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Abstract

Intelligent Systems are characterized by the intensive use of computer power. The
computer revolution of the last few years is what has made possible the development
of the first generation of Intelligent Systems. Software for second generation
Intelligent Systems will be more complex and will require more powerful computing
engines in order to meet real-time constraints imposed by new robots, sensors, and
applications. A multiprocessor architecture was developed that merges the advantages
of message-passing and shared-memory structures: expandability and real-time
compliance. The HyperForest architecture will provide an expandable real-time
computing platform for computationally intensive Intelligent Systems and open the
doors for the application of these systems to more complex tasks in environmental
restoration and cleanup projects, flexible manufacturing systems, and DOE’s own
production and disassembly activities.
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HyperForest: A High Performance Multi-
processor Architecture for Real-Time Intelligent
Systems

l.- Introduction

Current computing platforms used in Intelligent Systems are expandable to a certain extent, but
will not provide the floating-point throughput and real-time capabilities that future Intelligent
Systems will require. World models will become more complex as larger sections of the real
world are modeled with ever increasing resolutions. Collision avoidance may require that each
point on the robot be compared with objects in the world model and the robot path altered
accordingly. The number of arithmetic operations for a six degree-of-freedom (DOF) robot varies
from 1500 with the inverse kinematics Newton-Euler formulation to over 6000 with resolved
motion adaptive control methods. A robot sampling frequency as high as 5 KHz is anticipated,
which translates to 30 MFLOPS of sustained floating-point throughput just for robot kinematics
control. Sensors are used to obtain data about the environment. They need to be serviced in real-
time and their data used for trajectory modification and world model updates. Sensor bandwidths
vary from obtaining a couple hundred bytes per second from an ultrasonic sensor to obtaining
digitized TV images at video rates. The efficient fusion of sensor data from different sources is
what enables an Intelligent System to respond promptly in dealing with the real world. However,
sensor data fusion requires additional real-time computing resources.

The use of redundant robot manipulators will demand more computationally intensive control
algorithms due the higher number of links. Long reach robot arms, heavier payloads, and faster
robot speeds will force kinematics control algorithms to include the effect of non-linearities such
as gravity loading, Coriolis centripetal forces, and flexing of robot links among others. The
addition of non-linearities will demand at least an order of magnitude increase in floating-point
performance alone. World models will become more complex as larger sections of the real world
are modeled with ever increasing resolutions. Collision avoidance algorithms may require that
hundreds of points on the robot’s surface be compared with objects in the world model and the
robot path altered accordingly.

The goal of this project was to develop an expandable multiprocessor architecture that will
satisfy the computational and real-time constraints of second generation Intelligent Systems.




Il.- Background

A.- Message-Passing and Shared-Memory Architectures

The two main factors that determine system performance in a multiprocessor design are the
processing power of the individual nodes and the delays caused by inter-processor
communication. A crucial decision for multiprocessor design is the choice between shared
memory and message passing architectures. Message passing structures, such as hypercubes and
meshes, provide system expandability and programming abstraction but have the disadvantage of
excessive overhead due to message routing. Shared bus architectures have the disadvantage of
limited bus bandwidth, but have lower communication overhead. On the other hand, Intelligent
Systems control programs are characterized by being decoupled between tasks but with high
serial dependencies within a task (for example, kinematics control programs are decoupled from
processing of sensory data. ) Such characteristics result in poor hardware utilization when these
programs are executed in architectures that aim at massive parallelisms such as hypercubes.

A multiprocessor architecture for Intelligent Systems must merge the advantages of message-
passing and shared-memory structures to reduce delays in inter-processor communication and
provide system expandability, real-time response times, an efficient interface to a wide variety of
sensors, and the capability to share large data sets. It must be able to take advantage of fine
(instruction level) and coarse (task level) parallelism in control programs.

As part of a Laboratory Directed Research and Development (LDRD) project, we developed a
hybrid architecture that takes advantage of control program characteristics by being expandable
to tens of high performance Digital-Signal-Processor (DSP) nodes. Furthermore, the floating-
point engines of DSP processors are designed to exploit fine level parallelism in matrix and vector
operations, both heavily used in control programs. This hybrid architecture will support both
message passing and shared memory paradigms in hardware.

B.- Previous Work on HyperTrees

A team led by Prof. David Patterson at the University of California at Berkeley defined an
architecture called X-tree in the late 1970’s. This architecture is based on binary trees with extra
links in each node. These extra links then could be used to form other types of structures to
reduce the connection distance between nodes.

J. R. Goodman and C. H. Sequin presented a paper in 1981 titled “HyperTree: A multiprocessor
interconnection topology.” This paper described an interconnection topology for incrementally
expandable multicomputer systems, which combined the easy expandability of tree structures
with the compactness of the n-dimensional hypercube. The addition of n-cube links to the
binary tree structure provided direct paths between nodes which have frequent data exchange in
algorithms such as sorting and fast Fourier transforms (FFTs).
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Figure 1.- 3-Level HyperTree

This paper presented a very interesting idea, and one that we applied to our work. The
architecture they presented was a hybrid between a binary tree and a hypercube, although for
simplicity, it is limited to hypercubes of size 1 and 2. The basic idea was to add communication
links to the nodes of a binary tree, and to use the extra links to connect nodes at the same level in
a hypercube. Figure 1 shows a 3 level HyperTree. In this figure you can see that with 4 links per
node, 3 of the links are used for a regular binary tree structure, and the fourth port to connect the
node to another node in the same binary tree level. A similar approach is used for 5 links per




node, but with a hypercube of size 2. The worst-case and average distances are better than in the
simple binary tree, and fault tolerance is also improved by having alternate paths between nodes.
The HyperTree can be easily expanded, unlike the hypercube and binary tree that require the
addition of a large number of nodes.

Although the HyperTree can be expanded, the interconnections grow more complicated as more
levels are added to it. Figure 2 shows the interconnection topology for a 6-level HyperTree.
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Figure 2.- 6-Level HyperTree



lIl.- HyperForest Architecture

A.- HyperForest Message-Passing Layer Definition

Although the HyperTree is very interesting, the are some limitations to how well it can be
expanded and in how to implement it in hardware in a compact package. One of our goals was to
have a VME-bus compatible implementation that could easily be expanded to more nodes if
higher processing power was needed. We decided to limit the size of a HyperTree to three levels
( 7 nodes) and to grow it in the number of trees and not in growing a single tree. By doing it this
way we had a collection of 3-level HyperTrees, which we very cleverly named a HyperForest.

In order to achieve this vision, we needed to make some modification to the basic HyperTree
structure, specially in the number of communication links available at each node. We selected 6
communication links per node mainly because we had a Digital-Signal-Processor in mind for the
hardware implementation and it had 6 parallel communication links available. Figure 3 shows a
node and its communication links.

Parent nghe,r tree

HyperForest

Processing Node .
Neighbor

{6 communication
channeils)

y Left child Right child

Lower tree
Connections to nodes
in same HyperTree

— - Connections to nodes
in higher or lower
HyperTrees

Note: Ports not connected to other nodes can
be used for sensor interfacing and i/o
devices

Figure 3.- HyperForest Node -




For each node, the Parent, Left Child, and Right Child links are used to form binary tree
structure; the Neighbor link connects to a node at the same level in the binary tree to form a
hypercube size 1 at that level. Two other links, Higher Tree and Lower Tree connect the node to
its counterpart node in other two trees in the HyperForest. Figure 4 shows our modified 3-level
HyperTree with six communication links per node.
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Connections to nodes
in same HyperTree
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Figure 4.- Modified HyperTree with 6 Communication Links per Node



Creating a HyperForest multiprocessor with the modified HyperTrees is very easy. All it takes
is to stack the HyperTrees on top of each other. All the communication links are bi-directional
and there are a number of paths from any one node to another node, independently if they are in
the same HyperTree or not. Figure 5 shows how the HyperTrees can be stacked.

/o
PORTS

NODE

Figure 5.- HyperForest with 2 HyperTrees

In Figure 5, the number in each node represents the number of communication links available for
expansion. These can be used to connect to more HyperTrees and/or for input/output (I/0) to
devices such as sensors through a standard interface.



B.- HyperForest Shared-Memory Layer Definition

This is a very standard architecture where a number of processing nodes share a global bus to
access memory and peripherals. We wanted this layer to be completely independent of the
message-passing one. We selected the Texas Instrument TMS320C40 DSP processor because in
addition to the 32-global memory bus it also has 6 8-bit 20Mbyte/sec bi-directional
communication links designed for interfacing without any glue logic to other processors of the
same type. Based on this decision, each node in the HyperForest would look like Figure 6.

50 MHZ TMS320C40 On chip:
40 ns cycle time 512 Byte instruction cache
275 MCPS PARALLEL 8 KByte RAM
320 MByte/sec DSP
16 GByte address space
50 MFLOPS peak AAEEsel
50 MFLOPS
100 MByte/sec 100 MByte/sec
2-bit Local Bus 32-bit Global Bus
Global bus connected to
other nodes' Global
Buses in HyperTree
1MB
or Boot-
4 MB up
LOCAL EPROM
DRAM CPO0..5: 8-bit bidirectional
communication ports, 20
MB/s each, 4 control signais
CPO CP1 CP2 CP3 CP4 CP5

Figure 6.- HyperForest Node Based on Texas Instruments TMS320C40 Processor



Figure 7 shows the shared-memory layer for each of the HyperTrees in the HyperForest. Nodes
in different HyperTrees can also communicate with each other by issuing a request to own the
global bus of its HyperTree and using the VMEDbus interface to communicate with a node in

another HyperTree.

GLOBAL TREE BUS
NODE NCDE
0 4
LOCALBUS GLOBALBUS | GLOBAL BUS LOCALBUS
I l
LOCAL MEM LOCAL MEM
NODE NODE
1 5
tocaLus | | gLosaLBUS l closaLBus| | LOCALBUS
I l
LOCAL MEM LOCAL MEM
NODE NODE
2 6
LOCALBUS | | GLOBALBUS cloBaLBus| | LOCALBUS
l l
LOCAL MEM LOCAL MEM
NODE
3 *r— GLOBAL MEMORY
locaeus | | aLosaaus BUS ARBITRATION
? CONTROLLER
LOCAL MEM
. VME INTERFACE
ETHERNET
INTERFACE

Figure 7.- HyperTree Shared-Memory Layer




C.- Development Environment

Figure 8 shows the development environment for HyperForest applications. It consists of a
number of HyperTrees (1 or more) linked by the communication links coming in/out of each node
as well as by each HyperTree’s interface to a VMEbus. This industry standard in very popular
in the computer control community and there is a large number of third-party boards available
with processors, memory, video digitizers, motor controliers, digital and analog I/0 etc. The
VMEDbus cage serves as host for custom-designed I/O boards connected to the HyperTree nodes
via their communication links.

A Sun Microsystems SPARC-compatible VME board serves as the front end of the
HyperForest Trees and it uses the real-time operating system VxWorks. The commercially
available SPOX operating system was ported to each node in the HyperForest. It was selected
because it supported the TMS320C40, had a small kernel, was real-time, and had communication
routines compatible with VxWorks. '

/—\rwessage links

Boards for Sensors
and other /O

SPOXOS HyperTree

1

VMEbus
VME Host
VxWorks OS SPARC-based board
VxWorks OS
. Sun SPARCstation
with development
tools
Ethernet

Figure 8.- HyperForest Development Environment
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IV.- Comparison with Other Message-Passing Architectures

Hypercubes

Hypercubes are very popular with the massive-parallel computing community. But they do not
scale very well in the sense that to take advantage of the architecture all the nodes have to be
populated. In other words, the scaling is 2, 4, 8, 16, 32, 64, etc. If for example, an application
requires 17 nodes, a 32 node computer will have to be build with all 32 nodes.

For an n-dimensional hypercube, the worst and average distances are given by:

Dw=n
Dave =n/2
for example:
n #nodes Dw Dave
3 8 3 1.5
4 16 4 2
5 32 5 2.5
6 64 6 3

The n-dimensional hypercube architecture is not truly expandable and the nodes require
additional links as the dimension grows. Incompletely populated hypercubes lack some of its
characteristics (i.e. Dw and Dave shown above don’t hold anymore).

Figure 9 shows a comparison of average Hamming distances for hypercubes and HyperForests of
various sizes. From this plot we see that the HyperForest compares very well with hypercubes
of up to 32 nodes.

Binary Trees

For a binary tree with n-levels, the distances are given by:
Dw=2(n-1)
Dave =2(n-1)- 2+ (2/N)

where N is the number of leaf nodes (i.e. N =2"(n-1)).

For example:
n #nodes Dw Dave
3 7 4 2.5
4 15 6 425
5 31 8 6.125
6 63 10 8.062

Binary tress are easily expandable and unbalanced trees still keep most of their properties.
Unfortunately, Dw and Dave for binary tress are worse than those of hypercubes.

11




Ave. Distance Comparison Between
Hyperforest and Hypercube
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Figure 9.- Average Distance Comparison between HyperForest and Hypercubes

HyperTrees

HyperTrees use additional links to combine the hypercube and binary tree architectures into one.
The additional links at the nodes provide redundant paths. Messages originating at leaf nodes
never need to travel higher than half the height of three to reach any other leaf node. The Dw and
Dave are taken from Goodman and Sequin’s paper where n is number of levels and a one-
dimensional hypercube is used at each level of the tree:

Dw=1.5n-1)-0.5((n-1) mod 2)

Dave = 1.25(n-1) - 1.33 + (4/3N) - 0.08((n-1) mod 2)
where N is the number of leaf nodes (i.e. N =2"(n-1)). For example:

n #nodes Dw Dave
3 7 3 1.5
4 15 4 2.5
5 31 6 34

These numbers are for the basic HyperTree as presented by Goodman and Sequin.

12



Five Level HyperTree, 31 nodes
Ave. Dist. = 3.4 Max. Dist. = 6, Ave. Visit = 102.7
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Figure 10.- Plot of Message Traffic on a Five-Level, 31-Node HyperTree

Figure 10 shows the result of a simulation of a five level HyperTree (31 nodes) with messages
sent from each node to every other node. From this plot we see that nodes 4, 5, 6, and 7 had
more traffic that all the other nodes and represent a bottleneck in this message-passing
architecture.

HyperForest

The HyperForest architecture is a 3-d collection of modified HyperTrees (limited to 3-levels, 7
nodes). It keeps the characteristics of the HyperTree, but direct connections are available to other
HyperTrees. Only 3-level HyperTrees are used: Dw and Dave for a 3-level HyperTree (7 nodes)
are identical to those of a 3-dimensional hypercube (8 nodes).

Let T be the number of modified HyperTrees in a HyperForest machine, then:

Dw=(T-1)+3
Dave = computed in simulation

13



For example:

= N NV S |

#nodes Dw Dave
7 3 1.5

- 14 4 2.03
21 5 2.43
28 6 2..78
35 7 3.12
42 8 3.46

We see that HyperForests with up to 4 trees (28 nodes) compare favorably with up to 5-
dimensional hypercubes (32 nodes) in terms of Dw while being more easily expanded.
Calculations for HyperForest Dw did not take into account the use of shared-buses for each tree.
Figure 11 shows the result of a simulation of a four tree HyperForest (28 nodes) with messages
sent from each node to every other node.
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Figure 11.- Plot of Message Traffic on a Four-tree, 28-Node HyperForest
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The routing algorithm for the messages consisted on taking the shortest path to the destination
node if it was in the same HyperTree; or the shortest path to the node in the source HyperTree
that was directly above or below the destination node and then traveling up or down to the
destination node. With this algorithm, we see from the plot in Figure 11 that nodes 2 and 3 (the
children of each root node) had more traffic and could become bottlenecks. This can be solved by
either taking alternate routes if the traffic through those nodes is heavy or by committing an extra
communications link to connect nodes 2 and'3 and double the available bandwidth between them
from 20MBytes/sec to 40 MBytes/sec.

V.- Performance Summary

Floating Point Performance

50 MFLOPS peak/node
350 MFLOPS peak/tree
1400 MFLOPS for a 4-tree HyperForest

Inter-processor communication

20 MByte/s per message-passing link

9 links (180 MByte/s) for communication within each HyperTree
100 MByte/s global shared bus within HyperTree

7 links (140 MByte/s) to each of two neighboring trees

Message passing Hamming distances:

# HyperTrees Worst case Ave distance
1 3 1.67
2 4 2.08
3 5 2.43
4 6 2.78
5 7 3.12
6 8 3.46
7 9 3.79
8 10 4.13
9 11 4.46

15



Memory

On-board each node CPU
512 Bytes instruction cache
& KBytes single cycle RAM

Local Memory for each node
32-bit local 100 MByte/s bus

16 KByte fast copy back cache
4 MByte DRAM

Global Memory for each tree
32-bit global 100 MByte/s bus
4-16 MByte page mode DRAM

Input/Output,

Sensor interfaces

10 dedicated links (200 MByte/s) from each HyperTree
Memory-mapped on 100 MByte/s global bus

Other
40 MByte/sec VME interface on global bus
Table 1.- HyperForest Performance Summary
HyperForest One HyperTree Two HyperTrees Three HyperTrees
Floating Point 350 700 1050
(peak MFLOPS)
Data Accesses 595 1190 1785
(peak MOPS)
Interprocessor Bandwidth 180 500 820
MBytes/s
(channels) 9) (25) (41)
20 MByte/s Channels 24 34 44
~ Available for /O
Max Number of Nodes 7 14 ' 21

16




VI.- Hardware Implementation

The basic objective of the hardware portion of the HyperForest project is to create a hardware
platform that will implement the HyperForest concept in such a way that the system can be
created in a reasonable size, be interfaced to other system components, and still maintain the
characteristics of a HyperForest system. This will allow the exploration of both shared memory
and message passing paradigms on the same platform, and also permit high speed computations
needed for real time control and robotics applications.

The block diagram of the implementation is shown in Figure 12. This block diagram
demonstrates the results of a variety of design decisions that dealt with the realities of creating a
HyperForest system utilizing commercially available TMS32C040 modules. The basic building
block of the HyperForest implementation is a TIM module, which has the following
characteristics:

Processor: Texas Instruments TMS32C040
Salient TMS32C040 Characteristics:
Two independent memory bus systems: 32 bits Address; 32 Bits data
Built in floating point capabilities
Six byte-wide communication links with individual DMA controllers
Memory: 8 MBytes total; 4 MBytes on bus not available externally
and 4 MBytes on bus which is visible externally
Memory interconnect: bus system with 32 bits address, 32 bits data
Message passing links: Six byte-wide communication links with DMA

The connection scheme which is demonstrated in Figure 12 includes both the global bus and the
individual point-to-point connections. As seen on the diagram, the global connection is common
to all modules, and contains the control lines (BUSCONT), the address lines (ADRBUS), and the
communications is the VME interface, which allows connection of this bus to a VME bus based
system.

The point-to-point links which are included in the diagram connect the various TIM modules
together into a HyperForest connection, which consists of a binary tree organization augmented
with additional links allowing further expansion of the system. Node 1 is connected to the left
child via link 1 and the right child via link 2. Since Node 1 is in the root node position, there is no
connection to a parent. Nodes 2 and 3 are connected to the parent (which in this case is Node 1
for both Nodes 2 and 3) using Link 3, while again Link 1 is used to connect to the left child and
link 2 is used to connect to the right child. The four nodes on the next level, nodes 4, 5, 6, and 7,
are connected to their parent nodes by using link 3. Since there are no designated children nodes
for these four nodes, the remaining links can be used as needed to connect to other modules on
other HyperForest boards. At each level of the binary tree (except the root level) nodes are
connected to another node at the same level. Nodes 2 and 3 are connected together on their level,
while Nodes 4 and 6 are connected together, and Nodes 5 and 7 are connected together.

