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1. Introduction

The Digital Emulation Technology Laboraiory (formerly referred to as the KEW Digital
Emulation Laboratory) is a principal unit within the Computer Engineering Research Laboratory
(CERL) at Georgia Tech. This report addresses the objectives, requirements, and schedule of the

| Digital Emulation Technology Laboratory (DETL), relative to contract number DASG60-85-C-

0041. An associated report, "Annual Report -- Task 1: Digital Emulation Technology
Laboratory" covers DETL relative to contract number DASG60-89-C-0142. The major
distinction between these two contracts and their associated activity at DETL is that the newer
contract concerns primarily activity associated with the effort to develop an integrated hardware
and software environment for end-to-end simulations of exoatmospheric interceptors such as
EXOSIM. This report, on the other hand, focuses more on the basic hardware and system
software that was developed at Georgia Tech and eventually applied to these end-to-end
simulations. This includes the Georgia Tech Parallel Function Processor (PFP), the older system
software for the PFP (utilities and parallel programming tools), and earlier application software
(prior to EXOSIM). |

1.1.  Objectives

Within DETL, there are two main hardware systems: the Parallel Function Processor (PFP) and
the Seeker Scene Emulator (SSE). Each of these systems is a complex parallel processor,
designed to function together as an emulation facility for kinetic emergy weapons systems.
Software development is also an active area of research, both at the system level (compilers,
loaders, graphics development) and at the application level (simulation and emulation studies).

The principal objectives of DETL are as follows:
- Provide facilities for 6-DOF KEW emulation

- Provide real-time capability in excess of 2000 Hz




- Provide real-time emulation of IR FPA seckers
- Test and verify GN&C software and hardware systems
- Educate new PFP users and provide technical support.

SSE TO PEP) BACKGROUND
INTERFACE SEEKER

SCENE

EMULATOR

GT-VSM8

GT-VFPU

8 cT.vsNI

Figure 1.1: Major components of DETL

The major components used in meeting these objectives include the PFP, SSE, high-speed 3-D
graphics workstation, and associated conventional computers for basic support functions. Not all
of these components are required for every task. For example, much of our work consists of
running simulations (sometimes real-time, sometimes not) on the PFP, with no attached
systems. This limited mode of operation is capable of verifying missile simulation models and
control laws, as well as many types of signal processing.
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To provide realistic imagery in real-time, however, the Seeker Scene Emulator is required. This
system generates image data as though it were coming directly off of the elements of a focal-
plane array, with the scene information determined by the relative location of the simulated
missile system to the targets and decoys.

Actual flight hardware may be tested within this system, as indicated by Figure 1.1. Most of the

_jtems contained in the lower half of this figure represent VLSI components that may be tested

within DETL. The GT-DP blocks, for example, are chips for guidance and control processing
that are being developed at Georgia Tech. Similarly, the GT-SP block contains signal-processing
components developed at Georgia Tech. By equipping the hardware with appropriate interfaces
to the PFP, the simulated functions of the GN&C Processor can migrate from the PFP to the
actual hardware. These interfaces are also shown in the figure. Additional detail on the VLSI
components themselves may be found in Volume 4 of this final report..

1.2. Schedules and milestones

As of July 1990, there are three 32-processor PFP systems available. One of these is currently
undergoing a transition from an earlier configuration to our latest 3-processor-rack configuration,
with 386-based processors to replace the original 286-based processors. The other two systems
are the 286-based machine allocated for KDEC and the FPP-based machine for internal
development of FPP/Sun host software. Not included in these 3 PFPs are a limited test PFP
system and the prototype Multibus II PFP system. Since last year, we have taken our older
8086-based PFP out of service.

The FPP-based PFP and the KDEC PFP both include the basic packaging and power supplies to
support expansion to 64-processor capability. The 386-based PFP may eventually be paired with
the Multibus II PFP to produce a 64-processor hybrid system.

The major milestones completed over the period of this report are as follows:

- Ihtegration of 386/12 processors into the PFP, making the 286/12 processors
available for the KDEC PFP,




Demonstration of the 256-processor Seeker Scene Emulator generating frames at
64 frames/second, with image control information supplied by the PFP in
real time, '

Upgrades to the crossbar compiler to support multiple crossbars,

Transition to a new host operating system (RMX II), allowing greater memory
accessibility, virtual terminal support, and other features,

Upgrades to the Floating-Point Processor (FPP) Compiler to support migration to
a new host, '

Development of utility software on the new system, replacing (and enhancing)
basic functions for loading and starting programs,

Development of programming tools for the new system, including a "make" utility
for application maintenance,

Development of parallel-processing support utilities, including one that analyzes
variable usage across partitions and one that automatically generates
communication calls,

Development of libraries of communication procedures for processor-processor
and processor-host interaction, providing uniform interfaces across several
languages (C, Fortran, Pascal, and PL/M),

Design and development of a new "piggyback" board to provide crossbar
communcation capability to the 386/12 boards through their iSBX interfaces,

Design modifications to the Multibus Repeater boards to support expanded
memory accessibility (16 MBytes per rack, over 48 MBytes per 32-processor
system),

Design modifications to the 286/12 processors to make ﬁlem completely
interchangeable with 386/12 boards in the new, expanded-memory
configuration,

System-level repackaging (racks, power supplies, cabling),
Presentation of onsite education in PFP programming,

Hardware and software documentation for the PFP Technical Data Package,




Definition of basic rules for developing parallel applications in FORTRAN and in
ACSL on conventional single-processor systems,

Application of these rules in versions of EXOSIM by Dynetics, followed by
successful porting of 4- and 5-processor versions to the PFP.

Development of new firmware fof 286/12 boards to support their use as target
Pprocessors,

Pascal compiler running on FPPs.

Some of these items are more closely related to the work effort of the new contract (DASG60-89-
C-0142), and are therefore described in that report.

1.3. Long-range Plans

Georgia Tech's parallel architectures continue to evolve. Already in progress is the development
of a PFP based on a newer computer bus, the Multibus II. With this high-performance bus, an
additional interconnection path is available between processors, more suitable for occasional

 transfers of large amounts of data. A new interconnection scheme between racks of processors

will allow multiple PFPs to be interconnected more freely than ever before.

Beyond the PFP, a new dynamic crossbar architecture is in the design stage. Unlike the current
crossbar, which pre-schedules all of the communication between processors, the new architecture
will allow processors to communicate at their own pace, even changing the system to meet each

processor’s changing requirements.

Such an architecture is suitable for more general problems, like the simulation of molecular
dynamics or compressible fluid flow. It will also be the best architecture to handle SDI's battle
management problem. In this application, a computer must respond quickly to a variety of
potential threats. A dynamic crossbar system would provide both the required number of
processors and the fast communication paths.

Although we have already developed a complete set of software tools that meet our own research
requirements, there is a need for general programming aids, particularly for users not accustomed
to specialized computers. A graphic interface has been prototyped which provides users with the




capability of entering simulation models directly as block diagrams. Other tools would
automatically partition large problems among the available processors.

At the same time, we will continue to apply the best available chip technology to our designs,
including both VLSI and VHSIC, where applicable.

1.4. Report Summary

The remainder of this report will describe the hardware and software associated with the Digital
Emulation Technology Laboratory, with an emphasis on the work completed during the previous
contract year. The hardware information includes updated status of the PFP units, new
processors, host enhancements, communication interfaces, improved coprocessor performance,
" and new firnware. A brief description is also given for the physical facility itself and some
auxiliary computers contained within. The software information includes new versions of
utilities which support the GT-FPP (Floating-Point Processor) and the GT-XSD and GT-SEQ
(crossbar and sequencer boards), as well as updates to application software (the Spinning Missile
simulation and EXOSIM).




2. Hardware and Facilities

This section begins with a description of the Parallel Function Processor, including recent
changes, and then discusses the current configuration of the two alternative host computers.

* Most of the detail, though, is devoted to recent improvements, including the upgrade from 286-

based processors to 386-based processors. This not only required configuration and testing of the
new 386-based boards (Intel iSBC 386/12 boards), but also modifications to the attached
crossbar interface board, the onboard firmware, and the Multibus repeater subsystem. At the
same time, coprocessor performance was enhanced by the selection of the Cyrix device, rather
than the standard Intel 80387, but some compatibility problems were found. These issues, along
with current board status, are also covered.

2.1.  Parallel Function Processor (PFP)

The Special-Purpose Operational Computing Kemnel, or SPOCK, evolved from a Ph.D.
dissertation (by James O. Hamblen) on a new architecture designed to solve ballistic missile
simulations. Before digital computers came into prominence, some of these simulations had
been performed quite effectively on analog cbmputers, in which basic circuit elements are
interconnected by a patch panel to create an approximation to the real system.

Digital computers provided the potential of much higher accuracy in the simulations, but at the
cost of speed: most real systems could not be simulated nearly as fast as they really run,
generally referred to as real time. In 1978, Georgia Tech's SPOCK I addressed the problem by
showing how up to 6 processors could effectively perform such a simulation.

Building on the previous experience, in 1982, a prototype of a 32-processor system, SPOCK 11,
demonstrated greater capability with more-powerful processors. In addition to the digital
processors, SPOCK II also had analog input and output channels. This provided the important
capability of interfacing seamlessly with the external environment, for real-time control of analog |

systems.




Since that time we have developed SPOCK 1II into the Parallel Function Processor (PFP), a fully-
operational testbed for simulation problems from both military and nonmilitary applications.
The architecture never stagnates -- the original Intel 8086/8087 f)rocessors were each roughly as
powerful as an IBM PC, but now they can be replaced with any of three newer processors. One
is based on the Intel 80286/80287 and performs as well as an IBM AT. Another is based on the
Intel 80386/80387, and the last is based on the AMD 29325 and is about 25-100 times faster than
the other processors for the floating-point calculations which it is designed to perform.

All of the processors support the 16-by-16 crossbar interconnection, allowing each to
communicate directly with the others. Multiple conversations may take place simultaneously on
the crossbar, and it is also possible for a single processor to broadcast data to every other
processor in a single instruction cycle. Since the crossbar has been reduced in size from a full
19-inch rack down to a cluster of eight circuit boards, it is now possible to have the power of 32
minicomputers in two racks, and still have all of the processors work together efficiently.

Each of the current processors has two interfaces: one to the crossbar for data communication
while running, and one to a shared bus that is used for loading programs and data from a central
host. Virtually any imaginable processor can be fitted to a processor slot in the PFP. This
includes multiprocessors, like the array processors described earlier. So, if an image processing
problem was part of a larger simulation problem, it could be assigned to an array processor
within the PFP system. Co-processing boards have been developed at Georgia Tech that evaluate
complex floating-point functions in a fraction of the time used by the best supercomputers on the
market today. These co-processing boards "piggy-back” on the processors described earlier.

Similarly, a complete minicomputer system with an attached 3-D graphics workstation has been
connected to one of the PFP processors, thus effectively becoming a part of the multiprocessor
system. This allows sophisticated graphics to be generated in real time as the simulations
proceed.

These enhancements demonstrate that other architectures can be applied as needed within the
enveloping PFP architecture. But there is also a way to increase the PFP's capability at a higher
level. Since the number of processing nodes in a crossbar is practically limited because of the
large number of switches required, the PFP needs a way to grow beyond its crossbar. A fully-
operational interconnection board has been developed which occupies a processor node in a
single PFP system. When a processor communicates with this interconnection board, the data is
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passed out over an external channel to an identical board in another complete PFP. By adding
more interconnections, multiple PFPs may form a higher level of parallel processing. A triangle
of three PFPs still allows each processor to communicate with any other processor with no
intervening processors, although there may be some waiting for an available channel.

The standard configuration of the PFP at this time is a 64-pro¢essor system (2 crossbars),
packaged in a three-rack system, including the host. A single-crossbar system can be packaged
in two smaller racks, if desired. A 64-processor system fitted with custom interfaces is planned
to be installed at Amold Engineering Development Center in Tennessee' to support simulation
studies.

Currently, a new host computer for the PFP is being developed, based on the Sun 386i. This new
host will provide enhanced support for graphic input and output, and it is now serving as a
platform for the development of an ADA compiler for the PFP.

2.1.1. Physical Description

The full 64-node PFP, complete with the host computer, occupies three 19 inch wide by 32 inch
deep by 75 inch high equipment racks. Each outer rack contains 32 PPE slots. The center rack
contains the two crossbars, two sequencers, the host computer and two crossbar status displays.

All processors, as well as the sequencer, conform to Intel's Multibus I specification. They are
connected to the host through a custom Multibus repeater system, which is used by the host to
communicate with each PPE. Each 16 by 16 crossbar switch is made from four 8 by 8 switch
boards connected through a custom backplane. Each 8 by 8 switch board is built to a 15.75 inch
by 14.44 inch Eurocard standard. Both crossbars are housed in one 19 inch wide card cage.

Each of the 64 nodes in the system is occupied by a PPE. A PPE can be one of five different
boards; an array interconnect, an Intel 80286-based commercially available processor, an Intel
80386-based commercially available processor, a Georgia Tech Floating-Point Processor, or a
multi-channel analog I/O interface. Other boards will be developed as necessary to enhance the
capability of the PFP.
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The Georgia Tech Floating Point Processor (GT-FPP/3) is an 8 MFLOP computing engine based
on the AMD 29325 floating point chip. Currently, the board is programmed using a subset of
Pascal. An ADA compiler is in development for use with this processor.

The iSBC286/12 processor is commercially built by the Intel corporation. It is a cheaper, lower
performance board than the GT-FPP/3. The board is useful in applications that require large
amounts of memory such as table look ups. Presently, most of the programming is done in Pascal
or PL/M, although FORTRAN, C, and other Intel standard utilities are available. The crossbar
interface to this board is built to fit the Intel standard iSBX port. Supporting other Multibus I
processors that have this port only require changes in the board's firnware. The iSBC386/12
processor is an 80386-based equivalent of the iSBC286/12 board, with approximately a 3-4 times
speed improvement for typical PFP applications.

The analog input/output board consists of four analog to digital input channels and four digital to
analog output channels. The output portion consists of 4 separate digital to analog converters.
The input portion consists of 4 sample and hold circuits multiplexed through one analog to
digital converter. Any combination of inputs and outputs are available for use. All digital
conversions have 12 significant bits.

As previously mentioned, the array interconnect (GT-ARI/1) is used as a direct interconnect
between crossbars. Each array interconnect may send and receive 16 bit words simultaneously
from other array interconnects.

All programs are written and compiled on the host computer then down loaded to the processors.
Currently, each problem is analyzed by a programmer and split into parts which are then
compiled for individual processors. A separate compiler is used to load the crossbar and
sequencer with the instructions for processor communication.

The major components of a full system are:
1. The host machine. (This may be an Intél 310 or Sun 3861)
2. An MDB Systems Data Shuttle 2000 removable disk drive unit.
3. Up to 64 processors and array interconnects, in any combination.

4. Up to two sequencers.
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5. Up to two full 16 by 16 GT-XB/2 crossbar switches.
6. Up to two GT-XSD/2 status display units.

7. Up to two equipment racks containing Multibus I card cages, sequencer cabling,
and power distribution.

8. One equipment rack containing the crossbar, sequencers, crossbar status displays,
and appropriate power distribution.

2.1.2. Intel 310 Host

The Intel 310 host is based on a 12 Mhz 80286 processor (actually the same 286/12 board
available for use in the PFP) and runs the Intel iRMX operating system. We have recently
verified that it is possible to replace the host 286/12 board with a 386/12 board, in much the
same way that we have replaced the PFP 286/12 processors with 386/12 processors. -This
configuration can execute computationally-intensive applications (like compilation and linking)
about four times faster that the 286-based host. The host is tied to the PFP through a custom set
of repeater boards developed here at Georgia Tech. A master repeater board is located within the
host chassis, and slave repeater boards are located within the racks of processofs. The machine
supports all standard Intel languages running under the iRMX operating system, including C,
Pascal, PLM, and FORTRAN. Programs written in any of these languages may be compiled and
linked on the host and then downloaded to processor boards (iSBC 286/12s or iSBC 386/12s) in
the PFP for execution. In addition, the host supports a compiler that implements a subset of
Pascal for use with the GT-FPP/3 custom floating-point processor.

2.1.3. Sun 386i Host

The Sun 386i host is based on a 25 Mhz 80386 processor and runs the Unix operating system. It
is the eventual replacement for the Intel 310, leading to higher performance and a more user-
friendly environment. The hardware interface to the PFP is similar to that of the Intel 310 host,
except that the master repeater board is located within a dedicated Multibus rack, connected to
the Sun host by a PC-to-Multibus link. (The Sun 386i utilizes the PC/AT bus.) A C compiler is
being written to support the GT-FPP/3 processor, and other languages will be supported via
translators (Ada-to-C and FORTRAN-to-C). All low-level drivers interfacing the Sun to the PFP
are complete and several small Fortran, Ada, and C programs have been loaded and tested.
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Eventually, the Sun will also support standard languages for programming the iSBC 386/12
Processors. '

2.14. iSBC 386/12 Processor Integration

As noted earlier, the iSBC 386/12 processors are faster replacements for the iSBC 286/12
processors. The integration of the 286/12 processors was completed during a prior year of this
contract, and no additional developments have occurred in this area. The 386/12 processors,
however, were integrated mostly over the period of early 1990. This involved several tasks,
including: '

- determination of proper board configuration,

- Multbus repeéter modifications to support expande& address space
- development of monitor PROM firmware,

- development of loader software,

- testing of iSBX crossbar interface,

- re-layout of iSBX crossbar interface,

- testing, debug, and workarounds for Cyrix coprocessor, and

configuration and testing of full complement of 32 processors.

It was during the integration of these processors into the system that we decided to upgrade our
host operating system from RMX I to RMX II. This allowed us to access a total of 16
Megabytes of memory within each rack of processors (at least 1 Megabyte per processor). It also
allowed us to use 80286-based and 80386-based compilers and utilities for future application
development on the PFP. Most of this development thét occurred under the RMX II host is
covered in the other final report for the Digital Emulation Technology Laboratory, which
emphasizes the newer tools and applications. Because of the transitional nature of the hardware
and firmware modifications, however, they are covered within this report.
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2.1.4.1.iSBX Crossbar Interface Boards

One major factor in the 286-to-386 transition was the usage of the iSBX Crossbar Interface
Board (GT-X1286/2), which had some effect on several of the items listed above. The earliest
PFP processors, the Intel 86/12 boards, utilized‘ a specialized interface to the crossbar that
plugged into a ROM socket. In the interests of standardizing on an interface which would be
adaptable to the 286/12 boards and follow-ons, a new crossbar interface board was developed,
based on the standard iSBX interface. This standard interface was established by Intel and is
available for "piggy-back" functionality on a wide range of Multibus I and Multibus II processor
boards.

 The iSBX I/O Expansion Bus specification is equivalent to the proposed IEEE standard P959.

Detailed descriptions may be found in Intel product data books and in the Intel publication Intel
iSBX Bus Specification (manual order number 142686-001).

Briefly, the iSBX bus supports both 8-bit and 16-bit data transfers at a maximum rate of 1
transfer per microsecond. The controlling processor board generates 3 low-order address bits and
2 select signals (high byte, low byte, or both), allowing the attached iSBX board to contain up to
16 addressable bytes. Typically, these blocks are defined as registers which are offset from some
base I/O address in the processor's address space. On the 286/12, the GT-X1286/2 board
generally resides at base address 80H (in the I/O space, not the memory space), with the data
register at 80H/81H and the status register at 82H/83H. |

The GT-XI1286/2 board does not support interrupts or DMA. It does use the clock signal and
reset signal, and it does not extend the transfer cycle through the use of MWAIT/. The GT-
X1286/2 board was designed according to the physical and electrical specifications for a double-
width iSBX board. (The specification allows for two sizes of boards, and we required the
double-width form-factor, mainly to accomodate ribbon-cable connectors.) Frequently, processor
boards provide two iSBX connectors, allowing the user to attach up to two piggy-back boards.
This was the case with the 286/12 board, which was desirable for the PFP application, since it
allowed for both a single-width iSBX board (like the Georgia Tech Function Board, which
evaluates complex arbitrary functions of a single real number), as well as the double-width GT-
X1286/2 board.
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Although the 386/12 board was supposed to be a drop-in replacement (after proper configuration)
for the 286/12 board, we soon encountered a major discrepancy. The 386/12 board had two
iSBX connectors, but it was only possible to use two standard iSBX boards if both were single-
width. Since the GT-X1286/2 board could not be reduced to single width, it was redesigned with
a non-standard form-factor that avoids the memory module.

We were able to test the 386/12s with the original iSBX design by plugging the board onto the
only connector which accomodated a double-width board. This merely prevented us from using
the Function Board or any other iSBX board during the test period. Once the operation was
verified, the physical layout of the board was altered by Intel at no charge, as partial
compensation for what we perceived as a design flaw. The new version of the iSBX Crossbar
Interface Board is part number GT-X1286/3.

During extended testing, we discovered intermittent communication errors with this board. The
problem was eventually traced to electrical noise due to inadequate power and ground
distribution. The board had been designed as a double-sided board, with no internal planes for
power and ground. Although the power and ground traces were wider than signal traces, they
were apparently not sufficient. We were able to repair the boards by adding two wires to
improve distribution along the long axis of the board. All boards have continued to perform
satisfactorily in extended testing. Before we order any more of these boards, however, we will
re-layout the board with internal power and ground planes.

2.1.4.2. Board Configuration

The board configuration consists of installing EPROMs (see Monitor Firmware section),
installing a coprocessor (see Cyrix Coprocessor section), installing the iSBX Crossbar Interface
board, and setting jumpers. The 386/12 boards purchased for the PFP were configured with one
Megabyte of memory, although it is possible to use more memory on at least some of the
processors. The default jumper settings for these one-Megabyte boards are suitable as a starting
point for configuration. These settings are listed in the "iSBC 386/12 Hardware Reference
Manual," available from Intel.

The deviations from these default jumper settings are as follows:

- iSBX DMA is disabled (DMA is not required),
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PROM size is 256K, _

Dual-port memory is set to allow the full Megabyte to be accessible at one of 11
locations, depending on where board is to be installed,

Two onboard timers are cascaded,

Onboard processor is allowed RAM access all the way up to ROM start (no
outward Multibus window), ‘

Coprocessor is enabled,

Board ID code changed to reflect coprocessor presence, and

iLBX local memory bus extension is disabled.

2.1.4.3. Monitor Firmware

One of the principle reasons that we made the switch to the RMX II operating system and the
386/12 processor boards was so that we would have the full benefit of a larger working memory
space on each target, running under the protected mode of the 386 processors. (This would have
also been an advantage with the 286/12 processors which we had been using for some time.)
The monitor which we had been using on both the 286/12 and 386/12 processors supported only
the real mode of operation, which is limited to an emulation of the simpler 8086 family of
processors, with little capability to manage and control memory segments. It was therefore

necessary to develop a new monitor.

This new monitor was based on Intel's iSDM monitor, which is available as Intel product number
SDMSC, version 3.2. This product allows a user to begin with a basic monitor which can be
configured for a custom application by using various macro calls. It also allows customized user
code to be inserted within the monitor, which was necessary for our application.

Some of the advantages of the new monitor (and protected-mode operation) include:
- greater flexibility in choice of program start address,
- ability to create specialized buffers for host-processor communication, and

- automatic creation of read-only code segments and multiple data segments
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~ The code for the user-defined section of the monitor firmware is included in Appendix A.

2.1.4.4. Multibus Repeater Modifications

The 386/12 processors, like the 86/12s and 286/12s which preceded them, provide dual-port
RAM (memory which is accessible by both the onboard processor and any bus master on the
Multibus). In the PFP, this access from the bus is needed by the host processor and its associated
Multibus repeater system. The Multibus repeater system essentially allows multiple Multibus
card cages to map into the address space of the Multibus-based host. In order to fully utilize the
one Megabyte of dual-port RAM on the 386/12 processors, it was necessary to modify the
repeater system. Previously, it was only possible to have a maximum of one Megabyte of
memory in each PFP processor rack, and this had to be split up among the processors in that
rack. Typically, this resulted in only 64K or 128K of accessible memory on each processor,
which at this time was a 286/12.

As work on advanced simulations such as EXOSIM proceeded, this memory limitation became
critical. Anytime the code exceeded 64K, a special loader function would be required to access
the additional 64K on those boards that had a total of 128K available. It also appeared that some
of the partitioned code would even exceed the 128K limit. Furthermore, there was no
straightforward means of configuring the memory on the newer 386/12 boards to map only 64K
or 128K in a distinct location of the Multibus address space. (This was another unforeseen
incompatibility between the 286/12 and 386/12 boards.) The solution to this problem was to
increase the dual-port RAM to a full Megabyte.

Modifications were made to PALSs on the 286 processor boards and on the slave repeater boards,
and some wire cuts and adds were made on the slave repeater boards as well. We also installed
the Multibus "P2" connector on the card cages in ‘this system. This connector contained only
signals which were never required in previous configurations (at one point, cables were routed
out of the baékplane at the P2 location). The uppermost bus address lines, needed to access the
full 16-Megabyte address space, were included on this connector, so we had to install it at this

point.
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2.1.4.5. Cyrix Coprocessor

. We ran into some unexpected problems when we attempted to run some applications on multiple

target processors in the PFP. Surprisingly, we were unable to run it successfully even on a single
target processor. The problem was eventually traced to the Cyrix math coprocessor chips on the

- 386/12 boards. These are supposed to be direct replacements for the Intel 80387 chips, but

unexplained errors kept coming up. Once we switched back to the Intel chips, the program ran
normally. We wanted to use the Cyrix chips, since we could get a performance improvement of
up to 20% over the 80387.

' We received the most current revision of the Cyrix chips and tried to use them, but we found no

difference. We also tried the Cyrix chips in a 386 PC-compatible machine, also running
EXOSIM. In this configuration, we had no errors. Cyrix also sent a socket adapter with a built-
in PAL that fixes a problem in certain configurations (probably in certain PC-compatibles). We
tested this fix, t00, and it made no difference in our application.

We continued to explore the apparent incompatibilities between the Cyrix coprocessor and the
80387 that it is designed to replace (with a performance improvement of up to 50%). We were
eventually able to trace the problem to a misalignment of the internal stack in the coprocessor.
The Ihtel FORTRAN compiler generates code which uses reserved (and supposedly
unimplemented) 80287/387 instructions. These instructions, however, are actually implemented
in the 80287 and 80387 hardware as redundant ways to accdmplish the same effect as normal,
documented instructions. Cyrix, however, did not emulate these reserved instructions, since it
should not have been necessary to do so. (The Intel compiler generated these reserved codes,
when it should have generated equivalent functions using docutmented instructions.) The
workaround to the problem is to always turn off optimization in the FORTRAN compiler. This
prevents the unimplemented instructions from ever being generated.

The five-processor version of EXOSIM (described briefly later in this report) was. recompiled
using the new compiler, then run on Cyrix-equipped processors. The timing results are given in
Table 1. For real-time performance, the execution time for each partition must be 1.0 sec/real-
time sec or less. This particular partitioning was an early attempt and does not represent our best
effort for EXOSIM. For comparison, the same partiioning was run on the Intel 80387
coprocessors, and the results are given in Table 2.




Table 1: EXOSIM five-processor version (new compiler, Cyrix chips)

Processor 1 2 3 4 5

Sec /real-time sec 8.588863 1912137 1.698079 1.032199 0.596258

Table 2: EXOSIM five-processor version (previous compiler, Intel 80387s)

Processor 1 2 3 4 5
Sec /real-time sec 11.1534 3.54006 2.47603 1.47417 0.873123

As these results indicate, performance had been improved by up to 46% (but only 23% on the
"bottleneck” partition). We continued to use this workaround to avoid further problems with the
Cyrix coprocessor, and we have been satisfied with the improved performance.

2.1.4.6. Board Testing and Status

After we had determined a satisfactory configuration for the 386/12, including monitor,
coprocessor, dual-port configuration, and iSBX usage, we tested a limited number of boards in a
test PFP that we had developed specifically for that purpose. During this time, we had only five
to seven 386/12 boards available, but this was sufficient to develop test software, as well as to
experiment with some simulation applications. By the time we were satisfied with the
performance and reliability of the 386/12s, we had received a full complement of 32 boards.

Each of these boards was configured and tested, then subsequently bumed in for millions of
crossbar transfers. Some boards failed initial testing, and others failed during the burn-in period.
These were returned to Intel for repair, mostly during the warranty period. The current status of
these boards is given in Table 3. The "location” column gives either a general location, such as
the Intel repair facility or the Sun development PFP, or a specific location in the 386-based PFP.
These specific locations include a letter and a hexadecimal number. The letter is either T, M, or
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B, for Top, Middle, or Bottom rack. The hexadecimal digit is the base address page of the
current dual-port memory setting, where "8" would indicate a base address of 800000

(hexadecimal).




Table 3;: 386/12 Board Status

Serial Number | Order* Condition** Coprocessor Location
N00209451 1 OK Cyrix B2
P00448691 2 OK Cyrix T6
P00448744 1 OK Cyrix Sun
P00466255 3 OK Cyrix T1
P00466256 3 OK Cyrix Sun
P00466258 3 OK Cyrix Sun
P00466261 3 OK Cyrix M5
P00466262 2 OK Cyrix T4
P00466264 3 Failed in Sun Intel
P00466357 3 OK Cyrix T2
P00466358 3 OK Cyrix M9
P00547569 2 Failed in PFP Intel
P00568416 3 Failed in Sun Intel
P00568420 3 OK Cyrix M6
P00568471 3 OK Cyrix T7
P00592160 3 OK Cyrix M8
P00593319 2 OK Cyrix B8
P00610398 3 OK Cyrix 9
P00610405 2 OK Cyrix T3
P00610406 2 OK Cyrix T5
P00610479 2 OK Cyrix Sun
P00638698 3 OK Cyrix M3

1 PO0638699 3 OK Cyrix MA
P00638700 3 OK Cyrix M7
P00638702 3 OK Cyrix TB
P00638703 3 OK Cyrix M2
P00638704 3 DOA twice Intel
P00638705 3 ‘| OK Cyrix Bl
P00638710 3 OK Cyrix TA
P00638712 3 OK Cyrix B7
P00638713 3 OK Cyrix M4
P00638724 3 OK Cyrix MB
P00641883 3 OK Cyrix T8
P00641887 3 OK Cyrix Ml

* 1- First two boards ordered for testing

2 - First seven boards received as part of large 32-board order
3 - Remainder of large order

*»* OK - Memory, crossbar port, coprocessor all checked out

Failed - Initially OK, but subsequently failed
DOA - Failed initial testing

20
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2.2. Secker Scene Emulator (SSE)

In addition to developing crossbar machines like the PFP, we are actively studying other
architecturos, since there is no such thing as a completely general-purpose parallel computer.
One of the most promising is a group of architectures built around a new microprocessor chip,
the Inmos Transputer. Unlike previous microprocessors, the Transputer was specifically
designed to be interconnected with others of its kind. Since a single chip includes the processor,
memory, and communication ports, it is possible to build a parallel machine with little more than
a group of Transputers.

Each Transputer has four links that can be used to tie them together, allowing a wide range of
architectures to be built. One of our principal applications for the Transputer is a Seeker Scene
Emulator, a machine that models what an imaging sensor on a missile would see during a
mission. Most simulations of such systems tend to simplify the infrared sensing process in order
to minimize computations, but the Georgia Tech Seeker Scene Emulator will provide a signal
which can be displayed on a screen and will look virtually identical to a real view of an incoming
threat.

* ‘This seeker output can then be used by a simulation running on the PFP, or by an actual guidance

and control processor, like the one being developed for our VLSI devices. The Seeker Scene
Emulator will use 256 Transputers, so when connected to PFP in a simulation, it will be another
example of a specialized parallel processor within the more general crossbar architecture of PFP.

Under direction from the U. S. Ammy Strategic Defense Command, the Computer Engineering
and Research Laboratory at the Georgia Institute of Technology and BDM Corporation are
developing a real-time Focal Plane Array Seeker Scene Emulator. This unit will enhance
Georgia Tech's capabilities in KEW system testing and performance demonstration.

The FPA Secker Scene Emulator combines advanced hardware developed at Georgia Tech with a
BDM-generated database to produce signals based upon target radiometric information, seeker
optical characterization, FPA detector characterization, and simulated background environments.
Using real-time, positional updates, typically from the Georgia Tech Parallel Function Processor,
the Secker Scene Emulator can combine elements of the pre-computed database to form an image

that is positionally and radiometrically correct.




In conjunction with development of the FPA Seecker Scene Emulator, research into signal
processing of seeker data is underway. The Secker Scene Emulator provides a platform for the
expedient testing of algorithms and implementations. Currently, a parallel-processing network is
being used to test various signal processing "building blocks."

Detailed information about the Seeker Scene Emulator may be found in a separate final report.

2.3.  Other computer systems

Currently a Digital Equipment Corpbration MicroVax II is used as the primary file server for the
Seeker Scene Emulator. This system is equipped with a nine-track tape system, a high-density
EXABYTE tape cartridge unit, the standard TK50 tape unit, an Ethernet network interface, and a
Caplin Cybemetics Corporation QTO Transputer Interface Module. Using the Transputer
Interface Module, the target and noise data files are transferred directly to the processors of the
Seeker Scene Emulator at rates of 800 kilobytes per second.

This same MicroVax is used as the primary means of transferring programs and data to and from
other contractors. Programs written for Vaxes and other off-site computers may be loaded onto
this MicroVax via its nine-track tape drive. From there, files may be transferred to the PFP hosts
(Intel 310s or Sun 386i's) or to other computer systems. Also, additional simulation support is
available on this system through the MatrixX and ACSL languages. Both languages provide an
environment for the simulation of discrete and continuous-time systems, including a choice of
integration methods. MatrixX also has a graphical user interface for entering simulation
specifics. This MicroVax is approved for classified data processing.

Another MicroVax is dedicated to a Chromatics 3-D graphics workstation. This combination of
machines may be directly connected to a PFP processor in order to display complex three-
dimensional graphics during simulations. Both of these machines are approved for classified
data processing.
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2.4.  Secure laboratory

The principal elements of the Digital Emulation Technology Laboratory' are housed in a
laboratory on the third floor of the Centennial Research Building which has been approved for
classified operation up to the secret level. Within this facility are most of the machines which
have been described, including:

the 80386-based PFP, with FPP capability,

two PFP host machines (Intel 310s),

the Secker Scene Emulator,

the MicroVax with 9-track and EXABYTE tape drives,

1}

the MicroVax/Chromatics system, and

an IBM-compatible PC, primarily for classified word processing.

Each of these machines is approved for classified processing. The two PFP host machines are
functionally identical, with one always available as a backup. A safe is also provided for storage
of classified documents and magnetic media. All hard disks on classified machines are
removable, and the classified operating disks are stored in the safe.
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3. System Software

This chapter covers the latest changes which have been made to system software which supports
the Floating-Point Procéssor (FPP) and the Crossbar/Sequencer subsystem. These changes
represent incremental improvements and corrections that were required to make these tools
operate within the current PFP. Not covered here are the completely new versions of system
software which were developed for the new RMXII-based host. This effort is documented in the
other DETL final report for this past year.

3.1.  Floating-Point Processor

Significant updates have been made to both the Floating-Point Processor (FPP) Loader and the
FPP Compiler, running under the iRMX II operating system. These are described in the next two
sections.

3.1.1. Compiler

The PFP floating point processor compiler supports a subset of Pascal. Data types supported
include 32 bit real, 32 bit integer, and arrays. The compiler recognizes FOR-DO, WHILE-DO,
IF-THEN-ELSE, and BEGIN-END constructs. Any arbitrary arithmetic and boolean expressions
are allowed. In addition, the compiler supports procedures and functions with arbitrary number
of call-by-value and call-by-reference parameters.

The Pascal compiler was designed to produce efficient code for the PFP floating point processor
without the generation of any intermediate code. Instead, the compiler directly maps the high
level language expressions into executable machine code.

The Pascal compiler was originally written in Pascal and tested on a PC/AT system. The
operating system dependent portions of the Pascal compiler were rewritten and then recompiled
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and tested on the iRMX II system. The source code for the compiler may be found in Appendix
B.

3.1.2. Loader

The PFP floating point processor loader supports the output of the Pascal compiler. The loader
takes the output of the Pascal compiler and downloads code and data into the target floating point
processor. The loader requires six steps:

1. Download a bootsuap program.

2. Start the bootstrap program.

3. Send application program data to the bootstrap program.
4, Stop the bootstrap program.

5. Download the application pfogram code.

6. Start the application program.

The loader was originally written in Pascal and tested on a PC/AT system. The loader was
rewritten in C and then recompiled and tested for the iRMX II system. The source code for the
loader may be found in Appendix C.

3.2. Crossbar and Sequencer Compiler

In order to execute a parallel program on the PFP, crossbar and sequencer code is needed to
describe the required communications. The compiler reads a simple language which describes
the communications and generates three output files. One output file contains the
communications and indicates the condition of the status lights during a simulation, this is useful
for debugging. If the compiler detects an error in the input file, an error message will be placed
in this output file and the compiler will stop. The remaining two output files contains the
absolute code for the sequencer and crossbar for the particular simulation. The sequencer

absolute code is generated as the compiler reads the input file, whereas the crossbar absolute code




is generated after the compiler has read the entire input file. To use the crossbar memory
efficiently the same switch pattern can repeatedly be used, thus reducing the crossbar memory
requirements. This is accomplished by reusing the next crossbar address in the sequencer code.
These two absolute files can be directly loaded to the sequencer and crossbar without any
intermediate steps.

The compiler was originally written in Pascal and tested on a iRMX I hosted PFP system. The
compiler was modified and then recompiled and tested on a iRMX II hosted PFP system.
Modifications include changing the absolute code format to conform to the iRMX II absolute
code format. Also, the language used to describe the communications was enhanced so as to
allow for two distinct crossbars and sequencers per host system. The source code for the compiler
may be found in Appendix D.
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4, Application Software

During the past contract year, most of the programming effort has focused on system software,
but some major developments have also occurred with application software. This chapter
describes both the Spinning Missile simulation and the preliminary KWEST/EXOSIM activity.

4.1. Spinning Missile

The Spinning Missile problem is a benchmark used by Electronic Associates, Inc. It had already
been implemented on earlier versions of the PFP, but it was recently ported to the 286-based and
386-based PFPs with their new complement of system software. The problem is a six-degree-of-
freedom missile represented by eighteen states. The equations of motion for the missile are

given in Figure 4.1.
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W =TV -qw +(1/m)[T- 1/2p(u + Wx)zACDo] - gsinO'
v's =-Tu + (1/m)[- 1/2pu’ACNa(vs - Wy) + FTY]
w's = qu + (1/m){- 1/2pu"ACNa(ws + Wz) -F 'IZ] '+ gcosO'
P = (1 )[-1/4pu ADC, p + 1/2puszADCutdt +L +Dp]
q,= (11 )[1/2pu ADC_ (W +W)+1 /4pusAD2Cmqqs
@ Lo 1P L]
¢, = (L )[-1/2pu ADC_ (v, - W) + 1/4pusAD2Cmqr’

-(LC - LCG)FTY +P sqsts]

Figure 4.1 Spinning Missile equations of motion

The missile model was originally programmed in ACSL on a PC, to have a standard to compare
the PFP results with. The problem was then partitioned onto thirty-two processors in the PFP.
Eighteen of the processors are used to integrate the states and the remaining fourteen are used to
calculate table values based on time or state values. These tables represent atmospheric density,
wind coordinates, aecrodynamic coefficients, spin torque, thrust, control force moment arm,

missile mass and moment of inertia. All interpolation is linear.

The PFP with 80286 based processors (Intel iSBC 286/12) were used to time the simulation. For
a 0.5 millisecond integration step size (fourth order Runge-Kutta), the PFP takes 10.23
milliseconds for an equivalent time step. Real-time performance was not expected using the
286/12 processor. Analysis of computational and communication loads for this problem yields
real-time performance if the GT-FPP/3 (high speed processor) is substituted for the 286/12

Pprocessor.
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The missile model, which was originally partitioned into thirty-two Pascal programs and tested
on aiRMX I hosted PFP system, was modified and then recompiled on a iRMX II hosted PFP
system. The missile simulation was then rerun as verification that the iRMX II system and its
associated development tools produced the same results as the iRMX I system. The source code
for the missile model may be found in Appendix E.

42. KWEST/EXOSIM

As noted earlier, the implementation of EXOSIM is an ongoing effort and is described in a

separate final report. In the context of this contract, EXOSIM is the culmination of a series of
exoatmospheric simulations, as shown in Figure 4.2. In this section we will provide a brief
overview of the activity which has led up to the current project in which we are attempting to
fully parallelize EXOSIM.




Figure 4.2: Evolution of EXOSIM

ERIS Baseline Specifications - LMSC

KWEST Simulation - BDM

ACSL/FORTRAN

KEERIS Simulation - CRC (10/88-2/89)

Boost-phase only
ACSL/FORTRAN

EXOSIM Version 1.0 Simulation — CRC (3/89-6/89)

Post-boost, midcourse, KV phases modeled
All-FORTRAN
BDM staring FPA seeker

EXOSIM Version 2.0 Simulation — CRC (7/89-10/89)

Enhanced seeker, IMU

SP/OP algorithms added

Modifications to midcourse guidance and attitude control
All-FORTRAN

Unclassified EXOSIM - Dynetics (1/90-5/90)

Based on Version 1.0

First- and second-stage boost only

Time-driven, not event-driven

Commented for parallel partitioning (up to five processors)

Paralle]l EXOSIM - Georgia Tech (3/90-present)

Based on Unclassified EXOSIM
Partitioned for up to 27 processors
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The KWEST simulation is still being used indirectly at DETL. The data files used by the Seeker
Scene Emulator are generated partly by a version of KWEST running at BDM. This activity is
described in the final report on the Seeker Scene Emulator. Also, KWEST is being used as a
basis for a 6DOF simulation written entirely in C, with the intent of porting it to a PFP populated
with Georgia Tech Floating-Point Processors. This activity, t0o, is described elsewhere.

As we considered a candidate simulation for the PFP, Version 1.0 of EXOSIM was not
considered pmmisihg for parallel implementation because of its inherent event-driven structure.
We received some assistance from a subcontractor (Dynetics) in converting EXOSIM 1.0 to an
unclassified, time-driven version. Although this unclassified EXOSIM was developed and tested
on a single-processor system, parallel partitions were identified with inline comments. These
partitions were tested by shuffling them within the main loop of the program.

The result of this was that it was relatively easy to port the simulation to the PFP (about 1 day).
There were some uninitialized variables and a few minor deviations from ANSI FORTRAN
(excessive continuation lines, do loops, and nonstandard initialization of common-block

variables), but the basic porting process was reasonably straightforward, unlike many earlier

simulations which required a great deal of manual effort.

The current status of EXOSIM is given in Figure 43.




