
KA-01.A MD 1* Foreground Channel Control.
KB-01.A MD 4* Foreground Channel Data.
KC-01.A MD 4 Buffer Address and Write Data.
KD-01.A MD 4" Buffer Readout Data.

KE-01.A MD 1" Function Translation.

KF-01.A MD 1* .| Channel Transfer Length.
KG-01.A MD 1* Buffer Stack Control.
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KH-01.A MD 1" Device Transfer Length.
KI-01.A MD 1* Packet Burst and Ready Count.
KJ-01.A MD 1* FIFO Address and Count.
KK-01.A MD 8" DATA BUS.
KL-01.A MD 1* PARITY BUS.
KM-01.A | MD 1* CONNECT and READY.
KN-01.A MD 1* REQUEST, PACKET, and BURST.
KO-01.A | MD 1* BURST Limit.
KP-01.A MD 1* PACKET and BURST Control.
KZ-01.A MD 2 CLOCK Edge Detect and Fanout.
LA-07.A EC 4 Address and Control.
LB-05.A EC 4 Write Data.
LC-03.A EC 4 Readout Data.
LD-02.A EG 8 Register Adder.
LE-02.A EG 2 Adder Carry Pyramid.
LF-02.A EG 4 Functional Unit Merge.
LG-02.A EG 4 Real Time Clock.
LH-02.A EG 4 Front End Shift.
LI-02.A EG 2 Back End Shit.
LJ-02.A EH 4 A and B Register Function Data.
LK-04.A EH 16 Channel Response Register.
LL-02.A EH 4 Channel Read Merge.
LM-03.A EH 2 Channel Control.
LN-06.A EK 1 Re-sync Counter.
LO-07.A EK 1 Console Control.
LP-03.A EL 2 Clear Real Time Clock and System

, Deadstart Fanout.

Force One Fanout.

MA-02.A EK 3 Instruction Address Register.
MB-02.A EK 2 Branch Address Merge.
MC-06.A EF and EJ 16 Bank Address and Control.
MD-05.A EF and EJ 2 Bank Write Data.
ME-03.A | EFandEJ 8 Readout Data.
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MF-04.A EF and EJ 2 Bank and Group Selection.

MG-04.A | EK 4 Console Assembly Register.

MH-07.A EK 4 A, B Register Disassembly Register.

MI-03.A EK 4 Constant Data Assembly.

MJ-02.A EK 1 A Register Instruction Group
Translations.

MK-03.A EK 1 B Register Instruction Group
Translations.

ML-03.A EK 1 Instruction Group Translations
{Branch/Multi-Byte).

MM-02.A EK 1 Go Issue and Rank One Valid
Translation.

MN-04.A EK 1 A, B Register and Local Memory
Conflicts.

MO-02.A EK 1 A, B Register Path Conflicts.

MP-03.A EK 1 Console Control and Branch
Conflicts.

MQ-02A | EK 1 Channel Control.

MR-02.A EG 16 A, B, and C Register.

MS-02.A EG 8 Register Data Merge.

MT-02.A EK 1 B Register Branch Control.

MU-02.A EK 1 Functional Unit Control.

MV-02.A EK 1 Constant Control.

MW-03.A | EK 1 A, B Register Destination Chain.

MX-02.A EK 1 A, B Register Destination Chain.

MY-02.A EK 1 A, B Register Destination Pointer.

MZ-02.A EK 1 Control Relay.

NA-03.A MK 1" Foreground Channel Control.

NB-02.A MK 4* Foreground Channel Data.

NC-02.A MK 1* Function Translations.

ND-03.A MK 2* Merge Data to Foreground.

NE-02.A MK 1* Dump Input Buffer.

NF-02.A MK 1* Load Input Buffer.

NG-02.A MK 1* Function Translations.
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Buffer Length Counter.

NH-02.A MK 2"

NI-04.A MK 1* Load Output Buffer.

NJ-03.A MK 1* Device Signal Generator.
NK-03.A MK 1" Dump Output Buffer.

NL-02.A MK 4 Arriving Device Data.

NM-02.A MK 1* Output Data to Device.

NN-03.A MK 2" Synchronize Inputs.

NO-00.A MG and MO 8" Bank Address.

NP-01.A MG and MO 2" Sequence Control.

NQ-01.A MG and MO 2* Wirite Data and Parity.

NR-01.A MG and MO 2" Readout Data.

NS-03.A ED 1 Channel One Control.

NT-03.A ED 1 Channel Zero Control.

NU-03.A ED 1 Readout Delay Chain.

NV-02.A ED 4 Channel One Input Data.
NW-04A | ED 4 Channel One Output Data.
NX-03.A ED 8 Channel Zero, Two Input Data.
NY-02.A ED 2 'Merge Data to Memory.

NZ-03.A ED 4 Channel Zero Output Data.
PA-02.A DB 96 Buffer Address Distribution.
PB-03.A DB 256 Buffer Write Pulses.

PC-02.A DB 128 Buffer Readout Distribution.
PD-02.A DC 16 Destination Tag to Stack Buffers.
PE-02.A DC 16 Destination Tag to Parity Buffers.
PF-02.A DC 16 Parity Buffer Write Pulses.
PG-02.A DC 128 Valid Word Register.

PH-03.A DC 16 Stack Read Address Register.
PI-03.A DC 16 Instruction Stack Sequence Control.
PJ-02.A bDC 16 Form Stack Parity Error Signals.
PP-02.A AD 48 Two Bits Vector Length Distribution.
PQ-02.A AC 256 Pyramid Formation.

PR-03.A AC 32 Pyramid Formation.
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PS-02.A AC v 128 Operand Distribution.
PT-02.A AD 64 Three Input Adders 2-3-2-3-2-3.
PU-02.A AD 16 Three Input Adders 2-3-3-4-3-4.
PV-02.A AD 320 Three Input Adders 4-4-4-5.
PW-02.A | AD 32 Carry Propagation.
PX-03.A AD 128 Four Bit Slice Final Add.
PY-03.A AD 16 Vector Length Register.
QA-03.A FL 128 Merge Bank Pointer.
QB-03.A FH and FL 640 Group Bank Translation.

Pointer Translation (FL).
QC-03.A FH 512 Bank Reservation Flags.
QD-03.A FH 96 Test for Duplicate Request.
QE-03.A FL 128 Test Bank Busy.
QF-03.A FL 32 Processor Resumes.
QG-03.A | FL 256 Go Bank Generation.
QH-03.A FL 96 Distribute Bank Pointer.
QI-03.A FL 64 Distribute Pointer Valid.
QK-04.A GH and GL 1280 Merge Write Data Packet.
QL-05.A GD and GP 640 Group Element Fanout.
QM-03.A GD and GP 2560 Merge Write Data for Four Banks.
QN-04.A GD and GP 2560 Bank Pointer Translation.
QP-03.A GH and GL 320 Group Secondary Rank Valid and

Retry.
QQ-04.A HD and HP 2304 Merge Bank Readout Data.
QR-03.A HL 576 Final Readout Merge.
QS-04.A FL 64 Bank Error Pointer.
QT-03.A BD 16 Memory Write Merge Control.
QU-02.A BC 16 Retry Buffer Control.
QV-02.A BH and BL 128 Write Buffer Control.
QW-03.A | HH 576 Group Bank Pointer.
QX-03.A HH 144 Control Signals.
RA-02.A BP 64 | Front End of Exponent Difference.
RB-02.A BP 64 Back End of Exponent Difference.
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RC-02.A BP 64 Final Exponent Selection.

RE-02.A BP | 64 Front End of Exponent Adjustment.

RF-02.A BP 16 Coefficient Shift Selection.

RG-02.A BP 48 Coefficient Shift Bit Relay.

RH-02.A BK 16 Miscellaneous Control.

RI-03.A BO 16 Instruction Entry and Fanout.

RJ-02.A BO and BP 48 Instruction Decode.

RK-02.A BK 16 Leading Zero Count Section
Translations.

RL-02.A BK 48 Leading Zero Count Bit Translations.

RM-02.A | BP 16 Normalization Shift Count.

RN-02.A BP 16 Exponent Control.

RP-02.A BP 16 Exponent Control, Sign Bit, and
Range Error.

RQ-02.A BO 192 Scalar/Vector Entry.

RS-02.A BO and BP 256 Front Coefficient Shit.
Front End of Coefficient
Normalization (BP).

RT-02.A BO 64 Unshifted Data Delay.

RU-02.A BK 192 Front Section of Coefficient Adder.

RV-02.A BK 96 Carry Propagation.

RW-02.A | BK 192 Back Section of Coefficient Adder.

RX-02.A BK 96 Shift 0, -1

RY-02.A BP 96 Back End of Coefficient
Normalization.

RZ-02.A BP 64 Back End of Exponent Adjustment.

SC-00.A AG-BG-CA-CB-CG-DG- 7348 Local Memory.

EC-EF-EJ-MA-MB-MG-
MM-MN-MO

SD-00.A SA-SE-SM 147456 | Common Memory.

SF-00.A SB-SF-SN 73728 Common Memory.

SM-00.A XA-XE-XM 36864 Common Memory.

TC-03.A HH 432 Process Group Address Data.

TD-03.A HD and HP 1728 Bank Address Distribution.
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TE-05.A FD-FP-GD-GP-HD-HP 1024 Go Bank Distribution.

Replaced by EU-00.A
TF-03.A FD 32 Slot Time Distribution.
TG-03.A FD and FP 128 Bank Pointer Distribution.
TH-02.A BC 288 Merge Write Data.
TI-04.A BH and BL 1152 Octant Data Buffers.
TJ-05.A GH and GL 960 Group Bank Destination Pointer.
TK-03.A FD 64 Group Parameter Distribution.
TL-01.A MH-ML-MP 3" Channel Control.
TM-01.A MH-ML-MP 12* Channel Data.
TN-01.A MH-ML-MP 3* Function Translation.
TO-01.A MH-ML-MP 3" Function Re-code.
TP-00.A MH-ML-MP 3* Channel to Buffer Control.
TQ-00.A MH-ML-MP 3* DSU to Buffer Control.
TR-00.A MH-ML-MP 12* Buffer Merge.
TS-00.A MH-ML-MP 24* FIFO.
TT-00.A MH-ML-MP 3" Write Clock.
TU-00.A MH-ML-MP 3" DSU Read Control.
TV-00.A MH-ML-MP 3" DSU Write Control.
TW-00.A MH-ML-MP 12* DSU Bus-out Data.
TX-00.A MH-ML-MP 3 Read Clock Re-synchronization.
TY-00.A MH-ML-MP 3* DSU Input Control.
TZ-00.A MH-ML-MP 6" DSU Bus-in Data.
UA-02.A DO 64 Front Section Population Count.
UB-02.A DO 16 Center Section Population Count.
UC-02.A DO 16 Lowest Order Four Bits of Result.
UD-02.A DO 16 Bits 04 through 07 of Result.
UE-02.A DO 64 Front Section of Leading Zero Count.
UF-02.A DO 16 Back Section of Leading Zero Count.
UG-02.A DO 128 Delay Registers for Vector Shitt.
UH-02.A DO 128 Front Section of Vector Shift.
UI-02.A DO 128 Back Section of Vector Shift.
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UJd-02.A DO 16 Vector Shift Count.
UK-02.A DO 16 Sequence Control.
UL-02.A DO 112 Bits 08 through 63 of Resuit.
UM-00.A MH-ML-MP 12* Status Registers.
UO-00.A MH-ML-MP 6" Asynchronous Latch.
VA-02.A AN-BN-CN-DN 256 Vector Add Front Section.
VB-02.A AN-BN-CN-DN 256 Vector Add Back Section.
VC-02.A BN-CN-DN 48 Vector Add Carry Propagation.
VD-02.A AN-BN-CN-DN 64 Compress lota Mask Register.
VE-03.A AN-BN-CN-DN 64 Vector Add Control Circuits.
VF-02.A DN 16 Compress lota Control.
VG-02.A AM-BM-CM-DM 256 Vector Logical Data Merge.
VH-02.A AM-BM-CM-DM 256 Vector Mask Data Registers.
VI-02.A AM-BM-CM-DM 128 Real Time Clock Register.
VJ-02.A AM-BM-CM-DM 64 Vector Logical Boundary Circuits.
VK-02.A AM-BM-CM-DM 64 Vector Mask Control.
VL-03.A AM-BM-CM-DM 64 Vector Logical Control.
VP-03.A Al-AJ-AM-AN-BI-BJ-BM- | 2048 Vector Address Register.
BN-CI-CJ-CM-CN-DI-DJ-
DM-DN
VQ-02.A Al-AJ-AM-AN-BI-BJ-BM- | 2048 Merge Data to Vector Registers.
BN-CI-CJ-CM-CN-DI-DJ-
DM-DN
VR-01.A Al-AJ-AK-AM-AN-AP-BC- | 3232** Vector Registers.
or BI-BJ-BM-BN-CI-CJ-CM- Buffer Registers (AK- AP-BC-DB-
VR-01.B CN-DB-DC-DI-DJ-DM- DC).
DN-MC-MD FIFO Buffer Data (MC-MD).
VS-02.A Al-AJ-AM-AN-BI-BJ-BM- | 1024 Scalar Registers.
BN-CI-CJ-CM-CN-DI-DJ-
DM-DN
VT-02.A Al-AJ-AM-AN-BI-BJ-BM- | 3072 Distribute Vector Register Data.
BN-CI-CJ-CM-CN-DI-DJ-
DM-DN ‘
VU-02.A Al-AJ-AM-AN-BI-BJ-BM- | 256 Scalar Non-Zero Test.