17
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Another salient characteristic of the HyperForest connection mechanism is the connection of the
nodes of the binary tree organization to nodes of a similar binary tree. Note that the organization
represented in Figure 12 has sufficient links available to allow this connection mechanism to be
achieved. Each of the nodes in the diagram has sufficient links to be connected to two other
nodes, one in each of similar binary trees adjacent to the binary tree shown in the diagram. The
remaining links can be used for I/O purposes if needed.

Another characteristic of the implementation of the HyperForest system is the division of the
nodes to fit physically on two boards. In order to accomplish this, the boards must be connected
together with a connection system capable of providing a path for both the global bus and the
links connecting the second and third levels of the binary tree together.

In order to test implementation techniques for the system, a bread-board was implemented which
helped to isolate some of the problems and give experience with the various system components.
This breadboard was built with wire-wrap techniques so that connections could be easily moved
to identify the effect of different connection schemes. The wire-wrap techniques worked well,
but presented a challenge to connect to the TIM modules, since the Hiroshe connectors used for
TIM module interconnects were not easily mated to a wire-wrap scheme that utilized posts
mounted on 0.1" centers. Nevertheless, adapters were made that allowed the TIM modules to
mate to the wire-wrap board, and the project proceeded. The breadboard contains two TIM
modules, a moderate amount of static RAM, the chips involved in the VME interconnection
scheme, the chips involved in the boot up sequence, and the programmable chips to control the
bus interaction in the system. The breadboard also contains connectors to check the point-to-
point message passing connections, and a JTAG interface for debug purposes. Utilizing the
breadboard, hardware solutions were checked for the programmable devices to control bus
interaction within the board, as well as the connection to the VME bus. Also included in the
checkout methodology were implementations for power-on reset, for forced reset, for debugging
methods using external compilers and loaders through the JTAG interface, and the impedance
matching techniques needed to improve the fidelity of the signals involved in the various
transactions. All of these individual test areas contributed to a fuller knowledge of the challenges
facing the creation of the printed circuit board version of the system.

The knowledge and experience garnered in the creation of the breadboard version of the test set,
as well as the results of simulations and the work done with programmable logic, were needed to
create the final two-board set of printed circuits which together implement a HyperForest
subsystem. Rather than give a block diagram of the board, Figure 13 gives a layout of the first of
the two boards used in this implementation. The diagram shows the results of many of the
design decisions that were needed to create a printed-circuit version of the HyperForest. The
various elements of the system included on the board are:
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A) The VME interface. The boards have been created in what is known as a "2-high" VME form
factor, so that it can easily reside in commercially available card cages, and so that it can easily
interface to other systems which abide by the VME bus protocol. Thus, the 96-pin DIN edge
connectors are used to connect to VME address, data, and control lines for the VME
interconnection. The integrated circuits involved in this interaction include a VIC064 and three
CY7C964 from Cypress Semiconductor, as well as a EPF8282 FLEX programmable controller
from Altera.

B) The bus control system. Each of the TIM modules, as well as the VME interface already
mentioned, interfaces to an internal 32 bit data bus, which has associated with it a 32 bit address
bus and appropriate control lines. One of the EPF8282 FLEX programmable controllers from
Altera has been dedicated to the management of the transactions on this bus. Hence, the
programmable controller must handle arbitration for the bus, and interface with each TIM module
and the VME subsystem to assure that only one module attempts to obtain control of the bus at
any one time.

C) The boot-up circuitry. Normal boot-up of the system is achieved by establishing in a TIM
module a program which can then be used to load even larger and more complex programs. The
TIM modules have been created in such a way that upon reset they are waiting for a program to
be loaded through a point-to-point port. Therefore, the boot up procedure is to send to such a
port the sequence of commands necessary to set up a common bootstrap program. An Intel
28F020 FLASH ROM (256 KByte) provides the storage needed for the download program
storage, and an Altera 5128 programmable controller provides the control for the process,
including the addressing and sequencing of activities.

D) TIM modules for Nodes 1, 2, and 3. The first board provides the space necessary for three
of the seven nodes needed for a HyperForest subsystem. Each of the nodes contains not only
the required TIM module, but also an EPF8282 FLEX programmable controller to control the
interaction of the node with the internal global bus, 74ACT16245 transceivers to isolate the
global bus activity from the TIM module itself, and the appropriate resistor networks to match
impedance and provide improved signal quality for the point-to-point connections. The use of
the transceivers allows the various TIM modules to operate independently, isolating the global
bus connection of each module from the corresponding connections of other modules.

E) Interconnection methods. There are three basic connector systems in use on the subsystem.
Already mentioned is the set of two 96-pin DIN connectors used for the VME connection; this
set of connectors also supplies the power used on the board. Another connection which is
needed is the connection between the two boards; this is accomplished with a 152 pin connector
which utilized three rows of pins. This quantity of interconnections is needed for the address,
data, and control lines of the global bus, plus the point-to-point connections needed between the
second and third layer of the binary tree structure of the HyperForest architecture. The third set
of connectors is included at the edge of the system, where 31- and 51- pin connectors are used to
provide connections for 2- and 3-sets of point-to-point port signals. This allows the board to be
connected to other HyperForest subsystems in the HyperForest system interconnect scheme.

21



F) Miscellaneous glue subsystems. These include a common oscillator for all TIM modules, a
64 MHz oscillator needed by the VME bus subsystem chip, reset circuitry, including both
power-up reset and operator-initiated reset, JTAG interface circuitry, and assorted pullup and
impedance matching resistances.

Included in Appendix A are the eighteen sheets of schematics which define the first board. Sheet
1 contains the information for Node 1, including the TIM module, its interconnects to point-to-
point connections, bus connections, and control lines. It also contains the bus transceivers with
appropriate control lines. Sheets 2 and 3 contain the same information for Nodes 2 and 3. Sheet
4 contains the reset circuitry, the oscillators, assorted pullups, and the serial PROMs that
establish the circuitry of the RAM based programmable logic on the board. Sheet 5 contains the
ROM for the boot code and the controller which controls its interaction with Node 1. Sheet 6
contains the programmable controllers that control the bus interaction for Nodes 1, 2, and 3.
Sheet 7 contains the programmable controller that handles bus arbitration and access control to
the bus for the nodes and the VME bus controller. - Sheet 8 contains the JTAG header and
associated circuitry. Sheets 9 and 10 contain the VME bus interface circuitry, while sheet 11
contains the connectors for the VME bus interaction. Sheets 12 and 13 contain the
communication port connectors, while sheet 14 shows the connector which is used to connect the
two boards together. Sheets 15, 16, and 17 show the impedance networks to minimize noise on
the point-to-point connections. Sheet 18 contains assorted pullups needed for the
implementation, and sheet 19 shows the bypass capacitors used on the board.

A layout of the second board of the 2-board HyperForest subsystem is shown in Figure 14.
This board duplicates many of the portions of the first board, yet has some unique features:

A) Bus system. The control of the bus is handled by the circuitry on the first board, and hence
the second board does not have responsibility for control. But it does have the appropriate
circuitry at each TIM module to participate in the interactions required for global bus transfers.

B) TIM modules for Nodes 4, 5, 6, and 7. As with the first board, with each of these TIM
modules includes a EPF8282 FLEX programmable controller to control the bus interaction and
appropriate bus transceivers and resister networks to handle interface with other system
components.

C) Interconnection system. The same connector types are present on the second board, and
they have most of the same responsibilities. The 152 pin inter-board connector is used for global
bus interactions and point-to-point connection with the other nodes of the HyperForest
subsystem. The edge is populated with 31- and 51-pin connectors for 2- and 3-sets of point-to-
point connections used in HyperForest point-to-point interconnections. Also, two 96-pin DIN
connectors are available as per VME specification. However, the only use for these connectors
on this board is to provide power for the circuitry.
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Included in Appendix B are the twenty sheets of schematics which define the second board.
Sheet 1 contains the information for Node 4, including the TIM module, its interconnects to
point-to-point connections, bus connections, and control lines. It also contains the bus
transceivers with appropriate control lines. Sheets 2, 3, and 4 contain the same information for
Nodes 5, 6, and 7. Sheet 5 contains the clock drivers and the JTAG chain. Sheets 6 and 7
contain the programmable controllers that control the bus interaction for Nodes 4, 5, 6, and 7.
Sheet 8 shows the connector which is used to connect the two boards together. Sheets 9, 10, 11,
and 12 contain the connectors used for the communication links, while sheet 13 contains the
VME bus connectors which supply power to the board. Sheets 14, 15, 16, 17, and 18 contain
resistor networks for impedance matching on the point-to-point connections for the nodes. Sheet
19 contains bypass capacitors used on the board, and Sheet 20 contains pullups used by
integrated circuits on the board.

Four sets of these boards were fabricated, and are ready for checkout. The checkout needs to
verify that the programmable logic can appropriately control the bus interaction, the arbitration,
and the interaction with the VME logic. The checkout also needs to create the code section
necessary for the download sequence to load executable code into the system. Once this has been
established, techniques useful for real-time operation in control applications can be implemented.

VIl.- Communicating With 1/0 and Peripherals

In the industrial automation world, recent years have seen a falling from favor of the traditional
method of wiring sensors, actuators, and other devices directly to a control unit such as a
Programmable Logic Controller (PLC) or a personal computer (PC). Discrete wiring is being
replaced by “fieldbuses” or “devicebuses” that allow the connection of many devices (equipped
with the appropriate communication electronics) to a single cable bus via tees in much the same
manner as thin-net ethernet. The rationale for this approach is that the higher cost of the new
communications-enabled devices is more than offset by the savings in wiring in applications
where the slower response of the new devices (due to them sharing a single communications
channel) is not an issue.

This trend towards devicebuses in the industrial automation arena has been fortunate for
HyperForest. Whereas the traditional approach to connecting peripheral devices would require a
different hardware and software interface to the HyperForest architecture, all types of devices on
a devicebus can be accessed through a single hardware/software interface to the devicebus.
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At the time of this writing, there are many different competing fieldbus and devicebus standards.
The more complex “fieldbus” standards such as Profibus are meant for communication with
complex devices common in the process industries. Intermediate complexity “devicebuses” such
as DeviceNet are intended for discrete manufacturing applications (e.g., assembly) where the
devices range in complexity from a simple mechanical switch to moderately sophisticated devices
such as pneumatic manifolds and motor drives. At the low end of the complexity scale,
“bitbuses” such as ASI can only communicate with simple on/off sensors and actuators.

We selected DeviceNet for use with HyperForest because it is the standard with the most
industry support within the US and the range of devices available for it is ideal for most robotics
and automation applications

DeviceNet is based on an automotive communications bus called Controller Area Network
(CAN). CAN is a differential serial bus developed in Germany by Bosch for Mercedes Benz and
BMW as a means for the various electronic control units in their automobiles to communicate
with each other. Due to the economies of scale in the auto industry, the integrated circuits (ICs)
needed to implement CAN communications quickly became plentiful and inexpensive. Allen
Bradley (AB) in the US used CAN hardware with additional hardware and software protocol
standards to create the open, but proprietary, DeviceNet standard. AB later donated the standard
to a consortium of industrial automation companies called the Open DeviceNet Vendors
Association (ODVA) to allay industry fears that AB would have an unfair advantage in the
DeviceNet market or that it would close the standard once it became popular.

At the lowest level, DeviceNet is a 5-wire bus (2 differential serial lines, 2 lines for 24 VDC, and
a shield) that can operate at 125 kbaud, 250 kbaud, or 500 kbaud. The message packets are short;
they consist of a header, up to 8 bytes of data, and a trailer. Devices transmit only when the bus
is quiet; in the event 2 devices start transmitting simultaneously, the first device to transmit a 1
but detect a 0 on the bus immediately stops transmitting, ceding control of the bus to the other
device (as it turns out, the one with the lower address). Each device receives every message on
the DeviceNet bus, but usually only processes packets intended for it. A given DeviceNet can
have up to 64 devices with different addresses, but this is not a serious limitation in most
applications since each device can have many I/0 points and/or functions.

DeviceNet uses a master-slave control scheme. The DeviceNet master is a board or module that
plugs into the bus of the system controller. These boards are available for several bus
architectures including VME, ISA, PCMCIA, PC104, as well as for several popular PLCs. The
variety of available DeviceNet slave devices is extensive: discrete I/0, analog I/0, photoelectric
sensors, AC motor starters, AC and DC motor drives, servo and stepper motor controllers,
pneumatic manifolds, RS232 translators, barcode scanners, potentiometers, man-machine
interfaces (MMIs), encoders, vacuum instruments, etc. Figure 15 shows a typical DeviceNet
network installation.

The typical application usually has a single DeviceNet master, in our case, the HyperForest
VME chassis with an S-S Technologies DeviceNet VME interface board. The DeviceNet board
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consists of a CPU that is loaded with scanner software that continually queries all known devices
on the DeviceNet and writes the results in a section of dual port RAM that is accessible to the
HyperForest via the VME bus. DeviceNet output devices are controlled in the same manner;
HyperForest writes the appropriate data to the DeviceNet board’s dual port RAM, which the
scanner process continually scans for changes and sends the appropriate commands encoded in
packets to the DeviceNet wire. The high baud rates available, together with the short packet
lengths, would seem to suggest that DeviceNet can have a high refresh rate. Unfortunately, the
master-slave protocol slows performance considerably. Typical refresh rates tend to run in the
tens of milliseconds, making DeviceNet inappropriate for some of the more demanding real-time
applications. Also, it is arbitrated; hence, inderteminate (i.e. not applicable to hard real-time

applications).

4 AB motor starters

Computer

24 VDC Supply

e
LN
N

4 AB motor starters

10 AB Deviceinks+prox sensors

00 O;

Festo pneumatic manifold w/ I/O modules

Fig. 15.- Typical DeviceNet Network

AB RediStation pushbutton
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VIII.- Conclusions

The great advances in computer technology in the last few years made it possible to have large
computational capacity at a relatively low cost. You can do today in a Pentium-Pro based
systems what it took many older generation processors and specialized busses such as VMEbus
or S-bus. Specialized architectures such as HyperForest will still have niche applications, but for
the most part, a larger size of problem can be solved today with the advances in the Personal
Computer industry such as Windows NT, Pentium-Pro processors, high speed networks, etc.
The main advantages here being the wide availability of software tools, the number of people that
know how to use them, and the low cost of the hardware.

The work on this LDRD provides an architecture that can be tailored to a niche application in
terms of number of processors (or computing power desired) and interconnects to sensors and
other devices. We did not get to apply it to a big problem, but this work that will hopefully
continue both at Sandia and at the University of New Mexico.

27



IX.- References

Agarwal, A., B. H. Lim, et al. (1990). APRIL: A processor architecture for multiprocessing. 17th
IEEE Annual International Symposium on Computer Architecture, 104-114.

Ahmad, S. and B. Li (1987). Optimal design of multiple arithmetic processor-based robot
controllers. IEEE Robotics and Automation Conference, 660-663.
Allison, D. A. (1990). System issues in embedded control. [EEE COMPCON, 214-215.

Appiani, E., B. Conterno, et al. (1989). “EMMAZ2, a high-performance hierarchical
multiprocessor.” IEEE Micro (February): 42-56.

Aras, C. M. and R. C. Luo (1989). HMP: A hierarchical multiprocessor computer architecture
for multi-sensor based robotic tasks. IEEE International Symposium on Intelligent Control,

Albany, NY, USA, 487-492.

Bhuyan, L. M. and D. P. Agrawal (1984). “Generalized hypercube and hyperbus structures for a
computer network.” IEEE Transactions on Computers C-33(4): 323-333.

Bhuyan, L. N., Q. Yang, et al. (1989). “Performance of multiprocessor interconnection
networks.” IEEE Computer (February): 25-37.

Carlson, D. A. (1988). “Modified mesh-connected parallel computers.” IEEE Transactions on
Computers 37(October): 1315-1321.

Carr, L., R. Kibler, et al. (1989). G-32 A high performance VLSI 3-D computer. 22th Annual
Hawaii International Conference on System Sciences, Kailua-Kona, HI, USA, 127-134.

Chang, P. R. and C. S. Lee (1988). Residue arithmetic VLSI array architecture for manipulator
pseudo-inverse jacobian computation. IEEE Robotics and Automation Conference, 297-302.

Chow, E., H. Madan, et al. (1987). A real-time adaptive message routing network for the
hypercube computer. IEEE Real Time Systems Symposium, 88-96.

Cogswell, B. and Z. Segall (1991). MACS: a predictable architecture for real time systems. IEEE
Real Time Systems Symposium, 296-305.

Despain, A. M. and D. A. Patterson (1978). X-tree: A tree structured multi-processor computer
architecture. 5th Annual Symposium on Computer Architecture, Palo Alto, CA, USA, 144-151.

28



Dinning, A. (1989). “A survey of synchronization methods for parallel computers.” IEEE
Computer (July): 66-77.

Duncan, R. (1990). “A survey of parallel computer architectures.” IEEE Computer (February):
5-16.

Fathi, E. T. and M. Krieger (1983). “Multiple microprocessor systems: what, why, and when.”
IEEE Computer (March): 23-32.

Fiddler, J., D. N. Wilner, et al. (1990). Multiprocessing: An extension of distributed, real-time
computing. [IEEE COMPCON, 216-218.

Fornard, R. J. and E. W. Davies (1989). Analysis and implementation of hierarchical real-time
architectures. Euromicro Workshop on Real Time, Como, Italy, 66-73.

Fotakis, D. and N. Bourbakis (1987). A RISC-type structural design of the HERMES
multiprocessor kernel. Supercomputing, 1st International Conference, Athens, Greece, 1011-
1030.

Franzkowiak, G. H. and H. Schmid (1983). Efficiency analysis of single bus multiprocessor
architectures. IEEE Real Time Systems Symposium, 51-60.

Furth, B., D. Gluch, et al. (1991). The REAL/STAR 2000: A high performance multiprocessor
computer for telemetry applications. ITC/USA/'91 International Telemetering Conference, Las
Vegas, NV, USA, 365-373.

Gerber, R. and I. Lee (1989). Communicating shared resources: a model for distributed real-time
systems. IEEE Real Time Systems Symposium, 68-78.

Goodman, J. R. and C. H. Sequin (1981). “HyperTree: A multiprocessor interconnection
topology.” IEEE Transactions on Computers C-30(December): 923-933.

Goodman, J. R. and P. J. Woest (1988). The Wisconsin Multicube: A new large-scale cache-
coherent multiprocessor. 15th IEEE Annual International Symposium on Computer Architecture,

422-429.

Graham, J. H. (1989). “Special computer architectures for robotics: tutorial and survey.” IEEE
Transactions on Robotics and Automation 5(October): 543-554.

Han, C. C. and K. J. Lin (1989). Scheduling parallelizable jobs on multiprocessors. IEEE Real
Time Systems Symposium, 59-67.

29



Huffstutter, K. L. (1990). A distributed processing system design verification process.
IEEE/AIAA/NASA 9th Digital Avionics Systems Conference, Virginia Beach, VA, USA, 458-
461.

Hurt, A. D. and J. R. Heath (1982). A hardware task scheduling mechanism for a real-time multi-
processor architecture. IEEE Real Time Systems Symposium, 113-123.

Jackson, J. H. (1991). The Data Transport Computer: A 3-dimensional massively parallel SIMD
computer. IEEE COMPCON, 264-269.

Joseph, M. and A.. Goswani (1988). What's 'real’ about real-time systems. IEEE Real Time
Systems Symposium, 78-85.