Figure 4.3: Current Status of EXOSIM at DETL

Dynetics versions
4-processor and 5-processor versions both running on PFP
Demonstrated feasibility of expressing parallelism in commented single-
- processor code
Pre-tested code ported easily to PFP
Did not fully exploit parallelism

GT parallel versions
Developed in stages by restructuring, offloading table lookups, optimizing
communication timing, predicting values, and minimizing double precision
Running first on KDEC (286-based) PFP, then recently ported to
development (386-based) PFP
Further improvements will concentrate on minimizing communication time
and achieving real-time performance
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Appendices
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A. Monitor source code

Copyright 1990

Georgia Tech Research Corporation
Centennial Research Building
Atlanta, GA 30332

custom: do;
declare interrupt_number word public:

custom: procedure public;

interrupt_number = 0:

call setw( 00000H, build$ptr( selector( 00000H ), 01G00H ), 07800H
call setw( 00000H, build$ptr( selector( 01000H ), 00000H ), 08000H
call setw( 00000H, build$ptr( selector( 02000H ), 00000H ), 08000H
call setw{ 00000H, build$ptr{( selector{ 03000H ), 00000H ), 08000H
call setw( 00000H, build$ptr( selector( 040004 ), 00000H ), 08000H
call setw({ 00000H, build$ptr( selector( 050004 ), 00000H ), 08000H
call setw( 00000H, build$ptr( selector( 06000H ), 00000H ), 08000H
call setw( 00000H, build$ptr( selector( 07000H ), 00000H ), 08C00H
call setw( 00000H, build$ptr( selector( 08000H ); 00000H ), 08000H
call setw( 00000H, build$ptr( selector( 09000H ), 000004 ), 08000H
call setw( 00000H, build$ptr( selector{ 0aQQCOH ), 00000H ), 08000H
call setw( 00000H, build$ptr( selector( Ob0OOH ), 00000H ), 08000H
call setw( 00000H, build$ptr( selector{ 0cQ00K ), 00000H ), 0800CH
call setw( 00000H, build$ptr( selector( 0d000H ), 00000H ), 08000H
call setw( 00000H, build$ptr( selector( 0e000H ), 00000H ), 08000H

do while ( interrupt_number = 0 );

end;

if { interrupt_number = 32 )
then

cause$interrupt( 32 )

cause$interrupt( 3 ):

end custom:

end custom:




const

var

infilename

begin

writeln ('

writeln ('

writeln (°*

writeln('

begin

Copyright 1990

B. Floating-Point Compiler source code

Georgia Tech Research Corporation
Centennial Research Building
Atlanta, GA 30332

File: ADDR_GEN.PAS

program addr_gen:

mbus_window = $d000:

multibus_segment =~ $09:

program_counter : integer:
branch_opcode, am2910_opcode, branch_addiess : integer:;
infile : text:

string(52]:

memory_bank, segment, i, offset : integer:

word : array(0..5) of integer:

segment := mbus_window:

-Multibus adapter card is set to 64k window at $0D0000 '):

offsett := port([$200]:

-multibus page register is set st IO address $202'):

port{$200] := multibus_segment;

-Multibus page is set at $09 where fpp memory is mapped');

memw [ segment : $£000] := 0;

- AMD processor is halted'):

branch_opcode := $c:

am2910_opcode := $0

writeln ('input file : '); readln(infilrname);

if infilename = '' then infilename :~ ‘'branchop.in':
reseckinfile. infilenamne):

readln (unfile):

program_counter := 0:

while not eof (infile) do

readln (infile, program counter, am2910_opcode, branch_address}:

branch_address := (branch_address and $cce) +

(word_shr (word_and {(branch_address, $002 ), 1))
(word_shl{word_and (branch_address, §$001 ). 1))
(word_shr (word_and (branch_address, $020 ), 1))

(word_shl(word_and (branch_address, $010 )., 1))
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{word_shr (word_and {branch_address, $200 ), 1)) +
(word_shl(word_and (branch_address, $100 ), 1)):
word([4] := word_shl (branch_opcode, 12):
word(5] := word_shl (am2910_opcode, 12) + (branch_address);
for memory bank := 4 to S do »
menw ([word_or (segment, word_shl‘(memoty_bank, 9):
word_shl (program_counter,1)] := word(memory_ bank]:
end;
writeln (;address generator program is down loaded.'):

end.
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File: ARITH.

DEF

public arith:

Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure

proce&ure

create_index_term:
iﬁdax_exptessicn(evaluatu:boclean);
index_constant_term(evaluate : boolean):

index integer (evaluate : boolean);
Boolean_expression:

arithmetic term:

standard_function_call {var fx : operand_type):
unary_arithmetic_expression;

arithmetic constant;
simple_arithmetic_expression;

arithmetic expression:
compound_arithmetic_expression:
index_assignment_statement:
qenetal_axp:es-ion(he;d_oparand : operand_type):
assignment statement;

procedure_call:

tunction_call(var f£x : operand_type):
fetch_parameter (var parameter : operand_type):
fetch_usliqnud_paramatet(patnmeter : operand_type):
fetch_index(var index : operand type);

fetch_operand{var operand : operand_type):
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. e . .

File: ARITH.PAS
module arith:
sinclude(irith.def)
$include{global.def)
$include {exprsion.def)
$include (exprtree.def)
$include(utility.def)
$include(fetch_tk.def)
$include (symbol_t.def)
$include (code_gen.def)
$include (declare.def)
$include(lib.def)
$include({emu_lib.def)
private arith:
Procedure create_index_term;
begin

create_expression(new_expression):

last_expression{expression_level)~.down := new_expression;

new_expression®.up := last_expression{expression_level]:
last_expression(expression_level] := new_expression;
assign_percent_variable(token);

last_expression{expression_levell“~.id :=~ token;

last_expression{expression_level]~.id type := integer_ symbol type:

last_expression(expression_level)~.operator := unary_index;

create_expression{new_expression);

last_expression([expression_level]“~.down := new_expression;

new_expression*.up := last_expression(expression_level];
last_expression(expression_level] := new_expression:

end: { of create_index_term }

Procedure index_constant_term(evaluate : boolean):
var operandl : token_type:
operandl value : longint:
child_expression : expression pointer:
operand : operand_type:
begin
operandl := token:
operandl_value := integer_constant_value;
fetch_token:
if token = multiply token then
begin
child_expression := last_expression{expression_level]:
if not evaluate then last_expression[expression_level]
create_inde#_term:
if operandl_value < 0 then
begin
token := blank_token:
token(1l] := '-';
concat (token, operandl)
end

else token := operandl:

:= last_expression(expression_level]“~.left:
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symbol_type := integer_constant_symbol_type:
find_symhol(coken,symbol_typa.symhol_value,tound):
if not found then

begin
insert_symbol (token, symbol_type, symbol_value);
daclare_constant(symbol_value,symbal_type.token):
end:
operand.id := token;
operand.id_type := integer_ symbol type:
operand.index := blank_token:
operand.offset := 0:
insert_sibling_expression(operand,null_operator):
expression_operator[expression_level] := multiplication;
fetch_token:
compound_arithmetic_expression:
delate_exprealion(last_axpre;sion[expzession_levell):
if evaluate then »
begin
traverse_expression_tree:
end
else
begin
last_expression[expression_level] := child_expression;
end;
end
else
begin
if evaluate then
last_exptession[expression_level]‘.offset t= 1ast_expression[expression_level]‘.offset + operandl_value
else
last_exptession[expression_level]“.left‘.affset 1. last_expression(exptession_level]“.1eft‘.ortset +
operandl_value;
end;

end; { of index constant_term }

Procedure index integer(evaluate : boolean):
label 1; { constant }
var child_expression : expression_pointer:
operandl,operand2 : token_type:
operand2_value : longint:
operand2_symbol_type : longint:
operatorl : token_type:
begin
operandl := token:
fetch_token:
if (token = plus_token) or (token = minus_token) then
begin
1 { constant }:
operatorl := token:
fetch_token:

find_symbol(token,symbol_type,symbol_value,found):




if (not found) and (symbol_type = integer_constant_symbol_type) then

begin
insert_symbol (token, symbol_type, symbol_value):
declare_constant (symbol _value, symbol_type, token):
end;
operand2 := token;
operand2_value := integer_ constant_value;
operand2_symbol type := symbol type:
if symbol type = integer_constant_symbol type then
begin
fetch_ token;
if token = multiply token then
begin

child_expression := last_expression[expression_level]:

if not evaluate then last_expression{expression_level] := last_expression(expression_level]“.left;

create_index_term;
operand.id := operandl:
operand.id_type := integer_symbol_type:
operand.index := blank_token:
operand.offset := 0;
insert_sibling_expression{operand,null_operator):
if operatorl = plus_token then
expression_operator(expression_level] := addition
alse
expression_operator{expression_level] := subtraction:
operand.id := operand2;
operand.id type := integer_constant_symbol_type:
operand.index := blank_token:

operand.offget := 0;

insert_sibling_expression{operand, expression_operator(expression_level]):

expression_operator (expression_level] := multiplication:
fetch_token;
compound_arithmetic_expression:
delete_expression(last_expression(expression_level]):
if evaluate then
begin
traverse_expression_tree:
end
else
begin
last_expression(expression_level] := child_expression:
end:
end
else
begin
if evaluate then
begin

if operatorl = plus_token then

last_expression[expression_level]*.offset 1= 1ast_expression[expression_level]*.offset + operand2_value

else

last_expression[expression_level]“.affset := last_expression{expressicn_level]}~.offset -~ operand2_value:
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end
else
begin
if operatorl = plus_token then
last_expression[expression_level]‘.1eft“.of£set -
last_expression[expression_level]‘.1ett‘.ottset+operand2_valua
else

1as:_expression[axpression_level]“.1eft“.ottset 1= last_expression{expression_level]~.left*.offset-

operand2_value

end;
if (token = plus_token) or (token = minus_token) then goto 1:
if token = close_square_bracket then
begin
if evaluate then
last_exprassion[expxession_level]‘.index t= operandl
else
last_expression[expzession_lavel]‘.lgfc“.index := operandl;
end;
end
end
else )
if (symbol_type = integer_symbol_type) then
begin
operand2 := token;
child_expression := last_expression{expression_level]:
if not evaluate then llst_expression[expressicn_level] T last_expression(expzession_level]‘.1eft:
create_index_term:
operand.id := operandl;
operand.id_type := integer_symbol_type:
operand.index := blank_token:
operand.offset := 0;
insert_sibling_expression(operand,null_operator);
token := operand2:
symbol _type := integer_symbol_ type:
if operatorl = plus_token then
expression_operator{expression_level] := addition
else
expression_operator(expression_level]} := subtraction:
compound_arithmetic_expression:
delete_expression(last_expression(expression_level});
if evaluate then
begin
traverse_expression_tree:
end
else
begin
last_expression}expression_level] := child_expression;
end;
end

else




begin
write error('integer type expected
end;
end
else
if token = close_square_bracket then
begin
if evaluate then
last_expression[expression_level]*.index := operandl

else

last_expression{expression_level]“.left~.index := operandl;

end

else

if token = multiply_token then
begin

child_expression := last_expression[expression_level];

',token):

if not evaluate then last_expression[expression level] := last_expression{expression_level]l*.left:

create_index term:

operand.id := operandl:
operand.id_type := integer_symbol_ type:
operand.index := blank token:
operand.offset := 0;

insert_sibling_expression(operand,null operator):

expression operator[expression_level] := multiplication:

'fetch_tQXen:
compound_arithmetic_expression;
delete_expression(last_expression{expression levell);
if evaluate then
begin
traverse_expression_tree:
end
else

begin

last_expression{expression_level] := child_expression:

end:
end;

end; { of index_integer }

Procedure index_expression(evaluate:boolean);
label 1:
var operandl, operand2,operatorl: token_type:
operandl_value : longint:
child expression : expression_pointer:
operand2_symbol type : longint;
begin
1:
constant_assignment_type := integer_constant_symbol_ type:
find_symbol (token, symbol_type, symbol_value, found):
if symbol_type = integer symbol_type then
begin

index_integer (evaluate);
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end
else
if symbol type = integer_constant_symbol type then
begin
index_constant_term(evaluate):
if token <> close_square_ bracket then
begin
if token = plus_token then fetch_token:
goto 1 { start }:
end:
end
else
if token = plus_token then
begin
fetch_token: .
goto 1 { start }:
end
else
if token = minus_token then
begin
fetch_token:
tind_symhol(token.symbol_typc,symbol_value,found):
if symbol_type = integer_constant_symbol type then
begin
integer_constant_value := -integer_constant value:
index_constant_term(evaluate):
if token <> close_square_bracket then
begin
if token = plus_token then fetch_token:
goto 1: { start }
end:
end
else
if symbol_type = integer_symbol_type then
begin
operandl := token;

child_expression := last_expression{expression_level]:

if not evaluate then last_expression[expression_level] := last_expression{expression_level)“.left;

create_expression(new_expression):
last_expression(expression_level]~.down := new_expression:
new_expression®.up := last_expression(expression_levell:
last_expression[expression_level] - new_exptession:
assign_percent_variable(token);
last_expression(expression_level]”.id := token:
1ast_expression(expression_level]‘.operatcr i= unary_index;
create_expression(new_expression):
last_expression[expression_level]‘.down := new_expression;
new_expression®.up := last_expression({expression_level]:
last_expression{expression_level] :=~ new_expression;
str_integer (0, token):

operand.id := token;
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operand.id_type :~ integer_symbol_type:
operand.index := blank_token:
operand.offset := 0:
ingert_sibling expression(operand,null_operator);
expression_operator[expression_level] := subtraction:
token := operandl:
compound_arithmetic_expression:
delete_expression(last_expression(expression_level]);
if evaluate then
begin
traverse_expression_tree:
end
else
begin
last_expression[expression_level] := child_expression:
end:
end;
end
else
if token = open_parenthesis then
begin

child_expression := last_expression{expression_level};

if not evaluate then last_expression{expression level] := last_expression(expression level]“.left;

create_expression(new_expression);
last_expression[expression_level]*.down := new_expression;
new_expression”.up := last_expression{expression_level];
last_expression(expression_level] := new_expression;
assign_percent_variable(token):

last_expression{expression_level]~.id := token:

last_expression{expression level]“.operator := unary_index:

create_expression (new_expression);
last_expression{expression_level]“.down := new_expression:
new_expression®.up := last_expression{expression_level]:
last_expression(expression_level]} := new_expression:
expression_operator{expression_level] := null_ operator:
token := open_parenthesis;
compound_arithmetic_expression:
delete_expression(last_expression{expression_level)):
if evaluate then
begin
traverse_expression_tree:
end
else
begin
last_expression(expression_level] := child_expression;
end;
end
else
begin

write_error('integer expression expected

end;

', token);




constant_assignment_type := real_constant_symbol_type:

end: { of index_ expression }

Procedure Boolean_expression:
var temp_token:token_type:
b op : longint:
head_operand : operand_type:
begin
if (token = true_token) or (token = false_token) then
begin
if write_lookahead buffer(1].id <> blank_token then generate_Nop:
if token = true_token then
begin
{ branch_lookahead_buffer (0] := no_branch;
first_exptession(exptession_level]“.address[l] := program_counter-2:
first_exprassion[expression_level]“.address[Z} = 7LLfH: }
end
else
begin
branch_lookahead_buffer{0] := unconditional:
first_expression(expression_level]‘.addzess[l] ;= -program_counter+2;
first_expression(expression_level]~.address{2] := 7fffH;
microcode_address := program_counter:
output_microcode_field:
proqtam,counter s= program_counter + 1:
end;
fetch_token:
end
else
begin
temp_token := token:
percent_variable_counter := 0:
reset_temp_variable_address:
assign_temp variable(token):
head_operand.id := token;
head_operand.id_type := boolean_symbol_type:
head_operand.index := blank_token:
head operand.offset := 0;
reset_last_expression{head_operand);
cteate_expression(new_expression):
last_expression{expression_level)“~.down = new_expression:
new_expression”.up := 1ast_gxptession[expression_levell:
last_expression(expression level] := new_expression;
token := temp_token;
compound_arithmetic_expression:
delete_expression(last_expression(expression_levell):
traverse_expression_tree:
end;

end:; { of boolean_expression }

Procedure arithmetic_term:
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var child_expression : expression pointer:

operand : operand_type:

begin
assign_percent_variable(token):
child expression := last_expression[expression_level]:
operand.id := token;
operand.id_type t= symbol_type:
operand.index := blank_token:
operand.offset := 0;
insert_child_expression(operand, expression_operator{expression_level]):
expression_operator(expression_level] := null operator:
fetch_token;
campound_arithmetié_cxpression:
verify token(token,close_parenthesis):
delete_expression(last_expression(expression_level]):
last_expression{expression_level] := child_expression*.right:

end; { of arithmetic_term |}

Procedure standard_function_call(var fx : operand_type):
var temp_constant_assignment_type : longint:
function_token : token_type;
x : operand_type:
begin
temp_constant_assignment_type := constant_assignment_type:
function_token := token;
fetch_token;
verify token(token,open_parenthesis):
fetch_parameter (x):
vverify_token(token,close_parenthesis):
assign_parameter (fx,real_symbol_type);
if (function_token=trunc_token) then
begin
functicn_trunc(fx,x):
end . .
else
if (function_token=round token} then
begin
function_round(fx, x) :
end
else
. if (function_token = exp_token) then
begin
function_exp(fx,x};
end
else
if (function_token = 1ln_token) then
begin
function ln{fx,x):
end
else

if (function_token = sqrt_token) then
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begin
function_sqrt (£x,x):
end
else
if (function_token = sin_token) then
begin
function_sin(fx,x):
end
else
if (function_token = cos_token) then
begin
function_cos(fx,x):
end
.else
if (fynction_token = tan_token) then
begin
function_tan{fx,x):
end
else
if (function_token = asin_token) then
begin
function_asin(fx,x):
end
else
if {function_token = acos_token) then
begin
function_acos(fx.x):
end
else
if (function_token = atan_token) then
begin
function_atan{(fx,x):
end
else
begin
write_error('unsupported function
end;
constant_assignment_type := temp_constant_assignment_type:

end: { standard_function_call }

Procedure unaty_arithmetic_exptession:
var child_expression : expression_pointer:
operand : operand_type:
begin
child_expression := nil;
if (token=minus_token) then
begin
if expression_operator{expression_level] = subtraction then
expression_operatcr[expression_level] ;= addition
else

begin

', function_token):
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child expression := last_expression{expression_level];
as:i&n_pexcent_vatiable(token):
operand.id := token:
operand.id_type := symbol_type:
operand.index := blank_token;
operand.offset := 0;
insert_child_expression(operand, expression_operator[expression_levell):
expression_operator(expression_level] := unary minus:
end;
end
else
if (tokenw=plus token) then
begin
{do nothing}
end
else .
if (token=not_token) then
begin
child_expression := last_expression(expression_level]:
assign_percent_variable{token): ‘
operand.id := token:
operand.id type :=~ symbol_ type:
operand.index := blank_tocken:
operand.offset := 0:
insert_child_ expression(operand, expression_operator[expression_level)):
expression_operator[expression_level] := unary_not;
end;
fetch_token;
simple_arithmetic_expression;
if child_expression <> nil then
begin
delete_expression(last_expression(expression_level]):
last_expression(expression_level] := child expression*.right:
end;

end: { of unary arithmetic cperator }

Procedure arithmetic_constant:
var operand : operand_type:
begin
find_symbol (token, symbol_type, symbol_value, found) :
if ((symbol _type = integer_constant_symbol_type) or
(symbol_type = real_constant_symbol_type)) and
{not found) then
begin
symbol_type := real_ constant_symbol_type:
val_real (token,real_constant_value,i):
str_real(real_constant_value, token);
end:
operand.id := token:
operand.id_type := symbol_ type:

operand.index := blank_token:
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operand.offset := 0;
inl-rt_n1blinq_exprcssian(operand,exptession_opezatot[expression_level]):
cxpression_pperator[expression_leval] := null_operator:;
tind_symhol(token,symbnl_;ype,symhol‘value,found):
if not found then
begin
insert_symbol (token, symbol_type, symbol_value):
-declate_cnnstant(synhol_value,symbol_type,token)x
end;

end; { of arithmetic constant }

Procedure simple_arithmetic_expression;
var fx,x,operand,index_operand : operand_type:
begin
find_symbol (token, symbol_type, symbol value, found):
if ((symbol_type = integer_constant_symbol type) or
{symbol_type = real_ponstant_symbol_type)) and
{not found) then
begin
insert_symbol (token, symbol_type, symbol_value);
declare_constant (symbol_value, symbol_type,token);
end:
if expression_operator{expression_level] = division then
begin
fetch_operand(x):
alsiqn_parameter(tx.zeal_symbol_type):
gener:te_reciprocal(tx,x):
expression_operator [expression_level] := multiplication:
inlert_sibling_expzession(fx,expresnion_operator[expression_level)):
expression_operator(expression_level] := null_operator;
end ’
else
if token = open_parenthesis then
arithmetic_term
else
if (symbol_type = standard_function_symbol_ type) then
begin
standard_function_call (operand):
insert_siblinq_expression(operand,expressicn_ope!ator[expression_level]):
expression_operator{expression_level] := null_operator;
end
else
if (symbol_type = function_symbol_ type} then
begin
function_call (operand):
insett_sibling_expression(operand,expression_operator[expression_level]);
expression_operatot[expression_level} := null operator:
end
else
if (symbol_type = real symbol type) or
(symbol_type = integer_symbol_ type) or
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(symbol_type = boolean_symbol type) or
(symbol_type = boolean_constant_symbol_type} then
begin
operand.id := token:
operand.id type := symbol_type:
operand.index := blank_token:
operand.offset := 0:
insert_sibling expression(operand, expression_operator(expression_level]):
expression_operator(expression_level] := null operator;
and
else
if (symbol_type = real_constant_symbol_type) or
(symbol_type = integer_constant_symbol_type) then
arithmetic_constant
else
if (symbol_type =~ real array symbol type) then
begin .
symbol_type := real symbol type:
operand.id := token:
operand.id_type := symbol type:
fetch_token;
verify token(token,open_square_bracket):
fetch_index(index operand):
operand.index := index_operand.id:
operand.offset := index operand.offset:
verify token(token,close_square_bracket);
insert_sibling expression(operand, expression_operator(expression_level)):
end
else
if (symbol_type = integer array_ symbol_type) then
begin
symbol_type :~ integer_symbol type:
operand.id := token;
operand.id type := symbol type:
fetch_token:
verify token(token,open_square_bracket):
fetch_index(index_operand) :
operand.index := index_operand.id:
operand.offset := index_operand.offset;
verify_ token(token,close_square_bracket):
insert_sibling_expression(operand, expression_operator[expression_level]):
end
else
if (symbol_type = boolean_array_symbol_type) then
begin
symbol_type := boolean_symbol_ type:
operand.id := token;
operand.id_type := symbol_ type:
fetch_token;
verify token(token,open_square_bracket):

fetch_index(index_operand);
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operand.index := index_operand.id:
operand.offset := index_ operand.offset;

verify token(token,close_square bracket):

insert_sibling_expreasicn(operand,exptession_opetator[expression_level]);

end

else

begin
write_error('invalid id

end;

end: { of simple arithmetic expression }

Procedure arithmetic_expression:
begin
if (token --minus_tcken) or (token = plus_token) or
{token = not_token} then
unary_arithmetic_expression
else
simple_arithmetic_exprassion:

end; {of arithmetic_expression}

Procedure compound_arithmetic_expression;
begin

arithmetic_expression:

fetch_token:

if (token=plus token) then

begin
expression_operator[expression_level] := addition:
fetch_token;
compound_arithmetic_expression:

end

else

if (token~minus_token) then

begin
expression_operator{expression_level] := subtraction:
fetch_token:
compound _arithmetic_expression:

end

else

if (token=multiply token) then

begin
expression operator[expression level] := multiplication;
fetch_token:
compound_arithmetic_expression:

end '

else

if (token=divide_token) then

begin
expression_operator[expression_level) := division:
fetch_token:
compound_arithmetic_expression:

end

', token) ;
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else

if (token=greater_than_token) then

begin
expression_operator(expression_level] := greater_than:
fetch_token:
compound_arithmetic_expression:

end

else

if (token=greater_than_or_equal_token) then

begin
expression_operator[expression_level] := qreatet_thén_or_equal:
fetch_token: )
compound_arithmetic_expression:

end

else

if (token=less_than_token) then

begin
expression_operator{expression level] := less_than:
fetch_token:
compound_arithmetic_expression:

end

else

if (token=less_than_or_equal_token) then

begin
expression_operator[expression_level] := less_than_or_ equal:
fetch_token;
compound_arithmetic_expression;

end

else

if (token=equal_token) then

begin
expression_operator[expression_level] := equal:
fetch_token;
compound_arithmetic_expression:

end

else

if {(token=not_equal_token) then

begin
expression_operator[expression_level]) := not_equal:
fetch_token:
compound_arithmetic_expression;

end

else

if (token=and_token) then

begin
expression_operator[expression_level] := and operation:
fetch_token;
compound_arithmetic_expression:

end

else

if (token~ or_token) then
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begin
axpzession_operator[exptas;ion_level] 1= or_operation;
fetch_token;
compound_arithmetic_expression:

end;

end; { of compound arithmetic expression }

Procedure index_assignment_statement:

var head_operand, index_operand : operand_type:

begin

{ writeln(outfile,';---~==~== expression ',expression_number,' -==--==-=
clear_temp_index:
reset_temp_variable_address:
expression_number := expression_number + 1:
percent_variable_counter := 0:
head_operand.id := token;
head_operand.id_type := symbol type:
fetch_token:
verify_token(token,open_square_bracket):
fetch_index(index_operand);
head_operand.index := index_operand.id:
hiad_operand.otfset s= index_operand.offset:
reset_last_expression(head_operand):

expression_operatcr(expression_level] += null_operator:

last_expression{expression_level] := first_expression{expression_level]:

verify_token(token,close_square bracket):
create_expression(new_expression):
last_expression{expression_level]~.down := new_expression;
new_expression~.up := last_expression(expression level]:
last_expression(expression_level] := new_expression:
fetch_token:

verify token(token,colon}:

fetch token:

verify token(token,equal token);

fetch_token;

compound_arithmetic_expression;
delete_expression(last_exptession[expression_lavel]):
traverse_expression_tree;

end; { of index assignment statement }

Procedure general_expression(head_operand : operand_type):

begin

{ writeln(outfile, ';-—====-~ expression ',expression_number,’' -—=—-—=-=
expression_number := expression_number + 1:
percent_variable_counter := 0;
reset_last_expression(head operand):
create_exptession(new_expression):
1ast_expression[expression_level]“.doun 1= new_expression:
new_expression~.up := last_expression{expression_level]:
last_expressionfexpression_level] := new_expression:

fetch _token:
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compound_arithmetic_expression:

delete_expression(last_expression[expression_levell);
transform_expression_tree:

end; { of general_expression }

Procedure assignment_statement:
var head operand : operand_type:

begin

{ writeln(outfile, 's=-—=--—= expression ',expression_number, '

expression_number := expression_number + 1:
clear_temp_index:

percent_variable counter := 0;

head_operand.id := token;

head operand.id_type := symbol type;
head_operand.index := blank_token;
head_operand.offset := 0;
reset_last_pxptession(head_ope:and):
create_expression(new_expression):
last_expressionf{expression_level]}~.down := new_expression;
new_expression”.up := last_expression[expression_levell:
last_expression{expression_level] := new_expression:
fetch_token:

verify token(token,colon):

fetch_token;

vezity_token(token,equal_;oken):

fetch token:

reset temp_variable_address:
compound_arithmetic_expression:
delete_expression(last_expression(expression_level]):
traverse_expression_tree:

end; { of assignment_statement }

Procedure procedure_call:

var procedure_address : longint:

reference_actual_parameter : array(0..max reference_parameter] of operand_type:

reference_formal_parameter : array(0..max_reference_parameter} of operand type;

i : longint:

no_reference_ parameter : longint: { use to keep track of the number of call by value

actual_parameter, formal_ parameter: operand_type:

begin

for i := 0 to max_index_register do index register[i] := blank_token:

reset_temp variable_ address:
no_reference_parameter := 0;
current_parameter := procedure_link“.parameter_link:
procedure_address := procedure_link~.value:
if current_parameter <> nil then
begin
fetch token;
verify_ token(token,open_parenthesis):
while current_parameter <> nil do

begin

parameters }
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fetch_parameter (actual_parameter):
symbol_type := actual _parameter.id type:
tind_symbol(actual_pazameter.id.symhol_;ype,symbol_value,tound);
expression_number := expression_number+l;
simplify type(symbol type):
if symbol_type <> current_parameter®.id type then
write_error('Type mismatch : ',actual_parameter
itr_ihfeqez(cutrent_paramctez‘.addtess,fnrmal_parahetez¢id):
temp_token := blank_token:
temp_token(l] := '#';
concat (temp_token, formal parameter.id):
formal_parameter.id := temp_token;
formal_parameter.id type := current_parameter~.id_type;
formal_parameter.offset := 0:
formal parameter.index := blank_token:
qaneratn_}LU_opezation(formal_parameter,actual_parametet.zara_operand.addition):
if current_parameter~.parameter_type = call_by_reference then
begin
no_reference_parameter := no_reference_parameter+l;
if actual_parameter.id{l] = '#' then
write error('call by reference parameter is expected ',blank_token);
reference_actual_parameter (no_reference_parameter] := actual_parameter;
reference_formal_parameter[no_reference parameter} := formal_parameter:
end:
current_parameter := current_parameter”.next;
if current_parameter <> nil then verify token(token,comma):
end:

verify_token(token,close_parenthesis);

end;

ir (vzitu_lookahead_bu!!er[1].id <> blank_token) then generate_Nop:

if (branch_lockahead_buffer[0] <> no_branch) then generate Nop:
writeln(outfile, ';',program counter,': gosub *,procedure_address);

microcode_address := program_counter:

branch_address := procedure;address:

AM2910_opcode := CJS;

branch_opcode := unconditional:

output_microcode_field:

program_counter := program_counter + 1;

for i := 1 to no_reference_parameter do

begin

generate_ALU_cperation(zefetence_ac:ual_patameter[i],reference_formal_parameter[i],ze

end;

for i := 0 to max_index_register do index_register{i] := blank_token;

fetch_token:

end; { of procedure call }

Procedure function_call{var fx : operand_type):

var procedure_address : longint;
reference_actual parameter : array[0..max_reference_parameter] of operand_type:
reference_formal_parameter : array(0..max_reference_parameter] of operand_type:

i : longint;

.1d);

ro_operand,addition);
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no_reference_parameter : longint; { use to keep track of the number of call by value parameters |}

actual_parameter, formal parameter: operand_type;
function_operator : longint:
x : operand_type;
current_parameter : parameter_pointer:
begin .
foi 1 := 0 to max_index register do.index_register(i] := blank token:
function_operator := expression_operator[expression_level];
no_reference_parameter := 0;
current_parameter := procedure_link*.parameter_link:
str_integer (current_parameter*.address, fx.id);
temp_token := blank_token:
temp_token{l] := '¢';
concat (temp_token, fx.id);
fx.id := temp_token:
fx.id_type := current parameter~.id_type:
fx.index := blank_token;
fx.offset := 0;
current_parameter := current_parameter*.next;
procedure_address := procedure_link*,value;
if current_parameter <> nil then
begin
fetch_token:
verify_token(token,open_parenthesis):
while current_parameter <> nil do
begin
fetch_parameter (actual_parameter):
symbol type := actual_parameter.id_type:
find_symbol{actual_parameter.id, symbol_type, symbol_value, found):
expreasion_number := expression_number+l:
simplify type(symbol type):
if symbol_type <> current_parametexr~.id_type then
write error('Type mismatch : *,actual_parameter
str_integer (current_parameter~.address, formal_parameter.id):
temp_token := blank_token;
temp_token{l] := '#';
concat (temp_token, formal parameter.id):
formal_parameter.id := temp_token:
formal_parameter.id_type := current_parameter~.id_type:
formal_parameter.offset := 0:
formal_ parameter.index := blank_token:
generate ALU_operation(formal_parameter, actual_parameter, zero_operand,addition):
if current_parameter~.parameter_type = call by reference theé
begin
no_reference_parameter := no_reference_parametertl:
if actual parameter.id{1] = '#' then
write error('call by reference parameter is expected ',blank_token):
reference_actual_parameter[no_teierence_parameter] := actual_parameter;
reference_formal_parameter(no_reference_parameter] := formal_pafameter:
end;

current_parameter := current_parameter®.next:

Lid):
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if current_parameter <> nil then verify token{token,comma);
end;
verify_token(token,close parenthesis):
end;
if (write_lookahead buffer([l).id <> blank_token) then generate_Nop:
if (branch_lookahead buffer{0] <> no_branch) then generate_Nop;
writeln(outfile, ':’,program_counter,': gosub ', procedure_address) :
microcode address := program_counter;
branch_address ;= procedure_address;
AM2910_opcode := CJS:
bzanch_opcod§ s= unconditional;
output_microcode_field: )
program_counter := program_counter + 1;
for i := 1 to no_reference_parameter do

begin

generate_ALU_oparatien(reference_actual_patameter[i].teterence_zormal_parameter[i],zezo_oparand,addition);

end;

x 1= fx;

aaaiqn_paranetez(tx.fx.id_type):
generate_ALU_operation(fx,x,zero_operand,addition):

for i := 0 to max_index_register do index register(i] := blank_token:
expression operator (expression_level] :- function_operator:

for i := 0 to max_index_register do index register([i] := blank_token:

end; { of function_call }

Procedure fetch parameter (var parameter : operand_type) ;
var found : bhoolean:

begin

expression_level := expression_level+l:

create_expression(new_expression);

first_expression{expression_level] := new_expression:

assiqn_stack_operand(parameter,qeneral_symbol_type): }

assign_dummy parameter (parameter):

constant_assignment_type := real symbol_type:

reset_temp _variable_address:

genezal_expression(pa:amete!):

current _expression := first_expression([expression_level]:

node_display(current_expression);

node_display(current_expressionf.down): }

if assignment_necessary(current_expression) then

begin
assign_parameter (parameter, parameter.id type);
current_expression®.id := parameter.id;
current_expression~.id type := parameter.id Type:
evaluate_expression_tree;
fetch_expzession_operand(current_expression,parameter):

end

else

begin
fetch_expression_operand(current_expressien”.down,parameter):

dispose (current_expression”.down”.right};
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dispose(current_expression~.down):
{ free_stack_operand: |}
end:
dispose(first_expression(expression_level]):
expression_level := expression level-1:

end: { of fetch_parameter }

Procedure fetch_assigned_parameter (parameter : operand_type):

{ to fetch a parameter that has been allocated a location in the

data memory }

var found : boolean:

begin
expression_level := expression_leveltl;
create_expression(new_expression);
first_expression(expression level] := new_expression:
constant_assignment_type := real_symbol_type;
reset_temp_variable address:
qtneral_expression(parameter):

current_expression := first_expression{expression_level}:

-

node_display(current_expression):
node_display(current_expression”.down): } x
evaluate_expression_tree:
fetch_expression_operand(current_expfession,parametct):
dispose(first_expression[expression_levell):
vexpzesaion_;evel := expression_level ~1;

end; { of fetch_assigned_parameter }

Procedure fetch_index(var index : operand_type):
var found : boolean:
i : longint:
constant_offset : longint:
begin
expression_level := expression_level+l:
create_expression(new_expression):
first_expression(expression_level] := new_expression:
assign_dummy_parameter (index):
index.id_type := integer symbol_type:
constant_assignment_type := integer_ symbol type:
general_expression(index):

current_expression := first_expression{expression_level):

-

node_display(current_expression);
node_display(current_expression*.down):
node_display(current_expression”.down”.right): }
if index_assignment_necessary{current_expression) then
begin
assign_parameter (index, index.id_type):
current_expression~.id := index.id;
current_expression*.id_type := index.id type:
evaluate_expression_tree:
fetch_expression operand({current_expression, index):

end
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else
begin
val_integer(current_expres:ion‘.doﬁn‘.right‘.id,cnnstant_ottset,i):
fatch_exprasiion_aperand(current_exptession“.down,index):
ir cuzzent_expression“.down*.tight“.opetator = subtraction then
index.offset := index.offset - constant offset ‘
else
index.offset := index.offset + constant offset;
dispose(current_expression*.down”.right);
dispose(current_expression~.down):
{ free_stack_operand: }
end:
disposn(fiz:t_-xpression[axprelsion_level]):
expression_level := expression_level -1:

end: { of fetch_index }

procedure fetch_operand(var operand : operand_type):
var index_ operand : operand type:
begin
reset_operand (operand);
if token = open_parenthesis then
begin
fetch_parameter (operand):
symbol type := operand.id_type:
end
else
if (symbol_type =~ standard_function_symbol_type) then
begin
standard_function_call(operand):
symbol_type := operand.id type:
end
else
if {symbol_type = function_symbol_ type) then
begin
function_call (operand):
symbol_type := operand.id_type:
end
else
if (symbol_type = real_symbol type) or
(symbol_type = integer_symbol_type) or
(symbol_type = real_constant_symbol type) or
(sW[ Printerfrrymnal type = integer constant_symcol type) then
begin
operand.id := token:
operand.id type := symbol type:
operand.index := blank_token:
operand.offset := 0;
end
else
if (symbol type = real_array_symbol_type) then

begin
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symbol_type :~ real_ symbol type:
operand.id := token;
operand.id_type := symbol_type:
fetch_token:
verify token(token,open_sguare_bracket):
fetch_index(index_operand):
operand.index := index_operand.id;
operand.offset := index_operand.offset:
verify token({token,close_square bracket):
end
elge
if (symbol_type = integer_array_symbol_type) then
begin
symbol_type := integer_symbol_type:
operand.id := token:
operand.id_type := symbol_type:
fetch_token:
verify_ token(token,open_square_bracket):
fetch_index{index operand):
operand.index := index operand.id:
operand.offset := index operand.offset:
verify token({token,close_square bracket):
end
else
if (symbol_type = boolean_array_symbol_ type) then
begin
syrmbol _type := boolean_symbol type:
operand.id := token:
operand.id_type := symbol_type:
fetch_token;
verify_token(token,open_square_bracket):
fetch_index(index_operand):
operand.index := index_operand.id:
operand.offset := index_operand.offset;
verify token(token,close_square_bracket):
end
else
begin
write error('invalid id
end;

end;.