BN-CI-CJ-CM-CN-DI-DJ-
DM-DN
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VV-01.A DD-DK-DL-DP 592 Buffer Registers.
Identical to VR-01.A except for
inverted clock.
VX-02.A AE-BE-CE-DE 512 Vector Read Length Counter.
VY-02.A AE-BE-CE-DE 512 Vector Write Length Counter.
VZ-02.A AN 16 Vector Add Carry Propagation.
WA-02.A | AG-BG-CG-DG 128 Address Data Merge.
WB-02.A | AG-BG-CG-DG 128 Write Data Merge.
WC-06.A | AG-BG-CG-DG-MA-MB- | 512 Bank Address and Control.
MM-MN
WD-05.A AG-BG-CG-DG-MA-MB- 256 Bank Write Data.
MG-MM-MN-MO
WE-02.A | AG-BG-CG-DG-MA-MB- | 256 Readout Data.
MG-MM-MN-MO
WF-02.A AG-BG-CG-DG 64 Bank Selection.
WG-02.A | AG-BG-CG-DG 64 Parity Error Check.
WH-02.A MA-MB-MM-MN 20" Address Register.
WI-02.A MA-MB-MM-MN 10* Bank Control.
WJ-02.A MA-MB-MM-MN 10* Control and Parity Check.
WK-02.A | MA-MB-MM-MN 20" Write Data Delay and Parity.
WL-02.A CL-MD 32" Center Mat Constants.
Node Address Constants (MD).
XI-02.A DL and DP 320 Merge of Packets 0-3 from Octants.
Merge of Check Bits and Bank
Address (DP).
XJ-03.A DL 32 Control Relay.
XK-02.A DK and DL 224 Front of SEC-DED (Bypass and
Buffer).
XL-02.A DL 128 Back of SEC-DED for All Packets.
XM-02.A DL 64 Front of SEC-DED for Packet 3
(Direct).
XN-02.A DK and DP 256 Path Selection.
X0-02.A DL and DP ] 96 Merge of Group B Packet 3 from
Octants.
Path Selection (DP).
XP-02.A DL and DP 160 Merge and Data Delay.
Read Data Merge (DP).
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XQ-02.A DK-DL-DP 240 Merge and Data Delay.
Check Bit and Bank Address Merge

(DP).
XR-02.A DP 64 Syndrome Code Translation.
XS-02.A DP 32 Syndrome Code Translation.
XT-02.A DP 16 Error Detection Translation.
XU-02.A DP 256 Corrected Read Data Output.
XV-02.A DK-DL-DP 48 Control for Buffer Address and Path
Selection.
XW-02.A | DK-DL-DP 96 Path Selection Control.
XX-02.A DL 16 One Valid Reference Translation.
XY-02.A DP 16 Octant Flag Merge.
XZ-02.A DK-DL-DP 272 Bufter Address Register.
YA-03.A CcO 64 Exponent Operand Data.
YB-03.A CcO 64 Summation and Approximation Shit.
YC-03.A CcO 64 Final Exponent.
YD-03.A CcoO 16 Instruction Decode.
YE-04.A Co 16 instruction Mode Delay Chain.
YF-03.A CcoO 16 Operand Conditions.
YG-03.A Cco 16 Overflow/Underflow.
ZA-01.A AA-AB-AD-AE-AF-AG-Al- | 2370** Clock Distribution.

AJ-AK-AL-AM-AN-AO-
AP-AQ-BA-BB-BC-BD-
BE-BF-BG-BH-BI-BJ-BK-
BL-BM-BN-BO-BP-CA-
CB-CC-CD-CE-CF-CG-
CI-CJ-CK-CH-CL-CM-
CN-CO-CP-DA-DB-DC-
DD-DE-DF-DG-DH-DI-
DJ-DK-DL-DM-DN-DO-
DP-EA-EB-EC-ED-EE-
EF-EG-EH-EI-EJ-EK-EL-
EM-EN-EO-EP-FD-FH-
FL-FP-GD-GH-GL-GP-
HD-HH-HL-HP-MA-MB-
MC-MD-ME-MF-MG-MH-
MI-MJ-MK-
ML-MN-MO-MP
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ZT-01.A AG-BG-CA-CB-CG-DG-
EC-EF-EJ-EK-MA-MB-
MF-MG-MH-MJ-MK-ML-
MN-MO-MP

495**

Termination Resistors.
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CRAY-3 Board Stack
Assignments

This appendix contains a series of charts which summarize the assignment of
the different logical functions of the CRAY-3 among the board stacks of each
module. The integrated circuit packages which are assigned to each of the four
boards for each board stack are also indicated by their two letter designations.
The two letter designations, which represent each individual die, are placed in
their proper orientation on each board just as you would find the die themselves.
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A Module

Background
Processor

Address Registers A
Address Adder

Address Data Merge B
Address Data
Distribution

Address Multiply
Pyramid Formation C

Address Muitipl
Product Sumn’:aytion D

Vector Length Register
Octant Clock Distribution

1 2
AB AH AA AA | AB AH AA AA
~- == AABA | == == AR AR
AC -~ RAAA | AG -- AA AR
ABAI DAAAA | ABAI AAAA

1 2
AD AE AF -- | AD AE AF -~
AD AE == == | AD AE == =
AD AE =- == | AD AE == ==
AD AE AF GU | AD AE AF --

1 2
PS -- PQPQ | =~ == PQ PQ
PS -- PQPR | ~- == PQ PQ
PS == PQPR | == == == ==
PS == PQ -~

1 2
PV PV == == | == PV PV PT

PVPV PV PV | == PV PV PT
PV PV PV PV | == PV PV PT
PV PV PV == | == PV PU PT

3
AB -- AA AA

-- —— AA AR
AC —- AARA
AB AK AA AA

4
AB -- AR AA
-- ZAAARA
-- —- MARA
AB -~ AA AR

4
AD AE AF —-
AD AE 2A --
AD AE == ==
AD AE AF —-

3
AD AE AF --
AD AE -- —
AD AE -- —-
AD AE AF -

3
—= == PQ ==

—— - ZA -

4
PS -- PQ PQ
PS -~ PQ PQ
PS -- PQPQ
PS == == =

3

PP PP PP —-
-- PY 2R ==

4
-- PW PX PX
-= -= PX PX
-- PW PX PX
-- —— PX PX

Vector Control E
Vector Length Window

Instruction Parcel F
Translation

Local Memory 00-15 (3

Common Memoi
Address Arimme%,c H

Base Address Register
Limit Address Register

Module Clock Distribution

1 2

-- —— AO AP
AL AL == —-
VY VY VY VY

-— —— AN AP
AL AL == -
VY VY VY VY

BJ BD BE BF2
BB == -~ BN
BB == =~ BL
BR BS BR BS

BGBHBIBI1
BC —- GO BM
BO -- -- BK
BP BQ BP BQ

2
SC sC sC sC
2T WB WB 2T
WD WC WC sC
SC sC sC sC

SC SC sC SC1
WE WE WE WE
WD WC WC sSC
SC sC sC sC

2
DG -- DF DF
DF DF DA DA
-~ ZADADA
DD DE DE DD

DG -~ DF DF1
DF DF DA DA
-- ZA DA DA
DB DC DC DB

3 4

—— - AM --
VX VX VX VX
AJ AJ AJAJ

-~ ZA RO --
VX VX VX VX
AJAJAJAJ

4
-- BA BZ BZ

- —— ZA -——

AQAQ BZ Bz3
- m= —— AR
BT —- —- BY
BU BV BW BX

SC sC sC S(?
WA WA 2A 2T
WD WC WC SC
SC SC sC sC

3
SC sC sC sC
2T WF WG 2T
WD WC WC SC
SC sC sC sC

4
~- == DF DF
DF DF DA DA
-- DH DA DA
DE DE DE DE

3
GT -- DF DF
DF DF DA DA
—- DH DA DA
DE DE DE DE

Scalar Registers
Scalar Logical
Scalar Add
Vector Registers

00-03 |
00-03
00-03
00-03

Scalar Registers 04-07 J
Scalar Logical  04-07
Scalar Add 04-07
Vector Registers 04-07

Common Memory
Destination Tags K

Common Memory L
Address Distribution

1 2
VQ VQ VQ VQ | VQ VQ VQ VQ
VR VR VR VR | VR VR VR VR
VP VP VP VP | VP VP VP VP
VT VT VT VT | VT VT VT VT

1 2
VQ VQ VO VQ | VQ VQ VQ VQ
VRVR VR VR | VR VRVR VR
VP VP VP VP | VP VP VP VP
VT VT VT VT | VT VT VT VT

1 2
ED EG -~ EH | ED EG -- -~
ED EF =~ -~ | EDEF -- EA
EDEEDZ DR | ED EE -~ EB
EDVRVR VR | ED -- EC EC

1 2
DO DO DK DK | DO DO DK DK
DN DL DK DK | DN DL DK DK
DN DM DK DK | DN DM DK DK
DI DI DJDJ| DI DI DJ DJ

4
AS AS AS AS
AW AX AX AY
— e ZA —-—
-- GA VU GB

VSVSVSVS3
AT AU AV AV
AS AS AS AS
VT VT VT VT

4
AS AS AS AS
AW AX AX AY
—— == ZA —-—
VU GA —— ——

3
VS VS VS VS
AT AU AV AV
AS AS AS AS
VT VT VT VT

4
ED EG -= —-
ED EF 2A ——
ED EE == —
ED == == -

3
ED EG -~ DV
ED EF —- DW
ED EE -- DX
ED == -- DY

4
DO DO DK DK

DN 2A DK DK
DN DM DK DK
DI DI DJ DJ

3
DO DO DK DK
DN DP DK DK
DN DM DK DK
DI DI DJDJ

Scalar Registers 08-11 M
Scalar Logical ~ 08-11
Scalar Add 08-11
Vector Registers 08-11
Vector Logical  00-15
Vector Mask 00-15
Real Time Clock 00-15

Scalar Registers 12-15 N
Scalar Logical  12-15
Scalar Add 12-15
Vector Registers 12-15
Vector Al 00-15
Comp lota Mask 00-15