Kazanzides, P. (1988). Multiprocessor control of robotic manipulators. Ph. D. Dissertation,
Brown University

Kejian, M. and L. Yongxi (1989). A multiprocessor simulation computer - MPSC-1. Beijing
International Conference on System SImulation and Scientific Computing, Beijing, China, 208-
210.

Khosla, P. K. and S. Ramos (1988). A comparative analysis of the hardware requirements for the
Lagrange-Euler and Newton-Euler dynamics formulations. IEEE Robotics and Automation
Conference, 291-296.

Kirk, D. B. (1988). Process dependent static cache partitioning for real-time systems. IEEE Real
Time Systems Symposium, 181-190.

Kirk, D. B. (1989). SMART (Strategic Memory Allocation for Real-Time) cache design. IEEE
Real Time Systems Symposium, 229-237.

Kirk, D. B. and J. K. Strosnider (1990). SMART (Strategic Memory Allocation for Real-Time)
cache design using the MIPS R3000. IEEE Real Time Systems Symposium, 322-330.

Kovaleski, A., S. Ratheal, et al. (1986). An architecture and an interconnection scheme for time-
sliced buses in real-time processing. IEEE Real Time Systems Symposium, 20-27.

Kung, A. and R. Kung (1985). Galaxy: A distributed real-time operating system supporting high
availability. IEEE Real Time Systems Symposium, 79-87.

Lenoski, D., J. Laudon, et al. (1992). The DASH prototype: implementation and performance.
IEEE 19th Annual International Symposium on Computer Architecture, 92-103.

30



Leung, S. S. and M. A. Shanblatt (1988). Computer architecture design for robotics. IEEE
Robotics and Automation Conference, 453-456.

Li, X. and M. Malek (1988). Analysis of speed up and communication/computation ratio in
multiprocessor systems. IEEE Real Time Systems Symposium, 282-288.

Light, R. A. (1982). A real-time executive for multiple microprocessor systems. IEEE Real Time
Systems Symposium, 143-150.

Lin, H. and W. Yueming (1985). VLSI systolic architecture for real-time digital signal processing.
IEEE Real Time Systems Symposium, 141-146.

Ling, Y.-L. C. (1986). Hierarchical multiprocessor architecture design in VLSI for real-time
robotic control applications. Ph. D. Dissertation, Ohio State University

Malbasa, V. (1987). RAMS- a multiprocessor system for dynamic system simulation. IEEE Real
Time Systems Symposium, 64-69.

Markenscoff, P. (1982). Analysis of a multiple processor system for real time applications. IEEE
Real Time Systems Symposium, 45-56.

Manner, R. and O. Stucky (1990). “The Polyp multiprocessor: Architecture and applications in
nuclear physics.” Computers in Physics 4(May/June): 267-274.

Molini, J. J., S. K. Matmon, et al. (1990). Real-time system scenarios. IEEE Real Time Systems
Symposium, 214-225.

Mun, W. (1989). Pipelined multiprocessor computer architecture and fast paraliel algorithms for
real-time robot control. Ph. D. Dissertation, Oregon State University

Naghdy, F., C. K. Wai, et al. (1988). Multiprocessing control of robotic systems. IEEE Robotics
and Automation Conference, 975-977.

Niehaus, D. (1991). Program representation and translation for predictable real-time systems.
IEEE Real Time Systems Symposium, 53-63.

Olson, R. (1986). Realtime response on a message based multiprocessor. IEEE Real Time
Systems Symposium, 28-35.

Rajkumar, R., L. Sha, et al. (1988). Real-time synchronization protocols for multiprocessors.
IEEE Real Time Systems Symposium, 259-269.

31




Rasmussen, R. D., N. J. Dimopoulos, et al. (1987). MAX: advanced general purpose real time
multicomputer for space applications. IEEE Real Time Systems Symposium, 70-78.

Rayfield, J. T. (1988). Armstrong, a loosely-coupled multiprocessor testbed for reconfigurable
topologies. Ph. D. Dissertation, Brown University

Rettberg, R. D., W. R. Crowther, et al. (1990). “The Monarch parallel processor hardware
design.” IEEE Computer (April): 18-30.

Rowe, P. K. and B. Pagurek (1987). Remedy: A real-time multiprocessor, system level debugger.
IEEE Real Time Systems Symposium, 230-240.

Saponas, T. G. (1986). A real-time distributed processing system. IEEE Real Time Systems
Symposium, 36-43.

Schwan, K., T. Bihari, et al. (1985). GEM: Operating system primitives for robots and real-time
control systems. [EEE Robotics and Automation, 807-813.

Schwan, K., W. Bo, et al. (1986). A high-performance, object-based operating system for real-
time, robotic applications. IEEE Real Time Systems Symposium, 147-156.

Sha, L., R. Rajkumar, et al. (1990). Real-time Ascheduling support in Futurebus. IEEE Real Time
Systems Symposium, 331-340.

Shin, G. K. (1991). “HARTS: A distributed real-time architecture.” IEEE Computer (May): 25-
35.

Stenstrém, P. (1990). “A survey of cache coherence schemes for multiprocessors.” IEEE
Computer (June): 12-24.

Tamir, Y. and G. L. Frazier (1988). Support for high priority traffic in VLSI communication
switches. IEEE Real Time Systems Symposium, 191-200.

Tan, W. S., S. H. Russ, et al. (1991). GT-EP: A novel high-performance real-time architecture.
IEEE 18th Annual International Symposium on Computer Architecture, 12-21.

Thakkar, S., M. Dubois, et al. (1990). “Scalable shared-memory multiprocessor architectures.”
IEEE Computer (June): 71-73.

Toda, K., K. Nishida, et al. (1990). CODA: A multiprocessor architecture for sensor fusion. 5th
IEEE International Symposium on Intelligent Control, Philadelphia, PA, USA, 261-266.

32



van Dijk, G. J. W. and A. J. van der Wal (1991). “EMPS: The design of an architecture for a
distributed homogeneous multiprocessor system.” Microprocessors and Microsystems
15(May): 187-194.

Vranesic, Z. G., M. Stumm, et al. (1991). “Hertor: A hierarchically structured shared-memory
multiprocessor.” IEEE Computer (January): 72-78.

Walter, C. J., R. M. Kieckhafer, et al. (1985). MAFT: A multicomputer architecture for fault-
tolerance in real-time control systems. IEEE Real Time Systems Symposium, 133-140.

Wang, Y. (1988). RIPS: a computer architecture for advanced robot control. Ph. D. Dissertation,
University of California, Santa Barbara

Wang, Y., A. Mangaser, et al. (1992). “The 3DP: A processor architecture for three-dimensional
applications.” IEEE Computer (January): 25-36.

Wedde, H. F., G. S. Alijani, et al. (1988). MELODY:: a distributed real-time testbed for adaptive
systems. IEEE Real Time Systems Symposium, [12-119.

Wilkinson, N. A., M. S. Atkins, et al. (1988). A real time parallel processing data acquisition
system. IEEE Real Time Systems Symposium, 54-59.

Woodbury, M. H. (1986). Performance modeling and measurement or real-time multiprocessors
with time-shared buses. IEEE Real Time Systems Symposium, 109-118.

33




Appendix A

Schematics for Board 1



- aEn _

pavun

_ .

Z SPTNPOIN IWIq

Juswdo Taaad IssIodgIediH - eTrpues /NN
q T 5 T E I 7
G [ L]
o o {0 v
° kRKE &I
N NIV
o |- v
[ LA 1
z |z |=
" 9 b B2 B
z e v b dNme LD [ uh Bl
. . . . A_ A_ A— A_ A_ A_ R_ B_ B— B_ B_ B_ A_ A_ A} 4} &
Ze ‘oE’'sT LT 9T
EP‘TV 'OV “9C‘LE
B es¥] *H ¢ggggggeggogcecd i1 HoHoH H
T 610z 2L €T ] en [S < A< BT < < B A I B - I+ H HH
CBIEILYIZT 62V FC R T T B B N B O B sl o 00 son pPere——wsT
TaOvd BNWAO®RIE R RS X ® o STV CREEZ]
—-IdNHU(ﬁ 0LD o BN o » 0 M N SKL
fo:cive ﬂr—u_ ﬂﬂ—“ﬂ“ T:!:| oaova CRid :IWZBM
omEr e o Few TI- 2oaL
[o:zIve Riasaangay.coia) b T35 o0 wsuas Pagg TIENE
rrreTRE==— s .raz W TERa 555 aau L T A o T T
ZHIa T~ TEAD EWU“ Tao €
o
reme—feiarcm nﬂ_ uIT S
= orclax
WrrEaRTs ———TrE{ tewas .
tura [ RoWraae
Rgrra 55 oxax e | =5
en 1o BV — . oas Tev
SPEOTLOVPL o e naswas Py sras il
S Szum w25 oum
9E‘SEL’EE‘CL ‘oL ‘ez ’LEe DT e
LY'OV VY ED ID O 'GELE BCEENTE 75 oauss e Lasay Rerr FoEEea
- Wie=a &559 @9 BraNod DT Tsa e -
T=TeeT R | (orstiae
‘ET YT 9T LI‘6€T 0T NINID o e - enio A
EEe2I6%%2 9% pppppepppmp—-—{ (9% 1c1ap T »
OUWIL Derezrm®
O e G TR
toelve Mzavw [ R sovi Prgg———ri—zssvl
TETTTTELTIORTe—] (0:5TivD oo e
toreive TEPETTETTTeR=——] (51:cc)ve TN [EE———tana
by oy to:slde _
0nNA 7T CErETo
9 gura YoTavos ——Fio] oLvLs o
w0 oar °° S — | N—
= o:elam
Tuza BETIRIE T sio | TLves
B TTENES 7o m.—.t.—.mo s ° " ) " S . o " °
sn 1o & 2 2 2 % 2
v 5y Est gefi: ppis: gRfnc jEiic ppiic
SPESTISVEL < o < & & &
QEERS QEERs BEERs 9EERG SEERG STE8a
9E’SE’'EEL'ZE'OE‘6RLE 9 g &6 KO &/ [ X €U Ko X £ 0 %A s LR X9 £ 4 0w
LY 95 PV EDTL GDBELE vUYUUU UYUUUU UUULUU UTOULODUL UCUUUL VULOU
- OROH | |
of of vl o of of o] « o ¢ ef ¢ al of nf & of of <f of af ol of ol
B . 3 - . . . . o) o = o] ol | v ¥ wl ) wl v o] v o) o o o o
BB 05 208 o AB TR a9 oFE °C8 & < a4} 4 o] ol o] £ EEEE 4 4| 4] £ ®| = o] o ] of af &
(orcive [ HETSIICO OO |
al - A1 ERE K K a |-
to:zyws [ITTTEYLITIOD -
3] b ik FE e E e af 2] i ) FE e Al 9 i oaf o
hicaaantou amu [PYPRT-T LN RN NN Mg N i AN E K d
b
EEEEREEEE R L EE R L EE R ELEE EEEE
1 2 1 i
zo MSE e = 9} < of ) «f «f of of ap | &l o) wp ] n of & of o REEE R
bz anson o (CEPRT:E ol o] of o o of o o of of 8} o of of o] o] Al «f o zzzzw-
tuxa T 1®HCaTavEd L
ta o Mav TTUNAYE
SPEITLOVEL
9E SETECITEIOE 6L LL 9T
o 1 B T E I 33
948°2La VLA €98 0LA L9 Y LE (g9 tga vsA‘9pELPE 8YE ‘OSE’EPE’EST 0P GEG’PYE OCH SEA‘Zra‘vea’rza
TEV 'SYV 6PV LYV OSVY ' EVV OPV TPV IOV 99V EIV LIV SOV 6IV 0LV ‘' TLY TTE6ZAE°PIA'9CHE ‘9L ‘ETA‘vEX ‘0Za



HyperForest Development

l REV.

UNM/Sandia

i = I o H ]
| | [ | ) 0 [
~ro N bl ~e o ~o L f';
v “ wm “ en “ wn A
s o e oo ae  on ne 0w av
< - wm wen woen =
a5 e 2o 5 2o b 28 o
am - = W  em = = w0 en = - T - = 0
om0 o -] Nt M o -2 - L L A" o o N @m W o o L
e 9l - - so B8 g “ S fo 4e g - 5 8o b8 o 5 - 2o
o ~ ~ jo e~ Mmoo ~ ~ for aNoN ~ ~ o~ o N ~ ~ o~
SONS & O [ U S o~ 8 Woe = P IR T S o~
v ] R o c o . el = a o o o N D I ] -] -] < [ & o -] <
Ao B i Mo - - a0 B O - [ - o A0 B D b no- - o "0 B D - 0o« - -
e 2 g "~ ~ el .M 2 E g ~ ~ P «m 2 ; : ~ ~ e on z E : ~ ~ &
oa 9 ar & & PO oo S ek am & & ho ona 92w am <& & HOOm Som NW & & Ho
o & oo # N HN en ™MT O D0 " 68 Hn en OO O A W oN HN en OO DA o N e
i e~ @~ o o~ 'VN‘
™mes | K "8 n "e e Ay AL e
= H > Ao b [N, R N
~o ~o " ~o o o I
as i B o d ] & on | ® A i «
w = K
2 3 I |
al « 4
l I g n
& o
gl & 2l
ol = ke
E—| 5 L
od 0 ki A i R i A ey Ay iy B o o s i I B B
o Nt =} O n ol ©f of of of v ~| | o] m] ©| =} of ~i
SEEREELEE EREEFEFEEERFEEE
af o o 3 o ol w
& 4 <« «l 2 of of «f 2f uy af of vl ©
o B & B B o] & ) I £] &
a9 Y al ol o o) a) 8 &
ne
<8
= of of | w ol = of af ol o] of of of of o] @
<n [ B ol B ?| ©| o~ | o] wf ~p B~ o] of wf M 8] vl
. [ Y R Y 0 ol ulul Of Ut vl ul Ul Ut UR U Ul Al g
e
o~
= gasmpo-r  aead 252E o5 Sof sgassEayfeges
% oo el EEEE ti i EEUREEUREEgCC
<0 = M 5
<n CACKO G W h B o o @ B} s
5o WRASSTRB-L A5 & csTRBO 8 D=
o0 vl -
ax FAERDY-L 238 d cxovo 55 ERY zaan b2%
s B inieinie—— COD {7 :01 zaaa 22
2a
i caaa =
= 213REQ_ T s66 d crpos vaan L2
ZE ERLIACK-T BSLd cacka saan P27
5 &l3STRE-L 259 ] coraps oaan 1a2
o g-i3RDY_L 252 crova raan BB
i etnte—| 1D (7 301 .
B2
6dan ==
o B
FIDREQ T 255 o creoz otaan B¢
TIDACK-L. 252 cackz ttaan F2°
o L2DSTRE-L 258 csTrez zraan =2
<a E3DRDY L 556 crovz
o il —— 2D {7 :0)
on
2 2
oy FSIREQ-DL . ASY M cREQ3 S 3
LA d
<a FRZACK L ASS A cacka H axran 231
;; ;:\75“9—14 AED C CSTRB3 I3 — A3a
&n 37ROV 257 d crovs
we eliisti—-— C3T(7 20}
co
2]
no IREQ-L. B26
gg CREQ4 ASS
o0 gzzncK-r 221 ] cncms os03x (AR
s ry— pio d cornpa sl e
pEd TP 72 ] creoes zaorr (Bl
s f15-35 23,515 T— ‘o
H capr7:0)
L1
EEUKEO—L B9 c CREQS
o FAUACK-L 528 cacks
ag FeusTRB-L 822 cornas
= < [ a oz
& aurbY_L Bis 2 w & @@
TR DI $3 §¢ % 5 F i g0
st =5 . ] [ "
an EH2ET 00D 22 %% %5 3 F &8 nmg}:g
oo B8 HZ b 0 & au E k&K
pas
a8 ol T o S aped o of o o v
o b I B I al Al s of & &l f o
N £} & /) &) < £ < o 4} &) & &
o0
on z
Py i k!
an a |
8h 2z % 4 o ooz
an i B I I ] ;i i B E: K
a8 I g b ot &l gl gf %
ae o A
5o H I I [ &l % 8l & 9
e ol w o<l Bl 12! & ol B B
N
am
or
an
o
o 1 o I o I =




| SJUSIWAIO [ DN 45D AU ASDUN — & LU /2 IANLL
| 34
a I S I & [
|
|
|
vIA=RIALTONL
' opotv=sauva
ke
ILRAIALTOND
, &
=anava |,
Ao o= N
vy
anto-ansazvanaa F
Z50vDSP D
vIa=3d AL ONd P
m
L AT SAS wae
SESUX DSO
asTovdaud voavL SLASAH ov &ED
WoiEsES -3 Av: 3} | CEEHES
o M TTSSNSa BT A i INAAAS SIuL [~
AAA oza
~OMDVYSa DIA vy
W W ZSuTToIA G A TOHLNOD [~
| WS BETT 5TA B INAAA -4 apuvHosIa
»sETT ST YW “
1-SO¥YT DIA R HSAUHYL (]
EBETT OTA oYYV sesfEoTun 5
B AN Tzn
- toUiT OIA : FeorNg
| a WEBUTETOTA E RAAA
7 T- 10811 DI 4]
mlmﬂwﬂmﬁu OIN E
¥ SaT 5IA E RAAA asn
———— - AAAA
=T oI g
T B4 '
®TTTIT-OIA E: A
4 W Ba4aT5IA CRAAAS 3 _
Fax
vzoToas
sofp——
wiva € H-dSNLYLS!
~HVINGS T
. T-aanNoa- ancd
- ano
B-HEONTD OTA —] omvon
5 »
59 o z H-8AH T
—RaNoa NNSANTYA yRay
I BTN
USRIV IER=aa 1A
T
~WANOO MNSINTVA
N v ZQI10dz
SO LYLMNE A0 T A viva °[F ——T-wSnIvIsi
T 4 Wwvivas T
a T bl 02 EEE i e o
= ssvon
]
T PO UEG
ERT3)
| 7
7 a | 2 1 =2 I
|

~n e e e —— 4 T e e o~ —~ e 4 ~ o~ o~ —— -



EPROM Boot and
| B {

Configuration Svyvstem
| D

<

uy2s "
FUSE] 2| g ez 1/06% |85 VIC LIRS Iy
22 1/064
BERT -1, 3245 /063 vor
Wlisa 17002
Wiias 17061
2 . o «
190 0 306D CONP_DONED - by N
line vt o usTATUAD ), § 4§ 8 & b4
A7
toa DI retel N3 EUCS | N ’
02080 009 3 CONPDONTA ) &3
CONADRLS - H 15
7 oand 1/one HHETATUSA - &
= TONADRL4 -1 28 fasa
800w B g0 | == EONADR13 -1 28 | nq5
1o Lr0%3 CONADRL 2 M 4
Jiorit s oz |52 coNADR1T -1y S —
BoeQ RSB SONADRLL -1 PYSl PR
SgloF21-1 9l;/00 R 3 CONADRI 6~ H R
EQEILCH 18 49 CONADRIS M FONADRIO N 22 In10
pr—— v BASR® B/ e CONADR 14 “ONADROO -1 28 v2e
ederzecn L 3dlis01a 1s0sa (8. CONADRIZ-Hy ONNADROB_H.
Jrei = 27
SIerso i 12 47 CONADR1I -1 hind 281020
/012 /047 ONADRO7 =H k3
WISESQOCH 13 46 CONADR12 - H &
I/013 I/046 ONADROSG —H
el - s
FIOFd0-H 14,014 r/0as |45 CONADR11-H ne
‘m°z>U”°ml= 2
IOF30-H 15fr,018 /044 |24 CONADR1O-1 ONADROA - H i
WlOs30-H 35 |44, CONADRLO 1) - a -
10F20-H 1731017 I/043 |43 CONADRO -1 WI0|‘|>A
‘moz>cmﬂ 3-H 9
giIorio-u 181y ,018 Ir0az |42 CONADROS -t bl
IC, LIRQI-L i9 a1 CONADROZ ORADROS —H A2 az
WICLLIRQL-L 391y ,519 rro4r 4L CONADROZ_Hy
ONADROL - H a1
IS LIRQ2-L 23]y ,0621 rs040 |42 COMADROE-H A1
ONADROO 11 a2 Lo
SIC LIRQI L 22]y,022 /0389 |22 CONADROS -ty EREREEEE
SISLLIRQA L 237,023 T/030 (28 .  CONADRO4_Hy el o 2| of ol of
1BRDY-L 241,004 /o031 |31 CONADRO3 -} I B I I [ R
? =
geADSTRB-L 25)1/02s /03020 SONADRO2-Hy
1BACK-T, 26 1,026 1/029 29 Auoz>nv—ﬂcu.l.-r
1,027 rs020 |28 CONADROO_H
TRTSTTY
o ) I e e ] e
1 il 1 LI L 1
ool vl of o o o
af gf g ot of | 2] A
al o @) of o 2| o o 1
ol el Al Al o] ] A
EEEEREER
4
| B | < T )