', token):
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File: BIT_FUNC.DEF

public bit_func:
function word_shr(value,num:word) :word;
function word_shl(value,num:word) :word;
function word_and(value,num:word) :word;
function word_or(value,num:word) :word:
function word_xor (value,num:word) :word:
function dword_shr{value,num:word) :longint;
function dword_shl(value,num:word):longint;:
function dword_and(value, num:word) :longint;
function dword_or(value,num:word) :longint:

" function dword_xor(value, num:word) :longint;
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File: BIT_FUNC.PLM

bit_funcs: do;

word _or : procedure { valuel, value2 ) word public:
declare ( valuel, value2 ) word:
return (valuel or value2):;

end word_or;

word_and : procedure ( valuel, value2 ) word public:
declare { valuel, value2 ) word:
return (valuel and value2):

end word_and;

word_shl : procedure { valuel, count ) word public:
declare { valuel, count ) word:
return { shl{valuel,count) ):

end word shl:

word_shr : procedure { valuel, count ) word public;
declare ( valuel, count ) word:
return { shr(valuel,count) ):

end word_shr;

word_xor : procedure ( valuel, value2 ) word public:
declare ( valuel, value2 ) word:
return ( valu;l xor value2 );

end word_xor:

dword_or : procedure ( valuel, value2 ) dword public;
declare { valuel, value2 ) word;

return (valuel or value2);

62




end dword _or:;

dword_and : procedure { valuel, value2 ) dword public:

declare ( valuel, value2 ) word;

return (valuel and value2);

end dword_and:

dword_shl : procedure ( valuel, count ) dword public;

declare { valuel, count ) word:
return ( shl{valuel,count) ):

end dword_shl:

dword_shr : procedure ( valuel, count ) dword public:

declare { valuel, count ) word:

return ( shr{valuel,count) ):

end dword_shr;

dword_xor : procedure ( valuel, value2 ) dword

declare { valuel, value2 ) word:

return {( valuel xor value2 ):

end dword_xor:

end bit_funcs;

public:
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File: CODE_GEN.DEF
public code_gen:
procedure swap_operand(var R,S:operand_type):
Procedure reset_microcode_field:
Procedure display branch_condition:
Procedure output_microcode_field:
Procedure generate_Nop:
Procedure display ALU operation(F,R,S:operand_type:opcode:longint):
Procedure Bind_ALU_opcode{opcode : longint):
Procedure Bind_AF_AR_AS(F,R,S:operand_type):
procedure bind_AIF_AIR_AIS(F,R,S:operand_type):
Procedure generate_ALU operation(F,R,S:operand_type;opcode:longint):
Procedure Clear_pipeline_stage:
Procedure check_F_bus(operand : operand_type):
Procedure load_index_register(index : token_Type): .
Procedure check_index_register(var F,R,S : operand_type):
Procedure check_pipeline_staqe(var F,R,S:operand_type:;var opcode :longint);
Procedure find_branch_ address(var expression : expression_pointer:
var branch_state : longint):

procedure generate boolean assignment_microcode(var

expression : expression_pointer:

branch_true : boolean):
Procedure generate_branch_address(var expression : expression_pointer):
procedure assign_temp_boolean_variable(var F : operand_type):
procedure generate_greater_ than(var expression : expression_pointer):
procedure generate less_than(var expression : expression_pointer):
procedure generate_equal (var expression : expression_pointer):
procedure generate_not_equal(var expression : expression_pointer):
procedure generate_greater_than_or_equal(var

expression : expression_pointer):

procedure generate_less_than_or_equal(var expression : expression_pointer):
Procedure generate_unary_not{var expression : expression_pointer):
procedure generate-and(var expression : expression_pointer):
procedure generate_or (var expression : expression_pointer):
function assign_index(index : token_type):longint:
Procedure generate_read_function(function_number : longint:fx,x : operand_type):
Procedure assign_R_bus(operand:operand_type):
Procedure assign_S_bus(operand:operand_type):

Procedure assign F_bus(operand:operand_type):




File: CODE_GEN.PAS
module code_gen:
$include(code_gen.def)
$include (global.def)
$include(utility.def)
$include{symbol_t.def)
$include (emu_lib.def)

private code_gen;
Procedure assign_R_bus(operand:operand_type):
begin

AR := operand.id address + operand.offset:

if (operand.index <> blank_token) and {operand.id{1] <> '#') and

(operand.index[1] <> '0') and (operand.id(l] <> '&') then
begin
AIR(0] := operand.index_ address:
IALl := 1;
end;

end: ( of assign_R_bus }

Procedure assign S_bus (operand:operand_type}:
begin
AS := operand.id address + operand.offset:

if (operand.index <> blink_token) and (operand.id{l] <> '#') and

(operand.index{1] <> '0') and (operand.id(l] <> 'é') then
begin
AIS{0] := operand.index_address:
IAO := 1:
end;

end; { of assign_S_bus }

Procedure assign_F_bus{operand:operand_type):
begin
AF(0)] := opeiand.id_address + operand.offset;

if (operand.index <> blank_token) and {operand.id{1]) <> '#’) and

(operand.index{1l] <> '0') and (operand.id{l] <> '&') then
begin
AIF(0) := operand.index_address:
IA2(0] := 1;
end:

end; { of assign F_bus }

Procedure teset_miérocede_field:
var 1 : longint:
begin
am2910_opcode := cont;
branch_address := 0:
branch_opcode := no_branch;
for 1 := 1 to 2 do
begin

write_lookahead_buffer(i-1] := write_lookahead buffer(i]:
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AF[i-1] := AF[1]):

branch _lookahead buffer[i~1] := branch lookahead buffer(i);
AIF{i-1] := AIF{i}:

IA2{1-1] := IA2(i]:

end;
AIR[0] := AIR(1]:
AIS[0] := AIS{1]:

AIR[1l] := 7fffH:
AIS{1] = 7LffH:
AIF{2] :~ 7LffH:
with write_lookahead_buffer(2) do
begin

id := blank_token:

index := blank_token:

offset := 0;
end;
branch_iookahqad_buftet[2] 1= TLLLH:
AF([2] := 0;
mc325_buffer[0] := mc325 _buffer{ll:
mc325_buffer(l] := 0;
I4 := 0;
ENF_bar := 0:
Dsel := 0;
I3[0} := I3[1]:
I3(1] := 0:
msw := 0;
read_opcode := 0;
IA2{2] := 0:
IAl := O:
IAO := O;
AR := 1:
AS = 1;
write_opcode := 0:

end:

Procedure display branch_condition;
begin
if branch_opcode = 0 then

writeln(outfile, ':',microcode_address, ': branch if Network FIFQ has no data')

else

if branch_opcode = 1 then

writeln{outfile, ':;'.microcode_address,': branch if Network FIFO is not ready for input')

else

if branch_opcode = 2 then

writeln(outfile, ';”,microcode_address,': branch if Host FIFO has no data’)

else

if branch_opcode = 3 then

writeln(outfile, ';*,microcode_address,': branch if Host FIFO is not ready for input’)

else
if branch_opcode = 4 then

writeln(outfile, *; ', microcode_address,': branch if zero')
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else
if branch_opcode = 5 then
writeln(outfile, *;',microcode_address,': branch if not zero')
else
if branch _opcode = 6 then
writeln(outfile, ';',microcode_address,': branch if negatif')
else
if branch_opcode = 7 then
begin
am2910_opcode := cont;
writeln(outfile,': Nop');
end
else
if branch_opcode = 9 then
writeln(outfile, ';',microcode_address, ': branch if not negatif’)
else
if branch_opcode = OAH then
writeln(outfile, ';',microcode_address,': branch if ‘error °)
else
if branch_opcode = 0CH then
writeln(outfile, ';',microcode_address, ': unconditional branch’)
else
begin
writeln (errorfile):
writeln (errorfile, 'unknown branch opcode : ',branch_opcode):
error_found
end -

end;

Procedure output_microcode_field;
begin

if AIF([0] = 7fffH then AIF[0] := 0;
if AIR([0] = 7f£ffH then AIR[0}] := 0;
if AIS[0) = 7f£ffH then AIS(0] := 0:
if write_opcode = 0 then
begin

if (write_lookahead buffer([0).id <> blank_token) then

write_opcode := 1;

end;
if branch_lookahead_buffer[0] <> 7fffH then
begin

am2910_opcode := CJP:

branch_opcode := branch_lookahead buffer(0]:

display_branch_condition;
end:
write(outfile, 'c ',microcode_address:$):
write{outfile,am2910_opcode:3,branch_address:5,branch_opcode:3,write_opcode:3):
write(outfile,Dsel:2,read_opcode:2,ENF_bar:2,14:2,13(0):2,MC325_buffer(0]:3);
writeln{outfile,AF([0]:5,AR:5,AS:5,msw:2,IA2(0):2,IA1:2,IA0:2,AIF(0]):3,AIR(0]:3,AIS(0}:3);

reset_microcode_field:
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if microcode_address > program _counter limit then

begin
writeln;
writeln(errorfile, "Microcode address exceeds ',program_counter_limit);
writeln(errorfile, 'Try to partition this process into two processes. ')
exrror_found;

end;

end; { of output microcode_field }

Procedure generate_ Nop:

begin
microcode_ address := program_counter;
writeln(outfile, *;',program_counter,': Nop');
output_microcode_field:
program_counter := program_counter + l1:

end;

Procedure qenerate_ALU_operation(F,R,s:operand_type:opcode:lcnqint):
var branch_field : array(l..4] of longint:
begin .
{ store the branch field }
branch_field[1l] := am2910_opcode:
branch_field([2] := branch_opcode:
branch_field{3] := branch_address:
branch_field(4] := branch_lookahead_buffer({2]:
am2910_opcode := cont:
branch_opcode := 0:
branch_address := 0:
branch_lookahead _buffer{2] := no_branch:
check_index_register(F,R,S):
check_pipeline_stage(F,R,S,opcode):
{ restore the branch field }
am2910_opcode := branch_field(1];
branch_opcode := branch_field{2]:
branch_address := branch_field(3]:
branch_lookahead buffer{2] := branch_field(4}:
display_ALU_operation(F.R,S.opcode);
bind ALU_opcode (opcode) ;
bind_AF_AR_AS (F,R.S);
bind_AIF_AIR_AIS(F,R,S):
microcode_address := program_counter:
output_microcode_field;
program_counter := program_counter+l:

end: { of generate_ALU_operacion }

Procedure check_F_bus{operand : operand_type):
begin
if (write_lookahead_buffer{0].id <> blank_token) then
if (operand.id = write_lookahead_bu!fer[0].id) then
if (operand.index = write_loockahead buffer (0] .index) then

if (operand.offset = write lookahead buffer{0].offset) then

s
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;

generate_nop:
~ if (write_lookahead_buffer([0}.id <> blank_token) then
if (operand.id = write_lookahead buffer(0].id) then
if (operand.index = write_lookahead_buffer(0].index) then
if (operand.offset = write_lookahead buffer{0].offset) then
generate_nop:

end; { of check F _bus }

Procedure Clear_pipeline stage:
begin
while (write_lookahead_buffer[0].id <> blank_token) or
(urite_looknhead_putfer[1].id <> blank_token) do
generate_Nop:
if (AIR[0] <> 7fffH) then generate_nop:
if (AIS{0] <> 7fffH) then generate_nop:
if (AIF{0] <> 7fffH) then generate_nop:

end: { of clear_pipeline_stage }

Procedure load_index_register(index : token_type):
var integer_index : token_type:
tl,t2 : operand_type:
index_pointer : longint:
begin
{ find an empty index register }
index_pointer := 0;
while (index_pointer <= max_index_register) and
(index_register(index_pointer] <> blank_token} do
begin
index_pointer := index_pointer+l;
end;
{ if no index register is available, flag as error }
if index pointer > max_index_register then
write_error(’'index register is full - ',blank_token);
1ndex_register[index_pointer) := index:
if (index <> blank_token) and (index{l] <> '0') then
begin
assign_temp_variable (integer_index):
reset_operand(t2):;
reset_operand(tl):
t2.id := integer_index:
tl.id := index:
generate_ALU_operation(t2,tl,zero_operand,unary_round):
clear_pipeline_stage:
delete(integer_index,1,1):
val_integer (integer_index,As,1i);
AR := AS;
write(outfile,':',program_counter,' load index_register(’
,index_pointer,'] = ');
write_token (outfile, index):
write (outfile,'{'):

write_token(outfile, integer_index):
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writeln(outfile,')’);

AIF([1] := index_pointer;

AIS[1l] := index_pointer:;

AIR{1] := index_pointex:

IA212] := 0:

IAl := O;

IAG :=~ O;

read_opcode := 1;

microcode_address := program_counter;
output_microcode_field:

program counter := program_counter+l;

]

end:

end; { of load_index_register }

Procedure check_index register(var F,R,S : operand_type):

{ 1. check existing index register

-~

2. if index not available, load required indices into the index register
begin

R.index_address := assign_index(R.index):

S.index_address := assign_index(S.index):

F.index_address := assign_index(F.index):

end; { check_index_register }

Procedure check pipeline stage(var F,R,S:operand_type:;var opcode:longint):
begin

{ check to see if AIR(0] and AIS{0] are available for indexing }

if (AIR[{0) <> 7fffH) or (AIS{0] <> 7fffH) then generate_nop:

{ Note that F(k~2) is equivalent to write_lookahead_buffer(0].
Since F(k-2) is not available on the R-port, we can swap R and S operands
with proper conditions: }

if (opcode = unary minus) then

begin
swap_operand(R.S}: { swap R(k) and s(k} }
opcode := subtraction:

end: { of swap operand if operation is r_minus or unary_minus }

{ check to see if feedback paths can be used for calculation }

{ Case 1}
{ Rtk) = F(k-1) }
if (R.id = write_lookahead_buffer(l].id) and
(R.index = write_lookahead buffer{l].index) and
(R.offset = write_lookahead_bufferil].offset) then
begin
{ Case 1.1}
{ R(k) = s(k) }
if (R.id = s.id) and
(R.index = s.index) and
{R.offset = s.offset) then
begin
14 := 1;




}

- _ -)

_ ‘)

I311]) := 1;

s.id := blank_token:

$.4d(1] = '~

§.id[2) := 'S';

;

R.id := blank_token:

R.1d{1] s= '=';

R.id{2] := 'R’
end
else
{ Case 1.2 }
{ S(kx) = F(k-2)

}

if (S.id = write_lookahead_buffer([0].id) and

(S.index = write_lookahead buffer(0].index) and

(S.offset = write_lookahead buffer(0].offset) then

begin
{ Case 1.2.1

}

{ R(k) is a temporary variable }

if (R.id[1] =
begin

'#') then

§.id := blank_token:

8.1id{1] = '~';

8.id(2] := 'F’

R.id := blank_token:

R.id[1] &= '’

R.id[2] := 'R’
ENF_bar := 1
I4 = 1;
I3(1) := 1;

B

H

end { of 1.2.1 }

alse

{ case 1.2.2 }

{ R(k) is a permanent variable }

begin

generate_nop: { make R(k) <-~ F{k-2} }

{ Case 1.2.2.1 }

{ R{k) and S(k) can be swapped }

if (opcode = multiplication) or

(opcode = addition) then

begin

swap_operand(R,S); { swap R(k} and S(k) }

S.id := blank_token:

S.id[1} = *'~';

$.id(2) := 'F*;

ENF_bar := 1;

I3(1) := 1

end { of 1.2.2.1 }

else

{ Case 1.2.2.2 }

{ R(k) and S(k} cannot be swapped }

begin

generate_NOP: { make R and S available from memory }

!




end; { of 1.2.2.2}
end { of 1.2.2 R(k) is a permanent variable }
end { of 1.2 S{k) = F(k-2) }
else
{ Cagse 1.3 }
{ S(k) <> F(k~1) and S(k) <> F(k-2) }
begin
R.id := blank_token;
R.1d{1] ;- t-ty
R.1d[2) := 'R":
I4 :=1;
end: { of (1.3) R(k-1) = F(k-1) and S(k) <> F(k-2) }
end { of (1) R(k = F(k~1) }
else
{ Case 2 )
{ S¢k) = F(k-1) }
1f (S.id = write_lookahead buffer(l}.id) and { S(k) = F{k=-1) }
(S.index = write_lookahead_buffer(1l].index) and
(S.offset =~ write_lookahead_buffer(l].offset) then
begin
{ Case 2.1}
{ R(k) = F(k-2) }
if (R.id = write_lookahead buffer(0).id) and
{R.index = write_lookahead buffer[0).index) and
(R.offset = write_lookahead buffer([0).offset) then
begin
{ Case 2.1.1 }
{ R(k) and S(k) can be swapped }
if (opcode = multiplication) oz
{opcode = addition) then
begin
{ Case 2.1.1.1 }
{ St{kx) is a temporary variable }
if s.id{1) = '#' then
begin
swap_operand(R,S): { swap R and § }
S.id := blank_token:
S.id{1l] = '~';
S.id{2] := 'F';
ENF_bar := 1;
I3{1) := 1:
R.id := blank_token;
R.id{1] := '~";
R.id(2] := 'R';
I4 :e= 1;
end { of 2.1.1.1 }
else
{ Case 2.1.1.2 }
{ Stk) is a permanent variable }
begin

generate_nop; { make R(k} available from memory and S{k) = F{k-2) }
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8.id := blank token:
§.1id(1] := '~";
s.id(2] := ‘'F':
ENF_bar := 1:
I3[1} :=1;
end { of 2.1.1.2 }
end { of 2.1.1 R(k) and S(k) can be swapped }
else
{ Case 2.1.2 }
{ R(k) and S(k) cannot be swapped }
begin
generate_Nop: { make S(k) = F(k-2) }
S.id := blank_token;
$.44({1] = '~';
s.id(2] := 'F'; .
ENF_bar :=~ 1;
I3{1} := 1:
end { of 2.1.2 }
end { of 2.1 R(k) = F(k-2) }
else
{ Case 2.2 }
{ R(k) <> F(k~-2 }
begin
I3{1] = 1:
S.id := blank_token:
85.1d[1] := '~*;
S.id[2} := 'S*;
end { of 2.2 }
end { of 2 S(k) = F(k-1) }
else
{ R(k) = F(k-2) }
if (R.id = Hrite_lookahead_huftar[O].id) and
{R.index = write lookahead_buffer{0].index) and
{R.offset = write_lookahead buffer(0].offset) then
generate_nop { make R{k) available from memory }
else
{ S(k) = F(k-2) }
if (S.id = write_lookahead buffer(0}.id) and
(S.index = write_lookahead_buffer(0].index) and
{S.offset = write_lookahead buffer{0).offset) then

generate_nop { make S(k) available from memory 1}

end; { of ckeck_pipeline_stage }

procedure display_ALU_operation(F,R,S : operand_type:;opcode : longint):
begin

write(outfile, ';',program counter,': '):

write_token{outfile,F.id):

if F.index <> blank_token then

begin

write(outfile,'{’):
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write_token(outfile,F.index):
if F.offset > 0 then
write(outfile,'+',F.offset,']')
else
if F.offset < 0 then
write{outfile,F.offset,'])"')
else
write(outfile,*]');
end
else
if F.offset <> 0 then
write(outfile,'{',F.offset,']"):
write(outfile,' := ");:
write_token(outfile,R.id);
if R.index <> blank_token then
begin
write(outfile,'(");
write_token(outfile,R.index)
if R.offset > 0 then
write(outfile,'+',R.offset,'}")
else
if R.offset < 0 then
write(outfile,R.offset, *]")
else
write(outfile,']’):
end
else
if R.offset <> 0 then
write(outfile, ' (', R.0ffset,')");
case opcode of

addition

begin
write(outfile, ' + *):
end;
subtraction : begin
write{outfile,' - *);
end;
multiplication : begin
write(outfile,' * ');
end;

unary_float begin

write(outfile,' float '):
end;

unary_round begin

write(outfile,' round '):

end:

unary_trunc : begin

write_error(' truncation is not supported

end:

r_minus : begin

write(outfile,' - *);

blank_token);
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end;
or_operation: begin )
write(outfile,' or(+) ‘'):
end;
and_operation: begin
write(outfile, ' and(*) ')
end;
otherwise begin

writeln (errorfile):

write(errorfile, 'unsupported real operator :

error_found
aend
end; { of case opcode }
write_token(outfile,S.id):
if S.index <> blank_token then
begin
write(outfile, *['};
write_token(outfile,S.index);
if S.offset > 0 then
write(outfile,'+',S.0ffset,"']")
else
if s.offset < 0 then
write(outfile,S.offset,']’)
else
write(outfile,*)');
end
else
if S.offset <> 0 then
write(outfile, ‘[',S.offset,']");
writeln(outfile):

end; { of display ALU_operation }

procedure bind_ALU_opcode {opcode:longint);
begin
case opcode of

addition

mc325_buffer(l] := 0:

subtraction : me325_buffer{l] := 1;

multiplication : me325_buffer(l] := 2:

unary_float

.

mc325_buffer (1] := 4;
unary_round : me325_buffer(l] := S:

unary_trunc

write_error(' truncation is not supported

me325_buffer(l] := 1:

r_minus
or_operation : mc325_buffer([l] := 0:
and_operation : me325_buffer(l] := 0:
otherwise begin
writeln(errxorfile):
writeln(errorfile, 'unsupported real operator :
error_found:

end;

.blank_token):

',opcede) ;

', opcode}:
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end: { of case opcode }

end: { of bind_ALU_opcode }

procedure bind AIF AIR AIS(F,R,S : operand_type);
{ bind the instruction fields AIF, AIR, AIS }
begin
if (F.index <> blank_token) and (F.index([1l] <> '0') then
begin
AIF(2] := F.index_address:
IA2(2] := 1;
end;
if (R.index <> blank_token) and (R.index([1] <> '0') then
begin
AIR{0] := R.index_address:
IAL := 1;
end;
if (S.index <> blank_token) and (S.index{l] <> '0') then
begin
AIS[0] := S.index_address:
IAO0 := 1;
end;

end; { of bind_AIF_AIR_AIS }

Procedure bind_AF_AR_AS(F,R,S:operand_type):
begin
write_lookahead_buffer(2] := F:
temp_token := blank_token:
add_char_to_string (temp_token, '|');
if (F.id(1] = "#') or (F.id(1] = '&') then
begin
delete(F.id,1,1);
val_integer(F.id,Ar(2],1):
end
else
if F.id = temp_token then
AF (2] := stack_pointer
else
if F.id{1] <> '~' then
begin
find_symbol (F.1id, symbol_type, symbol_value, found);
if not found then
write_error('unknown id :
if symbol_value < 0 then
begin
{ parameter passing call by value }

AIF{2] := abs(symbol value) - 1:

IA2{2) := 1;
AF (2] := 0;
end
Aelse

AF[2] := symbol value+F.offset

' F.id);
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end;
temp_token := blank_token;
add_char_to_string (temp_token, '{’):
if (R.id({1) = '#') or (R.id[1l) = '&') then
begin
delete(R.id,1,1);
val_inteqer(R.id,AR,i):
end
else
if R.id = temp_token then
AR := stack_pointer
else
if R.id[1] <> '~' then

begin

find_symbol (R.id, symbol_type, symbol value, found);

if not found then
write_error('unknown id :

if symbol value < 0 then

begin
{ parameter passing call by value }

AIR([0] := abs(symbol_value)-l:

IAL := 1:
AR := 0;
end
else

AR := symbol value+R.offset:

end;
temp_token := blank_token:
add_char_to_string (temp_token, '['):
if {S.id{1] = '#') or (S.id{1] = '&') then
begin

delete(S.1d,1,1);

val_integer(s.id,As,i);
end
else

if s.id = temp_token then

As := stack_pointer

else
if s.id{1l} <> '~' then
begin

find_symbol (5.id, symbol_type, symbol_value, found) :

if not found then
write_error ('unknown id:

if symbol_value < 0 then

begin
{ parameter passing call by value }
AIS([0] := abs(symbol value) - 1;
IAD := 1;
AS := 0;

end )

else

',R.id);

',s.4id);
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AS := symbol value+S.offset;
end;

end; { of bind_AF_AR_and_AS }

{ Pz ure load_seq _counter (token:token_type):

begin
if token <> '§' then
find_symbol (token, symbol_type, symbol_value, found):
if (symbol_type <> integer_symbol_type} and
(symbol_type <> integer_constant_symbol_type) and
{token <> '&*") tpen
begin
write_error('simple integer is expected. ', token);
end;
if token = integer_lookahead_buffer{l) then generate_nop:
if token = integer_lookahead buffer(0) then generate_nop;
writeln(outfile,'; load sequencer counter : ',token):
Dsel := 1;
AS := symbol _value:
AR := AS;
output_microcode_field:

end; }

Function search_branch_address_pointer(expression : expression_pointer):longint:
begin
i:=1;
while (expression~.address(i] <> 7fffH) do
begin
1 := i41; .
if i > max_branch_pointer then
begin
write_error('maximum branch pointer exceeded . ', token);
end;
end;
search_branch_address_pointer := i:

end: { of search branch_address_pcinter }

Procedure find branch_address(var expression : expression_pointer:

var branch_state : longint):

var current_expression : expression_pointer;
address_found, hold position : boolean:
negation_state : longint:; { even : no negation
odd : require negation }
change_branch state : longint: { even : no change of branch state
odd : require change of branch state }

{ branch_state ---> 1 =~ branch if conditiocn is true

2 = branch if condition is false

3 = true and false address jump may be required

{ last boolean expression evaluated )

- e




- -/i

4 = branch if condition is true
5 = branch if condition is false }
begin
branch_state := 0;
negation_state := 0;
change_branch_state := 0:
current_expression := expression:
address_found := false:
{ find the branch state }
repeat
if (current_expression®.right <> nil) then
begin
if current_expression~.right*.operator = or_operation then
branch_state := 1
else
if current_expression”.right~.operator = and_operation then
branch_state := 2
else
if current_expression*.right”.operator = unary_not then
change_branch_state := change_branch_state + 1
else
begin
write_error('error found in generating short circuit jump
end:
end;
if branch_state = 0 then
begin
if current_expression~.up <> nil then
current_expression := current_expression®.up
else
if current_expression~.left <> nil then
begin
current_expression := current_expression~.left;
if (current_expression*.id{1l]="#") or
{current_expression~.id{1]='%") or
(current_expression~.id(1]='&') then
current_expression := current_expression”.up;
end
else
branch_state := 3;
end;
until (branch_state > 0):
{ the top of the tree has reached if branch_state=3 }
if {branch_state=3) then
begin
1= search_branch_address_pointer(current_expression):
if odd(change_branch_state) then
begin
branch_state := 2:
current_expression”.address(i] := {program_counter-1):

end

;,token):
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else
begin
branch_state := 2;
current_expression~.address{i] := -{program_counter-1):
end:
current_expression”.address{i+l] := 7fffH:
{ writeln{outfile, 'First gate : —-=~=- "y
vriteln(outtile;current_pxpzassion‘.id): }
end
else
{ find the branch address }
begin
negation_state := branch_state;
repeat .
hold position := false:
ir currcnt_axprgssion“.up <> nil then
current_expression := current_expression”.up
else
if current_expression“.left <> nil then
begin
current_expression := current_expression*.left:
if (current_expression~.id(l]='#') or
(current_expression”.id{1l]='s') or
(current_expression~.id(l]='4') then
current_expression := current_expression~.up
else
hold_position := true:
end
else

branch_state := branch_state+3;

if current_expression~.right <> nil then
begin
if (odd({negation_state) and (current_expression~.right~.operator=and_operation)) or
(not odd(negation_state) and (current_expression~.right“.operator=or_operation)) then
begin
current_expression := current_expression*.right:
if not hold_position then
begin
while (current_expression“.down <> nil) do
begin
current_expression := current_expression~.down:
while (current_expression*.down <> nil) do
current_expression := current_expression~.down:
if (current_expression*.right <> nil) then
current_expression := current_expression~.right;
end;
end:;
1 := search_branch_address_pointer(current_expression):
current_expression~.address([i+l] := TL£ffH:

current_expression~.address(i] := program_counter-1:
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address_found := true;

{ writeln(outfile, 'S d gate : ")
writeln{outfile,current_expression~.id): }
end
else
if (current_expression”.right”.operator = unary_not) then
negatibn_sta:e := negation_state+l:;
end;
until (address_found) or (branch_state>2?);
if (branch_state>2) then
begin
branch_state := branch_state-3:
negation_state := negation_ state + 1:
i = search_btanch_addreas_pointet(currznt_expresaion);
if odd(negation_state) then
current_expression*®.address(i] := -(program_counter-1)
else
current_expression“.addruss[i] := program_counter-1i;
current_expression®.address{i+1l] := 7{ffH:
{ writeln(outfile, 'Third gate : ----~=');
writeln(outfile, current_expression®.id): |}
end;
if odd(change branch_state) then
begin
if branch_state = 1 then branch_state := 2
else branch_state := 1;
end;
end:

end; { of find branch_address }

procedure qenerate_poolean_assiqnment_microcode(var expressicn :

expression_pointer:

branch_true : boolean);

var F,R,S : operand_type;
begin
reset_operand (R):

reset_operand(s):

if (branch_true) then str_real(0.0,R.id) else str_real(l.0,R.id):

str_real(0.0,S.id):

am2910_opcode := CJP:

branch_lookahead _buffer(0] := unconditional:
branch_address := program_counter+2;

F.id := expression”.left~.up~.id:

F.index := expression~.left”.up”.index:
F.offset := expression~.left*.up~.offset;

generate_ALU_operation(F,R,S,addition);

if (branch_true) then str_real(l.0,R.id) else str_real(0.0,R.id):

generate_ALU_operation(F,R,s,additicn);

end; { of qenerate_boolean_assignment_microcode

Procedure generate_branch_address(var expression : expression_pointer):
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var branch_true : boolean;

i : integer:
begin
if expression~.address[1] <> 7fffH then
begin
while (branch_lookahead buffer(0) <> 7fffH) or
(branch_lookahead buffer(1] <> 7fffH) do
generate_Nop:
1 :=1:
repeat
writeln(outfile,'b ',abs(expression~.address(1])+2,' ',program_counter);
expression*.address(i] := 7fffH;
i :=1i+1;
until expression*.address[i]) = 7fffH:
end;
if (expression~.left~.up”.up=nil) and
(expression*.left*.up*.left=nil) then
begin
1f (expression*.left~.up*.id(1] <> *#') and
{expression”.left*.up”.address{1l] <> 7fffH) and
{ (((expression~.left”.id[l]="#"') or
(expression~.left~.id=blank_token)) and
{(expression*.id{1]="4#'}) or (expression*.id=blank_token)}} or
((expression*.left"~.id{1]<>'#*) and (expression*.id{11<>'#')) ) then
begin
while (branch_lookahead_buftér[0] <> 7£f£fH) or
(branch_lookahead buffer(l] <> 7fffH) do
generate_Nop:
1 := search_branch_address_pointer (expression~.left”.up):
if (expression~.left”.up*.address(i-1]>0) then branch_true := true
else branch_true := false;
i :=1;
repeat
if (branch_true) then
begin
if expression*.left”.up”.address(i] > 0 then
writeln(outfile,'b ',expression~.left*.up”.address[i]+2," ',program_counter+l)
else
writeln(outfile, 'b ',abs(expression*.left*.up”.address(i])+2," ', program counter):
end
else
begin
if expression~.left~.up”.address{i]) > 0 then
writeln(outfile,'b ',expression~.left”.up*.address{i]+2,' *,program_counter)
else
writeln(outfile, 'b ', abs(expression”.left~ . up~.address(i])+2,"' '.program_counter+l):
end:
expression”.left~.,up”~.address([i] := 7fffH;
1 = i41;
until (expression”.left“.up”.address(i] = 7fffH);

if (branch_true) then

3 - -




generate_booleun_asaignment_picrocode(expresaion,true)
else
generate_boolean_assignment_miczocode(expression,false):
end;
end:

end: { of generate_branch_address }

procedure swap_operand{var R, S:operand_type):
var temp : operand_type;
begin

temp := R;

R := S;

S := temp:

end: ( of procedure swap_operand }

procedure asaiqn_temp_boole;n_vaziable(var F : operand_type):
begin
str_integer(data:am_ndd!e:s_linit-Cemp_variable_limit,F.id):
temp_tokeﬁ 1= blank_token:
temp_token(1l] := "#';
concat (temp_token, F.id):
F.id := temp_token

end: { of assign_temp_boolean_variable }

procedure generate_greater_than(var expression : expression_pointer):
var F,R,S : operand_type:
opcode, branch_state : longint;
begin
fetch_expression(F,R, S, expression);
swap_operand(R,S):
opcode := expression”.operator:
check_pipeline_stage(F,R, S,opcode);
generate_branch_address{expression):
assign_temp_boolean_variable(F):
generate_ALU_operation(F,R,S, subtraction):
find branch_address(expression*.left".up, branch_state):
if branch_state = 1 then
branch_lookahead_buffer(l] := if_negative
else
branch_lookahead_buffer (1] := if_not_negative:
generate_branch_address (expression):

end: { of generate_greater_than }

procedure generate_less_than{(var expression : expression_pointer):
var F,R,S : operand_type:
opcode, branch_state : longint;
begin
fetch_expression(F,R,S,expression);
opcode := expression“.operator:
check_pipeline_stage(F,R,S,opcode) :

generate_branch_address(expression);
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assign_temp boolean_variable(F):
generate_ALU_operation(F,R, 8, subtraction):
find_b!anch_address(expzession‘.left‘.up,branch_state):
if branch_state = 1 then

branch_lookahead buffer(l] := 1£_negative
else

branch_lookahead buffer{l] := if not_negative;
generate_branch_address(expression):

end; { of generate_less_than }

procedure generate_equal(var expression : expression_pointer):
var F,R,S : operand_type:
opcode, branch_state : longint:
begin
fetch_expression(F,R, S, expression):
opcode := expression”.operator:
check_pipeline_stage(F,R, S, opcode) :
generate_branch_address(expression);
assign_temp_boolean_variable(F);
generate ALU_operation(F,R, S, subtraction):
find_branch_address(expression”.left”.up,branch_state):
if branch_state = 1 then
branch_lookahead_buffer(l] := if_zero
else
branch_lookahead buffer{l] := if_not_zero:
generate_branch_address(expression):

end: { of generate equal }

procedure generate_not_equal(var expression : expression_pointer):
var F,R,S : operand_type:
opcode, branch_state : longint:
begin
fetch_expression(F,R,S,expression):
opcode := expression”.operator:
check_pipeline_stage(F,R, S, opcode):
generate_branch_address(expression):
assign_temp_boolean_variable(F):
generate_ ALU_operation(F,R, S, subtraction):
find_branch_address(expression*.left”.up,branch_state):
if branch_state = 1 then
branch_lookahead buffer{l] := if not_zero
else
branch_lookahead_buffer{l} := if_ zero:
generate_ branch_address(expression);

end; { of generate_not_equal }

procedure generate_greater_than_or_equal(var expression : expression_pointer):

var F,R,S : operand_type:
opcode, branch_state : longint:

begin

fetch_expression(F,R,S,expression):
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opcode := expression®.operator;

check_pipeline_stage(F,R, S, opcode) :
generate_branch_address (expression);
assign_temp_boolean_variable(F):
generate_ALU_operation(F,R, S, subtraction):

find_branch_address(axpression‘.left‘.up,b:anch_state):

if branch_state = 1 then
branch_lookahead_buffer(l] := if_not;negacive
else
branch_lookahead_buffer{l] := if_ negative:
generate_branch_address (expression):

end; { of generate greater_ than_or_ equal }

procedure generate_less_than_or_equal (var expression
var F,R,S : operand type:
opcode, branch_state : longint;
begin
fetch_expression(F,R,S,expression);
swap _operand(R,S);

:= expression”.operator:

check_pipeline_stage(F,R, S, opcode):
gencrate_branch_address(exprassion):
assign_temp_boolean_variable(F);
generate_ALU_operation(F,R,S, subtraction);

expression_pointer):

tind_branch_lddress(expression‘.lett*.up.btanch_state):

if branch_state = 1 then
branch_lookahead_buffer{l] := if not_negative
else
branch_lookahead _buffer[l] := if negative;
generate_branch_address (expression);

end; { of generate_less_than or_equal }

Procedure generate_unary not{var expression : expression pointer):

var F.R,S f operand_type:
opcode, branch_state : longint:
begin
fetch_expression(F,R, S, expression):
opcode := expression~.operator:
if R.id(1] = *'#' then
begin
generate_branch_address (expression);
end
else
begin
if £.id(1] = '#' then
begin
reset_operand(S):
str_real{(0.0,S.id):
check_pipeline_stage (F,R, S, opcode);
generate_branch_address(expression);

assign_temp_boolean_variable(F):
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qenerata_ﬁLU_operation(F,R.s,addi;ion):
find_branch_address(expression~.left”.up, branch_state);
if branch_state = 1 then
bzanch_lookahead_buffer[1] := 1if zero
else
branch_lookahead buffer[l] := if not_zero:
generate_branch_address(expression):
end
else
begin
S = R;
reset_operand(R);
str_real(l.0,R.id):
generate_ ALU_operation(F,R, S, subtraction);
end;
end:

end: { of generate_ unary not }

procedure generate_and(var expression : expression_pointer):
var F,R,S : operand_type:
branch_state,opcode : longint:
begin
fetch_expression(F,R,S,expression);
if ((S.id{1] <> *#') and
(R.1d{1] <> '#')) then
begin
if (F.id{1]='#') then
begin
opcode := multiplication:
check_pipeline_stage(F,R.S,opcode):
generate_branch_address(expression):
assign_temp_boolean_variable(F):
generate_ALU operation(F,R,S,opcode);
find_branch_address (expression~.left”.up,branch_state):
if branch_state = 1 then
branch_lookahead buffer{l] := if not_zero
else
branch_lookahead_buffer{l] := if_ zero:
end
else
generate_ALU_operation(F,R,S,multiplication):
end
else
if (R.1d{1] « '#') and (S.id{1] = '#') then
begin
generate_branch_address(expression):
end
else
if (R.1d[1] = '#') then
begin

opcode := addition:

'- -i
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str_real(0.0,R.id);
check_pipeline_stage(F,R, S, opcode):
generate_branch_address(expression);
assign_temp_boolean_variable(F):
generate_ALU_operation(F,R,S,opcode}:
!ind_br:nch_addrass(exprassion‘.le!t“.up,branch_state):
if branch_state = 1 then
branch_lookahead buffer(i]) := if not_zero
else
btanch_loakahead_buffer[1] = if zero:
expression~.id(1] := '#';
ganerata_pranch_addre:s(expression):
end
else
if (s.idf{1] = '#') then
begin
opcode := addition:
str_real(0.0,S8.id);
check_pipeline_stage(F,R,S,opcode):
generate_branch_address(expression):
assign_temp_boolean_variable(F):
generate_ALU_operation(F,R, S, opcode) :
find_branch_address(expression”.left”.up,branch_state);
if branch_state = 1 then
branch_lookahead_buffer(l] := if_not_zero
else
branch_lookahead_buffer(1] :=~ 1f_zero:
expression”.left~.id(1] := '#';
qene:ate_b!anch_address(expression):
end;

end: { of generate_and }

procedure generate_or (var expression : expression_pointer);
var F,R,S : operand_type:
branch_state,opcode : longint;
begin
fetch_expression(F,R,S,expression);
opcode := addition:
if ((S.id{1] <> '#") and
(R.id{1] <> '#')) then
begin
check_pipeline_stage(F,R, S, opcode):
generate_branch_address(expression):
assign_temp_boolean_variable(F):
generate_ ALU_operation(F,R,S,opcode):
find_branch_address(expzession“.left“.up,branch_state):
if branch_state = 1 then
branch_lookahead_buffer(l] := if not_zero
else
branch_lookahead_buffer(l] := if_zero:

expression”.id({1] := '#';




expression”.left~.id{1] := '#';
generate_branch_address(expression):
end
else
if (R.id{1] = '#') and (S.id[1] = '#') then
begin
generate_branch_address(expression):
end
else
if (R.id[1] = *#') then
begin
str_real(0.0,R.1id);
check_pipeline_stage(F,R,S,opcode):
generate_branch_address(expression):
assign_temp_boolean_variable(F):
generate_ALU_operation(F,R,$,opcode);
find_branch_address(expression*,.left”.up,branch_state);
'if branch_state = 1 then
branch_lookahead_buffer({l] :~ if_not_zero
alse
branch_lookahead_buffer{l] := if_ zero:
expression~.id{1] :~ "#';
generate_branch_address (expression);
end
else
if (5.id[1] = *'#') then
begin
str_real(0.0,8.1id):
check_pipeline_stage(F,R, S,opcode);
generate_branch_address{expression);
assign_temp_boolean_variable(F):
generate_ALU_operation(F,R,S,opcode) :
find_branch_address{expression”.left”.up,branch_state):
if branch_state = 1 then
branch_lookahead_buffer(l] := if not_zero
else
branch_lockahead_buffer[l] := if zero:
expression”.left~.id{1] := '#';
generate_branch_address(expression):
end;

end; { of generate_or }

function assign_index(index : token_type):longint;
var index_pointer : longint:
begin
if index <> blank_token then
begin
index_pointer := 0;
while (index_pointer <= max index_register) and

{index <> index_register{index pointer]) do

begin
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index_pointer := index pointer+l:
end;
if index_pointer > ﬁax_index_tegistet then
begin
load_index_register (index);
index_pointer := assign_index (index):
end;
assign_index :=~ index pointer;
end
else
assign_index := 0:

end; { of assign_index }

Procedure generate_read_function(function_number : longint;

£x,x : operand_type}:

begin
find_symbol (fx.id, £x.1d_type, fx.id address, found):
if not found then
write_error ("unknow id:
fx.index_address := assign_index(fx.index):
find_symbol (x.id,x.id type,x.id address, found):
if not found then
write _error('unknow id:
%.index_address := assign_index(x.index):
clear_pipeline_stage:
temp_token := blank_token;
operand_string(fx, temp_token):
write (outfile,'; read_function('):
write_token(outfile,temp_token):
write (outfile, ',"):
temp_token := blank_token:
operand_string(x, temp_token);
write_token {outfile,temp_token):
writeln (outfile, ')'):
microcode_address := program_counter:
AR := x.id_address + x.offset:
if (x.index <> blank_token) and (x.index[1] <> '0') then
begin
AIR{0] := x.index_address;
IAl := 1;
end;
AS := AR:
IAO0 := IAl:
output_microcode_field:
program_counter := program_counter + 1;
microcode_address := program counter;
AF{0] := fx.id_address + fx.offset:
if {(fx.index <> blank_token) and (fx.index{1] <> '0') then
begin ’
AIF(0] := fx.index_address:
IA2(0) := 1;

', x.1d):

*,x.4d);
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end;

write_opcode := read_function_opcode + function_number:
output_microcede_field;

program_counter := program_counter + 1:

end; { of generate_read_function }.
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File: COMPILER.PAS
module Compile;

$include (global.def)
$include (hex_conv.def)
$include (ieee_cnv.def)
$include{utility.def)
$include (init.def)
$include(fetch_tk.def)
$include (symbol_t.def)
$include{code_gen.def)
$include (exprsion.def)
$include (exprtree.def)
$include (declare.def)
$include (ic.def)
$include(arith.def)
$include (stdprocd.def)
$include (mainbody.def)
$include (emu_lib.def)

program Compile {(input, output):
begin

initializ;:

{ program heading }

fetch_token:

ir tokén <> program_heading then

begin
writeln(errorfile):
writeln(errorfile,'!!!! syntax error : program heading expected’);
error_found:

end

else
program_heading_block:

fetch_token:

program _main_block:

if {(token(l] <> '.') then

begin
writeln(errorfile);
writeln(errorfile,*!!!! syntax error : "." is expected'}):
error_ found:

end;

if program counter > program counter_limit then

begin
writeln(errorfile);
writeln({errorfile,'!!!! Program is too long., Limit is ',program_counter_limit,'.'):
writeln(errorfile," Current program size is ',program counter,.'):

error_found:
end;
clear_pipeline stage:
microcode_address := program_counter:

writeln(outfile, ':',program_counter,' : goto ',program_counter):
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am2910_opcode := CJP:
branch_opcode := unconditional;
branch_address := program_counter:
output_microcode_field:

writeln:

end.
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File: DECLARE.DEF

public declare;

procedure type_declaration_block:
procedure var_declaration_block:
procedure const_declaration_block:

Procedure nuiqn_teal_ccnstanﬁ(var operand:operand_type;value : real):
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File: DECLARE.PAS

module declare:

$include (declare.def)
$include (emu_lib.def)
$include(global.def)
$include (fetch_tk.def)
$include(utility.def)
$include (symbol_t.def)

private declare:

procedure type_declaration_block:

begin
writeln(errorfile):
writeln(errorfile,'!!!! error :
error_found:

end;

procedure var_declaration_block:
var i,3 : longint:
var_type : longint;
begin
1 1= 0;
fetch_token:; { variable name }
repeat
1 = 141

general type is not supported yet.'}:

symbol_array{i] := token: { insert token to symbol array }:

fetch _token: { , }
while token = comma do

begin

fetch_token: { variable_name }:

1 = i+1:

. symbol_array{i] :« token: { insert token to symbol array }:

fetch_token;
end:

verify token(token,colon):

fetch_token; { variable_type }

if (token = real_token) then
begin

var_type := real_ symbol_type:

end

else

if (token = integer_token) then

begin

var_type := integer_symbol_type:

end

else

if (token = boolean token) then

begin

var_type := boolean_symbol_ type:

end




else
if (token = array token) then
begin
faetch_token; { [ }
verify_token(token,cpen_square_bracket):
fetch_token; { constant }
temp_token := blank_token:
temp_token{l] :c= '~';
if token = temp_token then
begin
fetch_token;
array_lower_range := -1:
end
else
array_lower_range := 1;
if symbol_ type = integer_constant_symbol type then
begin

array_lower_range := integer_constant_value*array_lower_range;

end

else

begin
find_symbol (token, symbol_type, symbol_value, found):
if symbol type = integer_constant_symbol_type then

array lower_range := integer_constant_value*array_lower_range

else
begin
vtite_errot('inteqet constant expected
end;
fetch token: ( . }
verify token(token,dot):
end:
fetch_token: { . }
verify_token(token,dot):
fetch_token; { constant }
if token(l} = '-' then
begin
fetch_token:
array_upper_range := -1;
end
else array upper_range := 1:
1if symbol type = integer_ constant_symbol_type then

begin

array_upper_range := integer_constant_value*array_upper_range:

end
else
begin
find_symbol (token, symbol_type, symbol_value, found):

if symbol_type = integer_constant_symbol type then

array_upper_range := integer_constant_value*array_upper_range

else

begin

', token);
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write_error(’'integer constant expected ', token);
end;
end;
fetch_token; { ] )}
verify token(token,close_square_bracket):
fetch_token:; ( of }
verify_ token(token,of_ token);
fetch_token:; { real )
if token = real_token then
begin
var_type := real_array_symbol_type:
end
else
if token = integer token then
begin
var_type := integer_array_symbol_type:
end -
else
if token = boolean_token then
begin
var_type := boolean_array_symbol type:
end
else
begin
write_error('Unsupported array type ', token);
end;
end
else
begin
write_error('syntax error : unsupported type ', token);
end;
fetch_token: { : }
verify token(token, semicolon);
{oz 3 = i downto 1 do
begin
insert_symbol (symbol array(j],var_type, symbol_value):
no_local variable[procedure level] := no_local _variable(procedure_level]+l:

local_variable(procedure_level,no_local_variable(procedure_level]] := symbol_array(3j]):

{ writeln(outfile, 'symbol_wvalue : ',symbol value):
writeln(outfile, 'lower range : ', array_lower_range);
writeln(outfile, 'upper range : ',array_upper_range);
writeln(outfile, 'dataram_address : ',dataram_address); }

end:
i:=0;
fetch_token;

until ( token = begin_token ) or (token = const_declaration) or
( token = function heading ) or
( token = procedure_heading);

end: { of var_declaration_block }

procedure const_declaration_block:
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var constant_name : token_type:
invert_constant_value : boolean;
begin
fetch_token:
repeat
invert_constant_value := false:
constant_name := token:
fetch_token;
verify token(token,equal token):
fetch_token; { constant value }
if token = true_token then
begin
str_real(l.0,token):
real constant_value := 1.0;
symbol_type := boolean_constant_symbol_type:
end
aelse
if token = false_token then
begin
str_real(0.0,token);
real_constant_value := 0;
symbol_type := boolean_constant_symbol_type:
end
else
if token{l) = '-' then
begin
fetch_token:
temp_token := blank_token:
temp_:okentl] ==ty
concat {temp_token, token):
token := temp_token:
invert_constant_value := true:
end
else
if token([l] = '+' then
begin
fetch_token:
end
else
if (symbol_type <> real constant_symbol_type) and
(symbol_type <> integer_constant_symbol_type) then
begin
rind_symbol (token, symbol_type, symbol_value, found);
end:
if (symbol type <> real_constant_symbol_type) and
{symbol_type <> integer_constant_symbol_type} then
begin
write_error('invalid or unsupported constant *,token);
end;
if invert_constant_value then

begin




real_constant_value := -real constant_ value:
integer_constant_value := -integer_constant_value;:
end:
insert_symbol (constant_name, symbol_type, symbol_value):
no_local variable{procedure_level] := no_local variable{procedure level]+l:;
local_variable[procedure_level,no_local variable[procedure_level]] := constant_ name;
declare_constant (symbol_value, symbol_type,constant_name);
fetch_token:
verify token(token, semicolon):
fetch_token;
until ( token = begin token ) or (token = var_declaration) or
( token = procedure_heading) or ( token = function_heading ) or
{ token = const_declaration ); '
end; { of const_declaration_block }
Procedure assign_real constant(var operand:operand_type:value : real);
{ This procedure is used to declare a constant real number,
It is used to simplify a declaration of constant with real number.
It is primarily used to aid the development of standard function calls.
}
begin
reset_operand (operand);
str_real(value, operand.id):
operand.id_type := real_constant_symbol_type:
real constant_value := value;
find_lymbol(operand.1d,operand.id_type,operand.id_address,fnund);
if not found then
begin
ingert_symbol (operand.id,operand.id_type,operand.id_address):
declare_constant {operand.id_address,operand.id type,operand.id):
end;

end: { of assign_real constant }.