Scalar Shift o)
Scalar Population Count
Scalar Leading Zero Count

Common Memory P
Address Retry Buffers

2
VQ VQ VQ VQ
VR VR VR VR
VP VP VP VP
VT VT VT VT

1
VQ VQ VO VQ
VR VR VR VR
VP VP VP VP
VT VT VT VT

2
VQ VQ VQ VQ
VR VR VR VR
VP VP VP VP
VT VT VT VT

1
VQ VQ VQ VQ
VR VR VR VR
VP VP VP VP
VT VT VT VT

1 2
GF GF GH GI | GF GF GM GN

GKGE == == | GKGE == -
GJ GE GG GG | GJ GE GG GG

2
DQ == --DQ
VR DT DT VR
VRDS DS VR | VR DT DT VR
VRDRDRVR | VR DR DR VR

1
DQ -~ == DQ
VR == -= VR

VG VG VG vc;4
VH VH VH VH
VI -- ZA VI
-- GA VU --

3
VS VS Vs Vs
VJ VK VL AZ

VT VT VT VT

VAVI\VAV}?
VB VB VB VB
VZ VD VE --
- GA VU ==

VS VS Vs VS3
—— e == AZ
— e 27 -=
VT VT VT VT

4
GF GF =~ ==
- —— 27 ——
GKGE = —
GJ GE GG GG

3
GF GF GL -~

GK GE =~ ~=
GJ GE GG GG

3 4

VR -- —- VR
VR DT DT VR
-- DRDR VR

DU 2A -- DU
—-- —= DT VR
-- ——- DR VR
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Branch Control A Branch Control B Common Memory Write C Common Memory Write D
B MO du le Coincidence Test Write Retry Buffer Error Correction Code
Program Register 00-07 Program Register 08-11
16-23 24-31
Background
Proc : ! 4 k 2 ! 2
essor —--IATA|---—IATA|IDTHII IT | ID II IT II|VRVRVR—— | VRVRVR = | —— EOEN —- | —— EP EN —
~—ICIBIB|--ICIBIB|ID--IJIJ|ID~~IJIJ|VRVRVR--| VRVRVR--| == EOEN ~~ [ —— EP EN ——
~--—-IBIB| —---IBIB|IDIKIJIJ| IDILIJIJ|{VRVRVR~--| VRVRVR--| -~ EOEN —- | —— EP EN —-
~--—-1IBIB| ~----1IBIB|ID--IN--| ID~-I10--| ~~-DQDQ~-| -——- DQDQ - | == EOEN =~ | —— EP EN —-
3 4 3 4 3 4 3 4
—-—-IAIA|---—-IAJA}IE-—~--—|IF - —-—|~~THTHTH| - QUTHTH| -- EOEN == | ~= =~ EN —
~===IBIB|=~~--IBIB|IF =~~~ IR| IF == IS IT| == ==THTH | =~ == THTH | == EOEN == | =~ QT EN -~
~-~~IBIB|--Z2AIBIB|IFIG~-— | IFIM2A -~ | == == THTH| == ZATHTH| -~ EOEN =~ | == 2A EN -~
-~ —IBIB| —~--IBIB|IF~~IP — | IF— IQ -} == THTHTH| == =~ THTH| == EOEN == | =~ =~ EN =~
Vector Control E | Instruction Parcel F { LocalMemory 16-31 (3 | Common Memory Write |
Vector Length Window Translation Lower Octant Buffers
1 2 1 2 1 2 1 2
—emem e em e - | —-GY -~ | —-GZ----]S5CSCSCSC|SCSCSCSC|-——-=TITI|=-=~=TITI
-- —-AOAP | -- =~ ANAP | BC —~ =~ == | BB~~ -~ BN |WEWE WE WE | ZTWBWB 2T | == QVTI TI | == QVTI TI
AL AL —— —- [ AL AL == =~ | BO == =~ BK | BB == —— BL | WD WC WC SC | WD WC WC SC | == == TI TI | == == TI TI
VY VY VY VY | VY VY VY VY | BP BQ BP BQ | BR BS BR BS | SC SC SC SC | SC 5C SC SC | == TI TI TI | == TI TI TI
3 4 3 4 3 4 3 4
-—-—-=--=-| ==~ ---—1AQAQBZBZ | --BABZBZ|SCSCSCSC|SCSCSCSC|====TITI|=-=---TITI
- —-BAM-- | - ZAA0=~|{—--—---AR| —-—- -~ —— | ZTWF WG 2T | WAWA 2A 2T | == QVTITI | -~ QVTITI
VX VX VX VX | VXVX VX VX | BT == == BY | = —— 2A -— | WDWC WC SC | WD WC WC SC | —- —— TI TI | —— ZA.TI TI
AJAJAJAJ | AJAJAJAJ|BUBVBWBX | —— -—— —— —— | SCSC SC SC | SC SC SC SC| =~ TI TI TI | == TI TI TI
Scalar Registers 16-19 | | Scalar Registers 20-23 | Floating Add K | Gommon Memo Write L
Scalar Logical 16-19 Scalar Logical  20-23 Coefficient Add Upper Octant Bulfers
Scalar Add 16-19 Scalar Add 20-23 Leading Zero Count o
Vector Registers 16-19 Vector Registers 20-23 gra‘?l; Section Coefficient Module Clock Distribution
i
1 2 1 2 1 2 1 2
VOVQVQVQ| VQVQVQVQ| VQVQVQVQ| VQVQVQVQ| == == == == | == == == ==} == == TI TI | == == TI TI
VRVRVRVR| VRVRVRVR| VRVRVRVR| VRVRVRVR| RW RW RWRX | RW RW RWRX | == QV TI TI | —- QV TI TI
VP VPVPVP| VPVPVPVP| VPVPVPVP| VP VP VP VP| —— —— —— RX| RVRVRVRX]| == == TI TI| ==~ == TI TI
VT VT VT VT [ VT VT VT VT| VT VT VT VT | VT VT VT VT| RURU RURL| RURURURL| == TI TI TI| == TI TI TI
3 4 3 4 3 4 3 4
VSVSVSVS| ASASASAS| VSVSVSVS| ASASASAS| - - - -~ | == == —= == | == == TI TI | == == TI TI
AT AUAV AV | AWAX AX AY | AT AU AV AV| AWAX AX AY | RW RW RW RX | RW RW RWRH | == QV TI TI | =~ QV TI TI
ASASASAS| ~--- 2A—-| ASASASAS| —— —-2A --| RVRVRVRX| == 2ZA -~ RK| ~= ZATI TI | -~ ZA TI TI
VI VIVT VT | -~ GAVUGC| VI VI VT VT{ VUGA -- ——| RURURURL| RURURU ~~| ~= TI TI TI | -- TI TI TI
Scalar Registers 24-27 M Scalar Registers 28-31 N Floating Add (o) Floating Add . P
Scalar Logical  24-27 Scalar Logical  28-31 Coefficient Entry Exponent Processing
Scalar Add 24-27 Scalar Add 28-31 Coefiicient Shift Coefficient Normalization
Vector Registers 24-27 Vector Registers 28-31
Vector Logical  16-31 Vector Ad 16-31
Vector Mask 16-31 Comp lota Mask 16-31
Real Time Clock 16-31
1 2 1 2 1 2 1 2
VQVQVQVQ | VQVQ VQ VQ | VQ VQ VQ VQ | VQ VQ VQ VQ | RS RS RS RS | RS RS RS RS | RG RC RC ~~ | RG RC RC —-
VRVRVRVR|{ VRVRVRVR|VRVRVRVR| VRVRVRVR| =~ == == == | —— —— —— —— | RBRS RS RE | RB RS RS RE
VPVPVPVP | VPVPVPVP|VPVPVPVP| VPVP VP VP | == == == == ] == mm e o | oo e e oo | o e e
VT VT VT VT | VT VT VT VT | VT VT VT VT | VT VT VT VT | RO RQ RORQ | RQ RO RQ RQ | RA RY RY RZ | RA RY RY RZ
3 4 3 4 3 4 3 4
VSVSVSVS | VGVGVGVG|VSVSVSVS| VAVAVAVA|RT RT RTRT | ~- == == == | =~ == —— —— | RG RMRN RP
VIVKVLAZ | VHVHVHVH| -~ =~ == AZ | VBVBVBVB| —- =~ —= == | —— ZA RI -- | RB RS RS RE | RB RS RS RE
e~ oo == { VI = ZAVI| ~= =~ ZA =~ | VCVDVE —— | == == =~ == | == RIRJ == { == RF ZA == | == RJ ~= —=
VI VI VI VT | =~ GAVU —- | VT VI VT VT | —- GA VU -~} RQ = ——= RQ | RQ —- -- RQ|{ RARY RY RZ | RA -- —- RZ
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C Module

Background

Processor

Floating
Multiply

Reciprocal
Approximation A

Reciprocal
Approximation

Floating Muitiply C
Approximation
Coefficient Distribution

Floating Multiply
Segment Three 47-32 D

2
SC SC sC sC
SC 2T FBFA
SCFD FB FD
SC SC sC sC

1
SC SC sC sC
SC ZT FBFA
SC ZT FBFC
SC SC sC sC

1
SC sC sC sC
SCZT FBFA
SC 2T FB FC
SC SC sC sC

2
SC SC sC sC
SC ZT FB FA
SC FD FB FD
SC SC sC sC

1

-- FF -- FH
-- -— FHFH
FG FG FG FG

FE == == -=
FE FK —- FH
-- -~ FEFH
FG FG FG FG

2
FL FMFM --
FM FM FM --
FM FO FO FO
FM FO FO FO

FLFME’M—J
FMFMFM -~
FM FO FO —-
FMFO FO FO

4
SC SC SC SC
SC ZA FB FA
SC 2T FBFD
SC SC SC SC

3
SC SC sC sC
SC 2T FBFA
SC FD FB FD
SC sC sC sC

3
SC SC sC sC
SC 2T FB FA
SC FD FB FD
SC SC sC sC

4
SC SC SC SC
SC ZA FB FA
SC 2T FB FD
SC SC SC SC

4

FJ -- ZA FH
FJ ——- FH FH
FG FG FG FG

3
FE == == ==
FE FI == FH
-~ FHFH
FG FG FG FG

4
FL FM FM —-
FM FM FM ~-
FM -~ FO FO
FM FO FO FO

3
FL FM == =~
FM FM FM --
FM FO ZA FO
FM FO FO FO

Vector Control E
Vector Length Window

Instruction Parcel F

Translation

Local Memory 32-47 G

Floating Multiply

SegmentTwo 32-16 H

1 2

== == RO AP

-- —- AN AP
ALAL -~ —- | ALAL -- -~
VY VY VY VY | VY VY VY VY

GNGWGWGV;
BC == =m ~—
BO == -- BK
BP BQ BP BQ

2

BB -- —— BN
BB -- -- BL
BR BS BR BS

SC sC sC SC2
2T WB WB 2T
WD WC WC sC
SC sC sC sC

SC sC sC sC
WE WE WE WE
WD WC WC sC
SC sC sC sC

2
FL FMFM --
FM FMFM --
FM FO FO FO
FM FO FO FC

FLFMF --1
FMFMFM -~
FM FO FO --
FM FO FO FO

3 4

—— - AM -
VX VX VX VX
AJ AJ AJAJ

-- ZA A0 --
VX VX VX VX
AJAJ AJAJ

AQ AQ B2 BZ3
== =~ GX AR
BT -~ -- BY
BU BV BW BX

4
-- BA BZ B2

——

SC sC sC S:
WA WA ZA 2T
WD WC WC sSC
SC sC sC sC

3
SC sC sC sC
2T WF WG 2T
WD WC WC SC
SC sC sC sC

4
FL FM FM -~
FM FM FM ——
FM —- FO FO
FM FO FO FO

3
FL FM == =~
FM FM FM —-
FM FO ZA FO
FM FO FO FO

Scalar Registers 32-35 |
Scalar Logical ~ 32-35
Scalar Add 32-35
Vector Registers 32-35

Scalar Registers

Scalar Logical
Scalar Add

Vector Registers

36-38 J
36-39
36-39
36-39

Floating Multiply
Segment One 16-00 K

Floating Multip}
Segmegnt Four Y L

Module Clock Distribution

VQ VQ vQ VQ2
VR VR VR VR
VP VP VP VP
VT VT VT VT

VQVQVQVQ1
VR VR VR VR
VP VP VP VP
VI VT VT VT

VQVQVQV(;
VR VR VR VR
VP VP VP VP
VT VT VT VT

VQVQVQV02
VR VR VR VR
VP VP VP VP
VT VT VT VT

FM FM FM Fb%
FMFMFL FM
FO.FO -~ FO
-~ FO FO FO

FMF’MFMFB;
FMFMFLFL
FO -~ -~ FO
FS FO FO -~

FQ FQ FQ F02
-- FQ - WL
FQ FQ FQ FQ
== FP == ==

FQFQFQ F(;
--ZA--FN
FQ FQ FQ FQ
—— FP == —-—

AS AS AS Ag
AW AX AX AY
——— ZA —-—
-- GA VU GC

VSVSVSVS?
AT AU AV AV
AS AS AS AS
VT VT VT VT

\ISVSVSVSa
AT AU AV AV
AS AS AS AS
VT VT VT VT

AS}\SAS}\S4
AW AX AX AY
—-— = 2R ——
VU GA = —-

mmmn?
FM FM FL FM
FO FO —- FO
-~ FO FO FO

FM FM FM Fti3
FMFMFLFM
FO -~ ZAFO
FO FO FO —-

FQ FQ FQ 1"04
-- FQ-- WL
FQ FQ FQ FQ
— FP == ——

FQ FQ FQ FQs
— —= ZA -~
FQFQ FQ FQ
~= FP == ==

Scalar Registers 40-43 M
Scalar Logical ~ 40-43
Scalar Add 40-43
Vector Registers 40-43
Vector Logical ~ 32-47
Vector Mask 32-47
Real Time Clock 32-47

Scalar Registers

Scalar Logical

Scalar Add
Vector Registers

Vector Adi

Comp lota Mask

44-47
44-47 N
44-47
44-47
32-47
32-47

Floating Multiply
Exponegnt O

Floating Multip!
Final C%eﬁicigra P

1
VQ VQ VQ VQ
VR VR VR VR
VP VP VP VP | VP VP VP VP
VT VT VT VT | VT VT VT VT

2
VQ VQ VQ VQ
VR VR VR VR

1
VQ VQ VQ VQ
VR VR VR VR
VP VP VP VP
VT VT VT VT

2
VQ VQ VQ VQ
VR VR VR VR
VP VP VP VP
VT VT VT VT

1 2

m——s - ¥D

- —— ——YE
-~ YAYB--| —- YA YB --
~= == ——YC | F2 P2 -- YC

1 2
FRFSFU == | == FRFV ==
FY == == FU | == ZA == FV
-- FX FX FX | FX —- FX FX
F2 == == == | == F2 F2Z —-

3 4
VS VS Vs Vs | VG VG VG VG

VJ VK VL AZ | VH VH VH VH
== mm o= == | VI =~ ZA VI
VT VT VI VT | -- GA VU -

3
VS VS Vs Vs
- == ——AZ
- == 2A ——
VT VT VT VT

4
VA VA VA VA

VB VB VB VB
VC VD VE -~
— GA VU ——

3 4

—— —= YF ——
-~ YA YB --
FZ FZ -- YC

-- ZA -- YG
-- YA YB -
D e &

3 4
FR~--FWFU | == FRFUFV

—= == FU == | FT == FV —-
FX FX == FX | -— FX FX =
-~ FZ F2 == | FZ FZ F2 ==
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D Module