UNM/Sandia

HyperForest Development

[ rev. =




- -Asd

Juswudo Taasd ASsaoJasadlH - eTpues /NN
a | El I G T K3
BZaId45 A FAFT K BZRs145
0-5-‘ 0S0O/X 6vO/I —ﬁ_v__—lm 6-5—‘ 0SO/I 6VOST -Gv—m. 6-9—‘ 0SO/X 6VO/L ﬁu—m
MTENSoT . EE] €St 8YO/I I TTTcavas WIEESGT T ie| FST BYO/ L I T e i Lo a3 R BYO/ T [T T TaNLe
WITHEY TS| pee/ T LOO/ L T T T WEEY T RE| vSo/T LYo/ - zrawady ®raw vs}rso/T LYO/ I [Ty T T
®—tma sg|sso/% PVO/I G H-ceivid ®Tag S5 Sso/T PYO/ T g rrIvid WG 85 SS9/ 970/ L [Fy " H-TTIvid
®Wrsradis T Zg|Lse/T SPO/I ISy H-otEoud W Szawas L5} +so/T SYO/I gy n-ozased ®oTanes L8} 459/T ECIE] N e
WGcam 35]85°/T EvO/I Ty T-T Ao L e 11 EELIE EVO/I [T T=Y 26V, Wt e5] 850/ €PO/ Y [ T TRGCL
%oeas 68| e%0/T G -l S EXi 11 WgTes €8] e%°/F EYO/I [Hpm e TRl WoaTas 65} 65°/T evos/T =TTl
% oexaw 03] °°°/T /I w-cad WoeTRan  68]09°/% o IR w-ead WstRaE 0w | 0%9/T A TE e T T
Mteawrs T TOO/T OVO/ T [T HTEDD L ) REIE OVO/ T G T E B ®TT@uds 18] 190/T 0vo/ I by—""F"Tod
Wrran————yy] £90/x 6TO/T Pt L ey EELTE S 6€0/I 7 : BorrEe T gs| £/ L 6€0/T e
®TTeES T Es] Voo T BEO/ T [T TS e T A BEO/T [RF " TS MTITES T w5 PoO/ T ] e S g
WoTTRGE g see SE0/LGF - tLaLsaL Lo v a2 RLL 9ES/ I G F-ziaLsad MoTERETTTTTTER| $90/ T 9€0/ T lgr——FTrazead
B oNEwem 55 990/T s€o/I g e e Ty RN sea/t ey rEREYTe 99 220/t s€o/I gy
H-UTAvEr 75| L9090/ VEO/ L [T HTOEVE ®TaTavER 5] 499/T PEO/ITE T-oeve H-HIav TN 75| 490/ YEO/I [y TGz
STTENEaeA 85 P90/ £EO/X [ """HTTECD bl o Lt a1 R e - Ty T B anaatw 85820/t B . E AT
BTETaaTR T gs] 690/T TEO/T T EEra HURTGaEN g5 890/ (AN ] Fr — A B TuTaaTH 69 59°/% e T
W SHaEGTSs YT TLee/ T TEO/T FTE T TR RS S TTavEaTSs T TLe/ T TEQ/ T PP TR E NS, WSinavaaTed  TL] TLe/T TEO/ T e T e
WESYETS A 2L} oL/ T BZO/ I [EE H-FEwE WESYATS B €L ¢Le/T 620/1 g m-vzud NSova5 B zz]%Le/T 620/ Tt m-vzud
frlELL seo/I g w-gu® crleex 820/1 gy el eex 820/I fer——m-sZu®
M oooTs & 5] 9Lo/T B P T e ey a EE LEO/T IR R MNSET e A eL| 40/t LeO/ X TG e
G ey gy KIS 9TO/ I [gF R LTS ol =5 o uny - yaawra XSS PrO X g h-ievey —Tames A& L] LLo/t 920/1 [ge " ji-zewd
W oERTSS A er] vLo/T EEI T H-eeud ®auis © B ei|BLo/I cerrees Hoezud R —mmis 5 & sc]fLo/T €2I [y ""FTezud
&zjsLe/x 2eO/1 e ni—ege® &zl6Lo/3T ZTTO/ I frpp————"Im g T’ gr)sLo/x C“EOSE
b ey w i AT TZO/ X ETT T oeE iy ) R Teo/ 5T CELYaT7:d ToRaTB A in| TI9/T vERoR
o rESY 28] ¢8e/L 61O/X |3 B—prseT 5] cev/I ero/x oy B ——ssor @3] %eorT 6TO/T
.—lT:mI_T €go/X STO/I £33 .—T‘_“E—ﬂ?f—"‘—f;‘s— [=:T=V 4 8TIO/Y 5t lm £80/1 BTO/L
FEjveor/T IR LYE S Vi a §o]veorsx LTO/T [y sajveo/T LTO/T
581 S8O/L 9TO/I ﬂm‘. STl S80/1 9TO/T mi—. Erg SBO/T 9TO/ L
9-—' 580/ T STO/T T 9— 980/ sSTO/T £3 9?‘ 98O/ XL STO/T
&e] 88O/ PTO/X 757 sal B8O/I PLO/L 53 ' esa/I PTO/I
§51 680/1L ZTO/L T &el E8O/X Zro/x A3 F1y 680/1 ZTO/ X
0— 06Q/X TIO/T ‘.E'.‘( D_ 060/ TTO/I ﬁ 0_6— 060/ T TIO/I
fe]tso/T Oto/ T gy -gasaa ® gl e/t oTo/T mm_u. {E|teo/1 oTo/X
Z_? Z6Q/IT 6O/ T -s—' Z—_ Z60/1 60/ —6— KT Z26o/I 60/
E-— EBO/X 8O/I ?‘ ‘:.—' €60/1 80/ X T i-ﬁ‘ E6O/T 80/
S_' S60/X LO/I Z 561 S60/T LO/X ™ &7 560/X LO/1
56| 960/T SO/I r H-UvLvas JE 960/I SO/T r'm 9.—6_ 960/1 SO/
L—' LeO/X vO/I _P— Z—" L6O/L roO/I 'T L? LEO/T vOo/T
§6] 860/ X fET T HAS S A §g|8s0/ T B o e eacy sgjeso/ 2] I T T v
6—6. 660/ OIANODN 4 &6l 66071 BIANODN ST ae 660/1 DISNODN %3
B UANCO T ANOS T | ANOGANOD  0T1ESH W-I A B UENSET NS 1] 9NOU4NOD  01ESH TI rS W} GERoaTaANGS T} ANCQANOD 0TASH [T r
—woa (153 Rkl TIasSH T l J_ W—wwisa oot |YPd CREER) g T Ywroa oot Mea TREE Q T
SOLVISN ASN @ TR R YRR w71 SOLVLSN asn @ L rpev o vy T7 1 SOLVLSN asn =7
eLn 8zn LZn
Fan 79
a 1 D ] El 1 4

TOoOITaAUOD sSng




Arbitration System

< | D
vee
u3o
P NSP NSTATUS 24 NSTATUSB*&
l. S1 MSEL1L DOLK 100 DCLKE—*
b4 b”" MSELO coNrDoNE |k CONF_DONED_ly L
Z5INCONFIC  1/099 |22 LNIC _RMC T,
SYS_CLK4-H 3 13 . 17098 a8 VIC, WR—-].
Al1/0a T/00722  VIC WORD -1y
SDATABCH sly,08 rr096 |28 VIC pas-iy
24 I/07 /095 98 vIic LIAQKO—“
Elr/08 z/093 |22 MICLLBRVI,
pBESET-L 917,09 T/092 |22  VIC_LBG_ Iy
" HLL1 -1 10 /010 1,091 921 vIc LBERR—E.
VICAO-H 11 /011 1/090 20 VIC=IRESET—!
aYIcAL-H pAlle ena so80 |82 vie_zPLO-Iy L DYYVAL on3o-u
¥IC HALT-1. 14 /014 /088 B8 VICAIPbl—!- _W_Z GAZ9-H -
ic stsea-n sl 6,5 108688 VIC.IPLZ T, RIARAA onze-H_ g
WIC.SLSELO-L 26ly 016 1088 |85  VIC FOINCK-I4 L’VW"‘“ SR27-1 o
@looIcrserL-L 17l o, 1s08a}84 . VIC_DSACKO-Iy LW_S cShAz6-H g R
aIC SZ1~H 18 1/018 1/0863 B3 VIC, DSI\CKi—l- AAAN 6 GAZ25-H ~
wic_sgon-r, aoly . .g 1082 |22 VIC _DS-rL LA anza-u
£Y_5'I‘ROBE—L 21 T/021 /081 a1 VIC?SZO—!‘ 'JW"S GA23-H -
¥IC_MWB—L 22 /022 1/079 |79 AAA & anzz2-H -
2_3_ 123 /078 78 VIC_}\SIZO—Z& _W_lﬂ GAzZAL-H -
ﬁhBO—'l 26 1/026 T/077 27 VIC ASIZl—& 'W_ll GA20-H - -
gnzasy 2781 027 1s076 |28 vIcea_y BYYVNLE g mov-L g
gnze-n 28| 1,008 173 |73 VIC_DEDLK-Iy AMALLZ _STRB-L o
£h27-4 291,000 rrovz |22 BR1-11 3 EAMALA S.wR-L g
Eh26-H 311,031 xso7aj7L BR2-M o FAMARRE S_LOCK-L,
ﬁI\ZS—H 32 T,032 /069 59 BR3-H - VANLUE=?22{
@pzazi  3315,03, 1rosslSe _BREZE g RPAGISD
iiAZJ——H 34 T/034 T/067 67 BRS-H - 5
Az 251,038 17066 hES BRE-1 .
£221-m_ 36l:056 rsoes}8S __ BRT-H
iy\zo—u 38 l 1 /038 I/064 64 BGi-H -
wil82-H _ 2391; 639 Tro6z 82 BG2-M g
2083 LY-1 S /061 18% BG3-H 3
G.RDY-L_ g a3]|: 0641 /060 |82 BG4 -H
g C=STRB-L ¢ 42|y ,64, /059 |22 BGS -1 | 1
PR 5 9. 431 1,083 r/058 158 BG6E-M -
wo=Lock:L w 45l .o - BQ7-H .
nS-ERGB-H Y 45613,046 1/055)2%  VIC_ BLT Ly
WCOMPA-L 7] 1,047 1054 |54 C DEADLK 1
meoMeR L 48]y ,048 153 |82 o
pooMEC L 491y,049 rs0s0)20
EPFEZEY 4
I B I < 1 D
UNM/ Sandia — HyperForest Development

[ [ Rrev=




- caan |

ausudo Teas 3IsACJISAAN - BITPULS /KWNNO
@ T S T q I 7
PTA=EIALTONS rId=3aAL"ONd yra=aazsToNd rTae2dALTONA
T SNAE TL A-ENAE 2L T ENEETL
SETAVL setave serave
€
[3 H~-zoailc ElN I H-10dLC €] T H-TIdar
ven ven ven ven
H0ZA=AARLTONS
Py
MH
vrEdY
2
—vx = v,
e R e
[FOSDRUR—— S
H-S5Lo L }°r Y EIHSNET
e
Wvrane ¢ LA *ITTR Iac
£eq
a
TSNS
R N SV
WoToRze |* [T [IECTICA o
foZa=A AL DN . .
© ] HoALL
A d 4 T < IREEU
< S0 0 R B Hoodd
ML vwaneManuM i
€T 0
reear D R B3 W iad
o el
[roERSE—— 2 — T LSHLPT T oo,
T-BRLTET |** ~ PY[ETICERL WG
oL e | £A evlsnTioaic®
B TTona 5T | 2 M parenrery
e e — ]
H-onwa 83 LA T[T h-onwa
cef
T T S T T I v

AIxQD pPpur JIpH SV.LLO




- rAzy _

AuswudoTasaad ASD2IOCIADARH erTpues /HNNO
a | 2 €9 ‘TLEL EL | (ses8cl "(EpiGp} & A
SEZ LT BT 6T TE L EE BCT 66T 1ZBTILPT
I95165) ‘22 €5 -4 &
[615T
i L 1| I | l i 1]
hs
[
&
Pl
1Y)
© 0 # 0 d 0 0 0 d
- L S S Y S S
£ 0« a o 4 QO
n m m ) u W 13
— H
20T | u1aa a astovay
WeoUID
<q
€07 Naams NoDS
20T aacst aASAET
€ Ld
~IaET DIA TLL | Taat EEED
CodETTeTA 6ot oaan (o1 T)ZISY
R RIRSGMN=DTA £oTe| fINEamn 195451
T-NINGAGMT OIA SoT- NINaamz tor311asIs
SovIna
¥ oNEG DIA vovd onma s
=Tavd OIA zTTy | Ta¥T oat
1-oavT OIA TIIM oav1 tor1lzls
YoREwTSIa 4| NV (t:zina
Naav mon
T-Naav DI TTT o
Fan
9 —aaT DI Tove det yuaa
RSNEUTT OSTA e oPvIn torzisovsa
sa
A1aaa Sy
efr A
rasau sva Pyey————7"57a"5T A R RAAA
BasySYT o554 woowuovr 2 Prey ATFSOT 2T VYW
=LAONT oS5’ i
NIADYL DTE T=NINOW 1T A
Homer———35( wovx asomt Py G R RAMAE
—HIV! —
sen auzam Dry ETR AR = VWA
o WA
01 T 5a Pa————
vo0DIA —ANA
M ameeee(] wuza sv UIIIII: T ml)x(((\
I EEEY EE) " S ml
'III|||||||AU OvLa
T-ADVLA €6
i s rsas e AL
1 €1300 1AM
forelzncos tote)NIDa T-NIZDH €
e - AAA A
TI-NITDH &
nrvasis Ory TITVas A AAA
~HIDSAS S8 | AIOSAS r1zvanv Ogy NS I-NIoDg T vT
zZosn
Lasausis Doy -IASAuS A -
aQ — ) <

I a
sndgd HINAN




- ceau | l

JuswudoTsang 3IsoIoJgIDdAH — BIPUES /NN
a T B T i3 1 i
E
£
v5&DLAD aa Dy oI ST v9EDLED aqaPeg TSI $96DLXD s Py A SIA
ama Dy TEMIT ST amn Py T oid am g ST
asonrs De——T-rmorrs™x aaours Pe——i=gacuzs=rd agours Dot r"mmsazs=rd
v5a [T AT RS 5T voalgrp-——rTrose5TA vou [5¢ TRESEST
| ] ~VINOOA i hbiead NIDAT=T THLOO5A BT LOODA NIDA ST EREZZR? Pas EOEE NIDATE T aIno0,
U o naa— T vt | NP P
zv (13 - LOOD"] 33 T-EHLNOD
T‘l‘i‘l"ﬁ ARODA SHODA AWoDA
“¥IWGSA 3 M TEIROOR B Lirerrry =4
saa =y fi-oover sairg CETr=a &)= H-oove
el 3 a7 o4y EEfrus 7. WAy AoYSa oA
& —aos———{enoo [ e A rTeren mmmr @ RA IR g oo
T—anooT z T—gxnoot rA 2
CAITTE ASaETSTA et 33 WoaE T oI eaaT 5y H-caa T oIA
TAATEY AoTaTaSTA et kS AoraaT ST A Taat ey AYGT T oA
. sen onaa D7 T-onaa-oil een ELEIS sen CHELS
Trnaa Dep—-renrRsana sl wNINEa TNINEQ
NrNaa nNInza Rer—rrRrREonn=ST A NINGa
torzla  (o:z)an (orz)a (o) an |-k s (0:c)a  (o:c)an
naay raev Dy ATNEEDIA naav Pye Eo=rrarry
e T-NaeT 5T NaYT TeREe ST A NIV [T TNV ST
CR g H-Gaw T oI oA T T SawToT A oavTy Aoaw TSt
TANLLEY CREL w3 7 ravi iy EECraw-3v. TaNIET H-TaeToi A
R S STAPLPRTeeee . erierireiueiicioiis e Y oricireiaciiiiesianics
totslw  (o:zlvt (0:clw  (0:Llva (0:L)¥  (0:2]VT

T T E) [
sdTtyD sSoegIxsS3Uul shndgd dJNA




s | _

JuswudoT2a9CQ 3Isoxogxadlpg -~ eTpues /NN

Gi ] S | T I ¥
26D 36D
L7y T-ataan? REx HECT T o
hioey ERIACET T i~
Y=teasRn HosTaa —iBux T-eud
Y R -Saann 7y b TFZ T3 GESE T
Bty o &TBET Toad
A sTania Casaarr BuT TIAGEBd
L ey TooTeEnd h Cr-1-133 T-NIEOR
T ezva RT3 Ear#ilerast: o
SoEEaEA CETAELT MTTOET I-NIcod
Yrveamaa oA Lo Ao Tod
1 s TosEvard - R = £ T o -
M eTaana As eV 1 I T [T o
%iTeaEnn v zeand haro T-NZooE
b e [ b FEAINADY
Wi oTaEwA Gl b7 EECEEDY
YsTaann aat HTRE T-xsad
€ ' £]
7 I YR —aaA
- e o —
- - BTESVERER T-tova
- = W ESVETA ERdaainr g
= — -sTeawn A-covERt
] [~ WTTvaRA A-vova
] [ - ETvann CEEREE
N . — WETvEnA TEGeERA B
“ - W v Tvana AT LovERA
] [ RS EETIN CRT 1
- — RTSTIERA T-LOOADYR
1 — -TrwEaR -NINaV
7 [— YeTaERA TS
E - m WiTeTeann —ar A
’ WrsevEnR T-s5¢
1 [ Wi=TTaEna T
] — Y—<evann TSNSl
-1 — RiTEvEnA BT
] - L1 TELTIN
] - ¥-Guoma T-osd"
|| ] [ #iTeausas T-tsd)
7 [— b= —awd ]
] [ S ATvasis B R ECE
- — ety RS
7] — Ssvaawa CRCEEELTS
] [~ L = CRELLES
- [~ WorvsshA CRECEED
L = - hierazierry GRLLEE Y
] — h@aceon w-oas
7 - hEEErD Ol
-1 - "esaaEnA AT oaann
— - Ri-soaEnA woseaERA
zce 0
a I ] T ] 1 g

SITOQDODULIOD Shngg

:




- -amu | |
JusurdoTens IsoaogaedAH - BITpUuesS /WNO
a T TS TR=ad AL DA T El — | M
= = ot
y-3
Tsfis :IODDHH — Illlllllll"
TSjts H=-oanc’l
oslos
osps
R G173 H-Tadg J
606D H-Tdng
BHBY Ilmﬂnnm
Briov :$Nn:;-nu_
o YLy Ilﬂn—ﬂnu IJ
ULy H-€dne
sy Py H~PAaE’ J
Sy Pr H-vanc’]
momv
-1 g
4 33 :Imn-ﬂH-
vere H-sanc
evjer -.-iwnﬂﬂxm- I.l.l'l'||1
EHEY H~9dnc"
zeley H-LdQe J
J (44 (44 H~Lane
THIY I-AQUAGC
Ty A-AQANE"
ovar
- opv
6Y6E -ﬂlml-rm.n-mim
BEl6 € A-adLsNc"]
|eHC J)XU‘Dn‘m ||.1
8EQE T-ADUNE"]
LEjLe JIMN%QN“* .|.||m||||1
LEJLE T-OHHPNE "]
oe5E
p-37 =X
SESE
SElsE
24> (4 H-0agz J
IJ vEPE H-odnz
= €gjEe H-Taaz |I|I|.I-II|4
[ 24 54 H-Tanez
k45 P43 Ian-n-Nm J
zeee H=-zZangzg
Tl e
TETE
ogc
[e33 3¥5
676Z IINDDN"*
66 T H-€danzr.
|y IIVQDN-m
ezl H=-vanz ‘-
L
YL
= k-k- =¥ H-saqz
o9z T :&mQDNL
sefgz—w-saazl et
sgBsT H-92aNZ"
vyee H-Laaz 'Illll"lll1
vejre H- a0z’
£gce JINDKQNa
L I-ARUNT
edge i-muzsazl e |
zeze A-adLsSNT
Tgie
TYLZ
oxgoz
o [+X4 3 ¥4
B8IET le—U‘ﬂNu
6T6T T-MONVNZ
BIBT 1-0x"ae Ilc"lml.lj
J 8IBT T~-03¥NT’
LILT H-04GAaT J
LAPLT H-0dOT
9iIPT
SIPT
SIST
SIET
PUPT :lnn—n-d* J
exlet H-Tant
€TET H~zZadv ."I|||.-.1
L G H-Zant
- zizT H~€aqay
zIeT H-€£40T
TAET H-vadT
TITT H-pant
oTpT
oot
6 6 Ilmaﬂ.n- ||I||||.'ll|\1
& &6 H-sdnT
£E} T—!WDQHm J
a8 H-9antT
2 A Ilhﬂﬂ.num J
2 I H-LanT
ol & Jl?ﬂ&ﬂ.ﬂﬁ |||l'|.||||u1
o o 9 T-AAQHOT
TSN s S
TSTIH s s
L B3 \ulﬂl.ﬁﬁﬂﬂ"‘ Illll.llll"
ZOZTD - v T-2HLSNT"
Y v i=ALvQLY TOULTO
€ € J|¥U<=ﬁ4
o e Jlmm-n-nuﬂm
3 Jlum«:‘-.ﬂ“ﬁ
T
L I3
< 1 | | T <

SYMUTI uUmoda pue

dn ‘sao

JoSUuUo)D AIxXod

T UIAIO D




- _amy - m

JuaswudoTaaadd ASsaazogaedAH — efTpues/HNNN

[l | o ] Gl | N

TETH~IIALTONA

Tgre H-o0Q4aT

[e34 51 =l.nnmﬂ"m
efsT ™ H-zaai P
LY T
d PR o ammeman 0 7o r o d
PY - ety

sYST H-94a8T
vefsE A~ zaat
cefee - AQHA U] £
EE G - tr e r s o
iz a-wiovat
- Yo T 1-03ud T -
66T
BYST
LIILT
2=
SIS T
vIFT
9 €TET 4
zizT H-0AWT
it Aetaet
oTeT H-ZAavT”
& 6 :vnﬁ‘&ﬂ“‘
zE] H-pUvy
P T
1 o T H-savi H
Tem d=  w-cac
L e i
T0CTD
e ATauIs v
S BT
L
¥ 1
(=] — =) _ g _ K3

SMUTT B IQAXH ‘SIO]DDUUOD IO UOTIETD TUNUWUIOD




= "AUM _ —
JuswudoTasnag I3sssxogxadliy wrTpues /NN
Sl ] k) I I
vivielr|e Q alalejelafatalalelal {ululn]n ]
SIRIRIE G SISI8181 0|81 88151818181 818181816]518]8] |atu|n|x1atB]B8 855
wiaialslalnpi]birir|r] k]l rIo]lptrtelrle]l el s]elr [ Rod el ] I Y I [ N e
slojoloiy|ofelafjajulsjuiniu]lojvis|Haju]s|lw]v]r ISR B R 3O B A A IO
aldfalofasl oo bbb afepobafofafelrfe]e] [Sfe|wn]e]n]nx|s|mjx
Y Y Ty R PO e il B i £ et B Bl B S B I B A B B B I X I el B LA P ~eia
s Pl & 2 s > > » > s s N s s w ..m w ..m 3 " 11
Y de ez ibis ga gz of L slo clsclp cleclz gl e o, is e vie vz e ol
Mt H=-SHH
e H-pHH
A H-edLeT
Hc H-zZdLeTs
I —
o€ H~TaLeT
s [ H-0aLeT
- b 4 H-£ad9eT
S =33 H-2a9¢1
b B3 H-TA%ET
e H-0dgc1
e
oot H-€Aasz1
e
H-LOALL ¥%g g] 462 H-2aszT
——e]
o H-£OALL *6¢ sqac H-TAsZT
H-A10 SADS90 6 eqre H-0Qse1
e 1
T-Iasad 6T ¢ ks K3 H-€ape1
-._INU‘E\UMINU & z H-zdape Xl
T-MDOT DL &) Tqez H-TAavel
B
q-AdH O PS¢l A 5 H-0dPZT
Ly T-HM © wﬂmﬁ eqzz H=0TVD
—
1-gH18 0?69 € Tz H~60VD
-— ]
7 H-t601 e} oS E CETEE]
-— ]
H-¢28OI 8 o} et H-LOYS
B e
S 1-Z8 SHHIFSE ¢f SU3T H-20VD
_ H-ONWALoTO0 || LT H-S0YD
YOEO ] VST H-pyavo
- ot
H~TZao 2ZoT| SUST H~€£0VD
e H-£220a90 %20 1] ks Y H-Z0VD
| e T 7 TSR T
H-£2d0 %o T] ey H-TOVO
H~vZdo GR? YzT H=-00W¥D
[CoSERET
H-S5ZAD YGT TT :% H-0TAan
O
RH-9ZdD 431 T © H-604d0
ZIPNQUMw.n 6 & H-g0dD
— |
H-8ZdO ¥0T 8 ¢ H~-L0Qo
—
H-6200 CFT ©im L H~-%000
H-0£AD Mmmﬂ S E H-50QD
et | azsvio
H-Teqo 2T T s H-p0an
:l.ﬂN‘oﬂM.ﬂd v I H=-€0ao
—
H-Z2ZVvD P11 A H-Z0odD
— ]
H-€2ZvD ST T| L £ H-TOGO
TP EUS YT Tl 11 0f1  FEel  wEv  sTY  @EY €Y EET  PEY €1 SUE  OPY _ ZPY WL 3eT__ 9eY QST IC T=50a5
o v K L B A B G B A0 G R B 0N B3 B LB G L B3 A3 BT A G 8 B A B M B A 0
1 Q Q 8 [s¢ o] afalHlelHlH
81 sf2l stol stelstelstelstsiste sfel sielstelshal el slal el L ket
HEMEHEHAHEE EHEEEHEEEEEER R R EHE T
______a,_aza;oaazaaav_aamw_vvss,_smmm.. T
LIRPEL R D] ]S AIAIRIS{AIAIRES 2L AN 2SR SR 19021919190 917 19190 1 1Y
IR EI MDD E o O O R ¢ _
th  ACatAlE IATANATS AUSTRIS L ATRTRYE B Z8 TR Te ThIR T J
© © o 9 ( m
%
1
H
i I B I = 1

STOQDoSDS2UUO)D pIreogISqUuUT




Jusudo T4 JSFSIOIIASAAH - BIPpUDS /HNNO

& T o> T " T ~
o]
¢ <
o )
GAEZ ETULVap
« o
g ¥
o 2
EEEEEEEBEEEEE 1_ NEECEEEEEEERE
ol o o] of rd o nl
SNONA exMDMAY
— S —
W-LGaeT 3 M A-ZaazL HoZad T3 W5 H-Zaatd
H-9aaz 33 Wy Z H-saazi § SH-saaTd 53 WA 3 HosaatL
[P AAA . -
H-saAe T 32 IAAM E H-sqazd H-sdatT G A H-gaatx
[ A A
P —]
A= PG T £33 BAAAL I -radaes - vaaia 53 M E CRIGGETA
[inihd A - AAA
d Hotaa £ W A-faaca H-eaat 3 YVTE HotGava,
e AAA AAA -
- 2ad &1 TIf YYV]T Htaaes ¥ L= 123 VVTT H-2ddvd
A AAA
— i — [Fa———
H-taaz1 13 MAAAS (3 H~-Tda et H-TOaT 1 ST| YYVIE H-taatd
VWA VLYV ! B ——————
H-oaaeT 5Y VIT GRLEGES) T-caats EX 54 H-6aa T
EZ) Ten
eI enovAN
I —
- RARAET WA T-AQUACL T-AQUATT WS AAANATL
e
A-BHLEATA B BAM T-auLsUeL T-auglsaTT 3 A T EHISATL
A
[S—— e [Fou——-
T-RONGeT 433 AN ] qoSMovach ATHSA T T YW T-SNOVATE
A A
——=ua e gy
T-Dauaet 33 WA S T-DAUALL R ET RG] 33 VW 5 T-OANATT,
[ — A OV ]
T-oaAnET T W T-0aunh T-oauntL B3 M K A-Bauntd
[PE——— AN ——me ) AM
-MDYNZT 124 BAAM B T-HoNO T EREENTE Cid € A-SoVOTa
[ea—— i — -— —e
A-auLsnea st WATE I-aULSOnL T-euLsS0t T st YWz - QLN L
[oS——— A T —— [P E—— ——n
A-RQUNET Ch3 ek A B3 T-AGEOTL ToXANATT £33 A AN i T-AQEOTL
Stn oFn
9
EREVZ BNOVAN
I —
H-oanet WV H-oanzL L ey s*WWs H-0anTa
AAA a A .
H-taned ox | YVVIZT H-taned H-1anti BT VWA H-Tantd
g ls——————— o=
H-zaned £33 mAAY H-Zaned WmZanta e[ VWS W-EGD IS
A
- S —
HOEARZT 33 A B H-tanek eEnTy G M B HoTanTL
- baneT 133 WA 3 - raocs Mvancs Tt WA T T-vantt
H-5aned 33 BAANS 13 f-sanex ¥ ®i—santT B3 M H-SanRTE
= A A "
S TTTERTT 53 A B CErT-nermd ~sant1 =[YWIT H-5anTL
A A
S hTraneT T W f-canzx M-zant ST W-LanTL
von sen
of «f o ol of nf o m
EEERECENEEERE | of w o] o of o} of of 9] 7 4] @
~ o
e <
o sl
= TIWoVAN 3 TTUOvaN
o o
) T ) 1 Cl T ~

SITOQNSTSSDY UOCTIAIBUTWIDJ,




Jusuwido Teonsg aAssxogaxedAiAH - BVIPURS /WNN
a I > a T ¥
° 9
L] I
ETVYOVaR: AT
H J |
w [
B ol
of of o] o] o of o o] < a] of o] o]
af o] A e al o] # A
exDyaH exovAy
- AAA U ——
H-zasza 3 AAA ©3 H-Zased - £aaed WS HoZGaEx
—_— A —_—
b
ERECEE ST YW R H-saac ST YW H-9dd el
- AAA a S ——
H-saseT Tt YYVYio H-SASEL N H-saden T YW H-gaaed,
AAA A, ettt e e )
TTTasEd [ad WA - vased S ATvaaeT (43 \(N\. B) H-vagey,
Wrre— A, —_— AN
o H-£dS 2T €ty YYVIv H-£QsSeh H-€aaeT i3 VTV H-€added
- — AAA - "
H-zas &1 23 BAAM B H-zasel H-zaac i YWME H-Taaed
» A
e — e
H-1As &7 5 A 2 H-1asZd H-Taaed 5T VW H- TG ED
AAA ey
W sasET 5T LYYVIT H-0dsCE H-oaae 1 ST VWt H-0UaEL
9850 TS0
BMOML EEET 1 S
AAA
— [—— e s ey
TI-XauSE1 e YVY|e T-AQHSZL TI-AQHQCT (3 VWA ) TT-XABAEL
L =52 AAA 2
A-68Ll5 581 S BAAM 3 T-auLSGeL S rauzsacT T WV T-adLsGel
- — e .
T Tt W5 T-AOT S T~MOVAET T WM T-Hovatd
AAA )
T-Eus el 5l B B T-BANEEL BTG ET B A E TBABRAEL
O —Fan 5————Bsuszz ¥ B ——sannes ™
T-gadver G A T-BEAPEL q-badac G A 2 T-oARNEL
» A
T~ADYVZT v \g € A-HMIVEZT A-MOVvOeT vT g\ € A-MDYOET
A P S [ O—— A P ——
T-A¥LSPZ] ST é‘ z 1-adisval “I-gHLSNLT ST 3 z F-GHILENET
AMNA———— . - fr—————r-xaurer ¥
T=-Xauvea ERahAsdany A-AQUPTEL T-AAHNET 9T T T-XAHNEL
CER)
9
8%ONAN MDY
ANA AAA
H-odav 1 | YYVie H-0OvEL H=-0anET € M E] H-OUNeL
e e e i [ A
TH-Taved T YWAT TI-TaveL f-tane T ST VWIT A-Tanes
— e ——13
H-ZavzT TT §\ 9 H-zZ2apedL H-2dne’l T s§\. 9 H-zZaneL
H-€Qvel zT g E H-£AQvZL H-£aneT zT \gw E) H-£dNEL
H-ravel £T \g v H-vQYZ.L H-paneT €T YYVIY H-PANEL
AAA
TH-savza vTl YYVTE H-SapZL H-sane1 21 B G H- SO EL
H-saeel ST z H-~2aQvan H=-9%angm1 ST t§ 3 H-9UNEL
AAA -
¥H-zaves ST L Y YVIT n-Zdvex © fi-fane STV I H-Zaned
vsa 6Vl
Of i} o) o e «] o} o
o8] EEREE A of REEEE
h¢
[N o
| 0
Bl D
o GRS 4 9 ETVOVdY
o M
] | ) e T b

SIToasSTSoy UOTIRIBUTUWISJI




TAE NMVHG ao aswva
- Az@d

auswudo  Tansnag 3soaogaxsdliy -~ eTpues /KWKNN

< 1 £ I a 1 v
L o
9 ¥
o |
TIvowal y BARZE
| o
¢ ¢
o D
L EEEEEEEEEEE 1— ab el o] wl <] & <] o] of 4] af <l
A Al A ol Al A A el
EREEN ©3OMAL
S —1
HEZdL T WA A-zGLEd H-Zasvd WA - Zagta
GRELTEE 2 BAM H-8qLtL H-saatx T YWz WosaarL
H-SaLeT W T-sacex - SAHTA 533 A ] H-saath
AM el AAA q
W-vazed zT 3 T-baLed A-vaa Ty 3 5 H-vaatd
AA
d S cacea G AN G H-taled Aoedata €T ¥ (2 Bocaatd d
A AAA
[Ho— Sy -—— -
H-zacsed £33 A I H-2alta H-eqatd 33 ><<< T H-zaavd.
lree———ee
H-Tdeed 3 WA 3 H-TdLEL H-tQaTT ST VWA Z H-TAG T
A S —
CEELTas ER) whA'A% k- TTSAIET L= ST TOaETT
50 TSN
@NOVAN 3oV
O AAA a AAA
A-xauied 3 M T-Xauicd T-Xauatl T YYV]® - AGHE T
» A
B TANLS e st YWz T-auLSLEd T-auLeat ST EEiKEIIENA
= A =
ANovLea T YWt T-SOVL T, ERErT i 133 BAAM EJ REEELE ST
BEE ALY I B STEEEE WA
T-ORULET ZT E] T-OARZ T-8Eua Tt E3 s T-Baua L
A A
b= = =" VYWAIT ER:ErET A T-SHAV T T B BAM 3 ERL-ET TR
-— AN AMA——————————————n
T-MDWOET v ¥ < A-ASVOEL TT-MOVNY T L33 B 3 A-AOVY T
U ——Y
A-auLss €1 T We T-GHLe o Ll TauLevi T T YWz RECERUAEA
- » AAA
REFGITEN) 3T l).)'\(n T I~ AOHSEL - XAHY LT sT_YYVYiT I-AGQHUY L
90
o q
exOMAN exoMAN
H-oas e WS H-0av el ERCEYAK] TWs H-odvTd
A -
T=TaseT 33 BAAM H-TdsEL & gty 33 BAAM 2 - TAVTL
o AAA —— VWV
H-2asct ITE YYV]S H-ZAsEXL H-zavit TT £} H-eav L
AMMNMA——— PV VS E———r—
H-eastt Y 5 H-tdscl ERbCEa L zZT T H-taviL
A
- U ——
H-TA5ET 3 BAAM I3 T-vasEL - 5GVTT WA Teava
-— l—
fi-gasci 33 M G H-SASEL W-savit 3 BAAM H-SavTE
AAA ——— 8 1
CRECER) 5T M E3 H-5as e, W-3av 1T B3 MM E H-9av L
» G e
H-LA8 £ E53 l)\k(..l T H-Zasey H-Zzavia ST WA HoZavia
50 €50
c| o af ol of af &l x
1_ af «] o vl of o] af o] A o af q a| o] ] o] of o} af A] o A
L
N
¢
2
ETVovad ETVOvan
a T E) I ) T 7

SITOQNS TSSO UOTIAIBUTWID,T,




n 1 c I D
ve!
19 3 STRB20 1. 16| 1 STRB30O L
1§ L L12REQ-L A
~AAAN ] 3 WR20O-1, AAAA_R wR30-1y
L.12RDY 1. AAAN "
AN LIZRDN L g MARRA-P——BD¥20-1, ARRAL - BRY30-1,
R AA2 L12STRB-1,
[F————————===——"n VYV ] CE20-1y Lt cE30-T,
L12ACK-L
AN s STRB21-0. L AAAE sTRB3I1-
£3 L13REO-L o L AAANAE e SERE2 Lo
FAWV-] AAAALS WR21-1y AAAAE WR31-1
Byyyas L13RDY-L > RDY21 7 RDX33
" L AN RRX21 -1y LAAAAZ RPX23 -1y
%IFIE‘W.I N epai la cpat
3 L13ACK-L AR SE2 L Ly AN GE2L Ly
A s 3 AR2 -1 AAAALZ AE3-L
%PIIEI VVV o R Lo o
10 DE2-L o = M,
AAAALLD L23RDY-L o |\<<<r:. YWV [,
11 L23STRB-L; ~VW-== AAAE
- wH—————r e hz  rAackz2- iz TAck3z-
12 L23ACK-L L AAMAE2__ZRACK2 1y AAAA 4
e AN e S0 13 NME2 - 13 NMI3-F
12 PRES_B2-1, FAWW FAAMNLS NMIS-fy
FYW—————————===n L AAMA-LATESTET2 -1y LA fLazesTRTS -1y
PYYYNIE] RESET-L o hsT2 SENS-1 L5T3, SENS T
s G_DEADLK-1, AN AN
FAW- e vALUB=2 2K vALUE=22§K
VALUES2 2K RPAC1SD RPAC1SD
RPAC1S5D
F | c I D
UNM/Sandia — HyperForest Development

_ RRV. -




PRAE NMVHO q20 aovd
- tAdd
Jusudo T2 IASSIOJIASARN - VTPpURs /KHNN
G T 5 ) El T 7
¥
8 N N
o0T=ANIUAT Teat 1At 1uat Ivat "1ua ¢~ YD T 1At 1YA0 T 3\u<>
oED 6ZD /8zZd> 42D 2ZD s5ZD vzd £€TD Z2ZD T
A 4 @ @ @ @ & L4 Sas—
. o o . . ® Py Py ®
00T=ANIvAT TNt TULT 19aT TIAT TEAT TTAT "INAC =ﬂ<>
oz &€1D atD LID SID »iD €12 €ID 0
& & & L d L L & L RO

9]

Py ® ® ® Py & ° ° .