File: EMU_LIB.DEF
public emu_lib;
procedure clearscreen:
procedure gotoxy (X,Yy :longint):
procedure str_integer ( integer number : longint; var token : token_type):
procedure str_real ( x : real: var token : token_type):

procedure val_real { token : token_type; var real number : real:

var error_integer : longint):

procedure val_integer ( token : token type: var number :

longint: var error_integer : longint):
function length ( token : token_type ) : longint:
procedure add_char_to_string ( var token : token_type; x : char):
procedure concat (var tokenl : token_type: token2 : token_type):
procedure delete (var token : token_type: index, counter : longint):
procedure read_token ( var token : token_type):

procedure write_token (var x : text; token : token_ty?e);




File: EMU_LIB.PAS

module emu_lib;

$include (emu_lib.def)
$include(global.def)
$include(utility.def)

private emu_lib:

procedure ‘clearScreen;
begin
write(chr(27),'(2J'):

end;

function length ( token : token_type ) : longint;
var
i : longint:
begin
1 :=1;
while (token(i] <> ' ') and (i < max_token_length) do
1 =i+ 1
if token[max_token_length] <> ' ' then
length := max_token length
else
length := i -1
end; { length }

procedure delete ( var token : token_type: index, counter : longint):
var
i,3,1,x : longint;
begin
if (index < 1) or (counter < 0) then
write_error ('Parameters to procedure delete out of range. 'y
blank_token}
aelse

if index <= max_token_length then

begin
J =1
i := index:

1 := length(token):
while (i <= max_token_length) and (i < (index + counter)) do
begin
for x := index to (1 - J) do
token{x] := token[x + 1];:
if (4 = 1) and (i = index) then

token{l] := ' *

else
J =3+ 1;
1 e i +1;
end




end

end; { delete }

procedure gotoXY(x,y : longint):
begin

if x>80 then x := 80: if x<1 then x := 1;

if y>24 then y := 24; if y<1 then y := 1;

write(chr(27),"{'.y.":'.X,"H");

end;

{procedure pad_with_spaces ( var string : token_type: a.b : longint):

var

x : longint:

begin
for x := a to b do
string{x] := ' *

end: pad_with_spaces |}

procedure add_char_to_string ( var token :

var

i :longint:

begin
i =1

while (token{i] <> ' ') and (i <= max_token_length) do

L= i +1;
if i > max_token_length then

write_error {'token too long
else

token(i] :w= x

end; { add_char_to_string }

procedure concat ( var tokenl : token_type

token_type ; x

char };

; token2 : token_type):

{ Append as much of token2 onto tokenl as possible }

var

i, § : longint:

begin
j o= 1;
i := length(tokenl) + 1:

while (i <= max_token_length} and {(token2{j] <> ' ') do

begin
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tokenl(i] := token2({j]:
i:=14+1;
joi=3 4+ 1

end;

end; { concat }

{procedure str_integer ( x : real; var string : token_type):
var

i, 3, x : longint;

integer_number : longint:

temp_char : char;

begin -
string := blank_token:
i =1
3 = 1:
if x = 0.0 then
begin
K = 2:
string(l] := '0'
end
else
begin
if x < 0.0 then
begin
string{l} := *'-";
i:=41i+1
end;
3 =4

integer number := abs{ltrunc(x));

while integer_ number > 0 do
begin
string{i] := chr ((integer number mod 10) + 30H):

integer_number :« integer_number div 10;

i=4i+1
end;
= iz
im=1i-1:

while j < i do
begin
Temp_Char := string(i}:
string{i] := string(j}:
string(j] := temp_char:
3 oi=3 + 1;
i=4i-1

end
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end

end; str_integer }

procedure str_integer ( integer number : longint: var token : token_type):

var
i, 3, k : integer:
temp_char : char:

begin
token := blank_token:
i:=1:
J =1
if inteqer_number = 0 then
begin
k = 2;
token{l] := '0'
end
else
begin
if integer_number < 0 then
begin
token{i) := '~":
1:=1+1
end:
3 =41
integer_number := abs(integer_ number) :
while integer_number > 0 do
begin
token{i] := chr ((integer_number mod 10} + 30H):
integer_number := integer_number div 10:

1 =41i+1
end;
k = i;
1 =4 -1

while j < i do
begin
Temp_Char := tokenf{i];
token{i] := token(jl:

token(j} := temp_char;

3 =3+ 1:
1:=4i-1
end;

end;

end; { str_integer }
procedure str_real { x : real:; var token : token_type );
var

base, mantissa, fraction : real;

i, j., exponent : longint:
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temp_token : token_type:

function x_to_the y ( x : real ; y : longint ) : real:

var
i : longint;
total : real:

begin
total := 1;
for i = 1 to y do
t6t31 := total * x:;
x_to_the y := total

end; { x_to_the_ y }

begin
token := blank_token:
if x = 0 then

exponent := 0

else
begin
exponent := ltrunc (ln (abs{x))}/1ln{(10)):
if (exponent < 1) and (abs(x) < 1) then
P (4 P -1
end:

if exponent < 1 then
base := 10
else
base := 0.1:
mantissa := x * (x_to _the_y (base, abs(exponent)));
str_integer (ltrunc (mantissa), temp_token):
1 =1
token{i] := temp_token(i}:
if temp_token{2] <> ' ' then
begin
i:e i+ 1;
token([i] := temp_token(i]
end;
1 :=4+1;
token(i] := '.';
fraction := abs(mantissa):
for j := 1 to 10 do
begin
fraction := fraction - ltrunc(fraction):
fraction := fraction * 10:
str_integer (ltrunc(fraction), temp_token):
token(i + j] := temp_token{l]:
end:
i =14+ 3+ 1;
token(i] := 'e':

str_integer (exponent. temp_token);
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for j := 1 to 3 do
token(i + j] := temp_token(jl;

end; { str_real }

procedure val_integer (token : token type:

label 1;
var i.: longint:
real number, power : real:

begin

error_integer := 0;

1 1= 0;

{check for valid longint}

for i := 1 to max_token_length do

begin

var number : longint;

var error_integer : longint);

if (token{i] <> ' ') and (token(i]. <> -'+'} and {token{i] <> '-') then

if ((ord(token(i]) < 48) or (ord(token(i}) > 57)) then

begin

error_integer := 9999; { for error checking - T.F.

goto 1
end;
end:

i := max_token_length:

while (i > 0) and (token(i] = ' ') do i := i-1;

if (i = 0) then goto 1: { if token

real number := ord(token[i])-48:
power := 1:

i := i-1;

while (i > 0) do
begin

if ((ord(token([i]) >= 48) and (ord(token(i]) <= 57)) then

begin

power := power * 10.0;

real_number := real number + (wrd(token[i])-48) * power:

end;

if token(i] = '-' then real number := -real number;

i 1= i-1;
end:
1: number := ltrunc{real number):

end: { val_integer }

procedure val_real (token : token_type; var real number : real:;

label 1:

var 1,3 : longint:
exponent : longint:

x : real:;

var error_integer

= blank token }

: longint):
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sign : longint;
exponent_token : token_type:

{ Discarding leading zero }

Procedure Delete_leading_zero (var token : token_type):
var i,j : longint:
begin
i :=1;
while i <= max_token_length do
begin
if (token([i] = '0') then
begin
for j := i to max_token_length-1 do
begin
token(j] := token(j+l];
end;
token(max_token_length] := ' ‘';
end
else
if (token{i} = '+') or (token(i] = ’'-") then
1 =i +1
else
= max_token_length + 1:
end; .

end;

{ This function converts a packed array of character that represents an integer

to real number }

function char_integer_to_real (token : token_type): real:
label 1:
var 1 : longint:

X,power : real:

begin

{check for valid integer}
for i := 1 to max_token_length do
begin
if (token(i] <> ' ') and (token{i] <> '+') and (token{i] <> '=') then
if ((ord(tocken{i]) < 48) or (ord(token(i}} > 57)) then
begin
error_integer := 9999; { for error checking - T.F.}
goto 1
end;

end:

i := max_token_length:

while (i > 0) and (token(i) = ' ') do i := i-1;
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if (i = 0) then goto 1: { if token = blank token }

x := ord(token{i])-48;
pover :i= 1;

i := i-1:

while (i > 0) do
begin )
if ((ord({token{i]) >= 48) and (ord(token[i}} <= 57)) then
begin
power := power*10.0:
x := x + (ord(token(i])-48)*power:;
end;
if token{i] = '-' then x := -x;
1 :=41i-1;

end;
1: char_integer_to_real := X:
end; { of char integer to real conversion }
{ beginning of the function token to real converter }
begin
exponent := 0:
error_integer := 0; { if stays 0 then no error occurred - T.F. }
delete_leading_zero (token):

{ Detecting whether digit left of decimal point is 0 }

if (token[l] = '.' ) or ((token{2] = '.') and
not (token(l] in {'1'..'9']))) then

{ + or - sign could have preceded the decimal point }
begin
if token{l} = '.' then i := 2

else i := 3;

while token{i] = '0' do

begin
P s P t-1;
1 =4+ 1:;
end
end;

{ Detecting decimal point }

i := 1
while (i <= max_token_length) do

begin




if token{i] = '.' then

begin
for 3 := i to max_token_length-1 do

token([3}] := token([j+1];

token{max_token_length] := ' °:
i := max_token_length;

end

alse

if (token[i] = 'e') or (token(i} = 'E') then
i := max_token_length

else

if (ord{token{i]) >= 48) and (ogd(token[i]) <= 57)

exponent := exponent+l;

i:=14+1;

end;
check for exponential notation 'e' or 'E' }

i:=1:
while (i <= max_token_length) do
begin
if (token(i] = 'e') or (token{i] = 'E') then
begin
token[i] := ' *;
for 3 := 1 to max_token_length do
begin
exponent_token{j] := ' *;

end;

for 3 := i+l to max_token_length do

begin
exponent_token([j] := token{j]:
token(j] := ' ";

end:

x := char_integer_to_real (exponent_token);

exponent := exponent + round(x):

i := max_token length + 1;
end
else

i =i+ 1;

end:

T X s char_integer_to_real (token)

while abs(x) >= 1 do x := x/10;

if exponent > 0 then
for 1 := 1 to exponent do x := x*10.0;

if exponent < 0 then

for i := -1 downto exponent do x := x/10.0;

.

then




: real number := Xx:

end;

procedure write_token (var x : text; token : token_type ):

var

i : longint:

begin
i :=1;
while (i <= max_token_length) do
begin
if i = max_token_length then
begin
if token[i] <> ' ' then write(x,token(i]):
1 := i+l
end

else

if ((token{i] = ' ') and (token{i + 1] = ' ')) then

i := max_token_length + 1
else
begin
write(x, token{il):
i:=1+1
- end
end

end; { write_token_string }

procedure read_token ( var token : token_type );
var
i : longint:
begin
i = 1;
token := blank_token;
while (not eoln) and (i < max_token_length) do
begin
read (token[i]):
i =i+
end:
readln;

end: { read_token }.
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File: EXPRSION.DEF

public exprsion:
procedure insert_child_expression(operand : operand_type;operator : longint):
procedure insert_sibling_expression(operand : operand_type:;operator:longint):
procedure reset_last_expression(head_operand : operand_type):
procedure node_display(expression : expression_pointer):
procedure create_expression(var expression : expression_pointer):
procedure delete_expression(var expression : expression_pointer):
procedure fetch_expression operand(expression : expression_pointer;var operand : operand_type);
function assignment_necessary(var expression : expression_pointer) :boolean;

function index_assignment necessary(var expression : expression_pointer): boolean;




File: EXPRSION.PAS

module exprsion;
$include (exprsion.def)
$include(global.def)
$include(utility.def)
$include(emu_lib.def)

private exprsion:

procedure insert_;hild_expression(operand s operand_type:operator :

begin
{ last_expression has to be not equal to nil }
last_expression(expression_level]~.id := operand.id:
last_expression[expression_level]~.id_type :- operand.id_type:
last_expression{expression_level]”.index := operand.index:
last_expressionexpression_level]~.offset := operand.offset:
laat_axpression[axpression_level]“.operator 1= gperator;
create_expression(new_expression); ‘
last_expression[expression_level]”.right := new_expression;
new_expression~.left := last_expression[expression_level):
create_expression(new_expression):
last_expression{expression_level]~.down := new_expression:
new_expression*.up := last_expressionf{expression_levell]:
last_expression[expression_level] := new_expression:

end; { of insert_child_expression }

procedure insert_sibling expression(operand : operand type:operator:

begin
{ last_expression has to be not equal to nil }
last_expression{expression_level]~.id := operand.id:
last_expression{expression_level]“.id type := operand.id_type:
last_expression[expression_level]*~.index := operand.index;
last_expression{expression_level]~.offset := operand.offset;
last_expression{expression_level]“~.operator := operator;
create_expression(new_expression): i
last_expression[expression_level]“.right := new._expression:
new_expression~.left := last_expression[expressiocn level]:
last_expression{expression_level] := new_expression;

end; {.of right insert expression }

procedure :eset_last_expression(head_operand : operand_type);

begin

longint):

longint):

last_expression{expression level] := first_expression[expression_level];

expression_operator(expression_level] := null_operator:

last_gxpression(expression_level]“.id := head_operand.id;

last_expression{expression_level]~.id type := head operand.id type:

last_expression(expression_level]“.operator := null operator;
last_expression{expression_level]“.address(l] := 7fffH;
last_expression[expressicn_level]‘.index := head_operand.index;
1ast_expression[expression_level]“.offset - head_operand.offset;

end; { of reset_last_expression }
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procedure node_display(expression : expression_pointer);
begin
if expression <> nil then
with expression* do
begin
writeln(outfile, '{ id s ',1d);
writeln(outfile, ' id type + ',id_type):
write (outfile,' operator 2 ")
case expression“.operator of
addition: writeln(outfile, '+');
division: writeln(outfile,'\");
multiplication: writeln{outfile,'*"):
unary_minus: writeln(outfile, 'u-');
r_minus: writeln(outfile, 'r-'):
unary_float: writeln(outfile, 'float’);
unary_trunc: vriteln(ouétile.'tzunc'):
unary_round: writeln{outfile, 'round’):
subtraction: writeln(outfile,'-");

or_operation:writeln(outfile, 'or’);

and_operation:writeln(outfile, 'and'):

unary_plus:writeln(outfile, 'unary_plus'):
unary_not:writeln(outfile, 'unary not'):
greater_than:writeln(outfile,'>"):

less _than:writeln(outfile,'<’):
greater_than_or_equal:writeln(outfile,'>='});
less_than_or_equal:writeln(outfile, '<='):
not_equal:writeln{outfile, '<>*);
equal:writeln(outfile, '=');

null_operator: writeln{outfile, 'null’):
unary_index: writeln(outfile, ‘unary index'):

otherwise writeln(outfile,expression”.operator);

end;

writeln(outfile,’ offset : '",offset):
writein(outfile, ' index : ',index);
1 :=1:

while (address(i) <> 7fffH) do
begin
writeln(outfile,' address(',1,'] : ', address{i]):
i o= i41:
if i > max_branch_pointer then
begin
writeln(errorfile):
writeln(errorfile, 'maximum branch pointer exceeded'):
error_found:
end;
end:
if left <> nil then
write{outfile,’ left” 2 ', left”.id):
if right <> nil then
write(outfile, ' right~ : ', right~.id):

if up <> nil then




write(outfile, " up* : ',up~.id);

if down <> nil then

write(outfile,’ down” : ",down~.id);
writeln{outfile,’ ")
end
else

writeln{outfile, '{ Nil 1y

end:

procedure create_expression(var expression : expression_pointer):
begin
new (expression):
expression~.left := nil:
expression”.right := nil:
expression~.up := nil;
expression”.down := nil:
expression”.address(1l] := 7fffH;
expression*.index := blank_ token:
expression~.offset := 0;
expression~.id_type := general symbol type:
expression~.id := blank_token:
expression”.operator := null_operator;

end;

procedure delete_expression(var expression : expression_pointer):
begin
if expression*.up <> nil then
begin
expression := expression*.up:
dispose (expression*.down);
expression”.down := nil;
end
else
begin
if expression~.left <> nil then
begin
expression := expression*.left;
dispose (expression*.right):
expression”.right := nil:
end
else
dispose (expression):
end;

end: {of delete_exptession }

function assignment necessary{var expression : expression_pointer):

var real_zero : token_type:

begin
str_real(0.0,real_zero):
temp_token := blank_token:

add_char_to_string (temp_token, '0'):

boolean:
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with expression*.down*.right* do

begin
if ((id = temp_token) or (id = real zero)) and
(index = blank_token) and (offset = 0) then
begin
if (down = nil) and (left~.down = nil) then
assignment necessary := false
else
assignment_necessary := true:
end
aelse
assignment_necessary := true;
end;

end; { of assignment necessary }

function index_assignment necessary(var expression : expression pointer): boolean;
var temp_id : token_type:;
begin
with expression”.down" do
begin
{swap the constant to the second operand if the first operand is a constant}
{ node_display(right): }
if (index = blank_token) and
( (right~.id type = integer_ constant_symbol_type) or
{right*.id =« *'0 '} ) then
begin .
if (down = nil) and (right“~.down = nil) then
if (right“.operator = addition) or (right“.operator = subtraction) then
index_assignment necessary := false
else
index_assignment_necessary := true
else
index_assignment necessary := true:
end
else
index_assignment_necessary := true:
end;

end; ( of index_assignment_necessary }

procedure fetch_expression_operand(expression : expression_ pointer:var operand : operand_type):
begin

operand.id := expression~.id;

operand.id_type := expression*.id type:

operand.index := expression~.index:

operand.offset := expression*.offset;

end; { fetch_expression_operand }.




File: EXPRTREE.DEF

public exprtree:

Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure

Procedure

generate_arithmetic_assignm
generate_real conversion(va
check_operands_type(var exp
check_result_type(var expre
correct_type(var expression
type_checking(var expressioi
create_arithmetic_term(var
generate_arithmetic_term{(va
delete_term(var expression
delete_redundant_term(var e
transform(var expression :
transform_right:
transform_down:
traverse_down;
traverse_right:
traverse_expression_tree:
Transform expression_tree;

Evaluate_expression_tree:

ent (var expression : expréssion_pointer):

r operand:token_type):
ression : expression_pointer):
ssion : expression pointer):

: expression_pointer):
n : expression_pointer):
expression : expression_pointer);
r expression : expression_pointer):
: expression_pointer):
xpression : expression_pointer):

expression_pointer):
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File: EXPRTREE.PAS
module exprtree:;
$include (exprtree.def)
$include(global.def)
$include (code_gen.def)
$include (exprsion.def)
$include (utility.def)
$include{emu_lib.def)

private exprtree:

Procedure generate_arithmetic_assignment (var expression : expression pointer):
label 1:
var F,R,S : operand_type:
opcode, expression_type : longint:
begin
type_checking(expression) :
if debug then
begin
writeln(outfile, '---- Generate_arithmetic_assignment ----'):
node_display(expression~.left~.up):
node_display(expression*.left);
node_display(expression):
end;
if expression“.operator = unary_index then
begin ’
expression~.left~.up*.index := expression~.left”.id:
goto 1 {exit};
end;
opcode := expression”.operator:
expression_type := expression~.left“.up*.id_type:
case expression_type of
real symbol_type :
begin
if (opcode=multiplication) or
(opcode=addition) or
{opcode=subtraction) or
{opcode=unary_float) or
(opcode=unary plus) or
{opcode=unary minus) or
{opcode=null_operator) then
begin
fetch_expression(F.R,S,expression):
generate_ALU_operation(F,R,S,opcode):
end
else
begin
writeln(errorfile):
writeln(errorfile, 'operator mismatch'):
error_found;
end:

end:
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boolean_symbol type :

begin

case opcode of

greater_than : generate_greater_than(expression):

less_than : generate_less_than(expression);

equal : generate equal (expression):

not_equal : qenerate_not_gqual(expzession):

greater_than_or_equal : generate_greater_than_or_equal{expression):

less_than_or_equal : generate_less_than_or_equal (expression);

unary_not : generate_unary_not (expression):

and_operation : generate_and (expression)

or_operation generate_or (expression);

addition : begin

fetch_expression(F,R,S,expression};
if (£.4id(1]='#') then generate_or (expression)
else generate_ALU~operation(F,R,s,opcode):

end;

multiplication :

begin
fetch_expression(F,R,s.exptession):
if (£.1d(1]='#') then generate_or{expression)

alse generate_ALU_operation(F,R,S,opcode):

end;

otherwise write_ error('unknown boolean operation

end;

end;

integer_symbol_type :

begin

if (opcode=multiplication) or

(opcode=addition) or

(opcodewsubtraction) or
{opcode=unary_trunc) or
{opcode=unary_round) or
(opcode=unary_plus) or
(opcode=unary_minus) or

(opcode=null_operator) then

begin

fetch_expression(F,R,S,expression);

generate ALU operation(F,R,S,opcode):

end

else

begin

writeln{errorfile):

writeln(errorfile, 'operator mismatch');

error_found:

end:

end;

otherwise

begin

',blank_token):
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writeln(errorfile):
writeln(errorfile, 'unknown expression_type = ', expression_type):
error_found:
end:
end: { of case expression_type of }

1: end; { of generate arithmetic assignment }

Procedure generate_real_conversion(var operand:token_type):

begin

-

expression_operator{expression_level] := unary_float:
if operand[1] = 'S’ then
begin
assign_temp_variable{operand):
end;
R_operand := operand:
str_integer (next_temp_variable_location,operand):
temp
F_result := concat('#',operand):
operand :~ F_result;
S_operand := blank_token:
S_operand(l] := '0':
expression_type := real symbol_type:
generate_arithmetic microcode; }

end: { of generate_real_conversion }

Procedure éheck_ppetands_type(var expression : expression_pointer);
var real zerc : token_type:
begin
{ check to avoid real conversion when operand = 0 }
temp_token := blank_token;
if (expression~.id(1l] = '0') and
({expression~.left*.id_type = real symbol_type) or
(expression~.left~.id_type = real constant_symbol_type)) then
begin
str_real{(0.0,real_zero);
expression*.id := real_zero:
expression~.id_type := real constant_symbol type:
end
else
if (expression~.left~.id(1] = '0') and
{{expression*.id_type = real_ symbol_type) or
(expression~.id_type = real_constant_symbol_type)) then
begin
str_real{0.0,real_zero):
expression”.left~.id := real_zero:
expression”®.left~.id type :~ real_constant_symbol type:

end; { of check to avoid real conversion when operand = 0 }

if (expression*.operator=unary minus) or
(expression”.operator=unary_trunc) or

{expression”.operator=unary_round) or




{expression~.operator=unary_not) then
begin

{ acceptable }
end
else

if (expression”.operator=unary_index) then

'begin

if (expression~.left~.id_type = integer_symbol type) or
(expression~.left~.id _type = integer_constant_symbol_type) then
begin
{ acceptable 1}
end
else
begin
writeln(errorfile);
writeln{errorfile, ‘Brror l!! Operands type mismatch'):
error_found:
end;
end
else
if expression~.id_type <> expression”.left".id_type then
begin
if ((expression*.id type = integer_symbol type) or
{expression~.id_type = integer_constant symbol type)} and
{(expression~.left~.id type = real symbol_type} or
(expression~.left~.id_type = real constant_symbol type)) then
begin
generate_real conversion({expression®.id):
expression~.id type := real_symbol type:
end
else
if ((expression~.id_type = real symbol_type) or
(expression*.id_type =~ real_constant_symbol type}) and
{(expression~.left~.id type = integer_symbol_type) or
(expression~.left~.id_type = integer_constant_symbol type)} then
begin
generate_real_conversion{expression®.left*.id):
expression*.left”.id_type := real symbol_type:
end
else
if ((expression*.id_type = real_symbol_type) or
(expression~.id_type = real_constant_symbol_type)) and
{{expression~.left~.id_type = real symbol type)} or
(expression~.left”~.id_type =~ real_constant_symbol_type)) then
begin )
{ acceptable combination }
end
else
if ((expression~.id type = integer_symbol type} or
(expression~.id_type = integer constant_symbol_type)} and

((expression~.left*.id_type = integer_symbol_type) or
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(expression*.left~.id type = integer constant_symbol_ type)) then
begin
{ acceptable combination }
end
else
if ((expression~.id_type = boolean_constant_symbol_type) or
{expression~.id type = boolean_symbol_type)) and
((expression~.left".id_type = boolean constant_symbol_type) or
(expression~.left”.id type = boolean_syﬁbol_type)) and
(({expression”.operator = and_operation) or
{expression*.operator = or_operation) or
{expression“.operator = equal) or
(expression~.operator= unary not) or
(expression~.operator = addition)) then
begin
{ acceptable combination }
end
else
begin
writeln(errorfile):
writeln(errorfile, 'Error !!! Operands type mismatch'):
error_found:
end:
end;

end: {of check operands_type }

Procedure check_resulc_;ype(var expression : expression pointer):
begin
with expression* do
begin
if (operator=unary_trunc) or
{operator=unary_round) then
begin
if (left~.up*.id(1] = '%') or (left~.up*~.id(1l] = '#') or
(left~.up~.id{1} = *&') then
left~.up~.id_type := integer_symbol type:
if (left~.up~.id_type = integer_symbol_type) and
((left~.id_type = real_symbol_type) or
(left~.id type = real_constant_symbol_type)) then
begin
{ acceptable }
end
else
begin
writeln(errorfile):
writeln(errorfile, 'Error !!! type mismatch : '):
error_found:;
_end:
end { of operator = unary trunc .. }
else

if (left~.up™.id[l} = 's') or
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(left~.up*.id{1l] = '#') or
(left~.up*.id[1} = '&") then
begin
if (operator=greater_than) or
{operator=less_than) or
(operator=equal)} or
(operator=not_equal) or
{operator=less_than_or_equal) or
{operator=unary_not) or
(operator=greater_than_or_equal) then
begin
left~.up*.id_type := boolean_ symbol type:
expression_type := boolean_symbol_type:
end
else
begin
left~.up~.id_type := expression_type:
end:
end { of temporary variable '%' and '#' }
else
begin
if (operator= unary index) then
begin
{ acceptable combination }
end
else
if (left~.up~.id_type = real_symbol_type) and
({lett~.id_type = real_symbol_type) or
(left~.id_type = real_constant_symbol type) or
(left~.id_type = integer_symbol type) or
(left~.id_type = integer_constant_symbol type)) then
begin
{ acceptable combination }
end
else
if (left~.up~.id_type = integer_symbol_type) and
((left~.id_type = integer_symbol type) or
(left~.id _type = integer_constant_symbol type)) then
begin
{ acceptable combination }
end
else
if (left~.up~.id_type = boolean_symbol_type) then
begin
if {(left~.id_type = real_symbol_type) or
{left~.id_type = real constant_symbol_type) or
{left~.id_type = integer_symbol_type) or
(left~.id_type = integer constant_symbol type}) and
{ (operator=greater_than) or
(operator=less_than) or

{operator=~equal) or
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(operator=not_equal) or
(operator~less_than_or_equal) or
(operator=greater_than_or_equal)) then
begin
expression_type :~ boclean_symbol_type:
end
else
if ((left~.id_type = boolean_constant_symbol_type) or
{left~.id_type = boolean_symbol type)) and
((operator= and_operation) or
{operator= or_operation) or
(operator= unary_not) or
{operator= addition)) then
begin
{ acceptable }
end
else
begin
writeln(errorfile):
writeln(errorfile, 'Error !!! type mismatch'):
error_found:
end;
end
else
begin
writeln(errorfile):
writeln(errorfile, 'Error !!! type mismatch’):
error_found;
end:
end: { third case }
end; { of with expression~ }

end; { of check_result type }

Procedure correct_type(var expression : expression_pointer):
begin
with expression* do
begin
if id_type = real_array symbol type then
id_type := real_ symbol_type
else
if id_type = integer_array_symbol_type then
id_type := integer_symbol_type
else
if id_type « boolean_array_symbol type then
id_type := boolean_symbol_type:
end:
with expression~.left* do
begin
if id_type = real_array_symbol_type then
id_type := real_symbol_type

else
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if id_type =~ integer_array_ symbol type then
id_type :=~ integer_symbol_type
else
if id_type = boolean_array_ symbol type then
id_type := boolean_symbol_type:
end;
with expression*.left*.up” do
begin
if id_type = real_array_symbol type then
id_type := real_symbol_type
else
if id_type = integer_array_symbol_type then
id_type :~ integer_symbol_type
else
if id_type = boolean_array_symbol_type then
id_type := boolean_symbol_type:
end:

end; { of correct_type }

Procedure type_checking(var expression : expression pointer):

begin
correct_type{expression):
if (expression~.left~.up~.id{1) <> '#') and
(expression~.left~.up~.id(1l] <> '%') and
(expression~.left~.up*.id{1] <> '&¢') then

begin

expression_type := expression“.left”.up~.id type:

end
else

if (expression~.id_type = real_symbol type) or

{expression~.id_type = real_constant_symbol type) or
(expression~.left”.id_type = real symhol_type) or

(expression~.left~.id type = real_constant_symbol type} then

begin .
expression_type := real symbol type:
end

else

if (expression~.left”.id_type=boolean_symbol_type) or

(expression*.left~.id_type=boolean_constant_symbol_type) then

begin

expression_type := boolean_ symbol_ type:
end
else
begin

expression_type := integer_symbol_type:
end;
check_operands_type (expression);
check_result_type(expression):

end: { of type_checking }

function precedence{operator : longint):lengint;
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begin
case operator of
null operator :

greater_than :

greater_than_or_equal : precedence

less_than :

less_than or_equal

equal s
not_equal :
unary_not :
and_operation :
or_operation :
addition s
subtr;ccion :
r_minus s
division H
multiplication:
unary_minus
unary_round i
unary_trunc
unary_float :
unary_index :
end:

precedence

precedence

Q:
1;

precedence := 1;

: precedence
precedence := 1;
precedence := 1;
pracedence := 7:
precedence := §;
precedence := 3;
precedence := 3;
precedence := 3;
precedence := 3;
precedence :w 5;
precedence := 6;
precedence := 7;
precedence := 7;
precedence := 7;
precedence := 7;
precedence := 7;

end: { of precedence }

Procedure create_ arithmetic_term(var expression

var temp_expression

+ expression_pointer:

token : token_type:

begin

create_expression(new_expression):

assign_percent_variable(token):

new_expression~.id := token:

new_expression*.id_type := symbol type:

expression_pointer):

new_expression“.operator := expression”.operator:

expression”.operator

if expression~.up
begin

new_expression”

new_expression~.down := expression;
expression := new_expression”.up;

expression”.down :e new_expression:

end

else

.up

expression*.up :~ new_expression;

<> nil then

if expression“~.left <> nil then

begin

new_expression*.down := expression:
expression”.up := new_expression;:

new_expressicn”.left := expression*

expression*.left := nil;

expression := new_expression“.left;

:= null operator:

Hd expzession‘iup:

.left;
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expression*.right := new_expression;
end;
expression := new_expression”.down;
if expression~.right~.right <> nil then
begin
expression := expression“*.right;
expression := expression*.right;
expression~.left := new_expression:
new_expression~.right := expression:
expression := new_expression~.down:
expression := expression*.right;
expression“.right := nil;
end;

expression := new_expression:

end; { of create_arithmetic term }

Procedure generate_arithmetic_term(var expression : expression_pointer):
begin
if ( precedence(expression~.right”.operator} >=
p:ecedence(axpression“.tight“.right“.operatof) ) then
create_arithmetic_term(expression)
else

if ( expression”.right~.right~.right ) <> nil then

generate_arithmetic term(expression®.right)

else
'cxaate_;rithmetic_term(expression“.right):

end; { of generate_arithmetic_term }

Procedure delete_term(var expression : expression_pointer):
begin

if expression”.down“.down = nil then

’- n

begin
dispose (expression~.down):
expression”.down := nil;

end

else

begin
new_expression := expression”.down:
new_expression := new_expression”.down;
new_expression®.up := expression:
new_expression := expression~.down:
expression”.down := new_expression”.down:
dispose (new_expression);

end;

end; { of delete_term }

Procedure delete_redundant_term(var expression : expression_pointer);
begin

if (expression~.down <> nil) then

if (expression~.down~.left = nil) then

if {expression”.down”.right=nil) then




if (expression*.down*.operator~null_operator) then

begin

if (expression“.down*.id(1]1='%') then

begin
delete_term(expression);
delete_redundant_term(expression);

end

else

if (expression~.id(l]='s') then

begin
expression~.id := expression”.down”.id:
expression*.id_type := expression*.down*.id type:
expression~.index := expression*.down*,index:
expression~.offset := expression“fdown“.offset:
delete_term(expression):
delete_redundant_term(expression);

end;

end
else

if (expression”.operator = null_operator) and

{expression“.right = nil) and

(expression~.id{1] = '%') then

begin

aexpression~.id := expression~,down~.id:
expression~.id_type := expression~.down*.id_type:
expression”.operator := expression“.down”.operator:
delete_term(expression):

delete_redundant_term{expression):

end
alse
if (expression“.down“.down <> nil} then

begin

delete_redundant_term({expression*.down):
1f (expression”.down”.down <> nil) then
begin

if {(expression~.down*.operator = unary not) and

(expression~.down".down".operator = unary not) then

begin
delete_term(expression):
expression”.down”.operator := null_operator:
if expression~.down~.id[1] = '$' then

delete_term(expression):

delete_redundant_term{expression):

end

else

if (expression~.down*.operator = unary minus) and

(expression*.down*.down*.operator = unary minus) then

begin
delete_term{expression):
expression”.down”.operator := null_operator:

if expression*.down~.id[l] = '%' then
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delete_term(expression):
delete_redundant_term(expression):
end:
end;

end;

end: { of delete_redundant_term }

Procedure transform{var expression :_expression_pointer):
var pemp_tokan : token_type:

begin

if ({expression”.operator = unary minus) or
(expression*.operator = unary_round) or
{expression“.operator = unary not) or
{expression”.operator = unary_trunc) or
{expression~.operator = unary_index)) and
(expression~.id <> blank_token) then
begin
create_expression(new_expression):

new_expression~.id := blank_token:

new_expression~.operator := expression®.operator:

expression”.operator := null_operator;
new_expression~.left := expression:
expression~.right := new_expression:
end
else
if (expression~.id(1] <> '&') and
(expression~.id <> blank_token ) and
{expression~.left = nil) and
{expression*.right = nil) then
begin
create_expression(new_expression):
new_expression~.id type := expression*.id_type:
new_expression~.id := blank_token;
new_expression®.id[1] := '0°:
new_expression”.operator := addition:
expression~.operator := null_operator:
new_expression~.left := expression:
expression~.right := new_expression:
end:
if (expression*.right <> nil) theﬂ
while (expression~.right~.right <> nil) do

generate_arithmetic_term(expression):

end; { of transform }

Procedure transform_down:
var temp_var : integer:

begin

current_expression := current expression”.down;
delete_redundant_tetm(current_expression):

transform{current_expression):

if current_expression®.down <> nil then transform down;
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if current_expression”.right <> nil then transform right:

if (current_expression*.index <> blank_token) then
temp_var := assign_index(current_expression~.index):

current_expression := current_expression“.up:

end; { of transform down }

procedure transform_right:

va£ temp_var : integer;

begin
current_expression := current_expression~.right:
delete_redundant_term(current_expression):
transform(current_expression):
if current_expression®.down <> nil then transform_down:
if current_expression®,right <> nil then transform right;:
if (current_expression”.index <> blank_token) then

temp_var :~ assign_index(current_expression*.index):

current_expression := current_expression*.left:

end: { of transform right }

Procedure traverse_down;
begin
current_expression := current_expression*.down:
if current expression*.down <> nil then traverse_down:
if current_expression”.right <> nil then traverse_right;
{ node_display(éurrent_expression): }
current_expression := current_expression”.up:
dispose(current_expression“.down);
current_expression~.down := nil:

end; { of traverse_down }

Procedure traverse_right:
begin
current_expression := cgrtent_expression‘.right:
if current _expression*.down <> nil then traverse_down;

if current_expression*.right <> nil then traverse_right;:

-~

node_display(current_expression): }
generate_arithmetic_assignment (current_expression):
current_expression := current_expression*.left;:
dispose (current_expression”.right);
current_expression®.right := nil:

end: { of traverse_right }

Procedure traverse_expression_tree:
var head_id : token_type:
temp_var : integer:
begin
current_expression := first_expression[expression_levell:
head_id := current_expression~.id:
delete_redundant_term(current_expression):
begin

if (current_expression~.index <> blank_token) then
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temp var := alsign_index(current_pxpression‘.index):
transform _down:
traverse_down:
end;

end; { of traverse_expression_tree }

Procedure Transform_expression_tree;
var head id : token_type:
temp_var : integer:
begin
current_expression := first_exptession[expression_level];
head_id := current_expression“.id:
delete_redundant_term(current_expression):
if (current_expression~.index <> blank_token) then
temp_var := assign_index(current_expression~.index);
transform_down;

end: { of transform_expression_tree }

Procedure Evaluate_expression_tree;

var head_id : token_type:

begin
current_expression := first_expression{expression level]:
head_id := current_expression®.id;

traverse_down:

end; { of Evaluate_expression_ tree }.
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File: FETCH_TK.DEF

public fetch_tk:

procedure fetch_token;
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File: FETCH_TK.PAS

module fetch_tk:

public fetch_tk:
procedure fetch token:
$include (global.def)
$include (utility.def)
$include (emu_lib.def)
private tetéh_tk:

procedure fetch token:
label 1;
var

i : longint;

procedure get_char (var ch : char):
begin
ch := infile*:
get (infile):
if (ord(ch) >= 65) and (ord(ch) <= 90) then ch := char(ord(ch)+20H):
if ord(ch) = 10 then o
begin
gotoxy (5,24);
write(line_number):
line_number := line_number+l:
end;

end;

procedure unexpected_eof:
begin
write_error(‘unexpected end of file !, token);

end;

procedure filter out_blank:
begin
while ( (ord(ch) <= 20H) or (ord(ch) > 7eH) ) and ( not eof{infile) ) do
begin
get_char(ch):
if not eof{infile} then write(errorfile,ch);
if ch in upper_letter_set then ch := char(ord(ch)+20H):
end;

end;

procedure filter_ out_comment;
begin
{ filter out comments }
if not eof{infile) then
repeat
get_char({ch):
if not eof(infile) then write({errorfile,ch):

if ch = '{' then filter_ out_comment;
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until (ch = '}') or {eof(infile)):

if eof(infile) and (ch<> '}') then
begin

token := blank_token: token{l] := ch:; { so ch can be passed as a token }

write_error('closed comment } expected
end;
if not eof(infile) then
begin
get_char(ch);
if not eof(infile) then write(errorfile,ch):

end;

end; { of filter out comment }

procedure integer_number:
begin
add_char_to_string (token, ch):
if ch in {'0'..'9'] then
begin
if not eof(infile) then
begin
get_char(ch);
if not eof(infile) then write(errorfile,ch);
end:
while (ch in ['0'..'9']) and (not eof(infile)) do
begin
add_char_to_string (token, ch):
get_char(ch):
if not eof(infile) then write(errorfile,ch);
end:
end
else
begin
write_error('numeric character expected

end:

end:

procedure exponent;
begin
add_char_to_string (token, ch);
if not eof(infile) then
begin
éet_char(ch)::
if not eof(infile) then write(errorfile,ch):

if ((ch = *'+') or (ch='-')) and (not eof(infile)) then

begin
add_char_to_string (token, ch):
get_char(ch)::
if not eof(infile) then write(errorfile,ch):
integer_number;

end

else

*,token):

*,token):
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at

integer_number:

end

else

begin
token := blank_token: token[l] := ch: { so ch can be passed
write_error{'unexpected end of file

end;

end; { of procedure exponent }

Procedure number:
begin
symbol_type := real_constant_symbol type:
add_char_to_string (token, ch):
if not eof(infile) then
begin
get_char(ch):;
if not eof(infile) then write(errorfile,ch):
if ch in ('0°'..'9'] then integer_number:
if ch = '.' then
begin
if not eof(infile) then
begin
get_char(ch);
if not eof(infile) then write(errorfile,ch):
if ch <> '.' then ’
begin
add_char_to_string (token, '.");
if not eof(infile) then write(errorfile,ch):
if ch in ['0'..'9'] then integer_number;
if ch = 'e' then exponent;
end
alse
symbol_type := integer_constant_symbol_type:
end: { of if not eof }
end
else
if ch = 'e' then
exponent
else
symbol_type := integer_ constant_symbol type:
end

end; { of number }
{ expect ch : char solely to be used by procedure fetch token }

begin
symbol_type := general symbol_type:
token := blank token:
if eof(infile) then
begin
add_char_to_string (token, ch):

as a token }

*,token)
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goto 1
end;
filter_out_blank;
if ch='{' then
begin
repeat
filter out comment:
filter_out_blank:
until {ch < *{') or eof(infile):
end;
ifrtch in ['0'..'9'])} then number

else

if ( (ch in delimiter) or (ord{(ch) < 20H) or (ord{(ch) > 7eH)

and { not eof(infile) ) then
begin
add_char_to_string (token, ch):
if ch = '<' then
begin
get_char(ch):
if ch in (*>*,'='] then
begin
add_char_to_string (token, ch):
get_char(ch):
end:
end
else
if ch = '>' then
begin
get_char(ch);
if ch = *=*' then
begin
add_char_to_string (token, ch):
get_char({ch):
end;
end
else

get_char{ch):

if not eof(infile) then write(errorfile,ch}:

end
else
begin
add_char_to_string (token, ch):
if not eof(infile) then
repeat

get_char{ch):

if not eof(infile) then write(errorfile,ch);

if not ( (ch in delimiter) or {(ord{(ch) < 20#)

or (ord(ch) > 7eR) ) then

add_char_to_string (token, ch):

until (ch in delimiter) or (ord(ch) < 20H)

or {ord(ch) > 7eH) or eof{infile):

-
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1:

end;
if symbol_type = real_constant_symbol_type then
begin

val_real (token,real_constant value,i):

str_real (real_constant_value,token):

if 1 <> 0 then

begin

write_error('real conversion error

end;
end
else
if symbol_type = integer_constant_symbol type then
begin

val_integer (token,integer_constant_value,i):

str_integer (integer_constant_value,token):
if i <> 0 then

begin

write_error('real conversion error

end

end;

end:; { of fetch token }.