Background
Processor

Instruction Issue A
Control

Instruction Stack B
Buffer Registers

Instruction Stack C
Buffer Control

Foreground Channel D
Buffer

1
CC CN CM CM

CP CP ZA -~
CB CZ CY CH
CA CD -- -~

2
CG CN CF --
CP CP CM CM
-- CZ CY CW
=~ CHCE ~--

1 2
VRVRVR VR | VR VR VR VR

VRVRVR VR | VR VR VR VR
VR VRVR VR| VR VRVR VR
VR VR VR VR| VR VR VR VR

1 2
) —
PF PJ == == | PI PH == —=
----PGPG| -—-- PG PG

VR VR == =

1 2
HR HR HU -- | HR HR HU --
VVVV HP == | VV VV HP -~
VW VV -- HS | VV VW —— HT
HQ HQ —- HW | HQ HQ —— HX

3
-- CN CM CM

CP CP CS CT
CI CZ CY CW
CJ CKCR --

4
CO CO == ==
CP CPCM M
CX CZ CY CW
-~ CLCQ =

4
BC PC PC PC
PA PA PB PA
PA PAPBPA
PC PC PC BC

3
PB PB PB PB
PB PB-- PB
PB PB ZA PB
PB PB PB PB

3 4
== PD == ==

- == 2A ——
-~ -=-PG PG

-- -=PG PG

4
HR HR HU ==
VV VV HP -~
VV W ZA --
HQ HQ -- --

3
HR HR HU -~
VV VV HP -~
W VWV -- BV
HQ HQ —- HY

Vector Control E
Vector Length Window

Instruction Parcel F
Translation

Local Memory G

Foreground Channel H
Interface

Module Clock Distribution

1 2
-- —-APAP | -- -- AP AP

-— == ROAP | =- == AN AP
AL AL == =~ | AL AL == ==
VY VY VY VY | VY VY VY VY

2

BB ~- —- BN
BB -~ -- GR
BR BS BR BS

1
GS GO GQ GQ
BC GO ~- GP
BO GO -- BK
BP BQ BP BQ

2
SC sC sC sC
ZT WB WB ZT
WD WC WC SC
SC SC sC sC

1
SC SC sC sC
WE WE WE WE
WD WC WC SC
SC SC sC sC

2
HK HK —- HB
HF HJ =- HL
- - —-HM
—m == == HN

1
HK HK -~ HB
HE HI -- HC

~= <= HD ——

3 4

-- ZA AO —
VX VX VX VX
AJ AJ ATAJ

—— —— AM ——
VX VX VX VX
AJ AJ AJAJ

4
~- BA BZ BZ

—— == ZA --

AQ AQ B2 B23
-— — — AR
BT =- == BY
BU BV BW BX

4
SC SC sC sC
WA WA 2A 2T
WD WC WC SC
SC SC SC sC

3
SC SC sC sC
2T WF WG 2T
WD WC WC SC
SC 8C sC sC

4
HK HK -- HB
HH HI ~-- HA
— ——JA -—

————g— ——

3
HK HK -- HB
HG HI ~= ——
—_—2A —— —

Scalar Registers 48-51 |
Scalar Logical ~ 48-51
Scalar Add 48-51
Vector Registers 48-51

Scalar Registers 52-55 J
Scalar Logical ~ 52-55
Scalar Add 52-56
Vector Registers 52-55

Common Memory Read
Packets 0, 1, 2 v K

Common Memory Read L
Packet 3
Data Merge

1 2
VQ VQ VQ VQ | VQ VQ VQ VQ
VRVRVR VR | VR VR VR VR
VP VP VP VP { VP VP VP VP

VT VI VI VT { VT VT VT VT

1 2
VQ VQ VQ VQ | VQ VQ VQ VQ
VR VR VR VR | VR VR VR VR
VP VP VP VP | VP VP VP VP
VT VI VT VT | VI VT VT VT

1 2
XZ VV XN XK | XZ VV XN XK

VV XN XK XQ | VV XN XK XQ
VV XN XK XQ | VV XN XK XQ
X2 VV XN XK | XZ VV XN XK

1 2
-— = XIXI | - == XI XI
VV XV XI XI | VV XW XI XI
X2 XP XI XO | XZ XK XI XO
VV XP XI XO | VV XK XI XO

ASASASA;
AW AX AX AY
—— —— 2R ——
-- GA VU GD

VSVSVSVS3
AT AU AV AV
AS AS AS AS
VT VT VT VT

ASASASA;
AW AX AX AY
——— ZA -
VU GA - ——

3
VS VS VS Vs
AT AU AV AV
AS AS AS AS
VT VT VT VT

4
— VV XN ——
-- XW ZA XQ
-— XW XV XQ
—— YV XN ——

X2 YV XN xz?
-~ == XK XQ
—- —— XK XQ
X2 VV XN XK

3 4
. Y

XL XL XJ XM
XL XL XJ XM
XQ XQ XQ XM

XL XL ZA --
XL XL XI XI
XX -- XI XI

Scalar Registers 56-59 M
Scalar Logical  56-59
Scalar Add 56-59
Vector Registers 56-59
Vector Logical  48-63
Vector Mask 48-63
Real Time Clock 48-63

Scalar Registers
Scalar Logical
Scalar Add
Vector Registers
Vector Adi

Comp lota Mask

60-63
60-63 N
60-63
60-63
48-63
48-63

Vector Shift O
Vector Population Count
Vector Leading Zero Count

Common Memory Read
SEC-DED i P

VQ VQ vQ Vg
VR VR VR VR
VP VP VP VP
VT VT VT VT

VQVQVQV(;
VR VR VR VR
VP VP VP VP
VT VT VT VT

VQVQVQVg
VR VR VR VR
VP VP VP VP
VT VT VT VT

VQVQVQV{;
VR VR VR VR
VP VP VP VP
VT VT VT VT

UG UA UE Ug
UH == -- UH
Ul -- --UI
UL UJ -- UL

UG UA UE Ug
UH -- -~ UH
UI UB UF UI
Uc uD -- UL

2
XP VWV XZ W
XP XQ XI XI
-~ XR XS --
XU XU XU XU

XP VV XZ V\;
XP XQ XI XI
~= XR XS --
XU XU XU XU

VG VG VG V(?
VH VH VH VH
VI--2AVI
--GAVU -~

3
VS VS VS Vs
VJ VK VL A2

VT VT VT VT

VAVAVAV}?
VB VB VB VB
VC VD VE VF
-~ GA VU --

VS VS Vs vg
———— - AZ
———— ZA -
VT VT VT VT

UG UA UE ué
UH -- -- UH
UI == -- UI
UL -- == UL

3
UG UA UE UG
UH —— ZA UH
UL -- —-UI
UL UK -~ UL

4
XP XQ XY XQ
XP XN XO XN
-- XR 2A -
XU XU XU XU

3
XP VV XZ XW
XP XN XO XN
XV XR XT -~
XU XU XU XU
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E Module

Foreground
Processor

Local Memory

Foreground Interface D
To Common Memory
(Test Circuits Only)

1 2

SC SC sC sC
- 3T == =

SC sC sC sC
- T == ==

1 2
~= NY == == | == NY == ==
-- NS NX NV | —- NT NX NV
NX == NZ NW | NX == NZ NW

e e e e e e e[ - - - | IATATAIA | LBBLBLB IB | == == == == [ == == == -~
3 4 3 4 3 4 3 4
m= e me e | == -~ ZA == | == == == == | =~ —= ZA —— | SC SC SC SC | 5C SC SC 5C | == NU NX NV | ~= == NX NV
— || -« —= =] == == == == | == 2T == ~- | SC 2T 2A SC | NX -- NZ NW | NX ZA NZ NW
e B il EE SIS [ ol Kol o Aol I R l It e
Instruction Memory A, B, C Registers Channel Loop Zero
E 0-32K F Add G Channel Loop One H
Shift Channel Loop Two
Logical Channel Loop Three
Real Time Clock
1 2 1 2 1 2 1 2
- - oo}l —-—--—|scscscsc|scscsSCSC|IDIDIDLD|LDLDLDLD|--~--LKLK|-- —— LK LK
—— e |- ----|5cSsCSCSC|SCSCSCSC| -~ LELE - | - == == —= | == LJ == == | == LJ == —
—~ - el ee e =] SC—-2TME | SCZT 2T ME{ MSMSMSMS [ MSMSMS MS | == LJ ~= == | == LJ = —=
== e == == == == | - MCMCMD | =~MC MC ——- | MRMRMR MR | MR MR MR MR | —- IM LK LK | -— IM LK LK
3 4 3 4 3 4 3 4
-~ == ——w-| - ------]scscsCSC| SCSCSCSC|LGLGLGLG|LF LF LF LF | == -~ LK LK | =- -- LK LK
-~ |~--—2n--|SCSCSCSC|SCSCSCSC|LI LI —--— | LHLHLHLH | LL == == == [ LL == == —
m—=eeeme|oe - e |SC—~2TME| SC2A 2TME| ~= - 2A == [ == == == — | LL == == == | LL -~ 2A ==
“= =mmeme | == == == ——| --MCMCMF | ——MC MC ——- | MRMRMRMR | MRMRMR MR | -- —— LK LK | ~- —— LK LK
| | Instruction Memory J | Gonsole Interface K | System Deadstart L
32-64 K Instruction Issue Control Distribution
Instruction Memory Clear Real Time Clock
Address Control Distribution
Data Assembly/Disassembly o
Module Clock Distribution
1 2 1 2 1 2 1 2
- mm—— e | = === —— ]| sCSCSCSC| SCSCSCSC{MIMIMU —= | MKMIMV ~= | == == == == | == == —— —
“- meem e | e~ e =~ -- | SCZTMEME | SCZTMEME [ MAMN MP == | MAMT MZ —= | == == == == | == =< == ==
mmem e | e e ee e | == MCMC == | == MCMC 2T | MGMH == == | MGMH == == | == == == ==} == oo =0
m— e e = == -] SCSCSCSC| SCSCSCSC] 2T == == ==} == == == =] o mm e e | o e e -
3 4 3 4 3 4 3 4
== mm = e | == e —= == | SC SC SC SC | SC SC SC SC{ ML MI MY == | MBMI == MQ | == == == == | == == == ==
== o= me =} == —— ZA~- [ SC2T =~ - | SC2TZA ——- | MAMM MW MX [ MBMO 2A —— | == == == == | =c = e =00
e - emee| o= - ee e | -~ MCMCMF | =~ MCMC MD | MGMH == == | MGMH == == | == == == —— [ == 2A ZA —-
e eee——-Jlscscscsc|sCSCSCSC| -~ - == | LO~~ LN -] == == —— LP | == —— —— LP
M N (o) System Clock P
Distribution
1 2 1 2 1 2 1 2
3 4 3 . 4 3 4 3 4
e B 4 N B el et . Sl I B 7 Rl T B
i B Il I B el i RS il 2.
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F Module