GIA
N N
S?u:aanﬂm EaﬁHhi,SU—NiﬁNHm. ﬁaeaﬂﬂiiﬂhﬂﬁﬁﬂw.iao _Ju:‘:s _
015
L \ L 4 L 4 & L4 L4 —ono W
3
T T > | a | 3




Appendix B

Schematics for Board 2



TIM Module 4

=3

HyperForest Development

UNM/ Sandia

REV.

DRAWN BY:

oF

PAGE 1

L o Ll L ~ .
A & Ll om - ~o " ~e I
8 5 B L en & P “
w A oe e s 8 P B
B - em 0w ne o ~e
R 30 %e " wm & on -
” = = W em = = R o 48 3
an » o o o o ° ° o <o = = ") <+ = = w
. o - - . r DRl - - . LY © © ~ e -] © e
o o ~ ~ br e~ ~ ® on 0 9 2 5 " o 8 2 S0
o e 5 e (TP 5 S - [ an ~ ~ low an N = = loe
cele o= aec o P Ao @ 4o o p. «n - P ] Im < En o |
oD w 6= o e JdoES o« a - = e Vde & Wo o P dln ® 2o o P
E3 7 8 F & pe  wm O oa 4 K K ba Ao @3 A & - o [ do Bin o« & - = fa
+ & = 3 - - b s g -4 € - - s v U - )] ~ ~ et om U - N ~ ~ el
a 9w H NKH & & HO oOadlean mH 4 £ WO o4 & g S 2% A I~ g < S Pn
48 MO B DO A & HY 9N NOAB U8 o & HN OO Yok @M & £ MO Go Sla M N H & & po
IS B i O FBR @& A & pn SN 8D 0 08 A N e
B ) AN mn W) Ae on o an o
N B . .. N N mo | v -n LI ) o
v n  no a5 H 8 &3 © 8
~ 4 ] & s 3 ] & =0 " & o
ne ] =~ P i B R
x E
"} j 9 °
1 P )
= I
a g
= < H
E !
o o8 E, E £ E
Al BB o Bl B et et i b i i b o i B i i i
of N «f O ) | Of O] of & w| e W ] @ O A} A} A
SRS S H I I s R [ S e g
al af «f «f ‘ FEEEFEEEEEEER
&l & of & & & ) 3 ol
Y of of af G m 4 al &
~ o] | < < bl ol of ®f tfF Al Nf o O] W] of Cf af o
ol o 8| &l al ol ol o of of ~] ~f vl of of of B | w
of o] of Y u ob ahob ol oot ol o gt ol o) of o 4
Zeameons a2 908f 53¢ 558 jRREEEpEygEee
Q- A o1 v o v 0 > oo
Fennexs it oneme SESE s e EEUBEIVESEE
" CACKO B G nb o n ] i w & o
EAASTRB_L 235 esrrso ac e
ERARDY L 232 crove g ] % o ragn 2%
g COD(7:01 cagn p23
Aa
caan &
- ATREQ-T. REE A crEOL vaaa F2°
e7ACKoL 26¢d cacxz saan 27
07 STRE-L 258 o csrrez saan 2%
#47RD‘I-L BGZC CRDY1 Laan LBl
it} 107103 naqn B2
6adn LB
4DREQ-L B55 4 crE0z otaan RBE
4DACK-L 860 4 cacka Traan 2
4 DETRE-T ass d orren zraan B¢
g 4 DRDY —I. RnSE ¢l croYZ
al e
SR sivdidbe | <2017 0)
o
FABREQ-T. 259 o cregu 2 3
EaBAcK L asad cacks z ooy 23T
WABSTRB.L A62C CSTRBI o txox 224
EABEDY-L 257 d crpva
R inrdeiie——— 3D (7: 0}
24REQ- T, 236 d crmod e
n cdorz ARy
F2IACKLD 521 cacks nea  HoOvEOx
— taorr PAEL __———m
24 STRE-L 225 J corrna nga  FTTTEOT
| | Fzamoyor 222 cnova zaoxz PR e
%— caAD(7:0)
EAUREQ—L B1Y d crecs
FavacK-L nind cacks
FAUSTRA-L 822 corras o .
QURDY -L B1S < Z H & aw
IR TRTI—— D fgux
- = . : 2 [ u oo
GEI(TaE] 22 2% % 5 @ @i a8 %0
g Wz 0 0 m ou 8B EE R
oled ool o <f of o ul ol wl o] o o
P I T T N T R ) of o of of
da << o < < << < af < «f <
<
=
e 3
< 7 \
x|z o € of af g EE
it B e I I o B iNHEE
of ol o3l T & e & of ol 9| 113
FEERER R EEEEE
ul g
gl <z o> al wf o= & & € & &
=, ] o 1 =, 1 2

©1.C2,C3.04.08.06,C7,C8,C9,C010,C11,C12,013,C14,C15




B20,824,B23,816,026,B14,R26,B11
B27,834,B42,835,830, B44,B39,B40

A71,A70,A69,R65,N67,A63 ,NE6. A
B52.B43,B50,H48,B47, 846, B54, B!

Ad41,R46,R43,A50,A47,A49,A45,AS1
B68,B71,B67,R70.B63,B74,.B72,B76

TIM Module 5

A T B I < | Y
26,27,29,30,32,33,35,36
74ACT1IE2AE
Gl uz
>m_m.mm. L O T O ““5“ ““““ RN (N 1) ““5“ DIR1
= LN EN L kY Pl O [
silblE BEREE BEEEE EEEEE EEEEE EEEEE oa P70 aghliii2aid
= |2 % < |7 |5 < 1o |x i [2 1% <2 % K < |2 =
Ol 2 R I A DR R DR O 2 ORI O O R 1 DR 62 R 1 DIR2
h b le o e Bl Bl ol ol 3 Gl R R e b e be L
o -l .. o iR e BRIV el otk
A
1A(7:0}
2a17:0})
o [ fw fa o [ Jo [ I > |» 0 fu b I f {n > > P |
ol IS L oY W W pw (L L3 (O [V 1A Ju qo jn o O O 1) [ [ &
n N Jx {e RN SR L L [ % |* JO {n S T L 2 n N
- neoNN 0O0QRAD NONDOAR 000G A0N0D0AO AaQO0Q0DN -
a8888 29488 0894848 faIAgE BAfE 4499
UgAankd ©gHd0Nd vgd0R wvUdOE vHHOE UYygdH0m
TEERG GEZIZY GEEZS OSRERS SSEZER Gipins
N o na S AW oa s NWU W W N ND NN ol I -] © o
- ) 5 4 5 W N - » “ °
=3 w o w w -] sTATA c77 M‘H>ﬂ-mUIE
staTz REZS STATS2 M,
staT1 LSZS STATS2 -4y
STATO c74 Wﬂ‘>v-w01wr
WEMUO - H a7 | uvo
2
R 223 { cvon CA130:16) | —eplihiielaialieeliobiadd i
T Az, : [INTERRIW e T
¥ s | — aufpsse  apseg,
BHISth 2334 nux ST
. |l dbidhlicdedd
¥S OLKS-H _A39 { cppeyn GD(31:16]) -
WYSCLES-H _R39 GD(15:0) | emiiibdiuidenth
hmmﬂ.gmlﬂ. >4hn CONFIG DE 6D =1 o8-8
fred 37.38,40,41,43,44,.46,47 ]
RESET-L 230 peser us sTreo I STRBSO-1, 26:27.29.30.32133.35,36
wro I8 wRso-n 74ACT16245
FS_SENS-L A194 apnenr
cro psse CESO-1y gISDENB-L g ded a1 u?
A2L ] sENSEH
rovo pSS7  RDYSO-Ig $iSpoIR: 1] prr1
psii . STRBSI -ty BT O eniileliamintiilledd
STRB1 —_ e |25 =2
war SI2____ WRS1oly PIRZ
crl \CE4 CESY
b FgTDoA-u 226 | oo o —— 28(7:0) SRlz2idsill P
RDY2 Qﬂmm ”U‘\Wu.lr
WERSToH __ A234 TrsT Sl dmivteiedidy ] 170703
LoOCK CES LOCKS —
FIDoS -1 2227 woo poes___nockacly
prcEo |L.E78 PAGESO -1y SRal2a.aslol 2AL7:0)
FIHS-H axe e
ﬂ a0 d e N O PAGEL c70 mv’ﬂﬂﬂﬂ\mr
wroken 0 a3 | opo 'S X ¥ dogda e e s 12.3, 7, 9:5,5.2,2
go¢ d a BoBo& oD o& & B AR A A a3 A2 HS3 -1 23,32,30,39,17,16,14,13,
H HH o m F I = I I = I < T S I T3 37.38.40,41,.43,44,46.47
H H KB 12 "D DD DD2DDDDDDD H1 AS3 :mﬁlg 26,27,29,30,32,23,35.,36
— T4ACTI6245 =1
b > I b b el bLELLE
L““ W.". € A b W N HC QWA WP 48 o1 uvio
P SDDIR-H 1] DIRL
1R[7:0] i =
x| ] x 254 e2 |-l
i I
o] d] o DIRZ2
i i & 2B(7:03
N ¢ O Rl LBl
ol el SRkl —1 12701
SRl luiellebid) ] 2217202
12T, B, e, 503, 2
23,22,20.19.17.16.14.12,
A 1 B 1 < 1 D
UNM/Sandia - HyperForest Development
REV. -~
Board 2 | uge 1 or DRAWN BY:

€1,C2,03,04,05,06,C7,C8,C9,C10,C11,¢12,C13,C14,C15

¢16,c17,C18,C19,C20,C21,¢22,023, C24,C25,C26,027,C286,C29,C30,031
©32,033,034,C35,C36,C37,C38,439,C40,C41,C42,C43,C44,C45,C46,C47

mE3 mER ~EA ~ee ees

~ET mea ~ea man e

e aa



SID'PID EID ZII TID'0ID 6D 8D ‘LD 9D SR/ PI ' ED’ED 1D

TA NMvua Taovwe | > paeog
< TAAEY
auaudoraa2d a3IsexogasdAiAH - eTpues /HNNA
a B | 5 I ~
‘ﬂd~ﬂw.mﬁwx\dnﬁd.ON~NN~ﬂN
ZE G '9'RTRITLICY +f
B fH D4
to:rive [ TMeTOC IO o lo fo
9 19 54
L L
fo1yer [THEETYROTINS S fs 1o
[ I Y
WSS jlo:ulue % |7 |=
euza
e of | =
R T T T - TS TR, T T S T 3 oM L 10
| EEERRELERELE 4} < 4l 4 «
Mtsw T cTev | M cgoeggecgceeccocg 24 HOH K
o (R EEREEEEEE HOH R
Yoow TV | IBEEE R EEEEEE] o 900 sou Frrg———T—55z®
$—rszsea—375 taova PN WA®NAICT S PR BB L] STV AT,
~t93DVvd oLS o PN o B S BN swa
oaDvd 81V —mlw:ﬁ“
%osasva 6i5] oas. fmrr———rrsaT®
Hoo zovy H=-90aL.
WTSNSOT =559 asur Pezg—tsgrM
.m IIQ STV H=LSHL
E JIsacy s | E xav 5w H-5SaLd q
reEs —55 a0 )
= eun 5 vum
Lo s 7o e I SAT
B—ssxan 735 oxau
%z 09Xa" L95 HASNAS MYev
* 5585 5559 03> naswas P — e
STV =
T ®o55Tm sZ5q oum
vin c3 W SsaNTs o omiis TUD rasas Dsey SozasEd
. SVESTIOUGL 1
¢lselesizeoc ez * o %5 =@ oranod Derg———srarsadt
2 . ‘LT 9T 3
LY SV PP CP TP 0D GE‘LE eS| (o:stian NINID [Frv—hoswis—si
= (81:1€1an 6EV H-9M1D SX
TETSYTTITEeS ovHIL i Peer— 5wl
SR 585 =Y woxt Prsr——sov®
rERrrerEYR-—] (0:STIVD LTV 1= 9OV
L PR (9T :0€] VO TORA ere T Tnna® 4
YT I A
LIV H-0NNA.
%osavas ViD | OLvIs
Y—Tsavis Sio | TLVLS
“lNWH}NH\W LD aaves
¥-esaeas 75| erves o o ) o ° c
o g 8 a . . ¢ w S
9gBoE HgBan SNBAN ggBor eeper wwdpwn
gEExs oRrke og¥xx-o o 2x YXERs QEER=
GEfs fhEbe Bofgs #ufgo grige gibue
- E658¢8 E668c¢ B6680 660850 586088 BSUED H
o n| v x| vl 9] 2] o wi of xf | af T of B el A x| ) al 2] o v
of o} ) o o} o wl © nl el it o W &l of v FEE R At ol o
| <] 4 4 af wf af af o af & 4l « af % af af & @ & =] ] o
ki
q 9 E 3 | A 3 9
L FERE A of 5] aF al it o S0 Iy B 7 [ ) iy U 29 ) ! iy ) 2 4
] of & 5 'PEEE B EEE I N I o f &l of <
zo Pse HEEE 2 & 8l & 8 £ 8 GEsy o 8E L al ol & &
T jto:siat LERE af of of o o uf FEEE ul o uf w %l & ol g
< 4 4f & of of | 9 ol g g a af ] o of of <f of A 3| 5| 3] 5] =
HIa T H-MIGY9W 65&5 nl wl vl ) ¢l «f o] ¢ ¥ e of vl WI o) of nf o) o vl wuf o] ] ¢
e1n 0 av
SVESTLOVYL
SE ST EC EE 0L 6L LE ST
a S T w T K
H'DLH'EIH’OLALOB TLA 898 TSH'PSHTOPHLPE ‘8yd osd ‘cvyd €Sy OPE'GEH‘PPH‘OLA'SEH ' EVH‘VER ' LER
TSV 99V EIV LSV'SSV 65V 0LV TLY  118'8Ze’vpia-9ga 9Td ¢z pza’oZe

© STNPOoW WI.qL

sn‘e
18v¥°s

o

Y6PYLPY T OSY CPVIIPY IRV



SID‘PID’EID‘EID TID‘OID 6D 8D LD 9D SO ‘P €D’ 2D IO

TAH NMY
v g a0 T aova N ﬁ“.mom
= "AQH
JusudoTansq IAgsaocogasdiHg - eTpues /N0
) T S T E T v
TEY'PL'Y9TL‘LTI 6T OB ET €T
Z2reragintiryy ey
] (o1 L1ve [TTSTIETITITIOS ]
i [
o o |o
o1 L)vy [“W=TECTETICAD 5 |2 |5
N NN
ETESTISTEE o1 c1m2 S e v
Che
enza z = |=
D SZ
WoTEsT ST {io:Lay _
" af o o
T™IQ T ~HIaaLw An w0 dan 900 non i 0]
LEREREEELLLEE 414 <l 4| «
- ozn L (33 1
SPCOTLOVE L L o 3 A cecgceecgececg 4 H HH
. - G05500505090060 338 HOHR
‘8T ‘BT AT LT 'GT ‘AT ZZ'RE wmlﬂh: 6TV mMw Y YWY YT ONY DA [si o) 090 HoX
LY BPLER SEAID ‘R HE ‘LE BN WA NA T E R B L L] S S T e
WTIEvE 575 reove e b 34 £ i a
0HOVI 81V H~8RH.L.
torz)vz [T NMIIYIIETIES L ey a— ey 00a fope——rroa
»; n Hoo ey H~ L0dL
. 1-LMD0T S90 LSHL
to:Llvy [ TETRTTTIOY o3 taau Peev ERS
werrrrr— .. —TZxam EEER) TR S ————
L = [0:e)ae .-|||h ao 9eV H~904ddL, L2
I ~TLED LER)
. N —um zz5d rum
hiaazan o0 oy (PEPR T $—yownEs T reuss
THIg THIAALn ETre 755 orau e
stn  To W=5755 555 o=0 nasnas Prre—a—smas~r®
[ — e eTw  1-enas L
SYZOTLOVEL ~OLHM aLd
BE'SE'ELIELIOL 8L LE 9L ¥ 5reuis T8 owuas e sasan Dgeg GRE=EEd
= LY'9FP PP EP TP OF BELE m
b e55q 2a praned Derg—arrgzead
RTIa | (o's¥lae NINTD
e pritkeicko eRe ERce sropmpeppppmmees— (511 tc1an €Y H-ZM10 BA
OEWLL 1N Preg—"5T7 Tl
tosclve bioae oz apya] rav 5e5q =¥ sovi Prze—s=r55v®
APTTTETTIIE | (ofs¥ive eer amexe
toreive pErpTTTYE——| (53:0civo Rl e T
9 TETSeTIOT e JiorLrme ONRA [y AR i
cu1g %Gzvas vzo | oLves
O atans a DU - | .__... Erivicmmncco| K
tura [ ¥ —aTavo? ik o) | 2
WTTLINES TS| eeves B ° ° o e °
v 5000—N 1111% ZZMZ-“ JJZ.J_“ 44“4.“ 5555-“
agfgt ggggc gy - _m.xmy( gkery ge st
BgeBae #ypaan yena deda k66 adenOa
Lz 0T &G KD X&hXd KAEEN XLOKN o &LOEKY ZLDXD
H 3 8Lt ¢UUUU UULUOU UUUUU UUULUUU UUUUY UUUUD H
T
of Nf vl X <k 9| 2] O wf o] x| ¢ 2] o} of el ] 2 o] 2| o] v
(0:L1ve [T TETrrETTOR o of o} o <f ot vl wl o] vl ul wl | vl ol ] o] & o o o] o
a| o} <f 4 ERELR f of o | <] o < ol € &} & uf u) of &
torzive [ T TPETYETIOD
gz -van e (CXPST: 1S
zura E u o E 4 q
1 EE T PR FENE a9l i ) al af b a] 1 9] ¢
'PER 'FER ‘PER NER g & AN
» EEEERELEERELEEREEEE R EEEE R EEE
HYAVE A i A A 3 :
HERE & & o} & & &l & & HEEE o & ] & HEEER
of ¢ I ] of of o] o o o] 8 & o o] &) ol o ol 9| ¥ & & & &
q I 5 I G K3
N m — SUO —l\h— 2 _ 1 — $ 9.8 ZLA VLA COH LB LYy La‘898 vH'OCA'SER‘ZYH'VEALER
TSV SPY 6PV LYV OSY EYV IFV TIV Iig‘aza‘rid’ '9gd '9Ia’€gd ' yed0¥a