',token);

', token);
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File: FOR_STAT.PAS

procedure for_loop(for_index,upper:operand_type);

var begin_loop_address : longint;

temp_operand : opérand_type:
one : operand_type:

begin

clear_pipeline_stage:

{ check for exit condition }
assign_stack_operand(temp_operand, integer_symbol_type):
free_stack_operand;

temp_operand.offset := 0;

temp_operand.index := blank_token;
branch_lookahead_buffer{2] := if negative:
begin_loop_address := program counter:

generate_ ALU_operation(temp_operand,upper, for_index, subtraction):
compound_statement; '

{ increment for_index }

one.id := blank_token;

one.id[l] := '1’;

one.id_type := integer_constant_symbol_type:
one.offset := 0:

one.index := blank token;

generate ALU_operation(for_index, for_index,one,addition):

if (write_lookahead buffer(l].id <> blank_token) then generate_nop:

writeln(outfile, ':',program_counter,': goto ',begin_loop_address):

microcode_address :« program_counter:
branch_address := begin_loop_address:
AM2910_opcode := CJP;

branch_opcode := unconditional;
output_microcode_field:
program_counter := program_counter + 1;:

writeln(outfile,'b ',begin_loop_address+2,' ', program_counter):

end; { of for_loop }

procedure for_ statement;

var for_index,upper : operand_type:

begin_loop_address, lower_offset, upper_offset: longint:
temp_token : token_type:

i : longint;

initial_index_register : array[0..max_index register] of token_type;

begin

{

writeln(outfile, ';~======= expression ',expression_number,' ----

expression_number := expression_number + 1;
fetch_token;
find_symbol (token, symbol_type, symbol_value, found):
if symbol_type <> integer_symbol_type then
begin
write_error(’'integer expected
end:
for_index.id := token:

for_index.id_type := integer_symbol_ type:

', token);
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for_index.offset := 0;
for_index.index := blank_token:
fetch_token:
verify token(token,colon):
fetch_token:
verify token(token,equal_token):
fetch_assigned parameter{for_index):
vexiiy_tokcn(tokan.to_toien):
upper.id_type := integer_symbol_type;
fetch_parameter (upper):
{ begin of the for-loop }
for i := 0 to max_index_register do
begin
initial_index_register{i] := index register(i]:
end;
for_loop(for_index,upper):
(rssgota the index register to its initial state}
for i := 0 to max_index register do
begin
if initial_index_register[i) <> index_register({i) then
begin
if initial_index register{i] <> blank_token then
load_index_register(initial index_register([il):
index_register(i] := initial_index register(i]:
end:
end;

end; { of for_statement }




File: GLOBAL.DEF

public global:

const
Pi = 3.141592654;
prime = 19;
max_token_length = 50:
dataram_address limit = 2047;
program_counter_limit = 409S:
temp_variable_limit = 100: { used to store temporary variables }
max_branch_pointer = 20:
max_index_register = 15;
max_procedure_level = 6;
max_reference_parameter = 15;
max_expression_level = 10;

max_local variable = 100:

version = 'Computer Architecture Lab Pascal Compiler -~ 2.0 ':
program_heading = ‘program '
procedure_heading= 'procedure "
function_heading = 'function ':
blank_token - ':
semicolon -t '
open_parenthesis = *( *:
close_parenthesis~ ') ':
comma -, ]
colon -t '

greater_than_or_equal_token
- "D Rr
less_than_or_equal_token
- ¢ )

greater_than_token

- > ",
less_than_token = < '
not_equal token = '<> '
equal_token - - ',
not_token = 'not L
" and_token = 'and [N
or_token = 'or '
multiply token = '* '
divide_token -/ '
add_token -4 L
plus_token - 4 ',
percent_token - 'y LN
minus_token Toa- 'y
period -, ) '
open_bracket - v
close_bracket =-'} 'y

var_declaration = 'var '

const_declaration= 'const s

type_declaration = 'type ':
begin_token =~ 'begin T:
do_token ~ 'do '
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to_token
for_token
end_token
if_token
then_token
else_token
while_token
repeat_token
until_token
true_token
false_token
real_token
integer_token
boolean_token
round_token
gt_ffs_token
czuﬂc_tokgn
exp_token
1n_token
sqrt_token
sin_token
cos_token
tan_token
asin_token
acos_token
atan_token
send
send_msw
send_lsw
receive
receive_msw
receive_lsw
proc_reset
store_function
store_window
read_function
network

host
host_dav
host_rfi
network dav
network rfi
real_zero
integer_zero
array_token

of_token

open_square_bracket

to

'for

'end

ir

'then

‘else

*while
‘repeat
funtil

'true

*false

‘real
'integer
'boolean
'round
‘gt_ffs
‘trunc

‘exp

"In

Tsqrt

'sin

'cos

*tan

'asin

tacos

*atan

*send
'send_msw
‘send_lsw
'receive
'receive_msw
‘receive_lsw
*initialize
'store_function
'store_window
'read_function
‘network
'host
‘host_dav
‘host_xrfi
'network_dav
‘network_rfi
'0.0

'0

tarray

'of

-1

close_square_bracket = ']

dot

{symbol type}




real_symbol_type =0;
integer_symbol type -1
real_constant_symbol_ type =2;

integer_constant_symbol_ type =3;
label_symbol_type -4;
procedure_symbol_type =5;

standard_procedure_symbol_type =6:

function_symbol_ type -7;

standard_function_symbol_type =8:

reserved word_symbol_type =9;
delimiter symbol_type =10;
boolean_symbol_type =11;

boolean_constant_symbol_type =12;

real_array_symbol_type =13;
integer_array_ symbol_type =14;
boolean_array symbol type =15;
general_symbol_ type =100;

{ parameter type }

call by reference = 0;

call_by value = 1;

{operator type}

addition =0:

multiplication =1;

subtraction =2;

unary minus = 3;

unary_round =4:

unary_trunc =5;

division =6:

unary_flocat = 7;

r_minus = 8;

greater_than=9:

greater_than_or_ equal=10:

less_than=11:

less_than_or_equal=12;

equal=13;
not_equal=14;

unary_not=l5;

and_operation=16;

or_operation=17:

unary_plus=18;

unary_index=~19;

null_operator = 100;:

{assignment type}

R_type = 2:
F_type = 3;
M_type = 4;

{branch type}

{ temporary variable type }
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if not_xdav = 0; { if network has data available }
if pot_xrfi = 1: { if network is ready to receive data }

if_not_hdav = 2; { if host port has data available }

if not_hrfi = 3; { if host port is ready to receive data
if_zero = 4; ( if ALU result is zero }

it_ﬁoé_zero = S: { if ALU result is not zero )
if_negative = 6: { if ALU result is negative }

if not_negative = 9; { if ALU result is not negative }
if_error = 10; { if error occurrs }

unconditional = 12; { unconditional branch }

no_branch = 7; { force condition to be always false }

{am2910 opcode}

J2 = 0; { jump to zero }

€Js = 1; { conditonal jump to subroutine }
CJP = 3: { conditional jump }

CRTN = 10; | conditional return }

CONT = 14: { continue }

{write_opcode}

write ALU = 1;

write host = 2;
write_network = 3;
read_function_opcode = 4;
store_window_opcode = 6;

store_function_opcode = 7;

{ALU_opcode}
Float_add = 0;
Float_sub = 1:
Float_mult = 2:
Float_convert = S:

Fix_convert = 4;

{read_opcode}
load_index = 1; { store a value to the index register from the R-bus }
load_host = 2: { store a value to the host fifo from the R_bus }

load_network = 3; { store a value to the network fifo to the R_bus }

type
delimiter_type = set of char:
Upper_letter_set_type = set of char:
token type = pécked array (1..max_token_length] of char:
character_set = set of char;
symbol_pointer = ~symbol_record:
parameter_pointer = “parameter_record:
parameter_record =
record

id : token_type:
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id_type : longint;
address : longint:
parameter_type : longint:
next : parameter_pointer:
end;
symbol record =
record
name : token_type:
value + longint;
symbol_type : longint;
scope : longint;
constant_value: real;
parameter_link : parameter_pointer:
next ¢ symbol_pointer:
end;
expression_péinter = “expression_record;
expression_record =
record
id : token_type:
id_type : longint:
operator : longint;
offset ¢ longint;
index : token_type:
address : array(0..max_branch_pointer) of longint:
up,down, left, right: expression_pointer:
end:
operand_type =
record
id : token_type:
index : token_type:
offset : longint;
id_type : longint:
1d_address : longint:
index_address : longint:
end;
var
delimiter : delimiter_type:
Upper_letter_set : Upper_letter_set_type:
token : token_type:
infile : file of char:

outfile,errorfile,constant_file : text:

ch : char: { this is to be used only by procedure fetch_token }

i : longint:

real_constant_value : real;
integer_constant_value : longint:
new_symbol,current_symbol : symbol pointer:

first_symbol : array[0..prime] of symbol_pointer:

symbol_array : array (0..30] of token_type; { used to store multiple var declaration }

program_counter,dataram_address, symbol_type, symbol_value : longint:

constant_program_counter : longint:

temp_variable_address : longint:
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constant_assignment_type : longint;
symbol name : token_type:

found : boolean;

h_opcode, am2910_opcode, branch_address, write_opcode, read_opcode : longint;
microcode_address,AR,AS,IAl,IA0,Dsel :longint;

AIR,AIS : array(0..1] of longint;

AIF,IA2 : array{0..2] of longint;

AF : array(0..2) of longint;

I3 : array{0..1] of longint:

ENF_bar,I4,msw : longint;

mc325_buffer : array {0..1] of 1ongint:

first_expression,last_expression : array(0..max_expression_level] of expression pointer:

new_expression, current_expression: expression_pointer:
write_lookahead buffer : array ([0..2] of operand_type:
branch_lookahead buffer : array (0..2] of longint;
{ used for pipeline stage of am29325. Need to stuff nop's when
id needed for calculation has not been calculated for at least
two cycles previously }
line_number,percent_variable_counter : longint;
hex_number : token_type:
input_filename : token_type:
output_filename :token_type:
error_filename : token_type:
constant_filename : token_type:
filename : token_type:
expression_type : longint:
expression_operator : array( 0..max_expression:_level] of longint:
branch_state : longint: { 1 = branch if condition is true
2 = branch if condition is false
3 = true and false address jump may be required
{ last boolean expression evaluated )
4 = branch if condition is true
§ = branch if condition is false '}
expression_number : longint; ( number used to keep track of the nummber of
expressions }
array_lower_range, array_upper_range : longint:
debug : boolean:
index_register : array(0..max_index_register] of token_type;
stack_pointer : longint;
index_pointer : longint;
procedure_link :-symbol_pointer:
current_parameter,new_parameter : parameter_pointer:

procedure_level,parameter_type : longint:

local_variable : array[O..max_procedure_level.o..max_local_variable] of token_type:

inside_function _block : array{0..max_procedure_level] of boolean:
no_local_variable : array([0..max_procedure_level] of longint;
expression_level : lengint:

operand : operand_type;

zero_operand : operand_type:

temp_token : token_type;




File: GLOBAL.PAS

module global:

$include(global.def)

private global

{ This module is one of the many datums showing that:

{ Intel PASCAL86 is quintessentially bogus };.
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File: HEX CONV.DEF

public hex_conv:
procedure word_to_hex(number : word; var hex_number : token_type):
Function Hex_to_word (hex_number : token_type) :word:
procedure byte_to_hex(number : word: var hex_number : token_type):
Function Hex_to_byte(hex_number : token_type) :word:
procedure integer to_hex(number : longint; var hex_number : token_type):
Function Hex_ to_integer (hex_number : token_type) :longint;

Function Hex({data:word):char;
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File: HEX CONV.PAS

module hex_conv:

$include (hex_conv.def)
$include (emu_lib.def)
$include (bit_func.def)
$include (global.def)

private hex_conv;
Function Hex(data:word):char:
var 1 : longint;
begin
case word_and (data, 000fH) of
10 : hex := 'A';
11 : hex :~ 'B'; .
12 : hex := 'C';
13 : hex :~ 'D’;
14 : hex := 'E';
15 : hex := 'F';
. otherwise hex := chr(48 + 1i):
end;

end; { Hex }

procedure byte to_hex(number : word; var hex_number : token_type):
var p, i :word;
begin

hex_number := blank_token;

for p := 1 to 2 do

hex_number(p] := '0';
for 1 := 0 to 1 do
hex_number(2-1) := hex(word_shr (number, (4*1)))

end: { of byte_to_hex }

procedure word_tc_hex(number : word: var hex_number :token_type):
var p, i : word:
begin

hex_number := blank_token;

for p := 1 to 4 do

hex_number([p] := '0':

for i := 0 to 3 do

hex_number({4-i] := hex{(word shl (number, (4*1)))

end; { of word_to_hex }

procedure integer_to_hex(number : longint; var hex_number : token_type):
var p, 1 : word;
begin
hex_number := blank_token:
for p := 1 to 8 do
hex _number (p} := '0°':
for i := 0 to 7 do

hex_number [8-i] := hex{dword_shr (number, (4*i)))

)
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end; { of integer_ to_hex }

function Hex_to_byte(hex_number : token_type) :word:
label 1;
var i,3,m :word:
returned_byte : word:
begin
§ = 0:
for i := 1 to length(hex_number) do
begin v
1f hex_number{i] in ('A'..'F'] then
hex_number({i] := char(ord(hex_number{i])+32):
if (hex_number(i) in ('0'..'9']) or (hex_number(i]
=3 +1

else

in {'a'..'f']) then

if (hex_number{i] <> 'H') and (hex_number{i] <> ' ') then

beqgin

writeln (' invalid character : ',hex_number{i],' in hex number ', hex_number):

goto 1; { exit }

end: { of invalid hex character }
end: { for i .. }
returned byte := 0;
for i := 1 to j do
begin

if hex number{i] in ['07..°’9'] then

m := ord(hex_number{i]) -48
else

® := ord{(hex_number{i]) =~ 87;

returned_byte := word_or (returned byte, (word_shl (m, (4*(3-1))))):

end; { for i ...}
Hex_to_byte := returned byte:

1: end: { Function Hex to_byte }

Function Hex_to_word(hex_number : token_type) :word:
label 1:
var 1,j.m : word:
returned word : word;
begin
3 = 02
for i := 1 to length(hex_number) do
begin
if hex_number({i) in ('A'..'F'] then
hex_number (i} := char(ord(hex_number(i])+32);
if (hex_number(i] in ['0'..'9']) or (hex_number{i]

jo=3 +1
else
if (hex_number{i] <> 'H') and (hex_number({i] <> ' ') then
begin
writeln (' invalid character : ',hex_number{i],' in hex number ', hex_number):

goto 1 { exit }

end:; { of invalid hex character }

in ('a'..'f']) then
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end; { for i .. }
returned_word := G;
for 1 := 1 to § do
begin
if hex number({i] in ['0'..'9"] then
m := ord(hex number{i]) -48
aelse
m := ord(hex_number(i]) -~ 87;
returned_word := word or(returned_word, (word_shl (m, (4*{(3-1i})))):
end; { for i ...}
Hex_to_word := returned_word:

1: end; { Function Hex_to_word }

Function Hex _to_integer(hex_number : token_type):longint:
label 1:
var i,J,m : longint;
returned_integer : longint:
begin
J i=0:
for i := 1 to length(hex_number) do
begin
if hex_number(i] in ['A'..'F’] then
hex_number({i] := char(ord(hex_number(i])+32);:
if (hex_number(i] in {'0'..’9'}) or (hex_number{i] in ['a'..'f']) then
=3 +1
else
if (hex_number(i] <> 'H') and (hex_number([i] <> ' ') then
begin
writeln (' invalid character : ', hex_number(i],' in hex number ', hex_number);
goto 1: { exit }
end; { of invalid hex character }
end; { for i ..}
returned_integer := 0:
for i := 1 to J do
begin
if hex number{i] in ['0'..'9'] then
m := ord(hex_number(i]) -48
else
m := ord(hex_number(il) -~ 87;
returned_integer := dword_or (returned_integer, (dword_shl (m, (4*(j-1)))));
end; { for { ...}
Hex_to_integer := returned_integer:

1: end; { Function Hex_to_integer }.
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File: IEEE_CNV.DEF

public ieee_cnv:
procedure real_to_ieee(value:real;var msw,lsw:word);
function ieee_to_real (msw,lsw:word) :real;
function longint_to_real(lw : longint):real:

function real_to_longint(sx : real):longint:
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File: IEEE_CNV.PAS

module ieee_cnv:
$include (bit_func.def)

$include (ieee_cnv.def)

private ieee_cnv;
type
real_internal_type = record
case int;rnal_type: boolean of

true : (real_value : real):

false : (word_value : array [l..2] of word);

end;

procedure real_to_ieee;
var
x : real internal_type:
begin
x.real_value := value;
msw := x.word value(2]:
lsw := x.word_value(l]:

end:

function ieee_to_real:

var
x : real_ internal_type:

begin
x.word_value([2] := msw;
x.word value(l] := lsw;
ieee_to_real := x.real_value:

end;

function longint_to_real (1w : longint):real:
var
X 1 real_internal_type:
begin
x.word_value{2] := dword_ shr(iw,16):
x.word_value(l] := dword_and{lw,0000ffffH):
longint_to_real :« x.real_value:

end: { of longint_to_real }

function real_to_longint(sx : real):longint:
var
x : real_internal_type:
lw : longint:
begin
x.real_value := s8x:
iw := x.word_value(2];
1w := dword_or(dword_shl{(lw,16),x.word_value[l]):
real_to_longint := lw:

end;. { of real_to_longint }
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File: IF_WHILE.PAS
procedure reverse_branch_direction{var address : longint);
begin
if (branch_lookahead_buffer{l]=if zero) then
branch_lookahead_buffer([l):=if not_zero
else
if (branch_lookahead buffer(l]=if not_zero) then
branch_lookahead buffer{l]:= if_zero
.else
if (branch_lookahead_buffer{l]=if negative) then
branch_lookahead buffer{l]:=if not_negative
else
if (branch_lookahead buffer{l]=if not_negative) then
branch_lookahead_buffer(1l]:=if_negative:
address := -address:

end; { of reverse_branch direction }

Procedure while statement:
var address : array [1..max_branch_pointer] of longint:
starting_address,i : longint;
initial index_register : array(0..max_index_register] of token_type:
begin
fetch_token:
clear_pipeline_stage:
starting_address := program counter:
for i := 0 to max_index_register do
begin
initial_index_register(i] := index_register(i]:
end:

boolean_expression;

{ store the branch address before another compound expression is called
1 :=1;
repeat
address{i] := first_expression[expression_level]‘.address[i]:
i := i+1;
if i > max branch_pointer then
write_error('maximum branch pointer exceeded ', token);
until (address{i-~1} = 7fffh);
if (i>2) then
if (address(i-2] > 0) then reverse_branch_direction(address(i-2]);
{ back patching branch address with true condition }
i = 1;
repeat
if (address([i] > 0) and (address(i] <> 7fffh) then
begin
clear_pipeline_stage:
writeln(outfile, 'b ',address(i]+2,' ',preogram_counter):
end:
1 = i+1;
if 1 > max_branch_pointer then

Hrite_error('maximum branch pointer exceeded *,token};




until (address(i-1) = 7fffh);
verify_token(token,do_token):
compound_statement;
{restore the index register to its initial state}
for i := 0 to max_index_register do
begin
if initial index_register{i] <> index_register({i] then
begin
if initial_index register(i] <> blank;token then
load_index_register(initial_index_register{i]):
index_register{i] := initial index_register({i];
end;

end;

if write_lookahead buffer(l].id <> blank_token then generate Nop:

writeln(outfile,’;',program counter,': goto ',starting_address);

micxecode_addrEﬁs t= program_counter:
branch_address :~ starting_address:
AM2910_opcode := CJP:
branch_opcode := unconditional;
output_microcode field:
program_counter := program_counter + 1;
i:=1;
while (address{i] <> 7fffh) do
begin

if address(i] < 0 then

writeln(outfile,'b ',abs(address(i})+2,' ',program counter):

1 := 141;
if 1 > max_branch_pointer then
write_error('maximum branch pointer exceeded
end;

end: { of while_statement }

Procedure if statement;
var address : array (1..max_branch_peointer] of longint;

endif_address,else_address,i : longint:

', token):

initial_index_register : array(0..max_index_register] of token_type:

begin
fetch_token;

boolean_expression:

{ store the branch address before another compound expression is called }

i 1= 1:

repeat

address (i) :~ first_expression{expression_level]*.address(i}:

i = i41:
if i > max_branch_pointer then
write_error(’'maximum branch pointer exceeded
untll (address{i-1] = 7fffh):

if (i>2) then

', token):

if (addressfi-2] > 0) then reverse_branch_direction(address(i-2]);

{ back patching branch address with true condition }

i =1
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repeat
if (address(i] > 0) and (address(i]} <> 7fffh) then
begin
clear_pipeline_stage;
writeln(outfile, 'db ',address[i])+2,' ', program_counter):
end:
i = i+41;
if 1 > max_branch_pointer then
write_error{'maximum branch pointer exceeded
until (address(i-1] = 7fffh):
verify token(token,then_token):
for i := 0 to max_index_register do
begin
initial_index_register(i]) :~ index_register([il:
end:
compound_statement:
{restore the index register to its -initial state}
for 1 := 0 to max_index_register do
begin
if initial_index register(i] <> index_register{i] then
begin
if initial_index register{i) <> blank_token then
load_index_register(initial index_register(i]):
index_register{i] := initial_index_register(i):
end;
end;
if token = else_token then
begin
if wtite_lookahcad_buffer[1].id <> blank_token then generate_Nop:
endif_address := program counter:
am2910_opcode := CJP:
branch_lookahead_buffer (0] := unconditional:
microcode_address := program_counter:
autput_microcode_field:
program_counter := program counter + 1;
else_address := program_counter:
compound_statement:
{restore the index register to its initial state}
for i := 0 to max index_register do
begin
if initial_index register{i] <> index_register(i] then
begin
if initial_index_register(i]) <> blank_token then
load_index_register(initial_ index_register(i}):
index_register(i] := initial_index_register(i}:
end;
end:
clear_pipeline_stage:
writeln(outfile,'b ',endif address,' ',program_counter);
end

else

token);
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begin
clear_pipeline_stage:
else_address := program_counter:
end;
= 1:
while (address(l] <> 7fffh) do
begin
if address{i] < 0 then
writeln(outfile, 'b *,abs(address(i])+2,' °,else_address);
1 := 141
if i > max_branch_pointer then
write_error('maximum branch pointer exceeded *,token);
end:

end; {( of if_ statement }

Procedure repeat_statement;
var address : longint;
starting address,i : longint;
initial index register : array{0..max_index_register] of token_type:
index_pointer : longint:
begin
clear_pipeline_stage:
starting_address := program_counter;
{ save the state of the index register )}
for 1 := 0 to max_index register do
begin
initial index register{i]) := index_register(il:
end;
compound_statement;
while token[l]=';' do
begin
compound_statement;
end;
verify token(token,until token):
fetch_token;
boolean expression:
{ back patching branch address }
i :=1;
repeat
if (first_expression{expression_level)“.address[i]) <> 7fffh) then
begin
if (first_expression(expression_level]*.address{i+11=7fffh) and
(first_expression{expression_level]~.address{i]>0) then
begin
address ;= first_expression(expression level]“.address{i]:
reverse_branch_direction(address):
first_expression(expression_level}~.address[i] := address;
end;

if (first_expression{expression_level]~.address{i] < 0) then

vriteln(outfile,{b *,~first_expression(expression_level]~.address(i]}+2,' ', starting_address)

else
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writelin(outfile,'b ',first_expression[expression_ievel]'.address[i]+2.' ', program_counter)

end:
1 1= i41;
if i > max_branch_pointer then
write_error{°'maximum branch pointer exceeded ‘,token):
until (first_expression{expression_level]~.address{i-1] = 7fffh);
{restore the index register to its initial state}
for 1 :=~ 0 to max_index_register do
begin
if initial_index_register(i] <> index_register{i] then
begin
if initial_index_register[i] <> blank_token then
load_index_register(initial_index register(i]):
index_register(i] := initial_index_register(i}:
end;
end:

end; { of repeat statement }
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File: INIT.DEF
public init:
type
pac8l = packed array [1..81] of char:

procedure initialize;

' procedure program_heading_block:

procedure insert_std _procedure to_symbol_table:
procedure insert_standard function_to_symbol_table:
procedure insert reserved_word_to_symbol_ table:

procedure insert_delimiter_to_symbol table;
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File: INIT.PAS
module init;

$include(init.def)

$include (global.def)

$include(fetch_tk.def)

$include (symbol_t.def)

Sinclude(utility.def)

$include (code_gen.def)

$include (exprsion.def)

$include (emu_lib.def)

public UDIcall:
function dqgetargument { var string8l : pac8l; var w : word)
function dqattach ( var token : token_type; var error : word)
procedure dgdetach (connection : word; var error : word) ;

procedure dgexit (completion code : woxd):

private init;

procedure insert_std_procedure to_symbol_table;

begin
symbol_type := standard_procedure_symbol_type:
insert_symbol (send, symbol type, symbol value}:
insert_symbol (send_msw, symbol_type, symbol_value):
insert_symbol {send_lsw, symbol_type, symbol_value):
insert_symbol (receive, symbol type, symbol_value):
insert_symbol (receive msw, symbol_type, symbol_value}:
insert_symbol (receive_lsw, symbol_ type,symbol value):
1nsart_symhol(stoze_function,symbol_type.symbol_value):
insert_symbol (store_window, symbol_type, symbol_value);
insert_symbol (read_function, symbol_type, symbol value):
insert_symbol (proc_reset, symbol_type, symbol_value):
insert_symbol (gt_ffs_token, symbol_type, symbol value):

end;

procedure insert_standard_function_to_symbol_table:

begin
symbol_type := standard_function_symbol type:
ingert_symbol (trunc_token, symbol_type, symbol_value):
insert_symbol (round_token, symbol_type, symbol_value):
insert_symbol (exp_token, symbol_type, symbol value):
insert_symbol (1n_token, symbol_type, symbol_value):
insezt_symbol(sqrt_token,symhol_type,symbol_valhe):
insert_symbol (sin_token, symbol_type, symbol value):
insert_symbol (cos_token, symbol_type, symbol_value);
ingert_symbol(tan_token, symbol_type,symbol_value):
insert symbol(asin_token, symbol_type, symbol_value);
insert_symbol(acos_token, symbol _type, symbol_value):
insert_symbol (atan_token, symbol_type, symbol_value):

end;

ichar;

word:
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procedure insert reserved_word_to_symbol table:

begin ‘
syrbol_type := reserved_word symbol_ type:
insert_symbol (program_heading, symbol_type, symbol value):
insert_symbol (procedure_heading, symbol_type, symbol value):
insert_symbol (function_heading, symbol_type, symbol_value):
insert_symbol (var_declaration, symbol_type, symbol_ value);
insert_symbol (const_declaration, symbol_type, symbol_value):
insert_symbol (type_declaration, symbol_type, symbol_value);
insert_symbol (begin_token, symbol_type, symbol_value):
insert_symbol (end_token, symbol_type, symbol_value);
insert_symbol (if_token, symbol_type, symbol value):
insert_symbol (then_token, symbol_type, symbol_value);
insert_symbol(else_token, symbol_type, symbol value):
insert_symbol (while_token, symbol type,symbol_value):
ingert_symbol (repeat_token, symbn]._typg:, symbol_value):
insert_symbol(until_token, symbol_type, symbol value):
insert_symbol {do_token, symbol_type, aymbol_value);
insert_symbol (real_token, symbol_type, symbol value):
insert_symbol (integer_token, symbol_type, symbol_value) ;
insert_symbol (boolean token, symbol type, symbol value):
insert_symbol (host, symbol_type, symbol value):
insert_symbol (network, symbol_type, symbol_value):
insert_symbol (greater_than_token, symbol_type, symbol value):

‘insert_symbol (greater_than_or_equal_token, symbol_type, symbol value):

insert_symbol (less_than_token, symbol_type,symbol_value):
insert_symbol(less_than_or_equal_token, symbol_type, symbol_value):
insert_symbol (not_equal_token, symbol_type, symbol_value):
insert_symbol (equal_token, symbol type, symbol_value):
insert_symbol (not_token, symbol_type, symbol_value):
insert_symbol{and_token, symbol_type, symbol_value);
insert_symbol (or_token, symbol_type, symbol_value):
insert_symbol (array_token, symbol_type, symbol_value):
insett_:.ymhal (of_token, symbol_type, symbol_value):
insert_symbol (to_token, symbol_type, symbol value):
insert_symbol (for_token, symbol_type, symbol_value):

end;

procedure insert delimiter_to_symbol table;

begin
symbol_type := delimiter_symbol_type:
insert_symbol (multiply_token, symbol_type, symbol_value):
insert_symbol (divide_token, symbol_type, symbol_value):
insert_symbol (add_token, symbol_type, symbol_value):
insert_symbol (minus_token, symbol_type, symbol_value):
insert_symbol (period, symbol_type, symbol_value):
insert_symbol (comma, symbol_type, symbol_value):
insert_symbol (percent_token, symbol_type, symbol_value):
insert_symbol (open_parenthesis, symbol_type, symbol_value):
insert_symbol (close_parenthesis, symbol_type, symbol_value):
insert_symbol {semicolon, symbol_type, symbol_value):
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insert_symbol (open_bracket, symbol_type, symbol_value);
1nsart_lynbol(closa_ptacket,symbol_type,symbol_value):
insezt_symbol(close-square_brackat,symhcl_type,symbal_value):
insert_symbol (open_square_bracket, symbol_type, symbol_value):

end;

procedure initialize;

var 1,9 : longint:

string8l : pac8l: { These three variables are used by }
w : word; { udi system call DOGETARGUMENT. See page }
¢ : char: { 32 of UDI System Calls IRMX Vol. 2 }
connection,error : word; { Used by dgattach and dgdetach. See pg.

12 & 25 of UDI System Calls IRMX Vol. 2 }

completion_code : word; | Used by dqexit. See pg. 26 UDI System
Calls IRMX Vol. 2 }
begin
{ Dqgetargument emulates turbo pascal's ability to get parameters off

of the command line. See pg. 32 of UDI System Calls IRMX Vol. 2

c := dggetargument {string8l,w):
for i := 0 to prime do
begin

first_symbol(i] := nil;
end;
procedure_level := 0:
clearscreen;
gotoxy(5,2):
writeln(version):
gotoxy(5,5):
write('input file : *):

filename := blank_token:

{ This block of code enables the user to type in the name of the file

with or without the .pas extention.

if ord(string81{1]) = 0 then
begin
read_token(temp_token);
i:=1;
while (i <= max_token_length) and (temp_tokén[i] <> '.') do
begin

filename(i] := temp_token(i]:

1 =41 +1
end
end
else
begin
i t=2:
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while (string8l{i} <> '.') and (i <= (ord{string81(1])) + 1) and
(1 <= max_token_length) do
begin
filename{i-1] := strings8i(i];
i:=14+1
end;
write_token(output, filename)

end;

debug := false:

gotoxy(5,24);

write(0):

line_number := 1;

input_filename := filename;

concat (input_filename, '.pas ')
output_filename := filename:

concat (output_filename, '.fpp . ')
error_filename := filename:

concat (error_filename, '.err '):
constant_filename := filename:

concat (constant_filename, '.hct 'y

Temp_token is manipulated like so in the next seven lines because
the UDI call dqattach uses a different string format than Pascal-86.

Dqattach requires that the string length be stored in string(l) 1

temp_token := input_filename;

j := length(temp_token):

if j = max_token_length then
3 =3 -1;

for i := j downto 1 do
temp_token(i+l] := temp_token(i]:

temp_token(1] := chr(j):

Dgattach is used for an indirect pupose here., which is to detect
whether or not the file exists. If it does it detaches the file with
dgdetach (so the file is its original state be for dgattach was called).

If the file does not exist,':he error handling occurs here, not later with
a cryptic Pascal-86 message. See pp. 12 & 25 in UDI System Calls -
IRMX Vol. 2 }

connection := dgattach (temp_token, error):
if error <> 0 then
begin
gotoxy (5,12):
write_token (output, temp_token):
writeln (' does not exist.'):
gotoxy {5,24):
dgexit (completion_code) { halt }
end:

dgdetach (connection ,error):;




These next four lines insert an ascii nul to the end of the string so
that Pascal-86 knows where to truncate the string for the reset and

rewrite statements to follow. See pg. 8~17 Pascal-86 User's Guide Rev. §

input_filename(length(input_filename) + 1] := chr(0):
output_filename(length(output_filename) + 1] := chr(0):
error_filename(length(error_filename) + 1] := chr(0);
constant_filename[length(constant_filename) + 1} := chr(0):
reset (infile, input_filename);

rewrite (outfile,output_filename);

rewrite (errorfile,error_filename):

rewrite {constant_file,constant_filename):

ch := infile*; .

get (infile):

if (ord(ch) >= 65) and (ord(ch) <= 90) then‘ch := char(ord(ch)+32);
write(errorfile,ch);

writeln(outfile, ':

writeln{(outfile, '; P b e

writeln(outfile,'; i 1 rn m

vriteln(outfiie,'; c 2 a:b wddf c

writeln(outfile,': 9 a t Is 3 mIIIZ
writeln(outfile, *: t 1 d o oeobII 2 SAAA A A A
writeln(outfile,'; r 0 r p plpadald 5 AF AR AS W 210 IF IR IS")/

writeln(outfile,';
with zero_operand do
begin
id := blank_token:
idfl] := '0°':
id_type := real symbol_type:
index := blank_token;
offset := 0;
id_address := 1;
index_address := 0:
end;
for i := 0 to 2 do
begin
write_lookahead buffer(i}.id := blank_token;
branch_lookahead buffer{i] := 7fffH:
AF[i] := 0:
end;
for i:«0 to 1 do
begin
I3{i] := O;
mc325_buffer{i] := 0;
end:
expression_number := 1;
for L := 0 to 1 do
begin
AIS{i}) := 7££ffH;
AIR{i] := 7LffH;

')
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end;
for i:= 0 to 2 do
begin
IA2([1) := 0:
AIF[i] := 7LfLfH;
with write_lookahead_buffer{i] do
begin
id := blank_token;
id_type := 0;
index := blank_token;
offset := 0;
end;
end;
for i := 0 to max_index_register do
index_register(i] := blank_token:
upper_letter_sat := ['A’..'2'):
delimiter :=

L L e e A P RN AP

L N L L N PR P A N A LD )

constant_program_counter := 0:

stack_pointer :« dataram_address_limit:

{assign permanent constant values for 0.0, 0, 1.0, and 1}

dataram address := 1;

str_real{0.0,token);

real_constant_value := 0.0;

insert_symbol (token, real _constant_symbol type, symbol_value):
dataram_address := 1;
insert_symbol(false_token,boolean_constant_symbol_type, symbol_value):
dataram_address := 1;

integer_constant_value := 0;

temp_token := blank_token:

temp_token[1l] := '0';

insert_symbol (temp_token, integer_constant_symbol_type, symbol_value);
tenp_token := blank_token:

temp_token({l] := '0°';

declare_constant (1, integer_constant_symbol type, temp_token):
dataram_address := 3:

str_real(l.0,token):

real constant_value := 1.0;

insert_symbol (token,real_constant_symbol_type, symbol_value):

dataram address := 3;

insert_symbol (true_token,boolean_congtant_symbol_type, symbol value):
integer_constant_value := 1;

dataram_address := 3;

temp_token := blank_token:

temp_token([l] := '1':

insert_symho; {temp_token, integer_constant_symbol_type, symbol_value);
temp_token := blank_token:;

temp_token(l] := *1°';

declare_constant (3, integer_constant_symbol_type, temp_token);

program_counter := 0;
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reset_microcode_field:

generate_Nop;
insert_std_procedure_to_symbol_table:
insert_standard_function to_symbol_ table:
insert_reserved_word_to_symbol table:
insert_delimiter_ to_symbol table:
cteate_expression(new_exptession):
expression_level := 0;

first_expression{expression_level] := new_expression;

no_local_variable(0] := 0:
reset_temp_variable_address:
for 1 := 0 to max_procedure_level do
inside_function_block{i] := false:;
end; { of initialize }

procedure program_heading_block:
begin
fetch_token; {program name}
fetch_token; { { or: }
if (token <> open_parenthesis) and (token <> semicolon) then
begin
writeln({errorfile):
writeln(errorfile,'!!!! syntax error *(" or ":" expected'):;
error_found:
end;
if (token <> semicolon) then
begin
if (token = open_parenthesis) then
begin
fetch_token: { input }
fetch_token;
if (token= comma) then
begin
fetch_token:
fetch_token: { output }
end:
verify_token(token,close_parenthesis):
end;
fetch_token;
verify token(token, semicolon):

end;

-~

end: { of program heading section




File: IO.DEF
public io:
Procedure send_procedure;

Procedure recelve_procedure:
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File: IO.PAS

rodule io:

$include (io.def)
$include(global.def)
$include(fetch_tk.def)
$include(arith.def)
$include (symbol_t.def)
$include(utility.def)
$include (code_gen.def)
$include (emu_lib.def)

private io;

procedure generate_send(device:token_type:operand : operand_type:

begin

check_F_bus (operand) ;

operand_string (operand, temp_token):

write(outfile, ':',program counter,': fetch('):

write_token (outfile, temp_token):

writeln (outfile, ')°'):

assign_S_bus(operand);

Assign R_bus(operand):

msw := order;

microcode address := program_counter:

output_microcode_field:

program_counter := program_counter + 1:

operand_string (operand, temp_token):

if order = 1 then

begin
write(outfile, '; ', program_ counter);
write(outfile,': send _msw('):
write_token (outfile, device):
write(outfile, ',");
write_token (outfile, temp_token):
writeln (outfile, ')')

end

else

begin
write(outfile, '; ', program_counter):
write(outfile,': send_lsw('):
write_token (outfile, device):
write(outfile, ', ");
write_token (outfile, temp_token):
writeln (outfile, *)')

end;

am2910_opcode := CJIP;

if device = host then

begin

branch_opcede := if not_hrfi:

order:longint):
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read_opcode := load_host;
end
else
ir deQice = network then
begin
branch opcode := if not_xrfi:
read_opcode := load_network:
end
else
write_error{'unknown send device : ',device):
branch_address := program_counter;
msw := order;
assign_s_bus(operand):
assign_R_bus{operand):
microcode_address := program_counter:
output_microcode_field:
program _counter := program counter + 1:

end; { of generate_ send }

procedure generate_receive(device:token_type:operand : operand_type:
order:longint):
begin
generate_nop:
clear_pipeline_stage:
opcrand_atriné(operand.temp_token):
if order = 1 then
begin
write(outfile,':',program_counter,': receive msw('):
write_token (outfile, device):
write (outfile,*','):
write_token (outfile, temp_token):
writeln(outfile,')')
end
glse
begin
write(outfile, ';',program_counter,': receive_lsw('):
write_token (outfile, device):
write (outfile,’,'):
write_token (outfile, temp_token):
writeln {outfile,’)')
end;
am2910_opcode := CJP;
if device = host then
begin
branch_opcode := 1if not_hdav;
write_opcecde := write_host:
end
else
if device = network then
begin

branch_opcode := if not_xdav:
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write_opcode ;= write_network:
end
else
write_error('unknown receive device : ) ',device):
branch_address := program_counter;
msw := order;
assign_F_bus (operand);
microcode_address := program counter;
output_microcode_field;
program_counter := program_counter + 1:

end: { of generate_receive }

Procedure send_procedure:
var
ic_operand : operand type: R
integer_operand : operand_type:
device : token_type:
send_command : token_type:
i : longint:
begin
clear_temp_index;
reset_temp variable address:
send_command := token;
fetch_token;
vetity_token(token.open_pazenthesis):
fetch_token:
device := token:
fetch_token:
verify token(token,comma);
fetch_parameter (io_operand);
find_symbol(io_operand.id,io_operand.id_type,io_operand‘id_address.found):
if not found then
write_error(’unknown id: - ',io_operand.id):
io_operand.index:_address := assign_index(io_operand.index):
symbol_type :=~ io_operand.id_type;
if (symbol type = real symbol type) or
(symbol_type = real constant_symbol type) or
(symbol_type = real_array_symbol type) or
{symbol_type = boolean_symbol type) or
{symbol_type = boolean_constant_symbol type) or
(symbol_type = boolean_array_symbol type) then
begin
if (write_lookahead buffer(l].id <> blank_token) then generate nop:
if (write_lookahead_buffer(0].id <> blank_token) then
if (write_lookahead_buffer[0].id = io_operand.id) then
if (write_lockahead buffer(0]).id = io_operand.id) then
if (write_lcokahead_buffer(0].index = io_operand.index) then
if (write_lookahead_buffer(0].offset = io_operand.offset) then
generate nop:
if (send_command = send_msw) or (send_command = send) then generate_send{(device,ic_operand,1):

if (send_command =~ send_lsw) or (send_command = send) then generate_send(device,io_cperand,0):
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end

else
if (symbol_type = integer symbol type) or
{symbol_type = integer_constant_symbol_type) or
(symbol_type = integer_array_symbol_type) then
begin
assign_temp_parameter (integer operand, integer_symbol_type):
generate_ALU_operation(integer_operand, io_operand, zero_operand,unary_round):
delete (integer_operand.id,1,1):
val_integer(integer_operand.id,integer_operand.id_address,i):
clear_pipeline_stage:
1f (send_command = send msw) or (send command = send) then
generate_send(device, integer_operand,1);
if (send_command = send_lsw) or (send_command = send) then
generate_send(device, integer_operand, 0);
. end
else
begin
write_error('IO not allowed !, token);
end:
verify token(token,close_parenthesis);

end: { of send procedure }

Procedure receive_procedure:
var
io_operand : operand_type:
device : token_type:
receive_command : token_type:
begin
clear_temp_index;
reset_temp_variable_address:
recelve_command := token:
fetch_token;
verify token(tocken,open_parenthesis):
faetch_token;
device := token:
fetch_token:
verify token(token,comma):
fetch_parameter (io_operand):
if io_operand.id{1] = '#' then
write_error('simple variable is expected : *,device):
find_symbol (io_operand.id,io_operand.id_type,io_operand.id_address, found);
if not found then
write_error('unknown id: ',1io0_operand.id):
io_operand.index_address := assign_index(io_operand.index):
symbol_type := io_operand.id_type:
if (symbol_type = real_symbol_type) or
(symbol_type = real_constant_symbol_ type) or
(symbol_type =« real array_symbol_type) or
(symbol_type = boolean symhol_type) or
(symbol _type = boolean_constant_symbol_type) or




{symbol_type = boolean_array_ symbol type) then
begin
if (receive_command =~ receive msw) or (receive command = receive) then generate_receive(device,io_operand,1):
if (receive_command = receive_lsw) or (receive_command = receive) then generate_receive (device, io_operand,0):
end
else
1if (symbol_type = integer_symbol type) or
{symbol_type = integer constant_symbol type) or
(symbol_type = integer_array_ symbol type) then
begin
if (receive_command = receive msw) or (receive command = receive) then generate_receive(device,io_operand,l):
if (receive_command = receive_lsw) or (receive command = receive) then generate_receive (device, io_operand, 0):
if (receive_command = receive) or
(receive_command = receive_lsw) then
generate_alu_operacion(ia_operand,io_operaqd.zero_operand,unary_float):
end
else
begin
write_error{'IO not allowed v',token):
end;
verify_ token(token,close_parenthesis):

end: { of receive_procedure }.
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File: LIB.DEF
public 1ib:
procedure function trunc{var fx : operand_type: x soperand_type):
procedure function round(var fx : operand_type: x : operand_type):
procedure generate_gt_ffs(function_number :integer;f,r,s : operand type):
procedure function_exp(fx,x : operand_type):
procedure function_ln(fx,x : operand_type):
procedure function sqrt(fx,x : operand_type):
procedure function sin(fx,x : operand_type):
procedure function_cos(fx.x : operand_type):
procedure function_tan(fx,x : operand_type):
procedure function_asin(fx,x : operand type):
procedure function_acos(fx,x : éperand_pype):
procedure function_atan(fx,x : operand_type):

procedure generate_reciprocal(fx,x : operand_type);
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File: LIB.PAS

module lib:

$include (emu_lib.def)
$include (1lib.def)

$include{global.def)

$include (exprsion.def)
$include {exprtree.def)
$include(utility.def)
$include(fetch_tk.def)
$include (symbol_t.def)
$include(code_gen.def)
$include (declare.def)

private lib:
procedure function_trunc(var fx : operand_type;x:operand_type):
begin
write_error('only rounding mode is supported : ', fx.1d);

end: { of function_trunc }

procedure function_round(var fx : ope!and_type:k:operand_type):
begin
qenerace_ALU_operation(fx.x.zero_operand,unary_round);
generate_}LU_operation(fx,fx,zero_aperand,unary_floét):
fx.id_type := integer_symbol type:

end; { of function_round }

procedure generate_gt_tfs(tunction_number iinteger:f,r,s : operand_type):
{ This procedure produces code that is needed to lookup a function value from

the GT-FFS/1 function board. }

var negative_one : operand_type: { is used to assign r operand to a negative number
w,m : longint: { are used to store the values of write_opcode and msw }
begin
if write_lookahead buffer(1].id <> blank_token then generate_nop:
if write_lookahead_butfer(0].id <> blank_token then
if (write_lookahead buffer(0].id = r.id) and
(write_lookahead buffer{0].index = r.index) and
(write_lookahead_buffer[0].dffset = r.offset) then
generate_nop
else
if (write_lookahead buffer(0].id = s.id) and
(write_lookahead buffer[0].index = s.index) and
(urite_loakahead_bu:fer[0].offset = g.offset) then

generate_nop:

write (outfile,’; °):

operand_string(f,temp_token): §
write_token (outfile, temp_token):

write (outfile,' := GT_FFS(', function number,','}:
operand_string(r, temp_token):

write_token(outfile,temp_token): write(outfile,',"'):

operand_string(s, temp_token):




write_token (outfile,temp_token):; writeln(outfile,')');

assign_real constant(negative_one,~1.0):
case function number of
1 : begin
w = 4;
m o= 0;

r := zero_operand;

N
g
0

=3
-]

w = 4
m = 1;

r ;= zero_operand;

w
g
o
-
-]

W ot= 4;
m o= 1:

r := negative one;

'
g

Q
j*8
2

W = S5:
m = 0:

T := zero_operand:

w»
g
-}
-
2

w = 5;
m o= 0;

r := negative_one:

w o= 4;
m := 0;

r := negative_one;

w o= 7;

m = 0;

w = 6;
m o= 1;

T := zero_operand;

10: begin
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end; { of case function_number of }
find_symbol(r.id,r.id_type,r.id address, found); 1f not found then
write_error('unknown id: t,r.id);
r.index_address := assign_index(r.index):
find_symbol(s.id,s.id_type,s.id_address, found): if not found then
write_error('unknown id: ',8.id);
s.index_address := assign_index(s.index):
find_symbol(f.id, f.id_type, f.id address, found): if not found then
write_error('unknown id: ', f.id);
f.index_address := assign_index(f.index):
microcode_address := program_counter;
AR := r.id address + r.offset;
if (r.index <> blank_token) and  (r.index(l] <> '0') and
(r.id[1] <> '&’) and {r.id{l] <> '#') then
begin
AIR[0] := r.index_address:
IAL := 1;
end;
AS := s.id_address + s.offset:
if (s.index <> blank_token) and  (s.index(l] <> '0') and
{s.1d[1] <> '&') and (s.id(1] <> '#') then
begin
AIS[{0] := s.index address:
IAO := 1;
end;
output_microcode_field:
program_counter := program_counter+l;
microcode_address := program_counter:
AF{0] := f.id address + f.offset:
if (F.index <> blank_tocken) and (F.index(1] <> '0') and
(F.id{1] <> '&') and (F.id{l] <> '#') then '
begin
AIF{0] := f.index_address:
IA2(0} := 1:
end:
msw = m;
write_opcode := w:
if function_number = 7 then
{ allows branches to be controlled by the calling procedure function_tan.
If the branch address is not altered by the calling procedure, the code
will simply move to the next program location }
begin
AM2910_opcode := CJP;
branch_opcode := if negative;
branch_address := program_counter+l:
end;
output_microcode_field:
program_counter := program_counter+l;

end; { of generate_gt_ffs }

procedure generate_reciprocal(fx,x : operand_type):




. e . .

const iteration = 1;
var F1,F2,two : operand_type:
i : longint;
begin
operand_string(fx, temp_token):
write(outfile,'; begin { *):
write token(outfile, temp_token):
write(outfile,' := 1/');
operand_string(x, temp_token);
write_token (outfile, temp_token):
writeln(outfile,’) }'):
generate gt ffs(4,fx,x,x):; { fx := F4(x,x) }
{ Newton Raphson's iteratien }
for i := 1 to iteration do { £x 1= fx*(2-fx*x) }
begin
writeln(outfile, '; Newton Raphson iteration ',1):
reset_operand(Fl):; -
assign_temp_parameter (F1l,real_ symbol_type):
generate_ALU_operation(Fl, fx,x,multiplication): { F1 :-\}x *x}
assign_real_constant (two,2.0);
assign_temp parameter(F2,real symbol_type):
generate_ALU_operation(F2,two,Fl, subtraction): { F2 := 2.0 - F1 }
fx.id_type := real symbol type:
generate ALU_operation(fx,fx,F2,multiplication); { fx := fx * F2 }
end; { of 1 := 1 to iteration }
operand string(fx, temp_token);
write(outfile,*; end { *);
write_token(outfile, temp_token);
write(outfile,® := 1/");
operand_string(x, temp_token):
write token{outfile,temp_token):
writeln(outfile,') }'):
end: { of generate_reciprocal }
procedure function_exp(f;.x : operand_type):
var k,invin2,1n2,r : operand type:
z,w,pl,p2,p3,half,two : operand_type:
begin
operand_string(fx, temp_token):
write(outfile, '; begin { '):
write_token(outfile, temp_token):
writa(outfile,' := exp('):
operand_string(x, temp_token):
write_token(outfile,temp token):
writeln(outfile, ') }');
writeln(outfile, *: { calculate k := round{x/1n{2)) }'):
assign_temp_parameter(k, real_symbol_type):
assign_real constant(invln2,1.0/1n(2.0)):
generate ALU_operation(k,x,invln2,multiplication); { k := x / 1ln{(2) }
generate_ALU_operation(k, k, zero_operand,unary_round); { k := round(k) }

writeln{outfile, '; { calculate the remainder r := x - float(k)*1ln2 }'):
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assign_real_constant(1n2,in(2)):
assign_temp_parameter(r,real symbol type):
generate_ALU_operation(z,k,zeto_ppexand,unary_float): { r := float(k) }

generate_ALU_operation(r,r,1ln2,multiplication): { r ;= r*ln2 }

generate_ALU_operation(r,x,r,subtraction); { r = x - T }

{ assign pl,p2,p3 }

assign_real_constant(pl,4.9987178778e-2):

assign_real_constant (p2,4.1602886268e-3):

assign_real_constant (p3,2.4999999950e-1);

writeln(outfile,': { calculate z := r*r }'):
aasign_temp_parameter(z,rgal;symbol_typel:
generate_ALU_operation(z,r,r,multiplication); { z := r*r }
writeln(outfile,':; { calculate w := r*(z*p2+p3) }'):
assign_temp_patametar(H,feal_symhcl_type):
generaca_ALU_operation(w,z,pz,multiplication): { w = 2*p2 }
generate_ALU_operation{w,w,p3,addition); { w := wtp3 }
generate_ALU_operation(w,r,w,multiplication): { w := r*w }
writeln(outfile,'; { calculate fx{r) = 0.5 + w/(0.5+z*pl-w) }°):
assign_real constant(haif,0.5):

generate_ALU_operation (fx,z,pl,multiplication): { fx := z*pl }
generate_ALU_operation(fx,halt.tx,addition): { £x = 0.5+fx }

generate_ALU_operation(fx, fx,w, subtraction); { fx := Ix-w }

generate_reciprocal(z, fx): { z := 1/fx , z is used as temporary variable
qenetate_ALUQoperation(tx,v,z,multiplication)i { fx := w*z }
qenetate_ALU_apezation(fx,halt,tx,addicion): { £x := 0.5 + fx }
writeln(outfile,*: { calculate fx := Fl(k)*fx(r)*2 }');
generate_gt_ffs(l,k,k,k): { k := Fl(k,k) }
generate_ALU_operation(fx,k, fx,multiplication): { fx := k*fx }
assign_real_constant(two,2.0);
qenerate_ALU_operation(fx.tx.two.multiplication): { fx 1= £x*2 }
operand_string(fx, temp_token):

write(outfile,'; end { '):

write_token(outfile, temp_token):

write(outfile,' := exp('):

operand_string(x, temp_token):

write_token(outfile,temp_token):

writeln{outfile, ') }");

end: { of function exp }

Procedure function_ln(fx,x : operand_type):
var one,ln2,r,p,al,a2,a3,a4,a5,a6,a7,a8 : operand_type:
begin ‘

operand_string(fx, temp_token):

write(outfile, '; begin { ');

write_token(outfile, temp_token):

write(outfile,' := In('};

operand_string(x, temp_token):;

write_token(outfile, temp_token):

writeln{outfile, ') }'):

writeln(outfile,'; { calculate fx := F2(X)*1n2 § r := F3(x)-1 } ')

assign_real constant(1ln2,1n(2)):
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{*

assign_real_constant(cne,1.0):

assign_temp_parameter(r,real_symbol_type):
generate_gt_ffs(2,fx,x,x); { fx := F2(x) )

génerate_ﬁhu_operation(fx,fx.zero_operand.unazy_float): temporary fixes for the EPROM.

The EPROM should have returned a real number. *}

generate_gt_ffs(3,r,x,x); { r := F3(x) }
generate_ALU_operation(fx, fx,1n2,multiplication); { fx := fx*1n2 }
generate_ALU_operation(r,r,one, subtraction): ( r := r-1}

writeln({outfile, '; { calculate p := r(al+r{a2+r(a3+r(ad+r(aS+r({a6+r{a7+ri{as)}))}))} 1°);

assign_real constant(al, 0.9999964239);
assign_real constant(a2,-0.4998741238):
assign_real_constant (a3, 0.3317990358);
assign_real constant(a4,-0.2407338084);
assign_real_constant(as, 0.1676540711);
assign_real constant(a6,-0.0953293897);
assign_real constant(a?7, 0.0360884937);

assign_real_constant (a8, -0.0064535442);

assign_temp_parameter(p,real_symbol_type):

generate_ALU cperation(p.a8,r,multiplication): { p := a8*r

generate_ALU_operation(p,a7,p,addition)

{ p:=a7+p }

generate_ ALU_operation({p,r,p,multiplication); { p := r*p

generate_ ALU_operation(p,a6,p,addition)

{ p := a6+p }

generate ALU operation(p,r,p,multiplication); { p := r*p

generate ALU_operation(p,a$,p,addition)

{p:= 35+p }

generate ALU_operation(p.r,p.multiplication): { p := r*p

generate_ALU_operation(p, a4,p,addition)

{ p = ad+p }

generate_ALU_operation(p,r,p,multiplication): { p := r*p

generate ALU_operation(p, a3,p,addition)

{ p:=a3+p }

generate_ALU_operation(p,r,p,multiplication); { p := r*p

generate_ALU operation(p,a2,p,addition) ; { p := a2+p }

generate_ALU_operation(p,r.p,multiplication); { p := r*p

generate ALU operation(p,al,p,addition)

{ p := al+p }

generate_ALU operation(p,r,p,multiplication); { p := r*p

writeln{outfile, '; { calculate fx := fx + p }"):

generate_ALU_operation(fx, fx,p,addition):

operand_string(fx, temp_token):
write(outfile, '; end { ');
write_token(outfile, temp_ token):
write(outfile,' := ln("):
operand_string(x, temp_token):
write_token(outfile, temp_token):

writeln(outfile,') }'}:

end: { of function_ln }

procedure function_sqrt{fx,x : operand_type):

const iteration = 1:

var Fl,half,three : operand_type;

i : longint;

begin

operand_string(fx, temp_token);

write(outfile, '; begin { *):
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write_token(outfile, temp_token);
write(outfile,' := sqrt('):
operand string(x, temp_token);
write_token({outfile,temp_token):
writeln{outfile,') }'):
generate_gt_f£fs(5,fx.x,x): { fx := F5(x,x) }
- alsiqn_tamp_paramete!(Fl,real_symbol_type);
assign_real _constant (half,0.5):
aasign_zsal_cons;ant(thtee,s.O):
{ Newton Raphson's iteration }
. for 1 := 1 to iteration do { fx = O.S*fx'(s—fxffx'x) }
begin
writeln(outfile,'; Newton Raphson iteration ',i):
generate_ALU_operation(Fl, £x, fx,multiplication); ({ F1 := fx * fx }
generate_}LU_cparation(Fl,x,Pl,multiplication): { F1 = x * F1 }
generate_ALU_operation(Fi,three,F1,subtraction); { Fl1 :=3 - F1 }
gene:ate_ALU_opezation(Fl,rx,Fl;multiplication): { F1 := £x*Fl }

generate_ALU_operation(fx, half,Fl,multiplication); { fx 3= 0.5*F1
end:; { of i := 1 to iteration }
generate_ALU_operation(fx,x, fx,multiplication); { fx := fx*x }
operand_string(fx, temp_token):
write(outfile,'; end { ");
write_token(outfile, temp_token):
write{outfile, ' := sqrt('):
operand_string(x, temp_token):
write_token(outfile, temp_token):
writeln(outfile,') }"):

end: { of function_sqrt }

Procedure function_sin(fx,x : operand_type):

var onc,invp;.pil;k.r,z,p,al.az.as,ad : operand_type:

begin
operand_string(fx, temp_token):
write(outfile,'; begin { "):
write_token(outfile, temp_token):
write(outfile,' := sin(');
operand_string(x, temp_token):
write_token(outfile, temp_token);
writeln{outfile,') }');
writeln(outfile,': { calenlate k := round(x/pi) 1}"):
assign_temp parameter{k,real_symbol type):
assiqn_reai_constant(invpi.1/pi):
assign_real constant(pil,pi):
generate_ALU_operation(k,x,invpi,multiplication): { k := x/pi }
genezate_ALU_opetation(k,k,zero_opetand,unaty_round): { k := réund(k) }
writeln(outfile,': { caleculate r := (x - float(k)*pl) & z := xr*r }");
assign_temp_parameter(r,real_ symbol type):
assign_temp_parameter(z,real_ symbol _type):
qenerate_ALU_operation(r,k.zern_operand,unary_float): { r := float (k) }
qenerate_ALU_operation(r,r,pil,multiplication): { r := r*pi }

generate_ALU_operation(r,x,r,subtraction}; { r : = x-r }
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generate_ALU_operation(z,r,r,multiplication):; { 2z := r*r }
writeln(outfile,': { calculate p := r{l+z{al+z(a2+z{a3+z(ad))))) }'):
assign_temp_paramétaz(p,real_symhol_type):

assign _real constant{(al,-1.666665668e~1);
assign_real_constant(a2, 8.33302513%9e-3);
assign_real_constant (a3, -1.980741872e-4):
assign_real_constant (a4, 2.601903036e-6);
assign_real_constant(one,1.0):
generate_ALU_operation(p,a4,z,muitiplication): { p := ad*z }
generate_ALU_operation(p,a3,p,addition) ; ( p := a3+p }
generate_ALU_operation(p,z,p,multiplication); { p := 2*p }
generate_ALU_operation{(p,a2,p,addition) ; { p := a2+p }
generate_ALU_operation(p,z,p,multiplication); { p := z*p )}
generate_ALU_operation(p,al,p,addition) ; { p := al+p }
generate ALU_operation(p,z,p,multiplication); { p := z*p }
qenerate_ALU_operation(p,one,p,addition) : { p = 1ltp }
-generate_ALU_operation(p,r,p.multiplication): { p := r*p }
generate GT FFS(6,fx,k,p): {( fx := F6(k,p); }
operand_string(fx, temp_token):

write(outfile,'; end { '):

write_token{outfile, temp_token):

write(outfile,’ := sin(');

operand_string(x, temp_token):
write_token(outfile,temp_token):

writeln(outfile,') }"):

end; { of function_sin }

Procedure function cos(fx,x : operand_type):
var one,invpi,piov2,pil,k,z,2,x1,p,al,a2,23,24 : operand_type:
begin
operand_string(fx, temp_token):
write(outfile,'; begitn { "):
write_token(outfile, temp_token):
write(outfile,' := cos('):
operand_string(x, temp_token);
write_token(outfile, temp_token):
writeln(outfile,') }'): _
writeln{outfile,': { calculate x1 := x+pi/2 }'):
assign_temp_parameter(xl,real_symbol_type):
assign_real_constant (invpi,1/pi);
assign real constant(piov2,pi/2):
generate ALU_operation(xl,x,piov2,addition);
writeln{outfile, '; { calculate k := round(xi/pi) }'):
assign_temp_parameter(k,real_symbol type);
assign_real_constant(pil,pi):
generate_ ALU_operation(k,x1,invpi,multiplication): { kX := x1/pi }
generate_ ALU_operation(k,k,zero_operand,unary_round): { k := round(k) }
writeln{outfile, '; { calculate r := (x1 - float(k)*pi) }'):
assign_temp_parameter(r,real_symbol_type):
assign_temp parameter(z,real_symbol_type):

generate ALU_operation(r,k,zero_operand,unary_float); { r := float(k) }




qenaratn_ALv_operation(z,t,pil,nultiplication);
generate_ALU_opetation(r,xl,r,subtraction): {r

generate_ALU operation(z,r,r,multiplicatioen): {

assign_temp parameter(p,real symbol type):
assign_real_constant(al,-1.666665668e-1):
assign_real_constant (a2, 8.333025139e-3);
assign_real_constant(a3,-1.980741872e-4):
assign_real_constant(ad4, 2.601903036e-6):

assign_real constant{one,1.0):

generate_GT_FFS(6,fx,k,p): { fx := F6(k,p): }
operand_string(fx, temp_token):
write(outfile,’; end { *):
write_token(ocutfile, temp_token):
write(outfile,' := cos(’):

operand_string(x, temp_token):
write_token(outfile, temp_token):
writeln(outfile,') }'):

end: { of function_cos }

Procedure function_tan(fx,x : operand_type):

begin
operand_string(fx, temp_token):
write(outfile,': begin { ');
write_token(outfile, temp_token):
write(outfile, ' := tan('):
operand_string(x, temp_token):
write_token(outfile, temp_token):

writeln(outfile,') }'}:
assign_temp parameter(k,real_symbol_ type):

assign_real constant(piov2,pi/2):

assign_real_constant(invpiovz.2/pi):

assign_temp_parameter(r,real symbol type):

{

z

generate_ALU_operation(p,z,p,multiplication); { p
generate_ALU_operation(p,one,p,addition) : { p :=
qenerata_ALV_operation(p.z,p,multiplication): {p

qene:ate_ALU_operation(k,x,invpiovz,multiplication):

r := r*pi }
- xl-r }

t= *r }

writeln(outfile,'; { calculate p := r(l+z(al+z{a2+z(a3+z(a4))))) }'):

qenerate_ALU_operation(p,a4.z,multiplication): { p 1= ad*z }
generate_ALU_operation(p,a3,p,addition) ; { p := a3+p }
generate_ALU_operation(p,z,p,multiplicatien): { p := 2*p }
genurate_ALU_cperation(p,az,p,addition) : { p = a2+p }
generate_ALU_operation(p,z,p,multiplication): { p := 2*p }

qenerate_ALu_operation(p,al,p,addition) ; ( p = al+p }

i= 2*p }
1+p }
= r"p }

var one,invpiov2,piov2,k,t,r,2,%x1,p,q.pl.92,q1 : operand_type:
povq_address : longint: { starting address for the evaluation of p/q }
qovp_address : longint; { starting address for the evaluation of q/p }

writeln({outfile,'; { calculate k := round(x*4/pi) }');

generate_ALU_operation(k,k,zero_operand,unary round}; { k := round(k) }

writeln(outfilet': { calculate r := (x - float(k)*pi/4) }'):

qenerate_ALU_operation(r,k,zero_operand.unary_float): { r := float(k) 1}

generate ALU_operation(r,r,piov2,multiplication): { r := r*pi/4 }

{ k = x*4/pi }
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generate_ALU_operation(r,x,r,subtraction); { r : = x-r }
writeln(outfile,': { calculate 2z := r*r }°*);

assign_temp parameter(z,real_symbol type):
generate_ALU_operation(z,r,r,multiplication); { z := r*r }
writeln(outfile,'; : calculate q := (1.0 + (g2*z + ql)*z)*):
assign_real_constant(q2,9.71685835e~3);
assign_real_constant(ql,-4.29135777e-1);
assign_real_constant(ocne,1.0):

assign_temp parameter(q, real symbol_type):

generate_ALU operation{(q,q2,z,multiplication): { q := q2*z }
generate_ALU_operation(q,q,ql,addition): { q := q + ql }
genarato_ALU_operation(q}q,z.multiplication): { q :=q*z )}
generate ALU operation(q,one.q,addition); { q := 1.0 + q }
vtiteln(outtile,':_ : calculate p := (pl*z*r + r)');
assign_temp parameter(p,real_symbol_type):
assign_real_constant(pl,-9.58017723e-2);

generate_ ALU_operation(p,pl,z,multiplication): { p := pl*z }
generate ALU_operation(p.p,r,multiplication): { p := p*r }
generate_ ALU_operation(p,p,r.addition); { p = p + r }
writeln(outfile,': { if kX is even then fx := p/q else fx := q/p }');
assign_temp_parameter(t,real_symbol_type):
generate_gt_ffs(7,t,k,k): { t := F7(k) }

writeln{outfile, *: { calculate fx := p/q }'):

povq_address := program_counter;

generate_reciprocal(fx.q):; { fx := 1/q}
generate_ALU_operation(fx,p, fx,multiplication): { fx := p*fx }
generate_Nop:

microcode_address := program_counter;

am2910_opcode := CJP:

branch_opcode := unconditional:

writeln{outfile,’:;30: unconditional branch '):
output_microcode_field:

program_counter := program_counter + 1;

writeln(outfile, ': { calculate fx := q/p }1');
writeln(outfile,'d ',povqg_address-1,' ',program_counter);
qovp_address := program_counter;

generate_reciprocal (fx,p); { fx := 1/p }
generate_ALU_operation(fx,q, fx,multiplication): { fx := q*fx }
generate_Nop:

generate_Nop:

writeln(outfile,'b ', qovp_address-1,' *,program_counter):
writeln(outfile,': fx := FB(LF7,x,fXx)'):
generate gt ffs(6,fx,k, £x);

operand_string(fx, temp_token);

write(outfile,'; end { '):

write_token(outfile, temp_token):

write(outfile,' := tan('):

operand_string(x, temp_token):
write_token(outfile,temp_token):

writeln(outfile,') }"):

end; { of function_tan }




Procedure function_asin(fx,x : operand_type):
var piovz,one.t,r,p,sqrtl_r,ao.al.az.aa,ad,as,as,a7 : operand_type:
begin
operand_string(fx, temp_token):
write(outfile,'; begin { "):
write_token(outfile, temp_token):
write(outfile,' := asin('):
operand_string(x, temp_token):
write_token(outfile, temp_token):
writeln{outfile,') }"):
ﬁriteln(outfile,'; T = |x| ")
assign_temp_parameter (r,real_symbol_type);
generate_gt_ffs(9,r,zero_operand,x); { r := abs(x) if -1 <= x <= 1 else r = NAN }
writeln(outfile,'; { calculate p := pl/2 - sqrt (1-r) (a0+r (al+r(a2+r(ad+r(ad+r(asS+r(aé+r(an i) ")
assign_temp_parameter(p,real_symbol type):
assign_temp_parameter(sqrtl_r,real_ symbol type);
assign_temp_parameter (t,real symbol type):
assign_real_constant (a0, 1.5707963050):
assign_real_constant(al,-0.2145988016):
assign_real_constant (a2, 0.0889783874);
assign_real constant(a3,-0.0501743046);
assign_real_constant (a4, 0.0308918810):
_assiqn_:eal_constant(35,-0.017n881256):
assign_real constant{a6, 0.0066700901):
assign_real constant(a?7,-0.0012624911):
assign_real constant (piov2,pi/2);
assign_real_constant(one,1.0):
genezate_ALU_operation(t,one,r,subt:action):
function_sqrt(sqrtl_r,t):
generate_ALU_operation(p,r,a7,multiplication) ; { p := r*a? }
generate_ALU_operation(p,a6,p,addition) ; { r := aé+p }
generate ALU_operation(p,r,p,multiplication): { p := £*p }
generate_ALU_operation(p,a$,p,addition) : { r := aS+p }
generate_ALU_operation(p,r,p,multiplication): { p := r*p }
generate_ALU_operation(p,ad,p,addition) : { r := a4+p }
generate_ALU_operation(p,r,p,multiplication); { p := r*p }
generate_ALU_operation(p,a3,p,addition) ; { r := ald+p }
generate_ ALU_operation(p,r,p,multiplication): { p := r*p }
generate_ALU_operation(p,a2,p,addition) : { r := a2+p }
generate_ALU_operation{p,r,p,multiplication): { p := r*p }
generate_ALU_operation(p,al,p,addition) ; { r := altp }
generate_ALU_operation(p,r,p,multiplication): ( p := r*p }
generate_ALU_operation(p,a0,p,additicn) : ( r := a0+p }
generate_}LU_operation(p,sqrtl_r,p,multiplicatidn): { p := sqrtl_r*p }
generate_ALU_operation(p,piov2,p, subtraction); ( p := pi/2 - p}
writeln{outfile, '; { £fx := (1”~sign{x))*p }"):
generate _GT_FFS(10,fx,x,p): { fx := Fl0(x,p); }
operand_string(fx, temp token):
write(outfile,': end { *):

write_token{(outfile, temp_token):
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write(cutfile,' := asin(');
operand_string(x, temp_token):
write_token(outfile,temp_ token):
writeln{outfile, ') }'):

end; { of function asin }

Procedure function_acos(fx,x : operand_ type):
var plov2,one,t,r,p,sqrtl_r,a0,al,a2,a3,a4,a5,a6,a7 : operand_type:
begin ‘
operand_string(fx, temp_token):
write(outfile,'; begin { "):
write_token(outfile, temp_token);
write(outfile,' := acos{(');
operand_string(x, temp_token);
write token(outfile,temp_token);
writeln(outfile, ') }*):
writeln(outfile,'; r := x| ');
assign_temp_parameter(r,real_symbol_type):
generate_gt_ffs(9,r,zero_operand,x); { r := abs(x) if -1 <= x <= 1 else r = NAN }
writeln(outfile,': { calculate p := pi/2 - sqrt(l-r) (a0+r(al+r(a2+r(a3+r(ad+r(asS+r(aé+r(a7)}))i)))) 1');
assign_temp parameter (p,real_symbol_type): 5
assign_temp_parameter (sqrtl_r,real_symbol_type):
‘assign_temp_parameter(t,real_symbol_type):
assign_real_constant (a0, 1.5707963050):
assign_real_constant(al,-0.2145988016);
assign_real constant(a2, 0.0889789874);
assign_real constant{(ad,-0.0501743046);
assign_real constant (a4, 0.0308918810);
assign_real constant(as,-0.0170881256);
assign_real_constant(aé, 0.0066700301);
assign_real_constant(a?,-0.0012624911);
assign_real_constant(piov2,pi/2):
assign_real constant(one,1.0);
generate_ALU_cperation(t,one,r, subtraction);
function_sqrt{sqrtl_r,t);
generate_ALU_operation(p,r,a7,multiplication) ; { p := r*a7 }
generate_ALU_operation(p,a6,p,addition) ; { r := aé+p )
generate ALU operation(p,r,p,multiplication): { p := r*p }
generate ALU operation(p,a$5,p,addition) ; { r := aS+p }
generate ALU_operation(p,r,p,multiplication); { p := r*p }
generate_ALU_operation(p,a4,p,addition) ; { r := ad+p }

generate ALU_operation(p,r,p,multiplication); { p := r*p

generate ALU operation(p,a3,p,addition) : { r := al3+p }

generate ALU operation(p,r,p,multiplication); { p := r*p

generate ALU_operation(p,a2,p,addition) ; { r := a2+p }

generate ALU operation(p,r,p,multiplication); { p := r*p

generate ALU operation(p,al,p,addition) ; { r := al+p }

generate_ALU_operation(p,r,p,multiplication): { p := r*p

generate ALU_operation(p,a0,p,addition) ; { r := a0+p }
generate ALU_operation(p,sqrtl_r,p,multiplication); { p := sqrtl r*p }

generate_ALU operation(p,piov2,p,subtraction): { p := pi/2 - p }




writeln(outfile,': { £x := (1°sign(x))*p }'):
qene:ati_GT_FFS(lo,tx,x.p): { £x := Fl0(x,p): }
genetate_}LU_operation(fx,piovz.tx.subtraction):
operand_string(fx, temp_token):

write(outfile,': end { '):

write_token(outfile, temp_token):
vwrite(outfile,' := acos({'):;

.opezand_string(x, temp_token) ;
write_token(outfile,temp_token):
writeln(outfile,') }'):

end: { of function_acos }

Procedure function_ atan{fx,x : operand_type):
var one,t,r,p,z.al.a2,a3,ad,as,a6,a?,as,piov2, mpiov2 : operand_type:
start_address,addressl,address2 : longint;

begin
operand_string(fx, temp_token);
write(outfile,'; begin { '):
write_token(outfile, temp_token);
write(outfile,' := atan('):
operand_string(x, temp_token):
write_token{outfile,temp_token):
writeln(outfile,') }'):
writeln({outfile,': {r=xif (-1 <= x <= 1) elser = 1/x }"):
assign_real constant(one,1.0):
assign_temp parameter(r,real_ symbol type):
assign_temp_parameter (t,real_symbol_type):
branch_lookahead_buffer({2] := if negative;
qenarate_ALU_operntian(t,ona,x.subtraction): { if x > 1 then branch to evaluate 1/x }
start_address := program_counter-1;
branch_lookahead_buffer{2] :=- if_negative:
generate_ALU_operation{t,x,one,addition): { if x < -1 then branch to ev#luate 1/x }
addressl := program_counter-l;
branch_lookahead_buffer([2] := unconditional;
qenerate_ALv_operatian(r,x,zero_operand.addition): {ri=x}
address2 := program_counter-l:
clear_pipeline_stage:
writeln(outfile, ‘b ',start_address+2,' ',program_counter):
writeln(ocutfile,'db ',addressl+2,' ',program_counter):
writeln(outfile, ': { calculate r := 1/x }');
generate_reciprocal(r,x): { r := i/x }
clear_pipeline_stage:
writeln(outfile, 'b *,address2+2,' ',program_counter):
writeln(outfile,'; { calculate fx := r(al+z(a2+z(a3+z(ad+z(a5+z(a6+z(a7+2(a8)))))))) }1'):
assign_temp_parameter(z,real_symbol_type):
assign_temp_parameter(p,real_symbol type):
assign_real_constant({al, 0.9999993329);
assign_real constant(a2,-0.3332985605):
assign_real_constant(a3, 0.1994853599):
assiqn_real_constant(a4,-0.1390853351):

assign_real_constant (a5, 0.0964200441):
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assign_real_constant(a6,-0.0559098861) ;
assign_real_constant (a7, 0.0218612288);
assign_real constant(a8,-0.0040540580):
generate_ALU_operation(z,r,r,multiplication): { z := r*r )
generate_ ALU operation(p,z,a8,multiplication) : { p := z*a8 }
generate_ALU_operation(p,a?,p,addition) ; { p := a7+p }
generate ALU_operation(p,z,p,multiplication): { p := z*p }
generate_ALU_operation(p,a6,p,addition) ; { r := aé+p )
generate ALU_operation(p,z,p,multiplication); { p := z*p }
generate_ALU_operation(p,aS,p,addition) ; { r := aS+p }
generate_ ALU_operation(p,z,p,multiplication); { p := z*p }
generate_ ALU_operation(p.ad,p,addition) ; { r := ad4+p }
generate_ ALU_operation(p, z,p,multiplication); { p := z*p }
generate ALU_operation(p,a3,p,addition) ; { r := a3+p }
generate_ALU_operation(p, z,p,multiplication): { p := z*p }
generate_ALU_operation(p,a2,p,addition) : { r := a2+p }
generate_ ALU_operation(p,z,p.multiplication); { p := z*p }
generate_ALU_operation(p,al,p,addition) :; { r := al+p }
generate ALU operation(fx,r,p,multiplication):; { fx := r*p }
start_address :~ program_counter;
assign_real constant(piov2,pi/2):
branch_lookahead buffer(2] := ir_neqative:
generate_ALU_operation(t,x,one,addition); ( if x < -1 then branch

‘ to evaluate fx := - pi/2 - fx }
branch_lookahead buffer(2] := 1{_neqative:
generate_ALU_operation(t,one, x, subtraction):; { if x > 1 then branch

to evaluate fx := pi/2 - fx }

generate nop:

generate_nop:

microcode_address := program_counter:

AM2910_opcode := CJP:

branch_opcode := unconditional:

writeln(outfile, ':*,pregram_counter, ': unconditional branch'):
output_microcode field:

program_counter := program_counter+l:

clear_pipeline_stage:

addressl := program_counter:

writeln(outfile, 'b ',start_address+2,' ',program_counter):
writeln(outfile,'; { calculate fx := - pi/2 -~ fx }');
branch_lookahead_buffer(2] := unconditional:
assign_real_constant(mpiov2,-1.5707963943):

generate ALU_operation(fx,mpiov2, fx, subtraction): ( fx := - pi/2 - fx }
clear pipeline stage:

writeln(outfile,'db *,start_address+3,' ',program_counter):
writeln{outfile, '; { calculate fx := pi/f2 - fx }'}):

generate ALU operation({fx,piov2, £x, subtractien); { fx := pi/2 - fx}
clear_pipeline_stage:

writeln(outfile, 'b ',start_address+4,' ',program_counter);:
writeln(outfile, 'b ',addressl+2,' ',6program counter):
operand_string(fx, temp_token):

write(outfile,'; end { '):




write_token(outfile, temp_token):
write(outfile,' := atan{('):
operand_string{x, temp_token):
write_token(outfile, temp_token):
writeln(outfile,') }');:

end: { of function_atan }.
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File: MAINBODY.DEF

public mainbody:
Procedure while_ statement:
Procedure if_statement:
Procedure for_statement:
Procedure compound statement;
Procedure program main_block:

Procedure null_statement:
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File: MAINBODY.PAS

module mainbody:

$include{global.def)
$include (utility.def)
$include(init.def)
$include(fetch_tk.def)
$include (symbol_t.def)
$include (code_gen.def)
$include (exprsion.def)
$include (exprtree.def)
$include (declare.def)
$include(io.def)
$include({arith.def)
sincluﬁa(stdprocd.def)

$include (mainbody.def)
private mainbody:

$include(if_while.pas)
$include(for_stat.pas)

$include (procedur.pas)

Procedure null_ statement;
begin

end; { of null_statement }

procedure compound_statement;
begin
fetch_token:
find_symbol(token,symbol_type,symbol_value,found):
if not found then
begin )
writeln(errorfile):
writeln(errorfile, '!!! error, unknown id: "', token,'"');
error_found:
end:
if token = begin_token then
begin
compound_statement;
while token(1])=":' do compound_statement; .
verify token(token,end_token):
fetch_token:
end
else
if token = while token then
while_statement
else
if token = repeat_token then
repeat_statement

else




if token = if_token then
if_statement
else
if token = for_token then
for_statement
else
if (symbol_type = procedure symbol type) then
procedure; call
elsé
if (symbol_type = standard_procedure_symbol_type) then
standard_procedure_block
else
if (symbol_type = real_symbol_type) or
(symbol_type = integer_symbol type) or
(symbol_type = boolean_symbol type) then
begin ‘
if symbol type = real symbol_type then
constant_assignment_type := real constant_symbol_type
else
constant_assignment_type := integer_constant_symbol_type:
assignment _statement:
end
else
if (symbol_type = real array_symbol_type) then
begin
constant_assignment_type := real_array_symbol_type:
index_assignment_statement;
end
else
if (symbol_type = integer_array_symbol_type) then
begin
constant_assignment_type := integer_array_symbol type:
index_assignment _statement:
end
else
if (symbol type = boolean_array_symbol_type) then
.beqin
constant_assignment _type := boolean_array_symbol_type:
index_assignment_statement:
end;

end; { of compound statement }

Procedure program main_block:

var start_address : longint:

begin
start_address :~ program counter;
branch_lookahead buffer({0] := unconditional:
generate_nop;

while ( (token = var_declaration) or (token = const_declaration)

or {(token = procedure_heading) or (token=function_heading) ) do

begin
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if (token=var_declaration) then
var_declaration_block
else
if (token=const_declaration) then
const_declaration_block
else
Af (token=type_declaration) then
type_declaration_block
else
if (token=procedure_heading) then
procedure_main_block
else
if (token=function_heading) then
function_main_block:
end;
if (token=begin_token) then
begin
writeln(outfile,'b ',start_address,' ',program_counter);
compound_statement;
while token{lj=';' do compound_statement:
end
else
begin
writeln(errorfile);
writeln(errorfile,'!!!! syntax errror, begin expected’):
error_found;
end;
verify token(token,end token):
fetch_token:

end; { of program main_block }.
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File: MAKEFILE

PASFLAGS = large optimize(l) symbolspace(64) debug
PLMFLAGS = large optimize(3) debug

SOURCES =

OBJECTS =

compiler:

compiler.obj:

\

arith.pas \
bit_func.plm \
code_gen.pas \
declare.pas \
emu lib.pas \
exprsion.pas \
exprtree.pas \
fetch_tk.pas \
global.pas \

-~

hex_conv.pas

-

ieee_cnv.pas
init.pas \
io.pas \
1ib.pas \

-

mainbody.pas

”~

stdprocd.pas
symbol_t.pas
utility.pas

e

\

arith.obj \
bit_func.cbj \
code_gen.obj \
declare.obj \
emu_lib.obj \

-~

exprsion.obj

-

exprtree.obj

-

fetch tk.obj
global.obj \

hex_conv.obj \

-

ieee_cnv.obj
init.obj \
io.obj \
1ib.obj \

-

mainbody.obj

-

stdprocd.ob]j
symbol_t.obj
utility.obj

-

compiler.obj compiler.lib

submit :PFP:csd/PASbndl( compiler,

'compiler.obj,compiler.lib’', debug )

compiler.PAS
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pas286 compiler.PAS $(PASFLAGS)
compiler.lib: $(OBJECTS)

.PAS.obj:
pas286 $< $(PASFLAGS)
submit :PFP:csd/1ib{ compiler.lib, $* )

.PLM.obj:
plm286 $< $(PLMFLAGS)
submit :PFP:csd/l1ib( compiler.lib, $* )

clean:

delete compiler, *.1st, *.obj, *.mp?,*.1ib
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File: PLM_LIB.DEF °
public plm help:
procedure plm_halt;

\,
>




File: PQCLOSE.DEF
public pqclose;

procedure pgclose(var f : text);
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File: PROCEDUR.PAS
procedure parameter_list;
var 1,j : longint:
index_number : longint; { use to point to index register for call by value parameter }
var_type : longint; { use to store the type of the parameter )
temp_dataram address : longint:; { use to store temporarily the dataram address for call by value parameter }
parameter_type : longint:
begin
index_number := 1;
if token = open_parenthesis then
begin
repeat
i :=0;
fetch_token: { variable name / var }
if token = var_declaration then
begin
parameter_type := call by reference;
fetch_token:; { variable name }
end .
else
parameter_type := call by value:
1 1= i41;
symbol_array(i] := token; { insert token to symbol array }
fetch_token: { , )
vwhile token = comma do
begin
fetch_token: { variable_name }:
i := i+41;
symbol_array{il := token: { insert token to symbol array }
fetch_token:
end;
verify token(token,colon):
fetch_token: { variable_type }
if (token = real_token) then
begin
var_type := real_ symbol type:
end
else
if (token = integer_ token) then
begin
. var_type := integer_ symbol type:
end
else
if (token = boolean_token) then
begin
var_type := boolean_symbol_type:
end
else
begin
writeln({errorfile):

writeln(errorfile,'!!! error, unsupported parameter type : "',token,'"');
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error_found:
end;
symbol_type := var_type:
for § := 1 to 1 do { insert symbol array to symbol table }
begin J
new (new_parameter):
new_parameter*.id := symbol_array{jl:
new_parameter*.id type := symbol type:
new_parameter”.parameter_type := parameter_type:
new_parameter~.next := nil:
if parameter_type = call by_value then
begin
insert_symbol (symbol array({j],symbol_type, symbol value);
new_parameter~.address :~ symbol_value:
end
else { call by reference }
begin .
insert_symbol(symbal_azray[j].symbol_type.symbal_value):
new_parameter”.address := symbol value;
end;
if procedure_link*.parameter link = nil then
begin
procedure_link”.parameter_link := new_parameter:
end
else
begin
current_parameter := procedure_link“.parameter link:
while current_parameter®.next <> nil do current_parameter := current_parameter”.next;
current_parameter”.next := new_parameter:
end;
no_local_variable[procedure_level] := no_local_variable(procedure_level]+l:
*local_variable{procedure_level,no_local_variable[procedure level]] := symbol array(3]:
end;
fetch_token:
until ( token <> semicolon):
verify_ token(token,close_parenthesis):
fetch_token:
end;

end; { of parameter_list }

Procedure procedure_main_block:
var i : longint:
procedure_name : token_type:
begin
for i := 0 to max_index_register do index_register{i]} := blank_ token;
fetch_token: { procedure_name }
procedure_name := token;
writeln(outfile,': { procedure ',procedure_name):
symbol_type := procedure symbol type:
symbol_value := program_counter;

insert_symbol(procedure_name,symhol_type,symbol_value);




no_local variable(procedure_level) := no_local variable[procedure_level]+l;
local_variable{procedure_level,no_local_variable[procedure_level}] := procedure_name;
procedure level := procedure level+tl:
if procedure_level > max_procedure_level then
begin
writeln(errorfile):
writeln(errorfile,'!!! error, maximum procedure nesting level exceeded, max = ',max_procedure_level);
error_found;
end:
no_local_variable{procedure_level] := 0;
fetch_token:
parameter list:
{ tind_symbol(proéedure_name,symbol_type,symbol_value,found):
current_parameter := procedure_link*.parameter_link:

while current parameter <> nil do

begin
writeln{outfile, '----out of parameter list----- '):
writeln(outfile, 'current_parameter id : ',current_parameter*.id):
writeln(outfile, 'current parameter id_;ype H ',current_parametez‘.id_type):

vtiteln(outfile,'current_parametef address : ',current_parameter“.address):
current_parameter := current_parameter~.next:

end: }

verify_token(token, semicolon):

fetch_token:

program_main_block:

verify token(token, semicolon):

if no_local_variable[procedure_level] > max_local_variable then
write_error(’'maximum number of local variable exceeded limit  ’,token):

for 1 := 1 to no_local_variable{procedure_level}l do

begin

{ writeln(outfile,'delete from symbol table : "',6local_variable(procedure_level,i],'"'): }

delete_symbol(local_variable{procedure_level,i]):

end:

if write_lookahead buffer(l).id <> blank_token then generate_Nop;

writeln(outfile, ';',program_counter, ': return'):

microcode_address := program_counter:

AM2910_opcode := CRTN;

branch_opcode := unconditional:

output_microcede_field:

program_counter := program_counter + 1:

fetch_token:

for i := 0 to max_index_register do index register(i] := blank_token:

procedure_level := procedure_level-1l:

writeln(outfile,': end of procedure ', procedure name,' }' }:

end; { of procedure main_block }

Procedure function_main_block;
var i : longint;

function_name : token_type;
begin

for i := 0 to max_index_register do index_register(i] := blank token:
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fetch_token; { function_name }
function_name := token;
writeln(outfile,'; { function ', function name):
symbol_type := function_symbol type:
symbol_value := program_counter:
inserc_symbol(tunction_name,aymbolﬁtype,symbol_value):
no_local_yaxiable(procedure_lcvel] Bl no_local_variable[procedure_level]+1:
local_variable[procedure_level,na_local_vaziahletprocedure_level]] := function_name:
procedure_level := procedure_level+l:
inside_function_block{procedure_level] := true:
if procedure_level > max_procedure level then
begin
writeln(errorfile):
writeln(errorfile,'!!! error, maximum procedure nesting level exceeded, max = ',max_p:ocedure_level):
error_found: .
end;
no_local_variable{procedure_level} := 0;
fetch_token:
parameter_list:
find_symbol(tunction_name.aymbol_;ype,symbol_value;{ound):
verify token(token,colon);
fetch_token:
if token = real token then
symbol_type := real_ symbol_type
else
if token = integer_token then
symbol_type :~ integer symbol type
alse
if token = boolean_token then
symbol_type := boolean_ symbol type
else
write_error('unsupported function type : *,token);
nev (new_parameter):
new_paraﬁeter‘.id := function_name;
new_parametet‘.id_type := symbol type:
new_parameter”.next := nil;
insert_symbol(function_yame,symbol_type,symbol_value):
new_parameter~.address := symbol value:
if procedure_link~.parameter_link = nil then
begin
procedute_link‘.parametez_}ink := new_parameter;
end
else
begin
new_parameter”.next := procedure_link”~.parameter_link:
pracedure_link“.parameter__link 1= new_parameter:
current_parameter := procedure_link~.parameter link:
while current_parameter”.next <> nil do current_parameter := current_parameter”.next;
current_parameter”.next := new_parameter: }
end;

no_local_vatiable[procedure_levél] 1= no_local_vaxiableIprocedure_level]+1:




local_variable(procedure_level,no_local_variable(procedure_level]] := function_name:

-

current_parameter := procedure_link“.parameter link;

writeln(outfile, 'beginning of listing of parameter inside procedure’);

while current_parameter <> nil do

begin
writeln(outfile, 'current_parameter id : ',current_parameter~.id):
writeln(outfile, 'current_parameter id_type : ',current_parameter~.id_type):
wzit-ln(outfila,'current_parameter address : ',current_parameter”.address);
current_parameter := current parameter~.next:

end; }

fetch_token:

verify token(token,semicolon):

fetch_token:

program_main_block:

verify token(token,semicolon):

if no_local_variable(procedure_level] > max_local_variable then
write_error('maximum number of local variable exceeded limit ',token):

for i := 1 to no_local_variable(procedure_ level] do

begin

-

delete_symbol (local_variable({procedure level,i]);
end; v
if write_lookahead_buffer([l].id <> blank_token then generate_Nop:
writeln(outfile, ';’,program_counter,': return');
microcode_address := program_counter:
AM2910_opcode := CRTN:
branch_opcode := unconditional;
output_microcode_field:
program_counter := program counter + 1;
fetch_token:
for 1 := 0 to max_index_register do index register{i] := blank_token:
inside_function_block{procedure_level] := false:
procedure_level := procedure level-l:
writeln(outfile,'; end of function ', function_name,' }' ):

end: { of function_main block }

writeln(outfile, 'delete from symbol table : "',local_variable{procedure_level,i],'"'); }
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File: STDPROCD.DEF

public stdprocd:
Procedure pzccedure_store_function:
Procedure procedure_stota_window:
procedure procedure_read_function:
Procedure procedure gt_ffs: -

Procedure standazd_prccedure_bléck:
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File: STDPROCD.PAS
module stdprocd:
$include (stdprocd.def)
$include(global.def)
$include(utility.def)
$include{exprsion.def)
sinclude(eiprtree.def)
$include(code_gen.def)
$include(io.def)
$include(fetch_tk.def)
$include(arith.def)
$include (symbol_t.def)
$include(bit_func.def)
$include (emu_lib.def)

private stdprocd;

Procedure procedure_store_function:
var
x,fx : operand_type;
begin
fetch_token:

verify_tcken(token,open_parenthesis);

fetch_parameter(x); check operand_type(x,real_symbol_type):

verify token(token,comma):

fetch_parameter (fx); check_operand type(fx,real symbol_type):

verify token{token,close_parenthesis):

find symbol(fx.id, fx.id_type, fx.id_address, found):

if not found then
write_error('unknow id:

fx.index_address := assign_index(fx.index):

find_symbol(x.id,x.id type,x.id_address, found):

if not found then

write_error ('unknow id:
x.index_address := assign_index(x.index):
reset_microcode_field;
clear_pipeline_stage:

operand_string(x, temp_token);

write(outfile,'; store_function(',temp_token,’,');

operand_string(fx, temp_token):
writeln (outfile, temp_token, ')’):
microcode_address := program_counter;
AR := fx.id_address + fx.offset:
if fx.index <> blank_token then
begin

AIR{0] :=~ fx.index_address;

IAL := 1;
end;
AS = 1;
output_microcode_field:
program_counter := program_counter+l;

microcode_address :=~ program counter:

', fx.id)

', x.1d);
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AR := x.id_address + x.offset;
if x.index <> blank_token then
begin

AIR[0] := x.index_address;

IALl :~= 1;
end:
AS := AR;
AIS[0]) := AIR[O]):
IAQ := IAL:
output_microcode_field:
program_counter :e program_counter+l;
microcode_address := program counter:
write_opcode := store_function opcode:
output_microcode_field:
program_counter := program counter+l;
stack_pointer := stack_pointer - 2:

end; { of store_function }

Procedure procedure_store_window;
var window : longint;
t1,t2 : operand_type:
i : longint;
begin
fetch_token:
verify_token(token,open_parenthesis):
fetch_token:
if symbol_type <> integer_constant_symbol type then
write_error('constant expected :
window := integer_ constant value:
tind_symhol(token,symbol_type,symbol_value,found):
if not found then
begin
insert_symbol (token, symbol_type, symbol_value);
declare_constant(symbo}_value.symbol;type,token):
end;
assign_temp_parameter(tl,real symbol type):
tl.id := token:
assign_temp parameter(t2, integer_symbol_type):
generate_ALU operation(t2,tl,zero_operand, unary_round);
clear_pipeline_stage;
writeln(outfile,': store_window(',window,')'):
microcode_address := program counter:
delete(t2.1id,1,1);
val_integer(t2.id,AR,1);
AS := AR:
output_microcode field:
program_counter := program_counter + 1:
microcode _address := program counter:
write_opcode := store_window_opcode:
output_microcode_field;

program_counter := program_counter+l;

', token);

201




. . . : 202

fetch_token:
verify token(token,close_parenthesis):

end; { of procedure_store_window }

procedure procedure_rxead_function:
var
x,fx : operand type:
function number : longint;
‘ begin
fetch_token:
verify token{token,open_parenthesis):
fetch_token;
if symbol type <> intege:_copstant_symbol_type then
write_error('integer constant expected : ',token):
function_number :« integer_constant_value:
if (function_number < 0) or (function_number > 1) then
write_error(' function out of range : ', token);
fetch_token;
constant_assignment_type := real_constant_symbol_type:
verify_token{token, comma);
fetch_parameter (x); check_operand_type(x,real_symbol type);
verify token(token,comma);
fetch_parameter (fx); check operand_type(fx,real symbol type):
verify token(token,close_parenthesis):
find_symbol (fx.id, fx.id_type, fx.id_address, found):
if not found then
write_error('unknow id: ', fx.1d);
fx.index_address := assign_index(fx.index):
find_symbol (x.id,x.id_type,x.id_address, found);
if not found then
write_error('unknow id: tex.id)
x.index_address := assign_index(x.index):
reset microcode_field:
clear_pipeline_stage:
operand_string(x, temp_token);
write(outfile, '; read_function(',temp token,','):
operand_string(fx, temp_token);
writeln (outfile, temp_token, '}'):
microcode_address := program_counter:
AR := x.id address + x.offset;
if x.index <> blank_token then
begin
AIR[0] := x.index_address;
IAL := 1;
end;
AS := AR;
IAQ0 := IAl:
output_microcode_field:
program_counter := program_counter + 1;

microcode_address := program_counter:

AF[0] := fx.id_address + fx.offset:




if x.index <> blank_token then
begin
AIF[0]) := fx.index_address;
IA210) := 1;

end;

write opcode := read_function_opcode + function_number;

output_microcode_field;
program_counter := program_counter + 1;

end; { of procedure_function_read }

procedure procedure gt_ffs;
var f,r,s : operand_type:
function_number : longint;
begin
fetch_token;
veri£y~tokan(toxen,open_parenthesia):
fetch_token:

if symbol_type <> integer_constant_symbol_ type then

write_error(token, 'function number expected
function number := inteqer_consiant_value:
fetch_token;
verify token(token,comma):
fetch _operand(f):
fetch_token:
verify token(token,comma):
fetch_parameter(r):
verify token(token,comma):
fetch_parameter(s):
write(outfile,';"):
operand string(f, temp_token):
write_token (outfile, temp_token):
write( ' := GT_FFS(', function_number, *,'):
operand_string(r, temp_token):
write_token (outfile, temp_token):
write (',");
operand_string(s, temp_ token):
write_token (outfile, temp_token):
writeln (')"):
verify_token(token.close_pazenthesis‘:
find_symbol(f.id, f.id_type,f.id address, found):
if not found then

write_error ('unknown id:
f.index_address := assign_index(f.index):
find_symbol(r.id,r.id type,r.id_address, found}:
if not found then

write_error ('unknown id:
r.index_address := assign_index(r.index):
find_symbol(s.id,s.id_type,s.id_address, found):
if not found then

write_error('unknown id:-

8.index_address := assign_index(s.index);

'.f.id);

',r.id):

',8.1id);
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clear_pipeline_stage:
reset_microcode_field:
microcode_address := program_counter:
AR := r.id address + r.offset;
if r.index <> blank_token then
begin
AIR(0] := r.index_address:
IALl := 1;
end; A
AS := s.id_address + s.offset:
if s.index <> blank_token then
begin
AIS[0] := s.index_address;
IAQ := 1;
end;
output_microcode_field;
program_counter := program counter+l;
microcode_address := program_counter:
AF[0] := f.id_address + f.offget:
if f.index <> blank token then
begin I
AIF(0] := f.index address;
JA2(0] := 1;
end;
msw := word_and (function_number, 1):
write_opcode := word_shr(function_number, 1);
output_microcode_tield:
program_counter := program_counter+i:

end; { of procedure_gt ffs }

Procedure standard_procedure_block:
begin
if (token = send) or (token = send_msw) or (token = send_lsw) then
begin
send_procedure;
end
else
if (token = receive) or (token = receive _msw) or (token = receive_lsw) then
begin
receive_procedure;
end
else
if token = store_function then
procedure_store_function
else
if token = store_window then
procedure_store_window
else
if token = read_function then
procedure_read_function

else




if token = proc_reset then

begin
end
else
if token = gt _ffs token then
bedin
procedure gt _ffs
end;

fetch_token:

end; { of standard_procedure_block }.
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File: STRI.PAS
program stri (input, output):
const

blank_token = * H

type
token_type = packed array [1..50} of char:

var
j. p ¢ integer:
i : longint:
striin, striout : text:

1 : token_type:

procedure str_integer { 1 : longint: var token : token_type):
var
i, 3, kx : integer:

temp_char : char;

begin
token := blank_token;
i :=1;
J =1
if 1 = 0 then
begin
k = 2;
token(l) := 'Q°’
end
else
begin
if 1 < 0 then
begin
token{i] := '-';
1 :=1i+1
end:
bIELE Y
1 := abs(l):
writeln(' 1 = ',1);
while 1 > 0 do
vegin
token (i) := chr ((1 mod 10) + 30H):
writeln ( 'token(',1,'] := ', token({i]):
1 := 1 div 10:

i:=1+1
end;
k = 1i:
i =i -1

while j < i do
begin
Temp_Char := token(i]:
token[i] := token[j):




token(]}] =; temp_char;
J =3+ 1;
{=1i-1
end;
end;

end; { str_integer }

begin
rewrite (striout, ‘':$:striout’):
reset (striin, ':$:striin');
while not eof(striin) do
begin
readln (striin, i);
str_integer (i,1):
3 =0
for } := 1 to 50 do

write (striout,1(jl);

writeln(striout)
end

end.
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File: STRR.PAS
program strr (input, output):
const

blank_token =' '

type
token_type = packed array {1..50} of char:

var
3. p : integer:
i : real:
x : token_type:

strrin,'strzout text:

function x to_the_y ( x : real : y : integer ) : real:

var
i : integer;

total : real:

begin
total := 1:
for 1 := 1 to y do
total := total * x:
x_to_the_y := total
end; { x_to_the_y }

procedure str_integer ( 1 : longint: var token : token_type):
var
i, 3. k : integer:

temp_char : char:

begin
token := blank_token;
i :=1;
J = 1;
if 1 = 0 then
) begin
k = 2;
tokeﬁ[l] = Q"
end
else
. begin
if 1 < 0 then
begin
‘ token(i] := '-';
i =i+
end:
3 o= 4i;
1 := abs(l):
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writeln(' 1 = ',1);
" while 1 > 0 do
begin
goken[i] = chr ({1 mod 10) + 30H):
writeln ( 'tokenf',i,'] := ', token{i]):

1 := 1 div 10;

i=4+1
end; )
k = 1i;
i:=1-1;

while § < i do
begin
Temp_Char := token(i]:
token(i] := token[]j}:

token(3j] :=~ temp_char:

=3+ 1
i=di-1
end;

end;

end: { str_integer }
procedure str_real ( x : real; var string : token_type ):

var
base, mantissa, fraction : real:
i, j, exponent : integer:

temp_string : token_type:

begin
string := blank_token;
if x = 0 then
exponent := 0
else
begin
exponent :=~ ltrunc (ln (abs(x))/1n(10));
if (exponent < 1) and (abs(x) < 1) then
exponent := exponent -1
end:
if exponent < 1 then
base := 10
else
base := 0.1;
mantissa := x * (x_to_the_y (base, abs(exponent)}):
str_integer (ltrunc (mantissa), temp_string):
1 :=1:
string{i} := temp_string(i}:
if temp_string{2]) <> ' ' then
begin
=1+ 1:
string{i) := temp_string{i]

end:
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i:=41+1;
string(d) = '.';
fraction := abs(mantissa):
for 3 := 1 to 10 do
begin
fraction := fraction - ltrunc(fraction);
fraction := fraction * 10;
str_integer (ltrunc(fraction), temp_string):
string(i + j1 := temp_string[l]:
end;
i:=1+3+1;
string(i] := 'e':
str_integer (exponent, temp_string):
for j := 1 to 3 do
string(i + 3] := temp_string(j):

end: { str_real }

begin
rewrite (strrout, ':$:strrout'):
reset (strrin, ':$:strrin'):
while not eof(strrin) do
begin
readln (strrin, 1):
str_real (i,x):
3 :=0:
for j := 1 to 50 do
write (strrout,x(3)):
writeln(strrout)
end

end.




File: SYMBOL_T.DEF
public symbol_t;
Procedure delete_symbol {symbol_name:token_type);
Procedure find_symbol (symbol_name:token_type:var symbol_type,
symbol_value:longint: var found : boolean):
Procedure insert_symbol (symbol_name:token_type:symbol type: integer;
var symbol value :longint);
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.File: SYMBOL T.PAS
module symbol t:
public symbol t:
$include (global.def)
$include(fetch_tk.def)
$include (utility.def)
$include(bit_func.def)
$include (emu_lib.def)
$include (symbol_t.def)
private symbol_t:

function hash(token : token type):longint;
var q,h,i': longint:
begin
h = 0;
for i := 1 to length(token) do
begin
h := word_shl(h, 4) + ord(token{i]):
g := word_and(h, Of000H):
{! 12. Assign unsigned values of $8000 or larger only to Word or LongInt types.}
if g <> 0 then h := word_xor(h, word_shr (g, 12)):
end;
if h < 0 then h := word_shr(h, 1);
h := h mod prime:
hash := h;

end;

Procedure delete_symbol:
var h : longint;
begin
h := hash{symbol_name) ;
found := false:
{* search the list for a match to input name *)
current_symbol := first_symbol[h]: {* start search at head of list *)
if symbol name = first symbol(h]“*.name then
begin
if first_symbol(h]“.next = nil then
begin
dispose (first_symbol(h]):
first_symbol(h) := nil:
end
else
begin
first_symbol(h] := current_symbol~.next:
dispose(current_symbol):
end;
end
else
begin
While (current_symbol~.next <> nil) and {(not found) do

Begin




found := (symbol name = current_symbol”.next”.name); (* is symbol stored in this record ? *)

if not found then
current_symhcl := current_symbol“.next
end; {* of while *)
if found then
begin
(* delete symbol from the entry *)
new_symbol := current_symbol”.next:
current_symbol“.next := new_symbol”.next;
dispose (new_symbol):
end
alse

begin

write_error('symbol to be deleted not found :

end:
end;

end: { of delete symbol }

(* advance if not found ¥)

!, symbol_name);

Procedure find symbol (symbol_name:token_type:var symbol_type, symbol _value:

la?el 1;

var h : longint:
current_symbol : symbol pointer:
old_symbol_type : longint:
dummy_integer : longint;

begin

longint: var found : boolean):

if (symbol_name{l] = ‘'#') or {symbol namefl] = '&') then

begin
symbol _name{l] := '0°;
val_integer (symbol_name, symbol value,h);

if h <> 0 then write error('Invalid symbol search :

found := true:;

gote 1: { exit }
end;
h := hash(symbol name):
found := false;
old_symbol type := symbol_type:
symbol type := general_symbol_type:
current_symbol := first_symbol{h];

', symbol_name);

(* start search at head of list *)

{* search the list for a match to input name *)

While (current_symbol <> nil) and (not found) do

Begin

found := (symbol name = current_symbol”.name}; (* is symbol stored in this record ? *)

if not found then

begin

{ writeln(outfile, 'find symbol : ',current_symbol”.name,' ---> ', current_symbol®.value); }

current_symbol := current_symbol”.next
end;
end; (* of while *)
if found then

begin

(* advance if not found *)
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(* return value that was stored in table *)
symbol_value := current_symbol*.value:
symbol_type := current_symbol“~.symbol_type:
if (symbol_type = procedure_symbol type) or
(symbol_type = function_symbol_type) then
procedure_link := current_symbol:
if symbol_type = integer_constant_symbol_type then
integer_constant_value :~ lround(current_symbol~.constant_value)
else
if symbol_type = :eal_constant_symbo;_type then
real constant_value := current_symbol”.constant_value;
end
else
begin
{ restore the symbol type if not found }
symbol_type := old_symbol type:
end; .
1: { exit }
end; { of find_symbol }

Procedure insert_symbol;
var h : longint:

found : boolean:

begin
{ writeln(outfile, *~~~== beginning of 1nsert_symbol' ------ *):
writeln(outfile, ' inserting : "',symbol_name,'™'); }

h := hash(symbol name);
found := false:
new (new_symbol) ;
nevw_symbol“.next := first symbol({h]:
new_symbol~.parameter_link := nil:
new_symbol”.name := symbol name;
new_symbol”.symbol_type := symbol type:
new_symbol“.scope := procedure_lave%:
first_symbol(h] := new_symbol;
current_symbol := first_symbol(h]~.next:
while current_symbol <> nil do
begin
{ vritaln(outtile,'symbol“.naﬁe : ',current_symbol“.name): }
if current_symbol”.name = symbol_name then
begin
if current_symbol~.scope = procedure_level then
begin
write_error('duplicate id
end:
end;
current_symbol := current_symbol”.next:
end;
if (symbol_ type = real_symbol_type) then
begin

new_symbol~.value := next_dataram_location;

', symbol_name) ;
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symbol_value t= new_symbol”.value;
write(outfile,'; '):
write_token (outfile, symbol name}:
writeln (outfile, ' --=> ',symbol value,' (real)'):
end
else
if (symbol _type = boolean_symbol type) then
begin
new_symbol~.value := next_dataram_location:
symbol_value := new_symbol”,value;
write(outfile,'; '):
write_token (outfile, symbol name):
writeln (outfile,’ ---> ',symbol value,' (boolean)’)
end
else
ir (nymhcl;;ype = real_constant_symbol_type} then
begin
new_symbol~.value := next_dataram_location:
symbol_value := new_symbol“.value:
new_symbol”.constant_value := real_constant_value:
write(outfile,’; ');
write_token (outfile, symbol name):
writeln (outfile,' ---> ', symbol_value,' (real constant)'):

end

" else

if (symbol_type = boolean_constant symbol type) then
begin
new_symbol~.value := next_dataram_location;
symbol_value := new_symbol”.value;
new_symbol”.constant_value := real_constant_value;:
write(outfile,': '):

write_token (outfile, symbol_name):

writeln (outfile,' ---> ',symbol_value,' (boclean constant)'):

end
else
if (symbol_type = integer_symbol_type) then
begin
new_symbol”~.value := next_dataram_location:
symbol_value := new_symbol®.value: ’
write(outfile,’: '):
write_token (outfile, symbol name);
writeln (outfile,' ---> ',symbol _value,' (integer)'):
end
else
if (symbol_type = integer_constant_symbol_type) then
begin
new_symbol”.value := next_dataram_location;
symbol_value := new_symbol®.value:

new_symbol”.constant_value := integer_constant_value:

i := next_dataram_location; { advance dataram address

write({outfile,'; ")
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write_token (outfile, symbol_name):

writeln (outfile,' ---> ', symbol value,' (integer constant)’);
end
else
if (symbol type = real_array_ symbol_ type) then
begin

symbol_value :=~ dataram_address - array_lower_range:

new_symbol”*.value := symbol value;

dataram_address := dataram_address + (array upper_ range-array lower_ range)

+1; )
i := next_dataram_location; { advance dataram address }
write(outfile,': '):
write_token (outfile, symbcl_name):
writeln (outfile,' ---> ', symbol_value,' (real array)’):
end
else
if (symbol_type = integer array_symbol type) then
begin
symhcl_vaiua := dataram_address - array_lower_range:

new_symbol“*.value := symbol_value;

dataram_address := dataram_address + (array_upper_range-—array_lower_range)

+ 1:
i := next_dataram_location; { advance dataram address }
write(outfile,'; *):
write_token (outfile, symbol name):
writeln (outfile,’' ---> *',symbol_value,' (integer array)'):
end
else
if (symbol_type = boolean_array symbol type) then
begin
symbol_value := dataram_address - array_lower_range;

new_synmbol~.value := symbol value:

dataram_address := dataram_address + (array_upper_range-array_lower_range)

+ 1:

i := next_dataram_location: { advance dataram address }

write(outfile,’'; ");

write_token (outfile, symbol_name):

writeln (outfile,' ---> ', symbol_value,' (boolean array)'):
end
else
if (symbol_type = procedure_symbol type) or

{symbol_type = function_symbol_type) then

begin

new_symbol”.parameter link := nil:

new_symbol®.value := symbol value:

procedure_link := new_symbol:

write(outfile,'; "):

write_token (outfile, symbol name):

writeln (outfile,' ---> *,symbol_value,' (procedure/function)'):
end

else
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if (symbol_type = label symbol_type) then

begin

new_symbol~.value := symbol value:

write(outfile,': ');

write_token (outfile, symbol nane):

writeln (outfile,' =--> ',:ymhol_value.; (label)'):

end;

{ writeln{outfile, 'insert symbol

end; (* of insert_symbol *).

', new_symbol”.name, ' ----> ',1i

new_symbol”.value):}
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File: UTILITY.DEF
public utility:
procedure assign stack_operand(var operand : operand Type:op_type:longint):
Procedure verify token({token,expected_token : token_type):
procedure error_found:
procedure write_error (error_message,token : token_type):;
Function next_dataram location : longint:
Procedure assign_percent_variable(var token : token_type):
Function next_temp_variable_location : longint;
Procedure reset_temp_variable_address:
Procedure declare_constant (ram_address,constant_type: longint;constant_id : token_type):
procedure operand_string(operand : operand_type: var token : token type):
procedure check operand_type(operand : cperand_type:symbol_type:lon§int):
procedure reset_stack pointer;
procedure free_stack_operand;
procedure decrement_stack_pointer;
procedure assign_temp_variable(var variable : token_type):
procedure reset_operand(var operahd : operand_type):
procedure simplify type(var symbol_type:longint):
procedure assign_dummy parameter(var parameter:operand_type):
procedure assign_parameter(var parameter: operand type:
parameter_type :longint):
procedure assign_temp_parameter (var parameter: operand_type:
' parameter_type : longint):
procedure assign_parametric_operand(var parameter: operand_type):
procedure fetch_expression(var F,R,S : operand_type: expression : expression_pointer):
procedure store_expression{var F,R,S : operand_type: expression : expression_pointer):
procedure clear_index register:

procedure clear_temp_index:




File: UTILITY.PAS
module utility:
$include (pgclose.def)
$include (utility.def)
Sinclude(global.def)
$include (emu_lib.def)
$include (ieee_cnv.def)

public UDI;

procedure dgexit (completion code : word):

private utility:

precedure cléar_temp_index:
var 1 : integer:;
begin
for i := 0 to max_index_register do
begin
if index_register{i}(1) = &' then
index_register{i} := blank_ token:
end:

end;

procedure clear_index_register:
var i : inteqer:'
begin
for i := 0 to max_index_register do
begin '
index_register(i] := blank token:
end;

end:

procedure assign_stack_operand(var operand :

begin
str_incager(stack_pointer,opetand.id):
temp_token := blank token:
temp_token(1l] := X AN
concat (temp_token, operand.id):
operand.id :~ temp_token;
operand.id_type := op_type:
operand.index := blank_token:
operand.offset := 0;
decrement_stack_pointer:

end; { assign_stack_operand }

operand_Type:op_type:longint):

Procedure verify token(token,expected_token : token_type);

begin
if token <> expected_token then
begin )
writeln{errorfile):
writeln(errorfile, '!!!{ syntax error ,
writeln(errorfile,'

error_found:

"' token,'" received'}:

"1, expected_token, '" expected'});
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end:

-

end: { of verify token

procedure error_found:
var
completion_code :word:
begin
gotoxy(5,12);
write('Check error at : ');
write_token (output, error_filename):
gotoxy(5,24); -
pgaclose (errorfile):
paclose (outfile):
pqclose (constant_ file):
dgexit (completion_code) { halt }

end; { of error_found }

procedure write error { error message, token : token_type):
var
completion_code tword:
begin
writeln(errorfile):
write(errorfile, '!!! Error, '):
write_token (errorfile, error_message):
write (errorfile,’"’);
write_token (errorfile, token):
writeln (errorfile, *'"'):
gotoxy(5,12);
write('Check error at : '):
write_token (output, error_filename);:
gotoxy(5,24):
paclose (errorfile):
paclose {outfile);
pqclose {(constant_file);
dgexit (completion_code) { halt }

end;

Function next_dataram_location : longint:
Begin

if dataram_address < dataram address_limit - temp_variable_limit then

begin
next_dataram_location := dataram_address: (* return memory spot *)
dataram_address := dataram_address+l; (* point to next spot *)

{ if (symbol_type = integer_symbol type) or
(symbol_type = integer_constant_symbol_type) then
dataram address := dataram address+l: }

end

else

begin
writeln(errorfile):

writeln({errorfile, '‘Data ram memory Overrun, too many variables');




writeln(errorfile, 'Maximum number of variables allowed ' )
.dataram address_limit):
error_found:
end;

end; { of next_dataram_locatién }

procedure assign_percent_variable(var token : token_type):
var i : longint:
temp_string : token_type:
begin
temp_string := blank_token:
token := blank_token:
percent_variable_counter := percent_variable counter + 1;
str_integer (percent_variable counter,token);
temp_string(l] :-_'t';
concat (temp_string, token):
token := temp_string;

end; { of assign_percent_variable }

Function next_temp_variable_location : longint;:
Begin
if inside_function_block(procedure_level] = false then
begin
if temp_variable_address < stack_pointer then
begin
next_temp_variable_location := temp_variable_address: (* return memory spot
temp_variable_address := temp_variable address+l; (* point to next spot *)
end
else
begin
writeln(errorfile):
writeln(errorfile, 'Data ram memory Overrun, too many variables'):
writeln(errorfile, 'Maximum number of variables allowed '
.dataram_address_limit);
error_found:
end:
end
else
begin
next_temp_variable_location := next_dataram_location:
end;

end: { of next_temp_vaziable_location }

Procedure reset_temp variable_address;
begin
{ if write_lookahead_buffer{0].id(1] = *#' then
write_lookahead_buffer(0].id :~ ''; 1}
temp_variable_address := dataram_address_limit - temp_variable_limit +1;
{note that the location dataram_address_limit-temp_variable_limit is reserved
for temporary boolean variable to avoid conflict with the pipeline assignment}

end; { of reset_ﬁemp_vaziable_address }

*)
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Procedure declare_constant(ram address,constant_type:

longint;constant_id : token_type);
var msw,lsw : word:
begin
if (constant_type = real_constant_symbol_type) or
(constant_type = boolean_constant_symbol_type) then
begin
Real_to_IEEE(real_constant_value,msw, 1sw);
writeln (constant_file,';declare constant ', ram_address,
' --=> ', real_constant_value,' (real)’):
writeln(constant_file,'v ',ram_address,’' ',msw,' ',1sw);
end
else
if constant_type = integer_constant_symbol_type then
begin
real_constant_value := integer_ constant_value;
Real_to_IEEE(real constant_value,msw, lsw);

writeln(constant_file, ';declare constant ',ram_address,' ---> '

.real_constant_value:10:9,' (real/integer)'):

writeln{constant_file,'v ',ram address,' ',msw,' ',1sv):
end
else
begin
write_error{'unknown constant type ‘. token);
end;

end:

procedure operand _string(operand : operand_type:; var token : token_type):
var
offset_string : token_type:
begin
token := blank_ioken:
token := operand.id: . .
if (operand.index <> blank_token) then
begin
if operand.offset <> 0 then
begin
str_integer (operand.offset,offset_string):
add_char_to_string (token, '['):
concat (token, operand.index):
add_char_to_string (token, '+'):
concat (token, offset_string):
add_char_to_string (token, *'1')
end
else
begin
add_char_to_string (token, '['):
concat (token, operand.index);
add_char_to_string (token, ']1')

end
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end .
else if operand.offset <> 0 then
begin
str_lnteger(operand.offset,offsec_strinq):
add_char_to_strinq (token, '["):
concat (token, offset_string):
add_char_to_string (token, ']')
end

end; { of operand_string }

procedure check_operand_type(operand : operand_type:symbol_type:longint):
begin
ir operand.id_typa>- real_constant_symbol_type then operand.id_type :=
real_symbol_type:
if operand.id_type = integer_constant_symbol type then operand.id_type :=
integer_symbol type:
if operand.id_type <> symbol type then
write_error('type mismatch : ',operand.id):

end:; { of check_operand_type }

procedure reset_stack_pointer:
begin
stack_pointer := dataram_address_limit:

end; { of reset_stack pointer }

procedure’ free_stack_operand:
begin
stack_pointer := stack_pointer + 1:

end: { of increment_stack_pointer }

procedure decrement stack_pointer:
begin
stack_pointer := stack_pointer - 1:

end; { of decrement_stack_pointer }

procedure assign_temp_variable(var variable : token_type):
var

temp_string : token_type:

begin
temp_string := blank_token;
str_integer (next_temp_variable_location,variable):
temp_string[l] := '#":
concat (temp_string ,variable):
variable := temp_string;

end;

procedure reset_operand{var operand : operand_type):
begin
operand.id := blank_token;

operand.index := blank token:
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operand.offset := 0;
operand.id_address := 0;

end: { of reset operand }

procedure simplify type(var symbol_type:longint);
begin
case symbol type of
integer_constant_symbol type: symbol_type := integer_symbol_type:
real_constant_symbol type: symbol_type := real symbol_ type:
boolean _constant_symbol_type: symbol type := boolean_symbol_type:
real_array_symbol_type: symbol _type := real_symbol type:
integer_array symbol_ type: symbol_type := integer_symbol_type;
boolean_array_symbol_type: symbol_type := boolean_symbol_type;
end;

end: { simplified_data_type }

procedure assign_dummy_ parameter(var parameter:operand_type):
begin

reset_operand(parameter);

parameter.id := blank token:

parameter.id(1l] := '#';

end: { of assign_dummy parameter }

procedure assign_parameter(var parameter: operand_type:parameter_ type:longint):
var integer_address : longint: { used to increment the dataram address for integer
begin

reset_operand(parameter);

parameter.id_type := parameter_type:

str_inteqér {next_dataram_location, parameter.id):

if parameter.id_type = integer_symbol_type then

integer_address := next_dataram_ location:

temp_token := blank_token:

temp_token(l] := '&';

concat (temp_token, parameter.id):

parameter.id := temp_token

end; { of assign_parameter }

procedure assign_temp_parameter(var parameter: operand_type:
parameter. type : longint);

begin

reset_operand(parameter);

parameter.id_type := parameter_type:

str_integer (next_temp_variable_location,parameter.id):

temp_token := blank_token:

temp_token{l] := '#':

concat (temp_token, parameter.id):

parameter.id := temp_token

end; { of assign_temp_parameter }

procedure assign_parametric_operand{var parameter: operand_type):

begin

-
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reset_operand(parameter):

parameter.id_address := next_dataram_location;
str_integer (parameter.id_address,parameter.id);
temp_token := blank_token:

temp_token(1] := '#';

concat (temp_token, parameter.id):

parameter.id := temp_token

end; { of assign_parametric_operand }

procedure fetch_expression(var F,R,S : operand_type:

expression : expression_pointer);

begin
if expression~.left”.id = blank_token then
R := zero_operand
else
begin
R.id := expression~.left~.id:
R.index := expression~.left*.index;
R.offset := expression“~.left”.offset;
R.id_type := expression*.left*.id type:
end;
ir exptesaion*.id.- blank_token then
8 := zero_operand
else
begin
8.id := expression~.id:
S.index := expression“.index;
S.0ffset := expression~.offset;
S.id_type :~ expression~.id_type:
end:
F.id := expression~.left~.up*.id:
F.index := expression”.left”.up”.index:
F.offset := expression*.left”.up”.offset:
F.id_type := expression®.left*.up~.id_type:
if (F.id{1] = '%') then
begin
assign_temp parameter(F.F.id_type):
expression”.left~.up~.id := F.id;
end;

end; { of fetch_expression }

procedure store_expression{var F,R,S : operand_type: expression
begin

expression”.left~.id 1= R.id;

expression~.left~.index := R.index;

expression“.left*.offset := R.offset;

expression~.left~.id_type := R.id_type;

expression*.id := s.id:

expression~.index := S.index:

expression®.offset :m= S.offset;

expression~.id_type := S.id_type:

+ expression_pointer):

225




expression”.left*.up*.id := F.id:
expression”.left”.up”.index := F.index:
expression~.left~.up”.offset :=~ F.offset:
expression~.left~.up”.id_type := F.id_type:

end; { of store_expression }.
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File: VALR.PAS

program valr (input, output):

const max_token_length = 50:
type tokentype = array [1..50] of char;
var

x,1 : inteéer:

r ¢ real;

string : tokentype:

valrout, valrin : text;

procedure val_real (charstring : tokentype: var real number : real;

var error_integer : integer);

label 1;

var 1,3 : integer:
exponent : integer:
x : real:
sign : integer:

exponent_token,token : tokentype:

{ piscarding leading zero }

Procedure Delete_leading_zero (var token : tokentype):
var i,3J : integer:;
begin
i :=1;
while i <= hax_tokan_lanth do
begin
if (token{i] = '0') then
begin
for j := i to max_token_length-l do
begin
token{j] := token{j+l]:
end:
token(max_token_length] := * ':
end
else
ir (téken[i] = '4+') or {token{i] = '-~') then
i =i+ 1
else
i := max_token_length + 1:
end:

end;

{ This function converts a packed array of character that represents an

to real number }

function char_integer_to_real(token : tokentype): real:

label 1:

integer




var i : integer:
X,power : real:

begin

{check for valid integer}

for i := 1 to max_token_length do

begin
if (token{i] <> ' ') and (token[i] <> '+') and (token{i] <> '-') then
if ((ord(token(i}) < 48) or (ord(token[i]) > 57)) then
begin .
error_integer := 9999; { for error chccking - T.F.}
goto 1
end;
end;

i := max_token_length;
while (1 > 0) and (token{i] = *
if (i = 0) then goto 1;

x := ord{token({i))-48;
power := 1;

1 = i-1;

while (1 > 0) do
begin

') do i := i-1;

{ if token = blank token }

if ((ord{token[i)) >= 48) and (ord(token(i})

begin

power := power+*10.0:

x := x + (ord(token[i})~48)*power:

end:

if token{i] = '-* then x := -x:

1 = i-1;

end:

1: char_integer_to_real := x;

end: { of char integer to real conversion }

{ beginning of the function token to real converter }

begin
token := charstring:

exponent := 0;

error_integer := 0:; { if stays 0 then no error occurred - T.F. }

delete_leading_zero (token);

{ Detecting whether digit left of decimal point is 0 }

if (token([l] = '.' ) or ({token([2] = *'.') and

not (token{l) in (['1'..
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{ + or -'sign could have preceded the decimal point }

begin
if token{l] = '.' then i := 2

else i := 3;

while token({i] = '0' do

begin
P t = exp t-1:
1 =1+ 1;
end

Detecting decimal point }

i = 1;
while (i <= max_token_length) do
begin
if token(i] = '.' then
begin
for j := i to max_token_length-1 do
token{j] := token{j+ll:
token[max_token_length] := ' *;
i := max_token length:
end
else
if (token(i] = 'e') or (token{i] = 'E') then
i= max_;okon_langthv
else
if (ord(token[i]) >= 48) and (ord(token{i]) <= 5§7) then

exponent := exponent+l; -

1 :=4+2;

end;
check for exponential notation ‘e' or 'E' }

i :=1:
while (i <= max_token_length) do
begin
if (token[i] = 'e') or {(token{i] = 'E') then
begin
token(i] := ' ';
for j := 1 to max_tokén_length do
begin
exponent_token{j} := ' ';

end;

for j := i+l to max_token_length do

begin
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exponent_token[j] := token{j):
token(j] =~ ' *;
end;
X := char_integer_to_real(exponent_token):
writeln(x):

= 1t + round(x):

P

i := max _token_length + 1;
end
else

i:=di+1;

end;

x := char_integer_to_real(token);

while abs(x) >= 1 do x := x/10;

if exponent > 0 then
for 1 := 1 to exponent do x := x*10.0:
if exponent < 0 then

for i := -1 downto exponent do x := x/10.0;

1: real number := x;

end;

begin
rewrite (valrout, ':$:valrout');
reset (valrin, ':$:valrin'):
while not eof(valrin) do
begin
for x := 1 to 50 do
begin
string(x] := ' *;
if not eof(valrin) and not eoln(valrin) then
read (valrin, string{x]):
end;
readln (valrin):
val_real (string, r, 1):
if i = 0 then writeln (valrout, r:20:10)
else writeln (valrout, ‘'i:', i)
end;

end.