Common
Memory

Common Memoi

Bank 0 " A
Bits 44-53

Check Bits E and F

Common Memory B
Bank 0

Bits.22-31

Check Bits C and D

Common Memory C
Bank 0
Bits 00-11

Common Mem

Bank 0 (:«-mtrcﬂo'y D
Bank Pointer Distribution
to G Modules

1
SD SD SD SD
SD SD SD sD | sD SD SD SD

SD SD SD SD | SD SD SD SD

2
SD SD SD SD

1 2
SD SD SD SD | SD SD SD sD

SD SD SD SD| SD SD SD sD

SD SD SD sD | SD sD SD SD

1
SD SD SD SD
SD SD SD SD | SD sSD SD SD

SD SD SD SD | SD SD SD sD

2
SD SD SD SD

EJEJ EJ '1'(;
EJ EJ EJ TG
EK EK EK —-
- - TF

EQ -~ ZA TK
EQ EM -- TK
TE TE —— ——

3
SD SD SD SD
SD SD SD SD | SD SD SD sD

SD sSD SD SD | SD SD SD SD

4
SD SD SD SD

3 4
SD SD SD SD | SD SD SD SD

SD SD SD sD| SD sD sD Sb

SD sD sD sD | SD sD SD SD

3
SD sD Sb SD
SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD SD SD

4
SD SD SD SD

3 4

Common Memo
Bank 0 i E

Bits 54-63
Check Bits G and H

Common Memoi
Bank 0 i F
Bits 32-43

Common Memo
Bank 0 i G
Bits 12-21

Check BitsA and B

Common Mem

Bank Reservaﬁ%rz Flags H
Bank 0 and 1

Address Registers

1
SD SD sD SD
SD sD SD sD | sSD SD SD SD

SD SD SD SD { SD SD SD SD

2
SD SD SD Sb

1 2
SD SD SD sD | SD SD SD SD

SD SD SD sD | sD sD sD sD

SD sD sp sD} sSD SD SD sD

1
SD Sb SD SD
SD SD SD sD | sSD sD sD sD

SD SD SD SD | SD SD SD SD

2
SD SD SD SD

2
EI EI == —
EI EI Z2A —-
EI EI QCQC
EI EI QCQC

1
EI EI QD ——
EI EI QD QD
EI EI QC QC
EI EI QC QC

3
SD SD sD sD
SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD SD SD

4
SD SD sD SD

3 4
SD SD SD SD | SD SD SD SD

SD SD SD sD| SD SD SD SD

SD sD sD SsD{ SD SD SD sD

3 4
SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD SD SD

4
-- QB QB QB
-- QB QB QB
-= QB:QC QC
-- QBQC QC

EI QB QB ng
EI QB QB OB
EI QB QC QC
EI QB QC QC

Common Memory |
Bank 1

Bits 54-63
Check Bits G and H

Common Memo
Bank 1 i J
Bits 32-43

Common Memo
Bank 1 i K
Bits 12-21

Check Bits A and B

Common Memory L
Go Bank Generation

Bank 0 and 1

Address Registers

SD SD SD sD
SD SD SD SD | SD SD SD SD

SD sD SD SD | SD SD SD SD

2
SD SD SD sD

1 2
SD SD SD SD | SD SD SD SD

SD SD SD sD{ SD SD SD sD

SD sD SsD sD{ SD SD SD SD

1 2
SD SD SD sD | SD SD SD SD

SD SD sD sD | SD SD SD SD

SD SD SD SD | SD SD SD SD

2
EI EI QG QG
EI EIQH QS
EI EI QE QS
EI EI -- QF

1
EI EI QG QG
EI EI QH —-
EI EI QE QI
EI EI -- QI

3 4
SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD SD SD

SD sSD SD SD | SD SD sSD SD

3 4
SD SD SD SD | SD SD SD SD

SD SD SD SD| SD SD SD sD

SD SD SD SD| SD SD SD sD

3 4
SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD SD sSD

SD SD SD SD | SD SD SD SD

4
-- -~ QG QG

-~ - ZA QA
---—QE QA

ES QB QG Qg
ER OB QH QA
ER QB QE QA
- QB -= ——

Common Memo

Bank 1 i M
Bits 44-53

Check Bits E and F

Common Memoi
Bank 1 v N

Bits 22-31
Check Bits C and D

Common Memol
Bank 1 i o
Bits 00-11

Common Memory P
Bank 1 Control

Bank Pointer Distribution

to G Modules

Module Clock Distribution
Octant Clock Distribution

1 2
SD SD SD SD | SD SD SD SD

SD'SD SD SD | SD SD SD SD

SD SD SD SD | SD SD SD SD

1 2
SD SD sSD SD | SD SD SD SD

SD SD sD sD| SD SD SD SD

SD SD SD SD| SD SD sD SD

1 2
SD sD SD SD | SD SD sD SD

SD SD SD SD | SD SD SD SD

SD sSD sSD SD | SD SD SD sSD

1

EK EK EK ——
EJ EJEJ TG
EJEJ EJ TG

2
TE TE == —-
EQ EM ZA --
EQ == == ==

3 4
SD sD SD SD | SD SD SD sD

SD sSD SD SD | SD SD SD sD

SD SD sD SD | SD sSD SD sD

3 4
SD SD SD SD | SD SD SD SD

SD SD SD SD | sSD SD SD SD

SD sD SD SD} SD SD SD SD

3 4
SD sD SD Sb | SD SD SD SD

SD SD SD SD | SD SD sD SD

SD SD SD SD | sSD sSD SD Sb

3 4

— —— 2A —

— - --2A
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G Module

Common
Memory

Common Memory A
Bank 0

Check Bits E and F

Common Memory B
Bank 0

Bits 22-31

Check Bits C and D

Common Memory C
Bank 0
Bits 00-11

Common Memory D
Bank 0 Control

Bits 0, 1 Write Data
Packet to Octant Banks 0

1
SD SD SD SD
SD SD SD sD | SD SD SD SD

SD SD SD SD | SD SD SD SD

2
SD SD SD SD

1
SD sD sD SD
SD sD SD SD | SD SD SD SD

SD SD SD SD | SD sD SD SD

2
SD sD SD SD

1
SD sD sD sD
SD sD sD SD | SD SD SD SD

SD SD SD SD | SD SD SD Sp

2
SD SD SD SD

2
EK EK EK --
——— 27 -
-- EM QN ON
TE QL QN ON

1
EJEJ == ==
EJEJ == -~
EJEJ QN ON
TE QL ON ON

3
SD SD SD SD
SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD SD SD

4
SD SD SD SD

3
SD SD SD sD
SD SD SD SD | SD sD SD SD

SD sD SD sD | SD SD SD sD

4
SD SD SD SD

3
SD sD SD SD
SD sD SD SD | SD SD SD SD

SD sD sD SD | SD SD SD SD

4
SD SD SD SD

o Qe o 0 | oot o o oot
QM QM QM QM | QM QM QU QM
EQ -- QN ON | -- —- ON ON
EQ OL ON ON | -- QL ON ON

Common Mem

Bank 0 o E
Bits 54-63

Check Bits G and H

Common Memo!
Bank 0 " F
Bits 32-43

Common Memo
Bank 0 v G
Bits 12-21

Check Bits A and B

Common Memory H
Write Data Merge

Bank 0 and 1

Address Registers

Bit 0, 1 Write Data from
Background Priority A, B

2
SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD sD SD

1 2
SD SD sD sD | SD sD SD SD

SD SD SD SD | SD SD SD SD

SD SD SD sD{ SD SD SD SD

1
SD SD SD SD
SD SD SD SD | SD sD SD SD

SDSD sD SD | SD sD SD SD

2
SD SD SD SD

1 2
EI EI == == | EI EI == ==

EI EI -- -~ | EI EI 2A -~
EI EI QK QK | EI EI QK QK
EIEITITJ | EIEITJTJ

3 4
SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD SD SD

3 4
SD SD sD SD | SD SD sD SD

SD SD SD sD | SD SD SD SD

SD SD sD sD{ SD SD SD SD

3 4
SD SD SD SD | SD sD SD SD

SD SD SD sD | SD sD SD SD

SD SD SD SD | SD SD SD sSD

4
----op QP

-- -~ QK OK

3
EI -- == ==
EI —= —= —-
EI -- OK OK
EI -~ TJTJ

Common Memory |
Bank 1

Bits 54-63

Check Bits G and H

Common Memo
Bank 1 i J
Bits 32-43

Common Memory
Bank 1 K
Bits 12-21

Check Bits A and B

Common Memory

Write Data Merge L
Bank 0 and 1

Address Registers

Bits 0, 1 Write Data from
Background Priority C, D
Module Clock Distribution

1 2
SD SD sD SD | SD SD SD SD
SD SD SD SD | SD SD sD SD

SD SD SD SD | SD SD SD SD

1 2
SD SD sD sD| sSD sD sD SD
SD sD SD sD| SD SD SD SD

SD sD sD sD{ sD sD SD SD

1 2
SD sD sD SD | SD sD SD SD
SD SD SD SD | SD sD SD SD

SD sD SD SD | SD SD SD SD

1
EIEITJTJ

EI EI QK QK
EI EI —- -~
EI EI == -

2
EI EI TJ TJ
EI EI OK QK
EI ET — —-
EI EI —— —-

3 4
SD SD sD sD | SD sD sSD SD

SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD SD SD

3 4
SD SD SD SD | SD SD sD sD
SD SD sD sD

SD SD SD sD

SD SD SD sD
SD sD SD SD

3 4
SD SD SD SD | SD sD SD SD

SD SD sD SD | SD SD SD SD

SD SD SD SD | SD SD SD SD

4

-~ - QK QK
—— = ZA ==
-= —— QP QP

3
ES =~ TJ TJ
ER -- OK QK
ER == ZA -~

Common Memo!

Bank 1 i M
Bits 44-53

Check Bits E and F

Common Memo

Bank 1 v N
Bits 22-31

Check Bits C and D

Common Memo
Bank 1 v O
Bits 00-11

Common Memol
Bank 1 Control v P

Bits 0, 1 Write Data
Packet to Octant Banks 1

1 2
SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD sSD SD

1 2
SD SD SD SD | SD sD SD SD

SD SD SD SD | SD sD sD sD

SD SD SD SD | SD SD SD SD

1 2
SD SD SD SD | SD SD SD SD

SD SD sD SD | SD sD SD sb

SD SD SD SD | SD SD SD sD

2
TE QL QN ON
-~ EM QN ON
= == 2A —
EK EK EK -~

TE QL QN QI}
EJ EJ ON ON
EJEJ == --
EJEJ == --

3 4
SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD SD SD

SD SD SD SD | SD SD SD sD

3 4
SD SD SD SD | SD sD sD SD

SD SD SD sD | SD sSD SD SD

SD SD SD SD | SD SD SD SD

3 4
SD SD SD SD | SD SD SD sD

SD SD SD SD | SD SD SD SD

SD sD SD SD | SD SD SD SD

4
-~ QL QN ON
-- —- ON QN
OM OM QM OM
oM OM OM OM

EQ QL ON QI?
EQ -~ ON ON
oM OM OM OM
QM QM QM QM
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H Module