TRE NMYHA 40

s A=Y

aovd

z pIxeoq

aAuswudo Tonadg PIsad3TOoIADAKH

B»TPURS /ANN

g I B I 8| 1
PTA=AIALTORA PTA=AAALTO% PTA=TIALTOND PTA=TIALTOHI
T-sNas Ll et H-SNAs % A-SREST S - A-SNas b
SZTavL mNﬂ&G% SZTAPL sSZTave
€
H~-L0aLD Tt /~ 21 H-90d.LC El 6 H-S50QLC E /_ 5 H-pCALL € /_ z H-foa.Ls
zzn zzn zen zzn
PTA=AJALTOAS
vodveL
—BN 1D SAS
—LA10 SAS
—EN 1D SASA-HAALGS
Ten
TeZn
L T S £l

oTeyo OY.LLO

‘sdn T ITnNnd

HOOTO




TAS NMYHA a0

- -A@d

aovd

aJua2uudoTan®g AsaxTogxoadlH

— BIpPpURS/HWNO

a | £l H ] X
“
£20283d3
szadda
— SRS
gglose/T 6O/ T [Ey T GEILS -;—-——n—s— ::?/I ::Z;i i'____“__"_"i‘f‘_g,
~ PHDOT €S Eld H-TPLYL:
~SH5oT t5] €St BYO/I FFpHrTEIvie ®=vaw - ws}jveo/T [ALIES v aamma ey 2 Fraw:
iCrra——— oo =zsavad
_::: :z :zz:i ::Z;i :: :_::::i e a—— izz;; ::Z;i L (T AT AEE-
irusa“l"s = reosT crors = H_o_saevg li-OPHH‘LS LS ssort cvors 57 H—Dvﬂﬁ\ld
| | Z ceors cvors z ‘i—OPHM 8s ey H—Tvﬁﬁ\lg
b= ®5 i el G T-Tsanvd ®oGvAS T TTEE| 659/ ero/x Fpp—=¥Fil
Tas o5 T T o
F}: 63 €5 oo e 3 H-TV. ®oSvRaw 08999/t Tro/IiTy T va
e ©5 v w—ssd & <vaaxs w5 2°/T ovoss ool
WorEEETs o Te] Teo/T OPO/T e —TI=god" W tram 29| %7 e
W—iEEm g geo/T 6£0/T =y WMTTREST RS vee/ T BEO/ X gy S
Wi—tsas s Po/T BEO/ T g TESEEE %texaw 9| °°0/% Rl T o 2R AR
«f Ly -5 vor pume—y EEACTE S 9EO/ I Py I a N L et ey B SEO/I g
S TANEYeR e85} 2%°/T S€osIfgy SEravew Lo L9/t veo/ T "5 ewd
®maravaR 45| 499/ YEO/ I pE T TG T S TEREare 69 2007 EEO/I e Ti=TEe s
BraNEasw #5991 ceo/ T ep——=revd® RETAEEE g 690/ 1 e o e A
S THTAaEN T EE| 690/ T EEO/T [T TR M Sravaa BB TZ] tLorT O/ T [y weEd
W avaael TL| Tee/T TEO/ I RTINS YEsvas AT e BL07 T 62O/ T g ES
| e rroren ey e KAV sTO/ I ter—m-veud?® 7= 82071 gy q-gzed
u er|eer BEO/ I fa—— gzl WSseT B & 9L]9L0/T B T
¥ wooT s & sc]?40/3 LBOS L [T T IS LG = oy s EIEIE 92O/ I fgpm——"r= Zve
'm“wr 2O/ Iy h-zewd WTETTE BB 8c|vLe/T B . A
Wi s & 8L]vLo/r e TN gryseosT e - R A
Ly R R et iz T a1 A S L e T
BTRs & 1] eI TZO/I Sr T w-oevd B—TEesT TTTTEE| 0T 6TO/T g
J L o ] R e 1 7
HT T80T ) X3 - T R BBOIR |7
§5]veo/x cro/x s a4 P ELITA CRTSVER e
s‘-SGOII 9TO/X -ﬁ—m—. ;T‘)uu/l W10/
9"—‘980/1 STOAL %4 vl MHars 3 LA XEYE)
8"‘880/1 vIO/T i Pyve LLERE | [ TEE ]
5'—690/1 ZTO/T zT gulvet LR EEra
i Rl TYO/1 Ty s T
= Ts|teorL 0TO/ I T Timsan ¥ Fre KR LTS
€| %80/ X GO/IT to0s 1 LN el
£E €60/T BO/I T 4He0/ 1 [AST S § [
Frg R Lo/ X OB so/Lrg ORI
Fra EATES s0O/1 'S—_——-Tvvm L6O/T LOVEN o
felLeorx vO/ I Fry ELCIES £l e ST s A
d §5]8¢°/T I awiosn P o] 66071 DIANODN o
Fra RLCIe OTANODN VARG ANGD T HNOUANOT  OIHSK T‘ rS
(i f(eTd s X 1e7e) T]aNocancos  oTasw —eH o0 Soi]ATPd VHISK e T T
ST TET1AIoa TI2SH YTy SNLV.LEN dSN @
- TL
BTEnIvIisn Tz | TOLMLSN I ven
GEn TR
=] [z} N

S pPuer § SSTNPONW

‘ToxauoD sndgd




1Ag NmvEa

- ‘A@d

ao aova

aAua2uado Tsaesd JIsozogxadAly

eTpues /HNN

= T > | ] |
szpdas
azaoz Tlesosx Y0/ [ ——TsT TV
G500/ 6¥O/ X Fe W GLLvad Gl m R BYO/ T [ TS IR
hera cn -y R evO/I ISy RH-TLIvad RosEy s veo/T LPO/ I T ggivad
Saw B[ v/t e T L+ L 9v0/ 1 Gy e Ivid
W=rEa T eg| 880/t SvO/T G A-czvid W Goauzs L8] 459/F SPO/I ey w osanvd
MosrawLs L] Lse/T SPO/T e w-orapvd ®=osEm 655501 R Clame oz
WTSTER T a8/ T EVO/ I [T Ia5Td ECrEE e D IAG Fm—ea T
WGzms 65| 9%9/I S T T T ey oy Rl TRO/T [y~ sud
MosIXaw 65| 000/t M S a— T YsHELS w5 L0O/T 0ro/I fgp=—"""7"55
ST T Rl 0vo/ I fgp———1r75d" TToum 75] ¢9°/T seo/x gy
W amE3]evo/x 6€0/T b=y & —s55 5| voorE eco/I g3 5oud
*CYEs v veo/rt SO/ X T A LBV TSRaE eS| 5907 EASA e tpor
MoRIRGE T BS]e%e/T e€O/ I gy raazsad e Gy B SEO/I TR
S EnEvIR T 55} 90e/T SEO/T Ty S wyawsw L8] 499/T A e AT
SwTavIn L9 L9097 veo/ I g FiTorad B ERAASHgF ] 200/ T FEO/IIEE TTTET
WaREaoa 5] 890/ €eO/T [pp—""=Tzad B EwTaasw 88 629/% ceo/t gy w-gevd
SmuTaacn 9] ¢9°/T geo/T gy H-eeed MeSTavadms T tLe/ T TEO/T TN
oSavEG B TL| TLo/T Teo/I ey m-ceed Lis=r i - uar wnra KA 6E0/I g w=peudt
W-mEeva6 B i %LeT 6EO/ T g TR, 7 8EO/T G- geed
B R Rl o — AT W ESSTS AL 949/ L0/ T b5
WSS AT 5| 240/t Lt rr N A ST - v B L Fr ey
SR B I 440/ 920/ [y rzwdl ®EmisTs & L) 940/t B a1
—Emis s & §L|9L0/I A a3 Rt TEO/T g TR
Ers Raacddd Ll T T T B TRaEE & Te) T80T TEO/X [ g e
Y Xaws B ve]| 'uo/T L e T T2 ®—geor e8| Ot 610/ Iy
=z ooT T Tolieo’l EI0/1 53 B—Teor <o tee/T 8TO/T J.ﬂ
.I'T—I'WMMUIWI"IIMMI £BO/I 8TO/ I i nﬂa{. r80O/ I LIO/X l.hl..n
FFveosx Lrasx gy aga S s8o/% 9TO/ I byt ri=Enas oL "
Sg]seosz 9O/ I [GrA-enEaT I so]ososx STo/Y ey
Wﬂ. 980/ STO/X ST mll. a480/1 YIO/ T FT
a8 | ¥BO/X PIOST T P 680/ X TTO/I T
m.ﬂ. 68O/ ZYIO/1 zZT o6l 060/I ITO/X .ﬂn
gejo6o/xT TTO/T {5 reo/T oto/I |l g F—3msax ¥
fg]teo/x 0t0/ I [pr————nm=yusau " seleeo/T 60/ X =
£e]260/3% 60/ [ sl eso/x 80/T b=
I3 £60/X 8O/ g s S60/1 LO/ X 'z
sEiseorsT L0/ 7= Fra ELiLE SO/ b Toweivasy
$E)o60/T SO/ I [ Tva® el Lso/x vosI 5
relse0/x vosI ge]86o0/x €I i e s
Y s B6O/X EX % el 660/ OIINODN [z
m‘m] 660/T ST ANODN Sz T HANOQANOD o012ASH j r-S
gﬂﬁ] BNOUANOD QTASK llel-— o ATIOA TTASH I5 F I_I.
SR Z T T2 REC il |_| WusnEvisN  Z| SOvasN ] ETag
B SSAIvISN TE | SOLVLSN dSNIgT® oen
T a— L
aan
a T 2 | g I

L.

U 9 sS9S T Tnpour

‘ToIxTaUuOoOD sSndgd




PAE NMVEA a0 aova
- *AHYH
JuswudoTeansg aAs2aT0gTdAH - BIPUES/HWNN
a 1 £ T :m I
clele e
SR el eslatelsaistalelnigalel |nelslin ke
R R ot B B 8 8 B B B o o o e
R X e B e I 1 Kl e S B B S I bl I R R
| ST s e Tt e b g Vet adst] 40| 1 e
adede de dede o ol ole ol ofz ol o slzelrshodl v dr oz oy
H-saseT" ©
H-sase1 - " aof> H-sua
S i-zaseq’s ¥ ¥ T
lﬂﬂ.ﬂw'nﬂ-ﬂlﬂ € H~€aLE1T
M isavca i ofew-zareT
= Y sascaTH > TTCTALEY
lﬂmﬂmﬂﬂ.nlm s4SC H-odLE T
l:'x.ﬂ“ww rdpe H-€d9cT
'% ey H-2d9LT
a TfZe H-t1dgcd
l% WTE H-0ds¢T
B aoicair ey oo T H-casET”
b B -toair ey 6%  H-ZAS el
B HSri5—sxs 9904 48T H-tTdsSel
L ir -y A7 T T HA-GASET
Wr-EsvaTs Ty 2457 T-eav
% SSoTs e sgSE H-cavea
ST RaTE T Y rTE A-TAVET
BT ES cder HoaveT
- W TEEIS 5 565 % H-OTvD
. ——twer w9 [T o rerr
e ST LT 43T 6095
EY6T H-LOVD
T H-90VD
R A H-SOVED
2 T H-vYOND
9 B zTas %oy R St
®i-tzas %oy LS (2 (e T
BT Eas TG SET H-Tovs
®yi-gzas S0t | T A-oovD
Loy s Tt TH-0tdo
L Trac s am o 5T FTH-60ab
B =6Eas 60T | tosn &+ Tni-eoas
1 aTEIas o | g H- 2005
®—otas Wit | s PRSI
¥t EETy 5~ sn-soan
H-TEYD T G H-voap
TS TV L 3 H-€00D
BT Tzvs @t ¢ € T-€0ds
Y HopeNs A (‘A4 ors rey rET sz o2y (133 ZET rET ET REX art zet 143 SET a E i
Zit | 5I° [ ¢ n-_m—n_r—._a. IV ] £fF § SfF [ Z3F | S u.on« H i3 F«Z-‘omwﬂuuq St GG
LR DL L L LA L L Lo L LAl AL b L e B
olalajalofam [P [d NN oo Jo o fu fe o e e e |4 nlofr]a] sl sy % |G
w w m w llelplap oinjpninjajafe [N NS Y m Eistolelolol o iu ﬂ *
HHERHEAA A 1A A A A P
YRR ERER R PR * HE M HEE N
A Bt B 3 A A O L YUR R O (- O R R (I IO 1A “ ﬂ 1 W ) [N KR A Y .w .A. v_A ﬂ _._-
ol 0l O ol 8 ol G G A R e ] e e -3
= I 5 4 4.. :

G
g
0

UL

STOQDOD

0
H
0

0
Q




AL NMNA a0 asva
- "AFM™
Juswudo Taa2d IssIaogasdAl - eTrpues /NN

g | o 1 - a
9
E-3
e —-wowas
-
LgLe

sepe f-odas

sSYSZT 1-0aung
[ T T T o
cdez T A-Zaas
eqgeiiTcaas T
L A TEr TG
ooz w-sans
efeT — H-sanct
st w-cdne
PR 1 B Ty Yor TG o
st -auisas®
P T o

vivT

P G s
2 N TS T 5 o

TICT I-0TUNG
opT T THTEGGE
T w-ctaar®
Fe——Ti-vaav
J—vw~saav
of 5 HTsanv
TSI T n-zanv
‘055 of v i-zaunc P
T
MG T G
T =Banav®

a I D | q

SYMUTTI dN’‘ sSITo3oOoSuuc) 3AIxIT0d

T UTUIO D




1 A9 NMWHO a0 FOVd
= "AIH
auswudoTtTansasd AssxogasdAH - wTrTpues/NHNNN

& I ] | q
TSTH=TA AL DA
[T T o o
ospps—w=Taar®
Y T T T T
evfgy  A-caaCd
PN i e e 7T Y o
sy By rTsaact
suEv TS
veffe  A-zaar P
eoffv imxaua o
ZEY i auLsaLT
THL Y I-RDwAL
o —w—oaas P
etje €
£:24 CX H-Tads
vfee—Tw-zaas®
segEw-caast
sefFT T T-Bauar
vl e H-vEast
cefee T i-gaasd
e w-saas
teftew-zaas' M
osfpr T xauas®
ez i—auzsas
e TTwovas
LZYLz
989z -*IDQQW"‘
sfgr——T-s=uas
vepz  di-zaas
ceee  n-zaas T
cffe—T"caasT
tfiT R vaas T
ooz w=saas P
P T
st T raas
wfpr—rxauas P
s T awasas
ST T oaar
vIPT
€3jcT Jld_Uﬂn—m—
eygt—w-Taar
TITT A-07uAS
oTT IINDQQ—
o sw=waae
e —w=vaav
Jr—u=saar P
of 5 fiTsaav
TSTH s m=raar®
" iAamavt
T00LD llllll‘lﬂ.‘
€] € I-gHLSd Y
Zl 2 J|V—U<ﬂ¢»1
WTTsETaT
a ) I =

i
S>YUTT TTMOJ SITO]

oDsuuoD aAIxo0d

S uUIoO D




X8 NMvEa 40

~_chAuEM

asva

auswudoTaa2d AssxogasdiAHg

~ BTpues /NN

Q. 1

£}

TETNH=TAAALTDOAA

TETH=2dAL™ONd

1efieT-oaar
ocpr  m-taav T
sgz— w-zaavt
sd W Taav T
P S T o
sdpE—wi-gaav T
s T HTaE v
veffT n-caav®
cderT-xauav
L et T o
iz a-sovavt
ooz T-OmuavP

66T
ayusT
LILT
S1IPT
s1ffT
EYUCT vIrT
2T —T~oavet et
vt TRTTAvE efT T Hoavv
oifpr—F=zaws? nffvw-Tave
T ooV P
EE) -—\<D<m«—
J7=—vwsae?
o5 w-sava®
e T T aws .
W T-Aaave T T B e Tan i
ZOTID
€] € T-HHILSWG
ot
E T ST
T EEawe
a 1 2 ] ] I

S PuUur T SHMUTT BIQAXD

‘UITIoD AIxod

WuIo D



1A8 NMYHQ 40 apva

= cAmA

Fuswdo Taasd Isoxodgxadly

- eTpues /NN

< ) D I I i
TETH=ZA AL OAI
TETIN=3dALT O’d
Tere H-o04ada9
oeBE TR aas ™
6zl6 e H-zZaa9
e TH-cqas P
Lo E——r=vaas
9¢9T H~-Sa"9
ederAaua 53z H-5aHS
zz[ge FradLsaL vefpTRK-ZaasP
1Y T - - I ey b n o
oz 1-Bamart LT TR AT
6T[6T 1T AT TR S
333 L ST T T o J
LijLx 6Tl6T
STIpPT 81laT
STIET Lijet
TIlFT aTpPT
€YeT SIET
B R YT T o pIfo T
fte T Tav i c1feT
ot Ti-zavi [ S TR
s n~cavz P it w-vaws?
e ——w=vavr 01feT ERE-VER
Ji—sawo P e
of 5 F-savil Fe——w-vavs T
TETN P R 7 of P S 1T o
[5—rRauvr? of 5= —saws P
ZO0ECTO
e Tasisvo TEeIn T n-ravs P
o & e wovw A L
TOZTD
N e r s T T-amisus®
& a-sowws P
T J\mﬁ%<w—
d T E] 1 | g

/[ Pur 9 SMUTT BeI]dXHd  Uuu

oD TQIXOod wuIoD




VME Bus Connectors

g2

g1

ARSI EEEE AN RN E NN

Petzt

1110 INAEEN

FTIATTITTTT T T T T T T T I T T LT T T T T 1]

FTETTTTT

DD
ND

ong,
oz

PV VUL R L b e b e regngt

an
N

MO

DD

tTl

vn

RN R Liidlt]

coe

coe

IRERBERE ITITTTT PTTTTTITTT

SN0

freis
N
1x1"]
ND
ND

DD

CITTTTTTTTTITTTTT

UNM/Sandia - HyperForest Development

REV. -
DRAWN BY:

l

or

I PACE




TAR NMvVdHd a0 agvd
= "A3Y
Auswudo TaAdg ASBIOJIDARN — BVITPURS /KWNQ
d 1 S 1 I3 | <
aga
Y
¥ ¥
4 M
“w $5465 .vm > $56655655555S s “vn mv u“vam
$3383333 3382338883338 38¢
< 3 e v <Y e LT L < 9% L A i i« <
I3 A S 9F W G KR EE KN EE E K L
FEEEEE FEREEEE
sstouas exERTm
e aEEA Wi Ts CRLECET TG WM
f-5aasT 33 A I3 A-sadsa ™ S Saart ST VYWt EELTITA
BTTTEEET 133 A B ey ntoy ) TTEGaTT L33 BAAM K3 HIRRATE
" vaasT B WA e LEa £33 BAAAS K3 WPEavE
®eaast =YW A EaanT *TTEaaE (33 BAAAS LI o e
W TzaasT 3 T TFaass Y " TEaae [ YWle TEAavE
*aas 53 AT HoTaasT @ & TYaara 533 BAAA I3 HoTaavd,
S oaasT £33 wh A4 §3 w-oaass ¥ *5=oGar ST T——=5aasc Y
sSENn oEn
oot estopd
S TRAuAE 3 U»»\mllﬂa- B REEAE WM s——xamara
I-sSHLSasT oY YVYre A-EHILSASI A-a¥LsdyT 6T $>\ A I-BALSA L
H-Nowasa 131 A E] AHOWAS L W ®SvarT iYW HHSVAPE
o EanaeT YW s -ssmasz ™ o EmEarT W7 sauars ™
ER-ETGTR] 53 A 3 T-Baunsi T-Baune’l 53 BAAAY A T =T
" ouReT 3 A 5 5 S NSYGET T YW ATSSVATL Y
T-QULSnAeT 11 WA L ERELEEnTT EE:EECTES 133 BAAAD R T
- AQuUNST EL3 E% T-AQENPT stV HoXaunva
vea sEn
eopan
H-o04dnsT 6 § 8 —_lonbﬂ. ~oanvT 8 H-0UNvL
B TERET ST YW e———h=taass® Lo 7 FTaRvE
A-Zans WM zinsc E—Ezanva s iizanva "
S raReT =T VWiT F-TansT® YR 3 TEERTE
S TTERET Gt A L WranEL ® —vanvT Hpe——TrAATT Y
sansaT s YWiE Fsansz ¥ ¥—saneT G TEanTY.
& sansa T W e———sans i ® YsaneT z WoEaAvE Y
raneT 5T $ﬂ|:.2a- Y—zaneT fv————7Zanvz
1— 2— 4— gl el ) ozl o m “ u .-i... M _b ol 7._ 1.— L] ' ] S N Wl m u u m M _D
£ £ & & < < £ 6444484884848 4¢
w $3353%533333 “mw 333333333333
< J < J < M < AR < ¢ < J J <
m Tivovad m €IVOvay
o L
a H E) a 1 G