Common
Memory

Common Memory A Common Memory B Common Memory C Common Memory D
Bank 0 Bank 0 Bank 0 Bank 0 Control
Bits 44-53 Bits 22-31 Bits 00-11
Check Bits E and F Check Bits C and D Common Memory
Readout Data Merge
1 2 1 2 1 2 1 2
SD SD SDSD | SD SD SD SD | SD SD SD SD | SD SD SD SD| SD SD SD SD | SD SD SD SD | EJ EJ EJ == | == == == =
EJ EJ EJ -- | EQ —- ZA TD
SD SD SDSD | SDSD SDSD| SD SD SD SD| SD SD SD SD} SD SD SD SD | SD SD SD SD
EK EK EK ~- | EQ EM -~ TD
SDSD SDSD | SDSDSDSD| SDSDSDSD| SDSDSDSD}| SDSD SD SD | SD SD SD SD | -- -- Q0 00 | TE TE QQ QQ
3 4 3 4 3 4 3 4
SDSDSDSD | SDSDSDSD| SDSDSDSD| SDSDSDSDf SDSDSDSD| SDSDSDSD | == == == == | == == == =—
SD SD SDSD | SDSD SDSD | SD SDSDSD| SDSDSDSD) SDSDSDSD | SDSDSDSD| ig o :E
SD SD SDSD | SDSDSDSD} SD SDSD SD| SDSD SDSD| SDSD SD SD| SDSD SD SD | == == QQ Q0 | -— —- ©Q 0Q
Common Memory Common Memory Common Memory Common Memory
Bank 0 E Bank 0 F Bank 1 G Readout Data Merge H
Bits 54-63 Bits 32-43 Bits 12-21 Bank O and 1
Check Bits G and H Check BitsA and B Address Registers
Bits 0, 1, 2 Group Address
to Banks 0 and 1
1 2 2 1 2 1 2
SD SD SD SD | SD SD SD SD | SD SD SD SD | SD SD SD SD | SD SD SD SD | SD SD SD SD | EI EI == —- | EI EI -~ —
SDSD SDSD | SDSD SDSD | sD SD SD D | SD D SD sD| sD sD 5D SD | D 8D 5D sp [ B BT 77 ~= | EI E1 ZA --
EIEI -- —— [ EI EI -~ -—
SDSDSDSD| SDSDSDSD| SD SDSD SD| SDSD SD SD| SD SD SD SD| SD SD SD SD | EI EXI QW TC | EI EI QW TC
3 4 3 4 3 4 3 4
SDSDSDSD | SDSDSDSD| SDSDSDSD| SDSD SD SD| SD SD SD SD | SDSD SD SD | EI == == == | == == == ==
SD SD SD SD | SD SD SD SD | SD SD SD SD | SD SD SD SD | SD SD SD SD | SD SD SD SD Ei I D
SD SD SD SD | SD SD SDSD | SD SD SD SD| SD SD S$D SD| SD SD SD SD | SD SD SD SD | EI == QW TC | —— ——OW OX
Common Memory ] Common Memory J Common Memory K Common Memory L
Bank 1 Bank 1 Bank 1 Readout Data Merge
Bits 54-63 Bits 32-43 Bits 12-21 BankOand 1
Check Bits G and H Check Bits A and B Address Registers
Final Readout Merge
to Background Processors
Module Clock Distribution
1 2 1 2 1 2 1 2
SD SDSDSD | SD SD SD SD | SD SDSD SD| SD SD SD SD | SD SD SD SD | SD SD SD SD | EI EI —- QR | EI EI —- QR
: EI EI == == | EI EI == ~-
SD SD SDSD | SDSD SDSD | SD SD SD SD | SDSDSD SD| SDSDSDSD | SDSDSDSD| o oL oo T
SDSD SDSD | SDSDSDSD) SD SDSD SD| SD SD SD SD| SDSD SD SD| SDSD SD SD| EI EI —— == | EI EI —- ——
3 4 3 4 3 4 3 4
SDSDSDSD | SDSDSDSD| SDSDSDSD| SDSDSDSD| SDSDSDSD| SDSDSDSD| ES =— == QR | — —= == QR
- m= wm | ———— ZA -
SD SD SD SD | SD SD SD SD | SD SD SD SD | SD SD SD SD| SD SD SD SD | SD SD SD SD 21; R R
SD SD SDSD | SDSDSDSD| SD SDSD SD| SDSDSD SD| SDSD SD SD | SDSD SD SD | == == == == | == == — —
Common Memory Common Memory Common Memory Common Memory
Bank 1 M Bank 1 N Bank 1 O Bank 1 Control P
Bits 44-53 Bits 22-31 Bits 00-11
Check Bits E and F Check Bits Cand D Common Memory
Readout Data Merge
1 2 1 2 1 2 1 2
SDSD SDSD | SDSDSDSD | SDSDSD SD| SDSD SD SD| SD SD SD SD | SD SD SD SD | -- -— QQ 0Q | TE TE QQ Q0
EK EK EK -- | EQ EM -~ TD
SD SD SD SD | SD SD SD SD | SD SD SD SD | SD SD SD SD| SDSDSD SD | SDSDSD SD| ‘o oo | g0 o
SD SD SD SD { SDSD SDSD | SD SD SD SD| SD SD SD SD| SD SD SD SD | SD SD SD SD | EJEJ EJ == | == == =— ——
3 4 3 4 3 4 3 4
SDSDSDSD | SDSDSDSD|SDSDSDSD| SDSDSDSD|SDSDSDSD|SDSDSDSD} ----Q0QQ | -—---000Q0
SDSDSDSD|SDSDSDSD| SDSDSDSD| SDSDSDSD| SDSDSDSD| SDSDSDSD| g —- - IA ;g
SD SD SD SD | SDSD SDSD| SD SD SD SD| SD SD SD SD| SD SD SD SD | SD SD SD SD | == == == == | == == == ==
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DD-49 Zero A DD-49 Zero B Node Address C DD-49 or DS-40 D
Buffer A Buffer B Distribution Disk Controller Zero
K Module
1 2 1 2 1 2 1 2
SC SC SCWI | SC SC SCWH | SC SC SCWI { SCSCSCWH | == == == == | == == WL == | == == == == | == WW == —
DD49, DS40, |scvczrar|scwcaT Wi | SCWC 2T 2T | SCWC 2T WH [ == == == == | == == == —— | WQ WQ -~ WO | WP WP - WO
SCWC WDWE | SCWCWDWE [ SCHCWDWE | SCHCWD WE | == == == == | == == == == | == ——= W2 WY | —- 2T WR —-
and LSX scscscsclscscscsc|scscscsc| scscscsc|—=—-—- o= | o= —= == —— | WV == WT —= | WV Ws wT —-
3 4 3 4 3 4 3 4
SC SC SCWK | SC SC SCWJ | SC SC SC WK | SC SCSCWJ | == == WL == | == == =c o= | == WW == == | == == == —
SC WC ZT WK | SC WC ZA ZT | SC WC ZT WK | SC WC 2A 2T | == == == == | == == 2A —- | WP WP -~ WO | WQ WQ ZA WO
SCWC WDWE | SCHCWDWE | SCWCWDWE | SCWCWD WE | == == == == | mm ce oo o[ o = WX == | 2T == —— WN
sc sc scsc | scscscsc|scscscsc| scscscsc|em o om o | omom ee oo | WV WU WT == | WV == WT -~
. DD-49 One DD-49 One LSX Input Buffer DD-49 or DS-40
Note: K Module Buffer A E | Biters F G | BRComrolorone  H
is no longer N
used. Module Clock Distribution
1 2 1 2 1 2 1 2
SC SC SCWI | SC SC SCWH | SC SC SCWI | SC SC SCWH | SC SC SCWI | SC SC SCWH | —— == —= — | == Wi == ==
SC WC ZT ZT | SC WC ZT WH | SC WC 2T 2T | SC WC 2T WH | SC WC 2T 2T | SC WC 2T WH | WQ WQ —- WO | WP WP —— WO
SC WC WD WE | 5S¢ W WD WE | SC WC WD WE | SC We WD WE | SC WC WD WE | SCWC WD WE | == —- W2 WY | == 2T WR --
sc sc scsc | sc sc scsc| scscscsc| scscscsc|scscscsc| scscsc sc| W -- WT -~ | WV WS WT ——
3 4 3 4 3 4 3 4
SC SC SCWK | 5C SC SCWJ | SC SC SC WK | SC SC SCWJ | SC SC SCWK | SC SC SC W | == W == == | == == == ==
SC WC ZT WK | SC WC ZA ZT | SC WC 2T WK | SC WC 2A 2T { SC WC ZT WK | SC WC ZA ZT | WP WP -- WO | WQ WQ ZA WO
SC WC WD WE | SC WC WD WE | SC WC WD WE | SC WC WD WE | SC WC WD WE | SCWC WD WE | —— ZA WX —- | 2T —~ —- WN
SC SC SC SC | SC SC SC sC | SC SC SC 5C | SC SC SC SC | SC SC SC SC | SC SC SC SC | WV WU WT —- | WV == WT —-
DD-49 Two | | DD-49 Two J | Low-Speed External K | DD-49 or DS-40 L
Buffer A Buffer B 110 Controller Disk Controller Two
1 2 1 2 1 2 1 2
SC SC SCWI | SC SC SCWH | SC SC SC WI | SC SC SCWH | == == == == | == NI == == [ == == == == | == WW == —-
SC WC 2T 2T | SC WC 2T WH | SC WC 2T 2T | SC WC 2T WH | ND ND —- NB | NC NC —= NB | WQ WQ -- WO | WP WP —- WO
SC WC WD WE | SC WC WD WE | SC WC WD WE | SC WC WD WE | == NH == NE | == 2T == NF | == == W2 WY | == 2T WR —-
SC SC SC SC | SC SC sc sc | sc sc sc sc | s SC SC SC | NL NK NN == | NL -— NN == | WV == WT == | WV WS WT —-
3 4 3 4 3 4 3 4
SC SC SCWK | SC SCSCWJI | 5C SCSCWK | SCSC SCWI | == NI == == | == == == o | = WH == == | == == —= ==
SC WC ZT WK | SC WC ZA ZT | SC WC ZT WK | SC WC ZA 2T | NC NC —- NB | ND ND 2A NB | WP WP == WO | WQ WQ ZA WO
SC WC WD WE | SC WC WD WE | SC WC WD WE | SC WC WD WE | 2T == == NG | == NH == NA | == == WX == | 2T == == WN
s¢ sc sc sc | sc sc sc sc | sc sc sc sc | sc sc s¢ s¢ | NL NI NN == | NL NM NN -- | WV WU WT == | WV — WT —-
DD-49 Three M DD-49 Three N LSX Qutput Buffer o) DD-49 or DS-40 P
Buffer A Buffer B Disk Controlier Three
1 2 1 2 1 2 1 2
SC SC SCWI | SC SC SCWH | SC SC SC WI | 5C SC SC WH | SC SC SCWI | SCSC SCWH | == == == == | —= Wi = —-
SC WC 2T 2T | SC WC 2T WH | SC WC 2T 2T | SC WC 2T WH | SC WC 2T 2T | SCWC ZT WH | WQ WQ —- WO | WP WP —- WO
SC WC WD WE | SC WC WD WE | SC WC WD WE | SC WC WD WE | SC WC WD WE | SCWC WD WE | - —- WZ WY | —— ZT WR —-
5C SC SC SC | SC sc sc sc | sc scsc sc | sc scsc sc| scscscsc| scscscsc| W —- WE = | WV WS WT —-
3 4 3 4 3 4 3 4
SC SC SCWK | SC SC SCWJ | SC SC SC WK | SC SC SCWJ | SC SC SC WK | SC SC SCWJ | == Wi == == | == == = ==
SC WC 2T WK | SC WC 2A 2T | SC WC 2T WK | SC WC ZA 2T | SC WC 2T WK | SC WC 2A 2T | WP WP —— WO | WQ WQ ZA WO
SC WC WD WE | SC WC WD WE { SC WC WD WE | SC WC WD WE | SC WC WD WE | SCWC WD WE | == —— WX == | ZT — ~— WN
SC SC s¢ SC | SC sc sc s¢ | sc sc sc sc | sc sc sc sc| sc sc sc sc| scscscsc|wvwuwWT —- | W -- Wr —-
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HIPPI Destination A | HIPPISource Buffer B | HIPPI Destination C | HIPPI Source D
L M d l Buffer Zero Zero Controller Zero Controller Zero
oaulie
1 2 1 2 1 2 1 2
SC SC SCWI | SC SC SCWH | SC SC SCWI | SC SC SC WH | 9€ —— VR — | —— JC VR —= | KC —= WL — | — KC — —
HIPPI SC WC 2T 2T | SC WC ZT WH | SC WC 2T 2T | SC WC 2T WH | —— JG JE JB | JD JO JF JB | -- KG KE KB | KD KH KF KB
SC WC WD WE | SC WC WD WE | SC WC WD WE | SC WC WD WE | JD VR JT == | == VR JI JA | KD VR == —= | == VR - KA
Channels SC SC SC SC | SC SC SC s¢ | s¢ sc sc sc | s¢ sc s¢ s¢ | IK 9K IL 92 | IK IK JL -- | KK KK —- K2 | KK KK KL -
3 4 3 4 3 4 3 4
. sc sc scWK | sc sc scwy | sc sc scwk | sc sc sc w3 | ac —- VR == | -— J¢ VR == | KC = WL —- | — KC — -~
Four 32-Bit SC WC 2T WK | SC WC 2A 2T | sC WC 2T wK | scwe za 2T | -- 37 Jp B | JD J0 JQ JB | =~ KJ — KB | KD —- —— KB
HIPPI SC WC WD WE | SC WC WD WE | SC WC WD WE | SC WC WD WE | JD VR JI =— | —— VR 2A - | KD VR == KI | KO VR zA ——
SC SC SC SC | SC SC SC SC | SC SC SC SC | SC SC SC SC | JK JK dM J2 | JK JK IN —- | KK KK KM KP | KK KK KN K2
Channel HIPPI Destination E | HIPPISource Buffer  |F | HIPPI Destination G | HIPPI Source H
C on trol l er Buffer One One Controller One Controller One
o
Pairs
1 2 1 2 1 2 1 2
SC SC SC WI | SC SC SC WH | SC SC SC WI | SC SC SC WH | JC ~- VR == | == JC VR == | KC == WL == | == KC == =
SCWC 2T 2T | SCWC 2T WH | SC WC 2T 2T | SC WC 2T WH | — JG JE JB | JD JO JF JB | —- KG KE KB | KD KH KF KB
SC WC WD WE | SC WC WD WE | SC WC WD WE | SC WC WD WE | JD VR JT == | ~= VR JI JA | KD VR == == [ == VR —— KA
s sc sc sc | sc sc sc sc | sc sc sc sc | sc sc scsc| Ik 9K gL 32 | IK IK IL —- | KK KK == KZ | KK KK KL ==
3 4 3 4 3 4 3 4
SC SC SC WK | SC SC SC WJ | SC SC SC WK | SC SC SC WJ | JC —- VR == | —— JC VR —= | KC == WL —= | ~= KC - ——
SC WC 2T WK | SC WC ZA 2T | SC WC 2T WK | SC WC 2A 2T | = JJ JP JB | JD JO JQ JB | —- KJ —- KB | KD —— - KB
SC WC WD WE | SC WC WD WE | SC WC WD WE | SC WC WD WE | JD VR JI —— | -~ VR ZA —— | KD VR == KI | KO VR ZA ——
SC s¢ sC SC | sc sc sc sc | sc s¢ sc s¢ | s¢ sc sc s¢ | IK IK oM J2 | JK JK IN -- | KK KK KM KP | KK KK KN K2
HIPP! Destination | | HIPPISource Buffer ~ J | HIPPI Destination K| HIPPi Source L
Buffer Two Two Controller Two Controller Two
1 2 1 2 1 2 1 2
SC SC SC WI | SC SC SC WH | SC SC SC WI | SC SC SC WH | JC == VR == | ~= JC VR == | KC == WL == | == KC == ==
SC WC 2T 2T | SC WC 2T WH | SC WC 2T 2T | SC WC 2T WH | —— JG JE JB | JD JO JF JB | -- KG KE KB | KD KH KF KB
SC WC WD WE | SC WC WD WE | SC WC WD WE | SC WC WD WE | JD VR JI == | —— VR JI JA | KD VR == = | —— VR — KA
SC SC SC SC | sc s¢ sC sc | sc sc sc sc | s¢ sc s¢ SC | JK IK JL J2 | JK JK JL - | KK KK == K2 | KK KK KL ~-
3 4 3 4 3 4 3 4
5C SC SCWK | SC SC SC WJ | SC SC SC WK | SC SC SC WJ | JC == VR == | == JC VR == | KC =~ WL == | —— KC — ==
SCWC 2T WK | 5C WC 2A 2T | sC we 2T wK | sc we za 2T | - 37 9P 3B | JD J0 JQ JB | -- KJ —- KB | KD —- -~ KB
SC WC WD WE | SC WC WD WE | SC WC WD WE | SC WC WD WE | JD-VR JI —- | —— VR ZA - | KD VR —- KI | KO VR ZA —
SC sC sc s | sc sc sc sc | sc s sc sc | sc sc scsc | IK IK M J2 | JK IK IN -— | KK KK KM KP | KK KK KN K2
HIPPI Destination M | HIPPISource Buffer |\ | HIPP! Destination O | HIPPISource P
Buffer Three Three Controller Three Controller Three
2 1 2 1 2 1 2
SC SC SCWI | SC SC SCWH| SC 8C SCWI | SC SC SCWH | JC == VR == | == JC VR == | KC ~= WL — | —— KC - —
SC WC 2T 2T | SC WC 2T WH | SC WC 2T 2T | SC WC 2T WH | —- JG JE JB | JD JO JF JB | -— KG KE KB | KD KH KF KB
SCWCWDWE | SCWCWDWE] SCWC WD WE | SCWC WD WE | JD VR JI —— | = VR JI JA | KD VR == == | == VR == KA
sc sc sc sc | sc sc sc sc| sc scscsc| scscscsc| IK IK IL 32 | JK JK IL —- | KK KK —- K2 | KK KK KL —
3 4 3 4 3 4 3 4
SC SC SC WK | SC SC SC WJ | SC SC SC WK | SC SC SCWI | JC == VR == | == JC VR == | KC —— WL = | == KC == ~-
SC WC 2T WK | SC WC 2A ZT | SC WC ZT WK | SCWC 2A 2T | -~ JJ JP JB | JD JO JQ JB | —- KJ —- KB | KD —- —- KB
SC WC WD WE | SC WC WD WE | SC WC WD WE | SC WC WD WE | JD VR JI ~~ | =~ VR 2A —— | KD VR -— KI | KO VR 2a —-
sc sc sc sc | sc sc sc sc| sc sc sesc| scscsesc| K IK oM Iz | IK IK N —— | KK KK KM KP | KK KK KN K2
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HIPPI Destination A HIPPI Source Buffer B HIPPI Destination C HIPPI Source D
Buffer Zero Zero Controller Zero Controller Zero
M Module