SIOQSTSSDY UOTIABUTWID,T,




PAE MMVHQ a0 Aova
~_cA@u
JusudoTaasg assaxogaxsdiH ~ eTpues /NN
a 1 £ Gl I N
+
v <
g =
5 o ks
$1L144588¢T $444408LT%
PR PR DL L 2222232 <L L<
2833333883883 $3833833s3s88
IR R R CETTCCL CTTTCTCTTCS
ERERERRE LR EE R ELENENLNENEFEERE
1 FEEEEE FERERE
B MM,
AN AAA
H-Zadae ] YYV]® H-zadLd H-ZaasT 5| YYV]e H-Laasy
[ AAA . =
A-5aaci ot YYVIT TH-5QaZT GRECTEXR] ST YWMT CRELEE]
pr—— A T ———— s—— oo
R-SAazT TT sn\»/\ £ A-GUALE CRLTER] T W5 H-saaoL
e A B [— e e
H-pad st x| YT H-VaALy, CRGCER] E31 A GRS
-— A — ™ e it
H- £QaLT €T YYVIY H-£QdLL H-cadasa €T ;»S)x ¥ H-€addsd o
-— —— e
- CQALT 2 BAAS 13 H-CQUid n-Zaasa LA >>>\ < CoEZCER Y
— e — [C— o e
H-Taazi 3 M E CRAGEEA H-Ta4a59 143 >.>>\ 33 GRRECE
-—_— e —— e
CRELEr st H-00QazX sTEWMT H-oaasd,
B Ten
eMovAN aMovay
A AAR
U — Ty ]
T~ XQUALT T YWis T-AQHALL 1~ Xaudasa 6 >><>< () - AQUAaSL
» A—————— [CE—— ~ssoss®
T-aNLEd LT 33 AM I3 A-auL50 L T-a8ysA> 1 ot| YYVIZ ERC-CECEr
) =
T-SoVaLT E) T-ASIALL HN5YasT Tt »>>\. ) ToNaSL
- BEHaLT S T-BFRALL ® ¥ F-BFuasT =W ABEGas L
T-BaunLa v T-Bauncy S-Baansd Gl WAAM [ ATBEHASE
—
TAGYNLT € T-ADENLE T-HOWND 1 7T U\»(»( € EREETOT A
-adisnlT z ToauIsnII ™ T-HHLSOIT ST ><<< [ A-aELSASL
T ———
i P T NT VS T T-AGHNLE T-AQE9T EX3 53\ T T-ACGUN9L
g 4
suOVAN PR
o AAA - AAA
H-oanL1 [3 <<>< ] H-0GNLL h-aans1 Gl BAAM B - o0ansL
AN -
Wotanza ot YYV]Z H-Tanza %—TansH ST VWA EREGETEA
AAA U
®mZanza TE[ VVVTS T-Zdazy Yi-zans T u><K< 3 H-ZansL
— ANA — = ——
T~ canLa [ WL E - eanid HeansT 43 ><><>< G H-EanoL
- A a —
H-vancT B3 BAAAM L3 H-vanild Hvans T €T ><<< v H-FPUNSL
AAA a —
i oY vi| YYVIE CRITrxA i-gdnsd 23 AN H-sansd |t
H AAA
®E-adanza st] YYVz H-5dALL HT5ERsT ST VWA, Z BREELYTA
- AM a AMA————e—e
H-LanL ot LYYy H-ZanzL AR STL 2T TH-20ansd
ven 6En
_ _ of of of «f < w _ r of dl o) o 9]
chol ol gt el ol o) zl ob ol o o sl o ct ol o ol wbof ol ol of o} ol o P
1 £44 4444 &4« < L. P 4 IR 1
< 2222242223 <Ce 2222222222222
> "R EE4 > <& & > > e <
b< <<<<$<<S << < < $ S Q<
< IR R R AR < < TS
v civovau g TIvovay
. ._x
I ) o T 7

SITOQ3S TSS9

O TABUTUWID,T,




TR MmvHa 40 aova
- _cAaM

AuswudoTaasg IssITogIasadily -~ eTrTpues/NNO

a 1 B | " I g
sga
— N
¢ ¥
bt i)
E )
$488432248428 58 IR SRR RN
AV AV AV < AV AV AV AV < AV LI L
<< << < << < AV < AV < AV < AV < AV < AV AV <3 <
> > > S0085555%8 >ooooeeoeesd
CTTTCTCTCCL CTTTCTCTTTL
B I 3— B IR LEEE KE 9 1— 2— J— NEEBEEEDLDE ENE
A o] df el o FRRERE
sxoMA
-— — - A S ——
H-Zaa51 s - 20495 n-zaard s YW GRCEEIZ)
= — ([ ——— ANAA e
H-5ads1 T A-5Ga5T HREE L] oF T H-sqaed,
» L _a
H-gaasi 5 A-5dast GRELEL 1AM E T-saar
—— . AMA—— e
H-vaHUsST B H-pags.d H-pvadeT v A E] H-vyaavy.
P E——————— e T T .
H-tdds v H-£449S.L H-caav1 ki g\ v H=-£adse.L
S ——] AA
A-CaasT T H-EGaSE H-Eass T 131 DAAAM K F-EaEvL
LRELEEE B3 A-TaEsL Y G 53 M E H-Tasrs ¥
A
- l———————n — ——————=
H-6aasT 13 H-oGESL H-oaava ER3 WAAA 53 H-oagva
141 zsn
8MORAN oNOMAN
-— AMA———— » S ———
1-AQHUST 6 VVVTS A-AQUAST - AQud YT & \}$>\ El 1-Aduavy
[ A l— -— ]
ERCTEECEEE ot 3 A T-GULSHSL I-gHLSEPT o1 }?\. A T-gdLSdAvL
A
[ S——" MA————— . [ ——— MA=————ee
I-ADVYEST T El T=AOVHS L A-%OvE Y T El q-ADYAPL
- AMA - AMA a
I-0dud s zY yYyvls T-0adds L Gt T PV S I~ OHEd L
A
ST TRvET B BAM 3 FEEHVEL & A-BHUCTT G q-BANVEL
O AAA 5
T-ADVVET VI VVVIE T-AONYS T-ADNYNP ] 23 WA 3 EREEIA T
[ S— AMA AAAA =i e
T-QULEVST st| YVVI[Z T-BULEYS S A-aHESVYT i N z I-aHISYPL
bs)\:'Il. AAA
A-AAUYST st 2Jt TT-AOHVYS.L T-AGUVEPT at T T-AQEVPL
a9sn TS0
estop
AAA .
H~-0AVsT 6 YYvile H-oavsd TH-oave1 el H-0aveL
- AAA
H- TavsT oT YVEL H-IAQVSL "H-Tave1 A H-TAVYPdL
A
f— &
H-zavsa YWz A~Zavsy Yrzawt g H-2avrs
AAA et e
- cd¥sT ZE| YYVTE H- eGvSsd H-cave S H-Cavvd
A
SE———— ——
- vavsd VW A-vavsd H-vaved v A= vavry
AAA
H-savwsT vI[ YVVTE H-Savsx M=saven € H-SAvbL
AAA e s
H-9av¥sT ST z H-3aVST M-saveT z H-5avVpL
f H-4avsT 9T § T H-LOYST H-vaven T H=-Laven
550
.| of af of ] of w 1l of il of | of u
Lol sb el ol b ol od ol ol P~ alol ol el el el ol 2l ol ol ol ol ol gl ol
L. 4 & 4§ 4 L R- & 4 < 444444 $ 444
o 2902202225 25555 > s b3 b3
< < AV PR L4 AV P4 AV < AV AV < AV
3 > 333555385883 > > > >
< SRR R AR R R R A < < L1 <
K1 £IVOVaIy N ETVOVAH
P
o o
a I ) | £l T v

SITOQS TSSOy UOCTIAIBRUTWID,T,




fRxE KMV do aova
- _-A@u
auswudo Tasned ISDICAISAAH -~ BIPUERS /NN
G | B 1 q I 4
aga
¥ ) o
= P
) z
$5655655656655645555 [ 12202220 ETT
2R 0505953558852 I LR LR LLELLE LR
PE XL L PEET L L
S5B5 5555555555853 >oooee > T
CTCCT T CCCCL TYETITYSTSTITSTS
LEERNEEBEEEEE B K ERENEEBEREFEEEE
el o} o Al A Al o A Al ]
eV
AAA S —
A-LasL L3 MM B W-Zaacs W-ZaasT ) W-LGH5T
[l AAA
[ ——
H-9QuaLT oTy YVVIT H-9a8L% H-5dasT 3 H-3GH5L
» AAA —_
CRET TS T YYVTE A-EGaLY, H-5aas7 B H-SasoL
—— AAA
H-vaazs (33 WM B W-vaaLs A-vaasT 3 T vadst v
AAA - - -
LRI T ) €x] YVVIv H-€O0HZL H-£aB37 v H-£d€99.L d
o A I —
HoZAELT WA T-CURLE T-caasd € H-Zasox
e — A s
S ——
CRRT::T%] 53 AM B T-iaecs H-1aasT 3 H-i1agsT
AA
. PO S
ERCLECTS STV T A-oadcL H-oaas ¥ GELLGEEY
50
ey e . i e
S —
RREGEE s YYVTe RREGETTXA T-AQHAST ="W\s T-Xauasy
AAA A
[ ———
T-aYLsaLT ot| YYViZ T-aHLSaLE I-auLSast ST YWIT T-auLsHs X
- —_— = -
T-AOVALA 33 A B TlovaLd T-AovaEsT T YWs T-AOVASL
WBENE LT ze[YWMT ToaTaLE T-0aANas T t33 A B - BENESE
AAA
1-BadvL €T] YVVIP HAY LT “T-0HYVST 33 »\5 3 T-OHUAYS L
-— AAA -— ey
T-HOWVLT 23 BAM I -S5OV L T-3OWVST T >«U\><. T HOVEEE,
AAA
T-auIsI LT i BAAAM B T-BULSVLI T-BALBEoT ST ><><>< z T-BELEVSL
AAA
—
LR CEN7A o1 LYYY]T EREGTITA T-XAHVST 5T L LYVIT T-AAHVIL
EE L)
q q
eMoNAN eANOMAL,
A
S —— -
H-oavid 3 ) A-0avLa LR ST WWvTs GRITETS
A
e e
A-TOvL 1 FT[YWT W=TaAvLd HTTavsT 33 W\s\ T H-Tavsy
- DA ——
H-ea9 LT T VW3 H-Zavid W-zagetd 33 A E H-Zavedx
AAA A -
H-cavLd Z% S H-cavid H-£avsT ZT »\»(»/s S H-eauoL
AAA
CR T %) 53 M B H-vaviL WH-vaven EXE VVYVIT H-eavsd,
AAA - AAA -
H-SdvLa 2] MM B H-5aVLL N-8aveT tT}] YYVie H-5aVed ||
H-9avia ST z H-savZL ™ H-5aveT ST .<<W~ € H-9aVs.L
AA =
H-eaves T H-LaViL ® H-LAvsT £l c<w<:< T H-ZavsL ,
,
,
_ _ o] ol &f «f o] v _ _ of Al af «| <] o]
al ol el of ol ol ol ol ol Ab ol I Aol ol ol ol o ol gl of ol ol ol ol ol o
R £ & < 666444 4% <4 £ L4664 4844 £ q
< $<53<3<TTCe < $3233<$<S <
< < 2 < 2 2 < < PEEEEEEE <
> > o > > > oo >
< PR < < < IR R W W < W W W
Y Tivovad T £iuovan ,
xR R
a | S T E] T i3

SITOQSTSDY UOTIAIBUTLTULISD,T,




TAE NMYHO 40 aova
a1
AuswdoTasasd IssaxogradAili - eTpues/WNN
] | 5 I [ T £
oga awa
| |
] M o
€T 3
2252532533328 %F $2442411487L
3333333333333 332333333
< < CCCCCC TS < CCCC e S <<
ERERNEREEEEFREENE E R I I O A
ol o o Al A Al o] o al Af o
» oMo 8MoMAN
A
T ——— —_— U ——
H-ZALeT WV H-ZaLex H-Zasel AN ] H-cdsed
A
e — e
H-5aLCT ST WV H-9dLEL H-94a5271 X1 BAAAS I H-9aSem
AMA -— AAA
H-5aLe1 51 BAA E H-SULEL H-sase TIf YYV]e T-SaseT
R — e e
H-vaczed e[ WhT H-paced H-PUSET 33 B A-t05EL
A
b -—
H-£aLET Gh ;\ v H-edLeln H-EAsz1 3 ? v H-£ASZL
A A, b
S eared Y[ WMe———zares® mpeasey Cid A I H-2a8e%
9 AMA e s - AMA e
H-Tacel 3T z A-TGLER TETAsSeT 5T 3 H-Tased
P AAA AMA=— e
H-0dLET (37 AL S H-0aZ X H-0ASET Ed T H-0dSEd
Lir Zin
estoML OV
Weprees A S — -— e
I-RA¥LED 6 ? 8 T-AQULEL 1-AQHESET & §\. Gl - AQUS TN
[Sa— -— e
T-AHLSLET oT \é‘ A I-"dYLSLEL T-HHLSSTT or § A T-EULSSTL
A
[ — e e [oS
TNV LET WS T-HOVL L TNOVSEa 53 BAAM B THEVEEL
Wy A e [, A A g
T-oadLeT [ E 1-0ERLEL T-03USTT ZT £l 1-03ds TN
A - a
T-5795¢€7 €T g. v T-03U9 €L a~-Oadvet ET \§\. v J-OAUPTL
A
» ey —_—
A-ASVS €T Gl AN G B EC] KRR 23 A I EREETIZE
— A, R P T A=Y
T-BHLSSET W - aHIe s ed T-ANLS 0Tt T YWAe -adaLS v
-— AMNAT—————r e AA sl
T-XQBIET EX3 3 HAGHS €L T-AQGPET STLXYMIY ERETEEEA
d o1 ARV
e — e
H-0d5€n 3 B H-009 € H-oavel A ) H-0dver
[ —————— -
H~TAdg%eT oT A H-1a9 €L Ho1arel w VWA 3 H-tavel
" rTas e TT 5 HTEASEL TTEGVET X3 M & TZavEL
| AN
H-€as el (33 3 H-eds €L o eaven 2 A e H owavzd
H-rGo Tl 343 v H-vas £d. ELER TSI T3 R B v Ti-vareL
T-Sas e 23 € H-SUSCd HoGaven il v T WSyl
] H-5GSTH TY T W-sasTL WsvEn ST YWMT T SUPTL
H- 1G9 €1 EX3 T W LA e Worave TG BEGIZEA
i
_ _ _ cf ol sf o] 9 vf _ — _ N A
sbool x3 ol wi gl o x) ol ol o ol o o o ol sl od b Aol 21 28 ol ol of ol of o
2523335335324 23353%3:
> 2
9 >s
J <
€IVovau T €ivovau
- -
=3 aax
a | > I q I K

SITOQS TSSO UOTI3IBUTUWISD,I,




TAG NMVHA g0 Fova
- ama
JusudoTaa2g 3ssaocogasdil - erTpues/WKNO
a I > 1 ] I N
9]
i
00 T=ENTVAT IYL VLT YO T 19aT 3UAT 1oAY 1Y T~ IO O TIANTYAN »
oo 6TD 81D LID ATl SID P €10 zI0 T2
® * L L * L 4 & S
E
e =—
VOT=EANTUATHIOTUAT VAT ~3NIvVaT 1 754 TYnY T T = "Ivano Ty NTVA M
aTd 65 80 L2 EE] SO ro €3 f4=] R1=d
4 4 L g & & * L 2 RS
L y
a ] S I a I N




1AE NMwRda a0 apva

- caEu

JuswudoTasnsd aIssaogasdilH — eTrTpurs /NN

a | B 1 ] 1

asidean

»sREssasa VYW
MsTarssiri VYW
o e YW

—swser YW\

WA

— 0 A
1-9aa oY

2T O A
-9av 2

rsEs 8 VYWV
"—roram VYW
Lo WANS
Brsmare g VWA
mIDWMnV Y VVv
W —osxam i Y¥¥Yg
Wssam YW\

~l0wﬂz.~.m T YYVY

asiovad
WsRETTIE YA
Mcrazsany iYW
o E YW
Sswsvr T YW
TIVVWAA
Saa oYW
eV
®rEEs VWA
—rsxam YW\
Y YW
ml.nmﬂﬁ.u.w VVVY
»ogEEs VWA
e T s O T
MgTa g Y VW
—0SEaYHLS R é\

astovay

WosmerrE VYW
Legrmr e RN
Lo e N
e e VWA

VWA
mrEE oy VYW
ar YW
LS rrames a4
Worrras YV
Loy e A0S
PrEms VYW

1-0L4d0 T YVVV

L Eya G R T
LT MM

TEoLauLs ] WW T \—V

Gar

asTovau

WoERaSvIe YV VY
Weesrarsane YW
TPIAR i YYVV

Lo A

S AL
i CE: INAAAS
e YW

SR YW
Lo Cramay nAA A
s YWWAA
B oo mAAA
I-0ovaD ¥ VV¥YYV
L e p
e WANAS

[ PR —
A-HOVS ST E

[ ———
-E9L5951

[ —————
- AQH9 ST E

B BEEseT E

[ O ————
ANV LVT

_— ]
A-HTLSLPT

[ S —
A-XQULb 1

al_ml o

SESranas VW

A-BAHLET

i

|




DISTRIBUTION:

2 MS-0619 Review & Approval Desk, 12690
' For DOE/OSTI
MS-0188 LDRD Office, 4523
MS-0899 Technical Library, 4414
MS-1002 P. J. Eicker, 9600
MS-1006 P. Garcia, 9671
MS-1006 J. P. Rebeil, 9671
MS-1006 H. Pollard
MS-1007 A.T. Jones, 9672
MS-1008 S. Blauwkamp, 9621
MS-9018 Central Technical Files, 8940-2

1
5
1
5
3
3
1
6
1




	1 Introduction
	11 Background
	A Message-Passing and Shared-Memory Architectures
	B Previous Work on HyperTrees

	111 HyperForest Architecture
	A HyperForest Message-Passing Layer Definition
	B HyperForest Shared-Memory Layer Definition
	Development Environment

	1V Comparison with Other Message-Passing Architectures
	V Performance Summary
	VI Hardware Implementation
	VI1 Conununicating With 110 and Peripherals
	VII1 Co:nclusions
	1X References
	Appendix A