I/0

1 2 2 1 2 1 2
SC SC SCWI | SC SC SCWH | SC SC SC WI | SC SC SC WH } JC ~= VR == | == JC VR == | KC == WL == | == KC == ==

DD49, DS40, |scvczrzr|scwc T wh | SCHC 2T 2T | SCWC 2T WH | = JG JE JB | JD JO JF JB | -~ KG KE KB | KD KH KF KB

SCWCWDWE | SCWCWDWE | SCWCWDWE | SCWCWDWE | JD VR JI == | == VR JI JA | KD VR == == | ~= VR == KA
LSX and SC SC SC SC | SC SC SC SC | SC SC SC SC | SC SC SC SC | JK JK JL JZ | JK JK JL —- | KK KK == K2 | KK KK KL ~-
HIPPI 3 4 3 4 3 4 3 4
SC SC SCWK | SC SC SCWJ | SC SC SC WK | SC SC SC WJ | JC == VR == | == JC VR == | KC == WL == | == KC == ==
Channels - I'scWC 2T WK | SCWC 2A 2T | SC WC 2T WK | SCWC 2A 2T | —- 37 JP JB | JD JO JQ JB | -- KJ —— KB | KD -- -~ KB
SC WC WD WE | SC WC WD WE | SC WC WD WE | SC WC WD WE | JD VR JI == | =~ VR ZA ~— | KD VR == KI | KO VR ZA -~

SCSCSCSC|SCSCSCSC]SCSCSCSC| SCSCSCSC|JIKJIKIMJIZ | JKJIK IN -- | KK KK KM KP | KK KK KN K2

DD-49 One LSX Input Buffer DD-49 or DS-40
E Buffer F P G Disk Controller One H

Module Clock Distribution

1 2 1 2 1 2 1 2
= =- =— e~ | == ==~~~ SCSCSCWI}] SCSCSCWH| SCSCSCSC| SCSCSCSC|-~TSUM==} == TS UM -

= == == ==} e~ == == —= | SCWC 2T 2T | SCWC 2T WH| 2T WE NP 2T | 2T WE NQ 2T | TR =~ ~- TM | TR TP TQ TM
=== ee | vm e == == | SCWCWDWE| SCWCWDWE| WD NO ~~ SC | WD NO == SC| TS ZA == == { TS ZT -— -——
== == me m— | == == == ==} SCSC SCSC| SCSCSCSC| SC SCSCSC| SCSCSCSC| UNTT TW=--| TZ TU TW -—

3 4 3 4 3 4
—- o e e | e e = —— | SCSCSCWK| SCSCSCWI|SCSCSCSC| SCSCSCSC|-—-TSUM—-| —— TS UM ——
—w ww o em | == «= 2R ~= | SCWC ZTWK| SCWC Z2A 2T | ZT WENR 2T | 2TWE 2A 2T | TR =~— —— TM | TR —— Z2ZA T™™M
oo e e | e e e e | SCWCWDWE| SCWCWDWE| WD NO =~ SC| WD NO == SC| TS TV TO TN | TS 2T -- TL
= —— - ee| ee == —— ——| SCSCSCSC| SCSCSCSC| SCSCSCSC| SCSCSCSC| UNTY TW--| TZ TX TW —

DD-49 Two LSX uence Control DD-48 or DS-40
I Buffer ‘J Sed K Disk Controlier Two L

1 2 1 2 1 2 1 2
== == == == | == == ~~ == | 5C SC SCWI | SC SC SCWH | NLNF == NN | NL -~ == NE | == TS UM == | == TS UM -~
—- == == == | == == == —— | SCWC 2T 2T | SC WC 2T WH | 2T -~ —— NA | 2T == -~ NC | TR == —- TM | TR TP TQ T™™
—— == == == | == == == == | SC WC WD WE | SC WC WD WE | == NJ == NB | == NI == NB| TS == == == | TS 2T -~ --
=== —mmo [ ewee e -] SC SC SCSC| SCSCSC SC| == == == NN | == =~ == == | UN TT TW —- | T2 TU TW —

3 4 3 4 3 4 3 4
= ww ee e | ~= ~- =~~~ 1 SC SC SCWK | SC SC SCWJ | NL ~- == NH | NL == == NH| -~ TS UM -~ | =~ TS UM —
== == === | =~ == 2R —— | SCWC 2T WK | SC WC ZA 2T | 2T -- -~ NG | 2T —- 2A -~ | TR == -~ TM | TR —— ZA T™™
—— - === == == == | SCWCWDWE| SCWCWDWE | -- NK -~ NB| ~— == =~ NB| TS TV TO TN | TS 2T -- TL
—= == e e ===~ o~ ——]SCSCSCSC| SCSCSCSC| ND ~~ —— NM| ND —- -= NM} UN TY TW -~ | TZ TX TW —

M DD-49 Three N | LSX Output Buffer (o) DD-49 or DS-40 P
Buffer Disk Controller Three

1 2 1 2 2 1 2
== == —— == | == == ————| SC SCSCWI | SC SC SCWH| 5C SC SC SC | SCSC SC SC| -~ TS UM —- | —- TS UM —
o= wm mm == | == == —— —— | SCWC 2T 2T | SC WC 2T WH | 2T WE NP 2T | ZT WE NQ 2T | TR -— -- TM | TR TP TQ ™
== == == == == == —— —— | SC WC WD WE | SC WC WD WE | WD NO —— SC | WD NO -- SC| TS == —-- —= | TS ZT —- —

=== —— el ee e -} SCSCSCSC| SCSCSCSC| SCSCSCSC| SCSCSCSC} UNTT TW ~-| TZ TU TW —

3 4 3 4 3 a4
== == == == == —— —=——| SC SC SCWK | SC SC SC WJ | SC SC SC SC | SC SC SC SC| =~ TS UM =~ | == TS UM -~
~= =m we == | == == ~= «= | SCWC 2T WK | SC WC 2A 2T | 2T WE NR 2T | 2T WE 2A 2T TR-- —— TM | TR -- ZA ™
- e= | ==~ == —— | SCWCWDWE | SCWCWDWE] WD NO--SC! WDNO--SC|] TSTVTOTN| TS 2T —— TL
—— == == == | == == ==~ | SCSC SCSC| SCSC SC SC| SC SC SC SC| SCSCSC SC| UNTY TW —- | T2 TX TW ——
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N Module
I/0
HIPPI

Dynamically
Switchable
Four 32-Bit
Controller
Pairs or

Two 64-Bit
Controller
Pairs or

Two 32-Bit
and One
64-Bit
Controller
Pairs

HIPP! Destination A
Buffer Zero

HIPPI Source Buffer B
Zero

Controller Design in
Process for the

N Module as of
July 28, 1993.

C

1 2
SC SC SCWI | SC SC SC WH
SC WC 2T 2T | SC WC 2T WH
SC WC WD WE | SC WC WD WE
SC SC SC SC | SC SC SC sC

1 2
SC SC SC WI | SC SC SC WH
SC WC 2T 2T | SC WC ZT WH
SC WC WD WE | SC WC WD WE
SC SC SC SC | SC SC sC sC

3 4
SC SC SCWK | SC SC SCWJ
SC WC ZT WK | SC WC ZA 2T
SC WC WD WE | SC WC WD WE
SC SC SC sC | SC sC sC sC

3 4
SC SC SC WK | SC SC SC WJ
SC WC ZT WK | SC WC ZA ZT
SC WC WD WE | SC WC WD WE
SC SC SC 5C | SC SC sC sC

HIPPI Destination E
Buffer One

HIPPI Source Buffer |-
One

1 2
SC SC SCWI | SC SC SC WH
SC WC 2T 2T | SCWC ZT WH
SC WC WD WE | SC WC WD WE
SC SC SC SC | SC sC sC sC

1 2
SC SC SC WI | SC SC SC WH
SC WC ZT 2T | SC WC 2T WH
SC WC WD WE | SC WC WD WE
SC SC SC SC | SC sC sSC sC

3 4
SC SC SCWK | SC SC SC WJ
SC WC 2T WK | SC WC ZA 2T
SC WC WD WE | SC WC WD WE
SC 8C SC SC | sC sC sC sC

3 4
SC SC SC WK | SC SC SC WJ
SC WC 2T WK | SC WC ZA 2T
SC WC WD WE | SC WC WD WE
SC SC sC SC | sC sC sC sC

HIPPI Destination |
Buffer Two

HIPPI Source Buffer  J
Two

SC sC sC WI1 SC sC sC Wlf
SC WC 2T ZT | SC WC 2T WH
SC WC WD WE | SC WC WD WE
SC SC SC SC | SC sC sC sC

SC SC sC WI1 SC sC sC WI-?
SC WC 2T 2T | SC WC 2T WH
SC WC WD WE | SC WC WD WE
SC SC sC SC | sC sC SC sC

SC sC sC WI? SC sC sC WJ4
SC WC ZT WK | SC WC 2A 2T
SC WC WD WE | SC WC WD WE
SC SC SC SC | SC sC sC sC

SC sC SCWI? SC SC sC W\?
SC WC 2T WK | SC WC ZA 2T
SC WC WD WE | SC WC WD WE
SC SC SC SC | SC SC sC sC

HIPPI Destination M
Buffer Three

HIPP| Source Buffer N
Three

SC sC sC W; SC sC sC Ws
SC WC 2T 2T | SC WC 2T WH
SC WC WD WE | SC WC WD WE
SC SC 8C sC| SC sC sC sC

SC SC SCWI | sC sC sC WS
SC WC ZT 2T | SC WC 2T WH
SC WC WD WE | SC WC WD WE
SC SC SC sC| SC sC sC sC

SC sC sC WI? SC sC sC W;
SC WC ZT WK | SC WC ZA 2T
SC WC WD WE | SC WC WD WE
SC SC SC SC| SC sC sC sC

SC sC sC WI? SC sC sC Wg
SC WC 2T WK | SC WC 2A 2T
SC WC WD WE | SC WC WD WE
SC SC SC sC| SC sC sC sC
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Index

A Module 7

absolute coordinates 86

AC box 247

AC bulkhead 247

access time, memory 18, 70

acrylic lid 197, 208

address size, for IC masks 102

address units 107

AF cell 64

AG cell 58, 65

AH cell 66

Al cell 66

air bubbles 197

alignment marks 30, 102, 103, 109, 117, 118
alignment of FETs on wafer 104, 105
alignment pins 138

alignment process, Canon stepper 118
aluminum casting 210

and, logic 49, 52

anode 36, 38, 42, 43

Archive Header File 107

argon, use of 114

assembly pins 136 ‘
asymmetry, in clock amplifiers 62, 63
auto-leveling 243

Automatic Pin Insertion Machine 188—189
auto-router 153

avenue, in ICs 51, 79, 80

B

B Module 7

backgating 120

Background Processor 7, 17, 19-22, 190, 191, 196, 197,
218

ball formation 128

bandwidth, memory 17

bank, Common Memory 17, 18

bar code 103, 104, 108

bed of nails tester 141

beryllium-copper alloy, use of 168

beryllium-copper wire, use of 180

binary circuits 1

bits, correction 17

bits, data 17

board solder 174

bonding pads 13, 51, 60, 85, 86, 93, 104, 124, 128

bonding rate 129

boolean 79, 81, 88, 91, 97, 98, 124

buffer board 194

buffered outputs 57

buffers, data 17, 253

building a module 172

bulkheads 210

bus screws 163, 219

bypass capacitors 160
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C

C Maodule 7
CA cell 60
CAD, see Computer Aided Design
Cadence 31, 74
cap, silicon nitride 118, 120
capacitive loading 62, 98:
capacitor design 40-45
capacitor, electrical characteristics 45
capacitors, in pulse-power supplies 192
capagcitors, reverse biased, in CRAY-3 ICs 50
capacitors, size of in CRAY-3 ICs 4041
cathode 36, 38, 42
CB cell 60, 62
CCcell 63 gwv. -
cell library 48, 478 . |
cell placemem;, inan LC 91 92

celis 48,81, 16 ¢ &
cells, see also | macros
channels, for cooling 231
chilled water 243, 248
chips 13
chips, see also integrated circuits
chrommm 101
circulation pump 231, 237
clamping function, of diodes 36
clamping, voltage 53, 54, 58, 66
clean room 101, 139
clear, data on mask layers 109
clock amplifier design 60—64
clock inputs 51
clock phase timed4 .
clock skew 62 o
clock spegd 194 ..«
clock, invert 4, 60, 95
clock,normal 4, 25
clock, odd phases 4
Common Memory 7, 17-18, 197, 228
complemeniary, logic output 54, 55
Composite, Board Stack 146
Computer Aided Design (CAD) 31, 74, 81, 82
conditioning filters 231
connector, 2 by 22 9, 145
connector, flex 9, 167169, 175, 218, 229
contact immersion cooling 231
contact probes; use of 191
Control Pod 2, 197, 231, 237-250
controllers, pcnpheral equipment 17, 251, 252
cooling 231-234
cooling charhels'231 " -
capper, uge gf 139 141 150 158

CPU 7

CPU, see also Background Processor

Cray Research, Inc. 251

CRAY-2 1, 15-16, 231

CRAY-2, use of in design of CRAY-3 99, 153

CrayDraw 31, 74, 139, 145, 153

crystalline structure of gallium arsenide 104, 113
current rating, of pulse-power supplies 192
current source design 35, 52, 53, 55

cutter, for jumpers 188

cycle time, memory 18, 70, 71

D

D cell design 5254

D Module 7

data rotation 104

data transfers 256, 257

data, on glass masks 102—104

DC bulkhead 245, 248

Dead Start 194, 237

defects in twist pins 181

delay chains, long 64

density, logic gate 27

depletion mode 113

design rule checks (DRCs) 98, 99

diagnostic software 195, 196, 199, 202

dicing 126127

die 13, 48, 104, 127, 132, 147, 173, 177, 178, 202,
203

Die Attach 177

die stamper 179

die, see also integrated circuits

dielectric 33, 114, 121, 139

differential coupling 60

dimensions, bypass capacitors 160

dimensions, C-Pod 237

dimensions, drilled hole 155, 158

dimensions, drilled holes 150

dimensions, IC packages 83

dimensions, logic plate traces 150

dimensions, logic signal trace line 12

dimensions, module 7, 133

dimensions, of circuit boards 139

dimensions, of drilled hole 140

dimensions, of GaAs wafer 113

dimensions, of gold leads 137

dimensions, of plated holes 141

dimensions, of printed circuit boards 141

dimensions, of trace metal 142

dimensions, of Ultem pieces 135

dimensions, power and resistor plates 185

dimensions, printed circuit boards 11

dimensions, reticles 116

dimensions, System Cabinet 1, 207

dimensions, trace lines in IC 94

dimensions, vias in ICs 96

dimensions, wafers 125

diode design 3640

diode, type A 36, 39

diode, type B 38, 39
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Disk Array 257
Disk Subsystem 251
DITMCO tester 141
doubie implant 32
drain current 34, 35
drain element 31, 33
drain voltage 34, 35
drawing layer 87
duty cycle 193

E

E cell design 54-55

E Module 7

E-beam, see also electron beam 101, 102
Electroglas 124

electroless copper process 140

electron beam evaporation 121, 122
electronic module, of C-Pod 245

emitter coupled logic (ECL) 48, 235
epoxy glue, use of 168, 175

epoxy, use of 139

equipment used in full-power testing 196
equipment used in pulse-power testing 192
errors, in testing of modules 195

ESD protection 62, 64, 65

Extract 98

F cell design 5657

F Module 7

failure analysis 203

failure analysis codes 204

false, logic state 229

FAST testing 57, 59, 124—-125

FF and FG cell design 58

field effect transistor (FET) 29, 54, 104, 121
field numbering 112

field, dark 102

field, light 102

FIFO 258

filters 237

first layer metal 33, 35, 36, 50, 96, 121
FJ and FK cell design 59

flat of wafer 105, 106, 110, 113

flex connector, advantages of 168

flow blockers 183, 231

flow meters 243, 248

Fluorinert 4, 137, 154, 237, 243, 244, 248
foreground channel loop 252, 258

Foreground Processor 7, 17, 23-25, 190, 191, 193, 195,

196, 197, 218, 252, 258
forward biased, of capacitor 45
forward current, of diode 39, 40
forward resistance, of diode 39
fracturing 104—-108

front panel user controls 241
full-power testing 196—202
full-power testing, advantages of 196

G Module 7 g
gallium arsenide 2, 13, 15, 2@1\;"3 ®
gate array based 29 {
gate current 29
gate element 31
gate metal 33, 35 . o
gate voltage 29,34 = 75 1
gate, logic, density 27
gate, orientation on wafer 105
gates, logic, type of used in CRAY-3 48
glass plates, for ICs, see also masKs-101 .,
gold germanium, use of 115 - "4 as i Jvo
gold, use of 114, 115, 121, 122, 128, 141,
168, 180 T 5
grid, 0.1 micron 31, 83 L3N
guide pins 186

H Module 7
hand placement of cells in ICs 97°%
hand routing of ICs 97

heat 3

heat exchangcr 231, 237
high-power microscope, use of 20
high-speed cards 235 g
HIPPI 235, 257, 258 A
horizontal power buses 220, 221 = ¥l
hoses 237 o N
Hughes Automatic Pin Insertion Machﬁ’i@l%g :
Hughes bonding machine 128, 179 N ’” i
Hughes Semi-Automatic Pin Insertlon
hydrogen, use of 120

L

nE ;‘I?i:iz
/O Module 190, 196, 197,218
IC assembly 79—89 '
IC Master 99, 104
IC, test 104 s
Idss 34 L
impedance 142, 150 “
inductive probes, use of 191 ,,
infrared microscope, use of 19, Dz
ingot 113, 120 .
mputs maximum number for IC pac
inscriptions, IC names 112, ., CEL
integrated circuits 13, 79; 101, T13; 1’3’5
inverting amplifier 49, 54,.60 5
ion implantation 114

TR B

136 'z-
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jumpers 136, 140, 180~ *
Jumpers, defects 182~ +
Jumpers inspection of ‘181
Jumpers ‘mechanieal 144 -
jumpers, number: odule
jumpers, power 1@2’-g 35

kltung 1’73

LModule7 CEL et
lamination,of mmum boards 140

laser welding 181 agicul i

latch failure.64

layer title 110 g

layers in-a module 8, 9 T
layers, in circuit board 143 il
layers, of memory. circuit boards 147
leader-less twist'pin:188 . .
leakage; in-integrated circuit desrgn 33 120
level sensors 243, 244 :
level shifting 36, 54, 57, 58, 65, 66
lift-off process 121, 122

linear accelerator. 114 - o
loading, internal 49 54 55

logic gates:36

logic package desrgn 48—64 g

logic plates 8,:12, 134, 150—153 171 183
low-speed cards 235 ,

M Module7 ety
machine clock penod 4 e ’
Magintosh-99, 125, 193, 194, 195 19
)macros, nesting of 82
‘macros, see also cells 48, 81, 82 83
maintenance:panel 244 - 2k
:masks, eircuit boards . 139 S o
masks; integrated circpits 30 8] 101—-1 12 115
‘maximum ficld-strength, of Tesistor 46 -
ymaximum;:number of i mputs for IC 81

‘maximum number of outputs for IC 81

module pallet 186 -

module repair 202203

module stacking 183186

module testing 190202

module, power distribution in 163—166
motor generator (MG) 222, 244

motgr generator exciter 243

mootor starters 247 :

N
N- implant 31, 32, 42, 119
N+ implant 31, 42, 46, 66, 119
National Center for Atmospheric Research (NCAR) 3
Neodymium Glass laser181
nickel, use of 141, 150, 158
nitrogen, use of 114
noise, high frequency 160
non-metallic bolts 197, 208
normal, logic output 52, 54, 55

0

octant 4, 210, 213
octant valves 243
octant, use of term 5
Ohmega layer 134
ohmic contact 36, 39, 46, 115

ohmic metal 32, 33, 127

one, logic state 48, 194, 229

operating temperature 231

or, logic 49, 53, 54, 56

orientation of FET on GaAs wafer 114
O-ring 208 A

oscillator 3. L

outputs, maximum number for IC package 81

P
pad assignments 93
passivation laycr 104, 109, 123
passwatlon ‘openings 30 U

path resistance, diodes 36

PECVD 114, 121

Perkin-Elmer E-Beam 101

phase shift, in clock circuits 60
photo-optical sensor 189
photoresist 114, 115, 121, 139, 140

?gggsy Jq%%’“}&t 718 7 SRt photoresist, retro-grade’ 122

v-memory’ local 7 AOGIEI pm insertion rate 188

‘Metal Oxide Ser xboﬁductors (MOSFETS) 29, 192 pin llr:se;;lonitlz;ate gﬁ 1§§

‘Metal Semiconductors (MES $)29, 113 pinch-o ! g'g_ 1%8 ,

metallization variation 29 pinning )

-module: 7, :133, 171 : pinout, memory die 71-73

.module build 172 piping 237

-module clock 254 PlaceCells 81

module ]Ayéﬁ 8 plasma enhanced chemical vapor deposition 114
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plasma etch 121
plating uniformity 158
platinum, use of 115
polarities, logic 49
ports, memory access 17 .
position of ICs on wafer 110~ '/ " .
power blades 9, 133, 158, 162—-163 183, 185, 186,, 219
power buses 162, 219

power distribution 163, 219

power grid, inICs 50, 51 *

power pins 138, 185 :

power plates 8, 12, 134, 158—159 171 183

power plates, layers 158 C e
power supplies 1, 207, 222-227 S
power supplies, for pulse-power testing 192

power surge protection 64

power, watts 3, 4, 48, 231 ~
pressure transducers 243 g R
printed circuit board manufacturing 139—141

probe pads 104

Process Control Monitor (PCM) 103, 104 127
program code 17

propagation delay, see also speed 54, 55 62
protection circuitry 192

protective overlay 135

proton isolation 120

puller, for insertion of jumpers 188

puller-cutter cycle 187 o R SHE e
pulse-power testing 190195 -~ . -
pulse-power testing, advantages of 190

RAID 251, 257 )

RC time constant, in clock amplifiers’ 607
read timing 69

recess insulator 43

recess opening 33 3

referenced coordinates 85 FO s
reservoir 233, 237 o
resistivity, co-planar trace on loglc glate 150
resistivity, of GaAs 114 = ...
resistivity, of implant 119 R B
resistor design 4647

resistor plate 8, 12, 56, 154,-157 171 183 185
resistor plate, layers 154
reticles, see also masks 113 . ~; b
reverse biased capacitance, of. dnodes 40 .-
reversed biased mode, of capacnor 45 Tt
Route 81, 98
routing, of ICs 88-97
RS-232 248

RS-485 248

RTA 120

[

S ear ObL
saturation, in design of resistor 46 51
SC die 70 e
Schottky barrier, see also Schottky g;Qde;l]&
Schottky diode 29, 32, 36, 113. Gitng ;
Schottky metal, see first layer: metal; ;‘gtj;bq%gﬁ)ﬁm
Schottky-Diode FET Loglc, see SDFL BT S
SD die 70
SDFL 48
SECDED 18
second layer metal 50 51, 122
seed layer 140 -
segments, fractured 106 2l()7
semiconducting channel 31
semiconducting channel, length 31575 io nGir
series resistance, in capacitor desxg?rmm ariblsw

OE S msagmu
‘z!,:ﬁﬂ; Z»M“Tu{

SF die 70 R or) wanlisd m
sheet resistance 32, 46 m f &l«
shims 231

shrinkage factor 31, 46
sidegating 120 .
signal generator 2471 =
signal termination 6G:est; 1
silane, use of 115 7w
silicon 2, 15, 114, 119
silicon dioxide, use of 115, 123
silicon nitride, use of 114, 118
simplex channel 258
SM die 71 ’ :
solder quick tape, use of 17&—# B vmeh
solder sleeve 230 AR
soldering 174 ' ¢ LRIRES ;
soldering, Pulsed Reflow 175 DU AL DR
source element 31,33 }/

i tleyi 4} VIO 1D :m‘(ai
‘n8i mq mmu b

i—C ,Q&-ﬂsmaxm Egmmm

source follower 52, 54, 55 T al”mg 1
spacers 137, 175, 183 4 ey
speed 48, 124 - ey UL 201 Q8 deontout

i ghest st

spot'size 102" é
sputtering 114, 115
square, of dlode 36
SRAM 18, 65,66 -, .o
Stacking Fixtire, 16-Uf
stacks 17, 135, 137,
stacks, control 17 3
stamper, for die 179 i T
stamping force 179, 203 3
standard cell based 29
stepper, Canon 101,, ,103, 104, )
strain reliefs 175"
streets, in ICs 51, 7
stripes, fractured 106 107
sub-floor 208
substrate 29, 33, 113, 115
symmetry, in clock amplifiers 62
System Cabinet 1, 2, 4, 207-217

:&:&ﬂsﬁ{nﬁ
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system clock 247, 252
system resct 243
System Test Interface

\ T
tank 6, 207, 208, 210, 213
tank, see also System Cabinet
Teflon, use of 167
temperature, operating 231
terminating resistor 56, 58, 134
terminating resistors, number on resistor plate 154
test station 190
testing, of board artwork 146
testing, of IC artwork 98
thermocouples 243
thermosonic ball bonding 128
threshold voltage 48
titanium, use of 115, 117, 118, 122
Toshiba 160
touch screen display 241
trace lines, in ICs 51, 96
transistor, design 3135
transistor, electrical characteristics 34
Transistor-to-Transistor Logic (TTL) 194
translater cards 235
transmission line 48, 56
true, logic state 229
twist pins, see jumpers

U

Ultem overlay 135, 183
ultrasonic welding 128
ultraviolet light 116, 118, 139
Universal Stacking Fixture 183
UNIX 237, 247

up/down pump 237

A/

Vector Register 13, 50, 60, 67—69, 74
Vg 50,51, 64

Vgs34

vias 96, 121, 140, 146

Vm 192, 222, 244

Vn 50, 51, 192, 222, 223, 244
Vn power bus, in ICs 93

Voh 57, 58, 59

Vol 57, 59

voltage droops 160

voltage regulation 192

Vp 50, 51, 64, 192, 222, 223, 244
VPlat 98

W
waffle pack block 178
waffle packs 125, 127, 128, 173

wave length of light 118

wire haress 218, 227, 228-230
wirebonds 145, 152, 175

wires, twisted pair 167

word 17, 251

write timing 68

Z
zero, logic state 48, 194, 229
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