C. Floating-Point Loader source code

/t

Copyright 1590

Georgia Tech Research Corporation
Centennial Research Building
Atlanta, GA 30332

*/

#include <stdio.h>
#include <string.h>
#include <stdlib.h>
#include <host.h>

#define DATA_PORT 0x0c000

#define STATUS_PORT 0x0e000

unsigned short number_error:
cﬂar *value:

unsigned long base:
unsigned long limit:
unsigned long type:

/* microcode field(s) */
unsigned short program_counterx;
unsigned short am2910_opcode:
unsigned short branch_address:
unsigned short branch_opcode:
unsigned short write_opcode:
unsigned short dsél:

unsigned short read_opcode:
unsigned short enf bar:
unsigned short i4;

unsigned short i3:

unsigned short mc325:

unsigned short af:;

unsigned short ar:

unsigned short as:

unsigned short msw:

unsigned short ia2:

unsigned short ial:

unsigned short ial;

unsigned short aif;
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unsigned short air:

unsigned short ais:

void stop_processor{ void )

{

unsigned. short temporary:

temporary ->0:
poke( base + STATUS_PORT,
peek( base + STATUS_PORT,
if ( ( temporary & 4 ) =
{
number_error++;
printf{ "ERROR:
}

} /* stop_processor */

void start_processor( void )

{

unsigned short temporary;

temporary = 1:
poke( base + STATUS_PORT,
peek( base + STATUS_PORT,
if ( ( temporary & 4 ) =
{
number_error++;
printf( "ERROR:
}

} /* start_processor */

void reset_processor( void )

{

stop processor( );

start_processor( ):

} /* reset_processor */

int rfi( void )

{

&temporary, sizeof( temporary ) ):
&temporary, sizeof( temporary ) );

4)

unable to stop the processor\n® ):

&temporary, sizeof( temporary ) ):
&temporary, sizeof( temporary ) ):

4)

unable to start the processor\n” ):

register unsigned short count:

unsigned short temporary:

for ( count = 0:; count != 1000; count++ )

{

peek{ base + STATUS_PORT, &temporary, sizeof( tempcrary ) ):

if ( ( temporary & 2 ) == 2 )

return( TRUE ):
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number_error++;

printf("BRROR: processor RFI not responding after 1000 counts\n") ;

return( FALSE ):
} /* xti */

void send( unsigned short *buffer )

if (r£i( ) )
poke( base + DATA_PORT, buffer, sizeof( *buffer ) ):

} /* send */

int dav( void )}
{
register unsigned short count:

unsigned short temporary:

for ( count = 0; count != 1000:; count++ )
{
peek( base + STATUS_PORT, &temporary, sizeof( temporary ) ):
if ( ( temporary £ 1 ) == 1)
return( TRUE ):

number_error++:

printf( "ERROR: processor DAV not responding after 1000 count.s\n" );

return( FALSE );

} /* dav */

void receive( unsigned short *buffer )
{
if ( dav( ) )
peek( base + DATA_PORT, buffer, sizeof( *buffer ) ):

} /* receive */

void reset_microcode_field{ void )
{
am2910_opcode = 0xOe:
branch_address = 0:
branch_opcode = §;
write_opcode = 0:
dsel = 0;
read_opcode = 0:

enf bar = 0:
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i4 = 0:
i3 = 0:

mc325 = 0;

af = 0;
ar = 1:
as = 1;
msw = 0:
ia2 = 0;
ial = 0;
ia0 = 0;
aif = 0:
air = 0;

ais = 0;

} /* reset_microcode */

/* pack the instruction fields and down load them to the processor */

void load_code( void )

{

unsigned
unsigned
unsigned
unsigned

short microcode{6];
short index; N
short offset;

short temporary:

microcode(0] = (msw<<15)

+ (ia2¢<14)
+ (ial<<13)
+ (1a0<<12)
+ (aif<<8)
+ (air<<q)

+ ais:

microcode(l] =~ as:

microcode(2] =~ ar;

microcode(3] = af}

microcode(4] = (branch_opcode<<12)

+ (write_opcode<<9)
+ dsel

+ (read_opcode<<s)
+ {enf_bar<<s)

+ (14<<q)

+ (13<<3)

+ me325;

microcode (5] = (am2910_opcode<<12)

+ branch_address:

for ( index = 0: index <=5; index++ )

{

offset = (index<<13)
poke{ base + offset,
-peek( base + offset,

if ( microcode{index])

+ (program_counter<<l);

smicrocode({index], sizeof( microcode(index]

&temporary, sizeof( temporary )

1= temporary )

):

)

):
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{
number_error++;
printf( “ERROR: instruction memory loading failed:\n"
printf( " write %04x \n", microcode(index} ):
printf( " read %04x \n", temporary ):
}

}
} /* load_code */

/* generate codes for the processor to receive data from the host */

. void generate_receive( unsigned short address )

{

reset_microcode_field({ );
af = address:
if ( add!essb- 1)
{
as = 0;

ar = 0;

msw = 1;

do

write_opcode = 0;
am2910_opcode = 0xle:
load _code( )
program_counter = program_counter + 1;
am2910_opcode = 3;
branch_address = program_counter;
branch_opcode = 2;
write_opcode = 2:
load _code( ):
program_counter = program_counter + 1:
mSw = msw - 1;
}
while ( msw != -1 );
reset_microcode_field( ):

} /* generate_receive */

/* generate codes for the processor to send data from the host */
void generate_send( unsigned short address )
{

reset_microcode_field{ ):

as = address:;

ar = address;

if ( address == 0 )

{

af = 1;

msw = 1;
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do

}

read_opcode = 0:

am2910_opcode = 0Ox0e:

load_code( ):

program_counter = program_counter + 1:
am2910_opcode = 3;

branch _address = program _counter:
branch_opcode = 3;

read_opcode = 2;

load_code( ):

program_counter = program_counter + 1:

msw = msw - 1;

while ( msw I= -1 ):

reset_microcode_field( ):

} /* generate_send */

/* load the procedure that will fetch constants from the host */

void load_pct( char *path )

{

FILE *file:

char line({256}]:

unsigned short address, msw, 1lsw:

if ( ( file = fopen( path, "r" ) ) == NULL )

{

printf( "ERROR: unable to open for read %s\n", path ):

exit({ -1 ):

stop_processor( );

program_counter = 0:

reset_microcode_field( ):

load_code( ):

program_counter = program_counter + 1;

load_code( ):

program_counter = program_counter + 1;

while ( fgets( line, sizeof( line ), file ) != NULL )

{

if ( line[ 0 ] == ';' )

continue;

if ( sscanf( line, "v %d %d %d\n", &address,
{
generate_receive( address );

generate_send( address ):

&msw,

&lsw ) == 3 )
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am2910_opcode = 3;

branch_opcode = 0x0c:

branch_address = program_counter:

load_code( ):

fclose( file ):

'} /% load_pct */

/* this procedure is used to load the constants to the amd floating point processor */

void load hct( char *path )
{

FILE *file:;

char line{256]:

unsigned short address, msw, lsw:

unsigned short temporary:

if ( ( file = fopen{ path, "r"™ ) ) == NULL )

{

printf( "ERROR: unable to open for read '¥s'\n", path );

exit( -1 ):

start_processor( );

while ( fgets( line, sizeof( line ), file ) != NULL)

{

if ( linef 0 ) == ;')

continue:

if ( sscanf( line, "v %d %d %d\n", &address, &msw, &lsw ) == 3 )

{

send( &msw );

send( &lsw )

receive( &temporary ):

if ( temporary != msw )

{

number_error++;

printf{ "ERROR: constant load failed: msw\n" ):

receive{ &temporary }:

if ( temporary != lsw )

{

number_error++;

printf( "ERROR: constant load failed: lsw\n" }:
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fclose( file ):

} /* load_hct */

/* this program is used to load program to the amd floating point processor */

void load_fpp( char *path )

{

FILE *file:

char line(256]:

unsigned short offset:
unsigned short temporary:

stop_processor{ ):

if ( ( file = fopen{ path, "r" ) } == NULL )

{
printf( "ERROR: unable to open for read %s\n", path ):
exit( -1 ):

while ( fgets{ line, sizeof( line ), file ) != NULL )
{
if ( linaf0 ] = *;')

continue;

if ( sscanf( line, "b %d %d\n", &program_counter, &branch_address ) == 2 )
{
temporary = 5;
offset = (temporary<<l3) + (program_counter<<l):;
peek( base + offset, &temporary, sizeof( temporary ) ):
am2910_opcode = (temporary>>12):
temporary = (am2910_opcode<<12) + branch_address:
poke( base + offset, &temporary, sizeof( temporary ) ):

}

if { sscanf( line, "c %d %d %d %d %d ¥%d %d %d %d %d %d %d %d %d %¥d %d %¥d %d %d ¥%d %d \n",
&éprogram_counter, §am2910_opcode, §branch_address, ébranch_opcode,
&write_opcode, édsel, sxead_opcode, senf_bar, £§i4, £13, &mc325,

&af, éar, tas, smsw, §ia2,&ial, ¢ia0, saif, sair, sais) == 21 )

load_code( ):

fclose( file ):

} /* load_fpp */

#define PROGRAM argument{ 0 }




#define NAME argument[ 1 )

#define PATH argument({ 2 ]

void main{ int number_argument, char *argument{ ] )

{

char path{ 256 ]:
initialize_environment ( *:HOME:ENVIRONMENT" );

if ( number_argument != 3 )
{
fprintf{ stderr, “usage: %s <name> <path>\n", PROGRAM );

exit( 0 );

if ( ( value = getenv{ NAME ) ) == NULL )
{
fprintf{ stdout, “ERROR: '%$s' not found in environment\n", NAME );

exit( -1 ):

if ( sscanf{ value, "$1x;¥1x:%lx;", &base, &limit, &type ) != 3 )
‘ .
fprintf( stdout, "ERROR: unable to parse '%s = %s3'\n%, NAME, value ):

exit( -1 );

number_error = 0:

reset_processor{ );

printf( "loading %s\n", NAME );
strepy{ path, PATH ):
strcat( path, ".hct" ):

load _pct{ path );

printf{ "loading %s data\n”, PATH ):
strepy( path, PATH ):
streat( path, ".hct" ):

load_hect( path ):

printf( "loading %s code\n™, PATH ):
strcpy{ path, PATH ):
strcat( path, ".fpp" ):

load_fpp{ path ):

printf{ "starting %s\n", NAME ):

start_processor{ ):

if ( number_error != 0 )

printf( "number error(s) = %d\n", number_error }:
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exit( 0 );

} /* main */

.



al RE
D. Crossbar/Sequencer Compiler source code
Copyright 1990
Georgia Tech Research Corporation
Centennial Research Building
Atlanta, GA 30332
{
{
{ irMX PFP Crossb#rlSequencer Compiler V1.0
{ Compatible with the GT-XB/2 and RMXII only.
{
{
{ Key Words : LOOP, CYCLE
{ pireceiver) [,pl{receiver)] := p(sender).(repeat factor)

comments contained between []

BootLoadable OMF286 Absolute Code is generated for the

sequencer {sequencer.bl) and crossbar (crossbar.bl) memories.

OMF86 and RMXI by : T. S. Floyd

Date @ April 22, 1988 Version 3.0
OMF286 and RMXII by : T. R. Collins & S. R. Wachtel

-~

{ Date : February 22, 1990 Version 1.0
{

{
MODULE xbc:

PUBLIC UDI:
type
date_time_type = record
system_time : longint;
date : array(0..7] of char:
time : array(0..7] of char;

end;

procedure dqdecodetime(var datetime : date_time type: var except : integer):

PUBLIC RANDCMIO:
procedure setrandom(var f: bytes):
procedure seekread(var f: bytes: r: longint):
procedure seekwrite(var f: bytes:; r: longint):

function position{var f: bytes): longint:
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PUBLIC xbc:

PROGRAM xbe (input,output);

const
start_lower =
convert_upper =
convert_numb =
cr =
1f =
space =
max_comm =
max_proc_numb =
max digits =
max_errors =
bits_in_word =
max_x_bus =
min_y_bus =
fourth_xbar =
max_step =
nare_size =
end mark =

null =
type

byte =
bus_list =
error_array =
mat_array =
proc_array =
repeat_array =
word_array =

digit_store =

1024:

20;

32;

00h;

0..255;

array
array
array
array
array
array

array

proc_info = record

repeat_factor :

receiver :
sender :

end;

[0..max_proc_numb] of char:
{1..max_errors] of integer:
(0..max_x_bus,min_y_bus..max_proc_numb] of
{1..max_comm, 0..max_proc_numb] of integer:
[1..max_comm] of integer:
[0..max_proc_numb] of integer:

[1..max digits] of char:

repeat_array;

proc_array:

proc_array;

transfer = record

count :

sender :

integer:

repeat_array;

receiver : repeat_array:

end;

var

tile_name : packed array[l..name_size} of char:

seq_abs,

xbar_abs : file of byte:

input_file,

addr_setup,
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setup : text;

eof_ flag,

stop_proc,

Jump_flag,

gen_addr,

gen_setup : boolean:
conm_count,
cycle_number,
step_number,
jump_number,

jump_cycle : integer:
check_sum :  byte:
clear_proc,

processor : proc_info:
error_log :  error_array;
clear_tran,

xtox,

xtoy,

ytox,

ytoy : transfer:
xbar_bus : bus_list:
clear_matrix,
xbar_matrix : mat_array:
num_abs_seq_sets_output : 1nteqe;:

num_abs_xbar_sets_output : integer:

PROCEDURE open_files:

var
input_char : char:
kount : integer:
begin .

writeln('iRMXII PFP Crosabar/Sequencer Compiler V1.0'):

writeln;

for kount := 1 to name_size do

file name{kount] := ‘' °;

write('Enter name of file with compiler input - '):
kount := 0:
repeat
read(input_char):
kount := kount + 1;
file_name(kount] := input_char;
until ( ord(input_char) = end_mark ):

file_name(kount] := chr{null):;

writeln:




end; { PROCEDURE open_files

write('Do you want to generate the setup file, setup.dat (y/n)?'):

readln(input_char):
if input_char in ['Y','y'] then gen_setup := true

else gen_setup := false:

writeln;

write('Do you want to generate the address file, address.dat
readln(input_char):

if input_char in {'Y’,'y'] then gen_addr := true

else gen_addr := false;

reset (input_file, file_name):
setrandom(seq_abs);
rewrite (seq_abs, 'SEQUENCER.BL');
setrandom(xbar_abs);
rewrite(xbar_abs, 'CROSSBAR.BL'):
if gen_setup then
rewrite(setup, 'SETUP.DAT'):
if gen_addr then begin
rewrite(addr_setup, 'ADDRESS.DAT'):
writeln(addr_setup, 'Next Addresses’);
writeln(addr_setup):
writeln(addr_setup,

(y/m)2*):

N Cycle Crossbar Address Sequencer Address'):

writeln(addr_setup):

end;

FUNCTION power( expon, base : integer ) : integer:

begin

if expon >=1 then
power := power( expon-l, base ) * base
else

power := 1:

end; { FUNCTION power }

PROCEDURE write_byte( which_one: char; input_value: byte );

begin

if ( which _one = 's' )
then

begin




seq_abs* := input_value:

put( seq_abs };

end
else
begin
xbar_abs* := input_value:
put{ xbar_abs {:
end;

end: { PROCEDURE write_byte |}

PROCEDURE initialize output_files;

var
i : integer;
date_time : date_time_type:

except : integer:

begin
date_time.system_time := 0: { Request new time and decode

dqdecodetime (date_time, except):

num_abs_seq_sets_output := 0:

write_byte( 'S*', OA2H ); { A2H = boot loadable module }

write_byte( 'S’, 00H ): {total space}
write_byte( 'S', 00H );
write_byte{( 'S', 00H ):
write byte( 'S', O00R ):

for 1 := 0 to 7 do
write byte( 'S', ord(date_time.date[i]) );

for L := 0 to 7 do
write_byte( 'S*', ord(date_time.time(i}) ):

write_byte( 'S', oxd( 'i' ) ): {Creator}
write_byte( 'S', ord( 'R' ) ):
write_byte( 'S', ord( 'M' ) ):
write_byte( 'S', ord( 'X' ) }:
write byte( 'sS', ord( ' ' ) ):
write_byte( 'S', ord( 'P' ) ):
write_byte( 'S', ord{ 'F' ) ):
write_byte( 'S', ord{ 'P* ) ):
write_byte{ 'S’, oxd( ' ' ) ):
write_byte( 'S', ord( 'C' ) }:
write_byte( 's', ord( 'r' ) ):

write byte( 's‘', ord{ 'o' ) };

-
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write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write byte(
write_byte(
write byte(
write_byte(
write_byte(
write_hyte(
write_byte(
write_byte(
write_byte(
write_byte(
write byte(

write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(

write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(

write_byte(
write_byte(

write_byte(
write_byte(
write_byte(
write_byte(

.57,
'sv,
's"
'st,
s,

'S,

'se,
ise,
'se,
'se,
st

51,

ord( 's'
ord{ 's'
ord( 'b*
ord( 'a'
ord( 'r’
ord( '/*
ord{ 'S’
ord{ 'e'
ord{ *q’
ord( 'u’
ord( ‘e
ord{( 'n'
ord{ ‘c’
ord( 'e'
ord{ 'x’
ord( ' '
ord{ 'C’
ord( ‘o'
ord( 'm*
ord( 'p’
ord( "1’
ord( '1°'
ord( ‘e’
ord( 'r'
ord( * '
ord( 'V’
ord( *1*
ord( '."'

ord({ '0’

00H );
00H ):
O0H )
00H ):
00H );
00H ):

Q0H ).
0CH );
00H ):
Q0B ):
Q0H )
0CH )

00H )

00H ):

96 ):

00H ):
00H ):
COH )

{IDT}

{TsSs}

{ABSTXT Location}
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write_byte(
write_byte(
write_byte(
write_byte(

write_byte(
write byte(
write_byte(
write_byte(

write_byte(
write_byte(
write byte(
write byte(

write byte(
write_byte(
write_byte(
write_byte(

write byte(
write_byte(
write_byte(

write_byte(
write byte(

',
tst,
g,

'S,

rst,
g,
'S,

s,

g,
'Sy,
g,

'gr,

'S,
'S,
‘s,

's',

tgr,
tse,

s,

s,

00R

0CH

00H )
00H )

00H
00H
00H

G0H

ooH
00H
Q0H
Q0H

00H
00H
00H
00H

00H

00H

00H

00H

00H )

{DEBTXT Location}

{ENDTXT Location - MUST BE DONE LAST}

{Next Partition}

{Reserved}

{ABSTXT Address}

{ABSTXT Length - MUST BE DONE LAST}

num_abs_xbar_sets_output := 0:

write byte(

write byte(
write_byte(
write byte(
write_byte(

'X", OA2H ):

X,
X,
e,

',

00H );

00H ):

0CH )»

00H )

for i := 0 to 7 do

{ A2H = boot loadable meodule }

{total space}

write_byte( 'X', ord(date_time.date(i]) ):

for 1 := 0 to 7 do

write byte( 'X', ord(date_time.time(i]) ):

write_byte(
write_byte(
write_byte(
write byte(
write byte(
write byte(
write_byte(

write._byte (

e,
e,
o,
e,
e,
e,
e,

‘X',

ord(
oxd(
ord(
ord(
ord(
ord(
ord(

ord{

g

R?

{Creator}
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write_byte(
write_byte(
write byte({
write_byte(
write_byte{
write_byte(
write byte{
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte({
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(
write byte(
write_byte(
write_byte(
write_byte(
write byte(
write_byte(
write_byte(
write_byte(
write_byte(
write_byte(

write_byte(

write_byte(
write byte(
write_byte(
write byte(
write_byte(

write byte(

write_byte(
write_byte(
write byte(
write_byte(
write byte(

write_byte(

write_byte(
write byte(

ord(
ord(
ord(
ord(
ord(
ord(
ord(
ord(
ord(
ord(
ord(
ord{
ord(
ord(
ord{
ord(
ord(
ord(
ord(
ord(
ord(
ord(
ord{
ord(
ord{
ord(
ord(
ord(
ord{
ord(
ord{
ord(

ord(

00

» 00H

00H

. 00H

00H
ooH

00H
008
008
00H
00H

00H

Q0H

00H

Y
'cr) )
't ) ):
‘e’ ) ):
's' ) )2
's') ):
'b' ) ):
‘a' ) )z
et ) )z
AR IS
'st) )z
‘e' ) ):
‘qt ) )
‘u' ) )
‘e’ ) );
n' ) ):
‘e’ ) )2
‘e’ ) ):
') )
LA B B
'C ) )
‘o' ) ):
m' ) ):
'pT ) )2
it )
1T )
‘e’ ) ):
'r') )
S A B
AN B K
AR 2 B B
AR IS K
0T ) )

)y: (GDT}

):

)i

)i

):

):

)y: {IDT}

):

):

):

)2

):

y: ({Tss}
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end;

vrite byte(
write_byte(
write_byte(
write byte(

write_byte(
vrite_byte(
write_byte(
write_byte(

write_byte(
write_byte(
write_byte(
write_byte({

write byte(
write_byte(
write_byte(
write_byte(

write_byte(
write byte(
write_byte(
write_byte(

write_byte(
write_byte(
write byte(

write byte(
write_byte(

",
e,
",
",

X,
o,
e,

>,

lxl,'

X,
',

',
',

96 ):

Q0H );
QOH ):
00H )

00R ):
00H )
00H ):
0CH ):

00H );
00H ):
00R );
00H )

Q0H )

00H ):
00H ):

Q0H )

00H )

00H ):

Q0H )

00H ):

QO0H )
00H )

00H ):

00H )
004 )

{ABSTXT Location}

{DEBTXT Location}

{ENDTXT lLocation - MUST BE DONE LAST}

{Next Partition}

{Reserved}

{ABSTXT Address}

{ABSTXT Length - MUST BE DONE LAST }

{ PROCEDURE initialize_output_files }

PROCEDURE finish_output_files:

endtxt_offset = 84;

length_offset = 99:

temporary_type =

const
type
record
end:
© var

case byte of

0: (b: array(0..3] of byte:):

1: (i: integer;):

2: (1i:

longint:):
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begin

end:

temporary: temporary_type:

temporary.li := position(seq_abs):
write_byte('s',0FFH): {checksum}

seekwrite(seq_abs,endtxt_offset):
write_byte('s',temporary.b{0]):
wzite_bytg('s’,tempora:y.b[l]):
write_byte('s’',temporary.b{2]):
write _byte('s',temporary.b(3]):

seexwrite(seq_abs,length_offset):;
temporary.i := num_abs_seq sets_output * 16;
write_byte('S’',temporary.b[0]):

write_byte('s',temporary.b(l1]):

temporary.li := position(xbar_abs):

write byte('X',0FFH); {checksum}

seekvwrite (xbar_abs,endtxt_offset):
write_byte('X’, temporary.b(0]):
write byte('X',temporary.b{l}):
write byte('X',temporary.bi2}):
write_byte('X’,temporary.b{3]):

seekwrite (xbar_abs, length_offset):
temporary.i := num_abs_xbar_sets_output * 64;
write_byte('X',temporary.b(0]);
write_byte('X',temporary.b{l}):

{ PROCEDURE finish_output_files }

FUNCTION read_char : char:

file_char : char:

ascii : integer:

begin

eof_flag := false;

read(input_file, file char):

if eof(input_file) then begin

end

eof flag := true;

stop_proc := true;

else begin

stop_proc := false:

ascii := ord(file_char):
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if ( ascii >= start_lower ) then
file_char := chr(ascii - convert upper):

read_char := file char:

end;

end;

{ FUNCTION read char }

FUNCTION convert_to_integer( count : integer:

begi.

end;

storage : digit_store ) : integer:

temp_integer,
index,

i : integer:
n

temp_integer := 0;
for i := 0 to (count - 1) do begin
index := count - i;
temp_integer := {ord(storage(index]) - convert_numb) *power (i,10)
+ temp_integer:
end;

convert_to_integer := temp_integer:

{ FUNCTION convert_to_integer }

PROCEDURE read_numb{ type read : char; var file numb : integer );

var

test_char : char:
count,
index : integer;

storage : digit_store:

begin

case type_read of
'R' : begin
.count := 0;
repeat
read(input_file, test_char):
if eof{input_file) then
stop_proc := true
else
stop_proc := false:

if not stop_proc then
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end;

if {(test_char in ['0'..'9']) and
((count+1) <= max_digits)) then begin
storage([count+l] := test_char;
count := count + 1;
end:
until ( (test _char in {',',':',chr(space)]) or stop_proc );
if count = 0 then stop_proc := true:
if not stop_proc then
begin
file_numb := convert_to_integer( count, storage'):
if ( file_numb >= ( max_proc numb + 1 ) ) then
file numb := file_numb - ( max_proc_numb + 1 );

end;

begin

count := 0;
repeat
read(input_file,test_char):
if eof(input_file) then
eof flag := true
else

eof_flag := false;

if ((test_char in ['0'..'9']) and
((count+1) <= max_digits)) then begin
storage(count+l] := test_char;
count := count + 1:
end;
until ( (test_char in ['.',':',chr(space}]) ):
if count = 0 then stop_proc := true; ‘
if not stop_pioc then begin
file_numb := convert_to_integer( count, storage );
if ( file_numb >= ( max_proc_numb + 1 ) ) then
file_numb := file_ﬁumb = ( max_proc_numb + 1 ):
if test _char = '.' then begin
count := 0:
repeat
read(input_file, test_char);
if eof(input_file) then
eof flag := true
else
eof flag := false;
.if ((test_char in ['0'..'9']) and
({(count+l) <= max_digits)) then begin
storage(count+l] := test char;
count := count + 1:
end;
until ( (test_char in [';',chr(space)}) ):
if count = 0 then
processor.repeat_factor{comm_count] := 1

else
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processor.repeat_factor{comm_count] :=

-

convert_to_integer{ count, storage
end
else
processoz.repeat_factor[comm_count] 1= 1;
end
end;

end;
if stop_proc then error log{2] := 1

end; { FUNCTION read numb }

PROCEDURE comment:

var

test_char : char;
begin

repeat
test_char := read_char:
until ( {(test_char = ']1') or stop_proc };

if stop_proc then error_log(3] := 1:

end; { PROCEDURE comment }

PROCEDURE check_loop:

var

tesc_cﬁat : char:
begin

test_char := read_char:
if test_char = 'O' then begin
test_char := read_char;
if test_char = 'O' then begin
test_char := read_char:
if test_char <> 'P' then
stop_proc := true;
end
else
stop_proc := true;
end
else

stop_proc := true;




if stop_proc then error_log([S] := 1:

end; { PROCEDURE check_loop 1}

PROCEDURE check_cycle;

var

test _char : char:

begin

test_char := read_char;
if test_char = 'Y’ then begin
test_char := read char;
if test_char = 'C' then begin
test_char := read_char:
if test_char = 'L’ then begin
test_char := read_char;
if test_char <> 'E’ then
stop_proc := true;
end
else
stop_proc := true;
end
else
stop_proc := true;
end
else

stop_proc := true;

if not stop_proc then begin
repeat
test_char := read_char:
if test_char = '[' then comment;
until( (test_char = 'P') or stop_proc ):
if stop_proc then error_log{30] := 1;
end
else

error_log(6] := 1:

end; ( PROCEDURE check_cycle }

PROCEDURE set clear_data;

i, 3. X : integer:

begin
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for 1 := 0 to max_x bus do
for j := min_y_bus to max_proc_numb do
clear_matrix(i] (3] := 11;

clear_tran.count := 0;
for j := 1 to max_comm do begin
clear_proc.repeat_factor(j] := 0;
clear_tran.sender[j] 1= 0;
clear_tran.receiver{j} := 0:
end;
for i := 0 to max_proc_numb do begin
for j := 1 to max_comm do begin
clear_proc.receiver(j}{i] := 0:
clear_proc.sender({j}{i] := 0:
end;
end;
for 1 := 1 to max_errors do

error_log([i} := 0;

end: { PROCEDURE set_clear_data }

PROCEDURE get_loop_number( var last_char : char ):

var

test_char : char:
begin

check_loop:
if not stop proc then begin
jump_number := step_number + 1:
jump_cycle := cycle_number + 1:
jump_flag := true;
repeat
test_char := read_char:
if test_char = '[' then comment:
until ( (test_char = ’'C') or stop_proc );
last_char := test_char:
if stop_proc then error_log(8} := 1;

end;

end; { PROCEDURE get_loop_number }

PROCEDURE get_receivers( var found : boolean

test_char : char;

stop loop : boolean:
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index : integer;
begin

found := false;
stop_loop := false;

repeat

read_numb( *R', index ):
if stop_proc then begin
stop_proc := true:
error_log(9] := 1;
end
else begin
found := true:
if processor.receiver[comm_count] (index] = 1 then begin
stop_proc := true;
error_log{1l0] :~ 1:
end
else
processor.receiver[comm count] [index] := 1;
end:
if not stop_proc then
repeat
test_char := read_char:
if test_char = '{' then comment;
if stop proc then error_log(li] := 1:

until( (test_char in {'P','=','C']) or stop_proc ):

if not stop_proc then
case test_char of
‘="' : begin
stop_loop := true:
if not found then stop_proc := true:
end; ' '
'C' : begin
stop_proc := true;
if stop_proc then error_log(l3] := 1;
end;

end:
until{ stop_loop or stop_proc ):

end; { PROCEDURE get_receivers }
PROCEDURE get_sender( var found : boolean:; var input_char : char ):

test_char : char;

index : integer;




begin

found :~ false;
repeat
test_char := read char:
if test_char = '[' then comment:
if stop_proc then error_log(14] = 1:

until{ {(test_char in ['P',':'.'C'j) or stop_proc ):

if not stop_proc then begin
case test_char of
*P' : begin
read_numb{ 'S', index ):
if stop_proc then begin
stop_proc := true;
error_log(l5):= 1;
end
else begin
if processor.sender[comm_count] [index] = 1 then
stop_proc := true:
error_log(16] := 1:
end
else
processor.sender [comm_count] (index) := 1;
found := true:
end;
end;

begin

stop_proc := true:
error_log(17] := 1;

end:

‘C' : begin

stop_proc := true:
error_log{18] := 1;

end:

end;

end;

if not stop_proc then begin
if not eof_ flag then
repeat
test_char := read_char:
if test_char = '[' then comment;
until( (test_char in ('P',’C’,'L']) or stop proc ):
if eof_flag then begin
stop_proc := false:
test_char := 'Q':
end;
iqput_char 1= test_char;

end;

begin
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end: { PROCEDURE get_sender }

PROCEDURE initialize_comm_info;
begin

processor := clear proc:
xtox := clear_tran;

xtoy :
ytox
ytoy := clear_tran;

= clear_tran;

= clear_tran:

end: { PROCEDURE initialize comm_ info }

PROCEDURE check_sender_receivers;

var

i, 3 : integer;

begin

for i := 0 to max_proc_numb do
xbar_bus(i] := * *;
for j := 1 to comm_count do
for i := 0 to max_proc_numb do begin
if processor.sender{j]{i] = 1 then
if (xbar bus{i] = 'R') or (xbar_bus{i) = 'S') then
stop_proc := true
else
xbar_bus(i] := 'S';
if processor.receiver{j]j[i] = 1 then
if (xbar_bus{i] « 'R') or (xbar_bus[i] = 'S') then
stop_proc := true
else
xbar_bus[i] := 'R":
end;

if stop_proc then error_log[25] :~ 1:

end:; { PROCEDURE check_sender_teceivers }

PROCEDURE write_seq_to_output_file( last_one : boolean );

i, 3.

out_count : integer:

|
-



first_comm : boolean:
begin

first_comm := true;
out_count := 0:
writeln(setup,’ Cycle ',cycle_number):
for j := 1 to comm_count do begin
for i := 0 to max_proc_numb do
if processor.receiver(j] (i} = 1 then
if first_comm then begin
write(setup, ' p'.i):
first_comm := false:
end
else begin
write(setup,', p'.1):
out_count := out_count + 1;
if out_count >= 7 then begin
writeln(setup,’,'):
first_comm := true:
out_count := 0:
end;

end;
write(setup,' := *):

for i := 0 to max_proc_numb do
if processor.sender(j)(i] = 1 then
write(setup, 'p’',i,'.',processor.repeat_factor[jl,':'}:
writeln(setup):
first_comm := true:
end;
if last_one then begin
writeln(setup):
if jump_flag then
writeln(setup, ' Loop to Cycle - ', jump_cycle)
else
writeln(setup, ' No loop'):

end:

end: { PROCEDURE write_seq_to_output_file }

PROCEDURE build data_word( now : integer: input_word : proc_array:

var output_word : word_array ):

i, 3 : integer:
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for i := 0 to max_proc_numb do
output_word[i] := 0;
for j :¢= 1 to comm count do
if now <= processor.repeat_factor(j] then
for i := 0 to max_proc_numb do
if input_word(j)(i] = 1 then
output_word[i] := 1:

end: { PROCEDURE build_data_word }

FUNCTION make_hex numb( index : integer; input_word : word array } :

var

" J, input_value : integer:
begin

input_value := 0;
for j := 1 to (bits_in_word div 2) do

integer:

input_value :~ input_value + input word[j+index] * power((j-1).2):

make_hex_numb := input_value;

end; { FUNCTION make_hex_numb }

PROCEDURE write_data_word( which_one : char; data_word : word_array ):

var

j, output_value : integer:

begin

J i -1:

repeat

output_value := make_hex numb{ j, data_word );

write byte( which_one, output_value ):
3 =3+ 8
until( j > 23 ):

end: { PROCEDURE write_data_word }

PROCEDURE make_four_hex_numb{ which_one : char: address

upper, lower : integer:

begin

: integer ):

260

/




upper := address div 256;
lower := address mod 256:
write_byte( which_one, lower ):

write_byte( which_one, upper ):

end:; ( PROCEDURE mke_fou:_hex_numb }

PROCEDURE make_check_sum{ which_one : char ):
begin

check_sum := - check_sum:

write_byte( which_one, check_sum );

end; { PROCEDURE make check_sum }

PROCEDURE write_in_hex ( address_to_output : integer }:

var
output_number,
left_over,

hex_count : word;
begin

left_over := address_to_output:
for hex_count := 3 downto 0 do begin
output_number := left over div power (hex_count, 16);
left over := left_over - output_number * power(hex_count, 16);
if output_number < 10 then ’
write (addr_setup, output_number:1)
else if output_number = 10 then
write(addr_setup, 'A')
else if output_number = 11 then
write(addr_setup, 'B')
else if output_number = 12 then
write(addr_setup, 'C’)
else if output_number = 13 then
write(addr_setup, 'D')
else if output_number = 14 then
write(addr_setup, 'E')
else if output_number = 15 then
write(addr_setup,'F'):

end:

end: { PROCEDURE write_in_hex }
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PROCEDURE generate_seq_code( last one : boolean );

var
i, 3,
start : integer;
data_word : word_array:
begin

start := processor.repeat_factor(l]:

for 1 := 1 to comm_count do

if processor.repeat_factor(i) > start then

start := processor.repeat_factor[i}:

if gen_addr then write(addr_setup,’ ',cycle_number:4):

for i := 1 to start do begin

step_nhumber := step number + 1:

if step_number <= max_step then begin
num_abs_seq_sets output := num_abs_seq_sets output+l:

build_data_word( i, processor.receiver, data_word ):
write_data_word( 'S', data_word ):
build_data_word( i, processor.sender, data_word );

write_data_word( 'sS’', data_word ):

if i <> start then begin
make_four hex numb{ *'S‘', cycle_number - 1 ):
if gen_addr then begin
if 1 = 1 then begin
write(addr_setup, ' )
write_in_hex(cycle_number - 1):
end
else begin
write(addr_setup, ' '):
write_in hex(cycle_number - 1):
end
end
end
else if ( i = start) end last_one then begin
if not jump_flag then
jump_cycle := cycle_number + 1:
make_four_hex numb( 's', jump_cycle - 1 ):
if gen_addr then begin
if 1 = 1 then begin
write(addr_setup, ' ")
write_in_hex(jump_cycle - 1}:
end

else begin
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end;

write (addr_setup, ' ‘ )
write in_hex(jump_cycle - 1): .
end
end
end
else begin
make_four_hex numb( °'S', cycle number );;
if gen_addr then begin
if i = 1 then begin
write(addr_setup, '’ ')
write_ir_hex(cycle_number):
end
else begin
write(addr_setup, ' ')
write_in_hex(cycle_number):
end
end
end;
if ( i = start) and last_one then begin
if not jump_flag then
jump_number := step_number + 1:
make_four hex numb{ 'S‘', jump _number - 1 ):
if gen_addr then beqgin
write (addr_setup, ‘ ) "
write_in_ hex(jump_number - 1):
writeln(addr_setup):
end
end
else begin
make_four_hex numb( 'S’, step_number ):
if gen_addr then begin
write(addr_setup, ' ')
write_in_hex(step_number);
writeln{addr_setup):
end:
end;
write_byte('s',00H): ( Four unused memory locations }
write_byte('s',600H):
write_byte('s',00H):

write byte{'s',00H):

end:

if step number > max_step then begin

end

stop_proc := true:

error_log{28] := 1:

else begin

writeln(' Cycle ',cycle_number):

if gen_setup then

write_seq_to_output_file{ last_one }:
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end; { PROCEDURE generate_seq_code }

PROCEDURE write xbar_to_output_file;

var

i, 3 : integer;

begin

writeln(setup):
writeln(setup, ' Crossbar Setup'}:
writeln(setup):
write (setup,’ X'):
for i := 0 to max_x_bus do
if 1 < 10 then
write(setup, ' ', 1)
else
write(setup,' *',1i):
writeln(setup):
write(setup, ' ¥ "):
for i := 0 to max_x_bus do
if xbar_bus{i] = ' ' then
write(setup, ' ")
else if xbar bus{i] = 'R’ then
write(setup,' REC')
else if xbar_bus{i} = 'S*' then
write(setup,' SND')
else if xbar_bus{i] = 'H' then
write(setup, ' HLF'):
writeln(setup);
writeln(setup):
for i := min_y bus to max_proc_numb do begin
if (i - min_y bus) < 10 then
write(setup,' ', (i - min_y bus))
else
write(setup, (1 - min_y_bus)):
write(setup,’' '):
if xbar_bus([i] = ' ' then
write(setup, "' ")
else if xbar_bus(i) = 'R' then
write(setup, 'REC ')
else if xbar bus([i] = 'S' then
write(setup, 'SND ')
else if xbar _bus(i] = 'H' then
write(setup, 'HLF ')
for j := 0 to max_x_bus do

if xbar_matrix(j] (i} = 11 then
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write(setup, '~ ')

else if xbar_matrix(j]{i] = 00 then
write(setup, ‘'YX ')
else if xbar_matrix([j](i] = 01 then
write(setup, 'XY '):
vritnln(setup):‘
end;

writeln(setup):

end: { PROCEDURE urite_xbaz_to_nutput_file }

PROCEDURE make_x_y Yy X( bus_to_bus : transfer ):

var

i, sender_index : integer:
begin

i :=0;

repeat
1:=41+1;
sender_index := bus_to_bus.sendnr[il:
if sender_index in [0..15] then

it xbar_patrix[landez_index]

[bus_to_bus.receiver{i]] <> 11 then

stop_proc := true
else
xbar_matrix{sender_index]
[bus_to_bus.receiver(i)] := 01
else if sender_index in ([16..31] then
if xbar matrix[bus_to_bus.receiver(i]]
[sender_index] <> 11 then
stop_proc := true
else
xbar_matrix{bus_to_bus.receiver{i]]
{sender_index) := 00:
until ( (i = bus_to_bus.count) or stop proc };

if stop_proc then error_log(26] := 1l:

end; { PROCEDURE make_x Yy y x }

PROCEDURE make_ﬁ_x_y_y( bus_to_bus : transfer ):

i, j, sender_index,
receiver_index,

empty bus- : integer:
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begin
i :=0;
repeat
1 =441

sender_index := bus_to_bus.sender[i];
receiver_index :« bus_to_bus.receiver(i];
if sender_index in [0..15] then begin
empty_bus := -1;
J := max_x_bus;
repeat
J =3+ 1
if xbar_matrix{sender_index][3j]) = 01 then
empty bus := j:
until( (empty bus <> =1) or (j = max_proc_numb) };
if empty bus = ~1 then begin
3 = max x_bus;
repeat
J =3+ 1;
if xbar_bus(j] = ' ' then
empty_bus := j;
until ( (empty_bus <> ~1) or (j = max_proc_numb) });
end:
if empty bus = -1 then begin
stop_proc := true;
exror_log[27] := 1:
end
else begin
if xbar_bus(empty bus) = ' ' then
xbar_bus(empty bus] := 'H':
if xbar _matrix{sender_ index} (empty_bus] <> 01 then
xbar_matrix(sender_index] (empty bus]-:w 01:
if xbar_matrix(receiver_index] [empty_bus] <> 11 then
stop_proc := true
else
xbat_yatrix[receiver_index][empty_bus] 1= 00;
if stop proc then error log(27] := 1:
end;
end
else if sender_index in ({16..31] then begin
empty_bus := -1;
3 :=0:
repeat
if xbar_matrix(j][sender_index) = 00 then
empty_bus := J;
J o= 3+ 1
until( (empty bus <> ~1) or (Jj > max_x_bus) );
if empty bus ~ -1 then begin
j = 0:

repeat




if xbar bus{j} = ' ' then
empty_bus := j;
3 =3+ 1:
until ( (empty bus <> -1) or (j > max_x_bus) ):
end;
if empty bus = -1 then begin
stop_proc := true:

error_log(27} := 1:

end
else begin
if xbar_bus(empty bus] = ' ' then
xbar_bus[empty bus] = 'H':
if xbar_matrix{empty_bus] [sender_index] <> 00 then
xbar_mattix[empty_bus][sende!_index] 1= 00;
;f xbar_matrix[empty_bus][receiver_index] <> 11 then
stop_proc := true
else
xbar_matrix(empty bus] (receiver_index] := 01:
if stop_proc tﬁen error_log{27] := 1:
end:

end;

until { (i = bus_to_bus.count) or stop_proc ):

end; { PROCEDURE make X X Y Y }

PROCEDURE make_xbar_matrix;

i, j : integer:
begin
xbar_matrix := clear matrix;

if xtoy.count <> 0 then make_x y y x( xtoy }:
if not stop_proc then begin
if ytox.count <> 0 then make_x_y_y_x{ ytox ):
if not stop_proc then begin
if xtox.count <> 0 then make_x_x_y_y( xtox ):
if not stop_proc then
if ytoy.count <> 0 then make x X y y{ ytoy ):

end:;

end;

end: { PROCEDURE make_xbar_matrix }

PROCEDURE rotate_matrix( rotate_count, x_index, y_index : integer ):
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var
new_x,
new_y,
r_count,
x_count,
y_count,
temp_data : integer;

temp_matrix : mat_array:

begin

for r_count := 1 to rotate_count do begin
temp_matrix := xbar_matrix;
for x_count := x_index to (x_index + fourth xbar) do
for y_count := y_index to (y_index + fourth_xbar) do begin
new_y := {x_count - x_index) + y_index:
new_x := (fourth_xbar + x_index) - (y_count - y_index):
temp_data := temp_matrix{x_count]{y_count]:
if temp_data = 00 then
temp_data := 01
else if temp_data = 01 then
temp_data := 00
else
temp_data := 11:
xbar_matrix{new_x)] [new_y] := temp_data;
end:

end;

end; { PROCEDURE rotate_matrix }

PROCEDURE transform_xbar_matrix: .

x_index,

y_index : integer:;
begin

x_index := 0;
y_index := min_y bus + fourth xbar + 1;

rotate matrix( 1, x_index, y_index ):

x_index := fourth_xbar + 1:
y_index := min_y bus + fourth xbar + 1:

rotate_matrix( 2, x_index, y index ):

x_index := fourth_xbar + 1:

y_index := min_y bus:
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rotate _matrix( 3, x_index, y_index }:

end; { PROCEDURE transform xbar_matrix }

PROCEDURE generate_*hat_absolute_code( x_index, y_index : integer ):

var
index,
x_count,
y_count : integer;

data_word : word_array:
begin

index := 0;
for x_count := x_index to (x_index + tourth_xbat)'do
for y_count := y_index to (y_index + fourth xbar) do begin

if xbar_matrix([x_count] [y_count) = 00 then begin
data_word{index] := 0:
data_word{index+l] := 0:
index := index + 2:

end

else if xbar_matrix([x_count][y_count] = 01 then begin
data_word{index] := 1:
data_word[index+1l] := O:
index :~ index + 2:

end

else begin
data_word(index] := 1:
data_word[index+l] := 1:
index := index + 2;

end;

if index > 30 then begin
index := 0;
write_data_word( 'X', data_word ):

end;

end;

end; { PROCEDURE generate_xbar_absolute_code } .

PROCEDURE write_xbar_data:
var
x_index,

y_index : integer:

begin




x_index := 0;
y_index := min_y bus;

generate_xbar_absolute_code( x_index, y_index );
x_index := 0;

y_index := min_y bus + fourth_xbar + 1;
generate_xbar_absolute code( x_index, y_index ):
x_index := fourth _xbar + 1

y_index := min_y_bus + fourth_xbar + 1;
generate_xbar_absolute_code( x_index, y_index ):
%x_index := fourth xbar + 1:

y_index := min_y_bus;

generate_xbar_absolute_code( x_index, y_index ):

end; { PROCEDURE write_xbar data }

PROCEDURE complete_xbar_code:

var

byte_count : integer;
begin
transform_xbar_matrix;
num_abs xbar sets output := num abs_xbar_sets output+l:

write_xbar_data;

end: { PROCEDURE complete_xbar_code }

PROCEDURE generate_xbar_code;

var
i, 3,
sender_index,
receiver_index : integer;
stop_loop : boolean;
begin

xtox.count := 0;
xtoy.count := 0;
ytox.count := 0;
ytoy.count := 0:

for j := 1 to comm_count do begin
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sender_index := 0:
stop_loop :~ false:
repeat
if processor.sender(j] [sender_index] = 1 then
stop_loop := tfue
else
sender_index := sender_index + 1:
until( stop_loop ):
for i := 0 to max_proc_numb do begin
if (processor.receiver(j}[i] = 1) and
(1 <> sender_index). then begin
receiver_index := i:
if sender_index in {0..15] then
if receiver_index in [0..15) then begin
xtox.count := xtox.count + 1;
xtox.sender [xtox.count] := sender_index:
xtox.receiver [xtox.count] := i:
end
else begin
xtoy.count := xtoy.count + 1:
xtoy.sender [xtoy.count] := sender_index;
xtoy.receiver [xtoy.count] := i;:
end
else if sender_index in [16..31] then
if receiver_index in (0..15] then begin
ytox.count := ytox.count + 1;
ytox.sender (ytox.count] := sender_index:
ytox.receiver{ytox.count] := i;
end
else begin
ytoy.count := ytoy.count + 1:
ytoy.sender (ytoy.count] := sender_index;
ytoy.receiver{ytoy.count] := i;
end;
end:
end;

end:

make_xbar_matrix:
if not stop_proc then begin
if gen_setup then
write_xbar_to_output_file:
complete_xbar_code:

end:

end: { PROCEDURE generate_xbar_code }
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PROCEDURE process_cycle{ var last_char : char ):

receivers_found,

sender_found : boolean;

begin

check_cycle:

1f not stop proc then begin
cycle_number := cycle_number + 1;
initialize_comm_info;
comm_count := 0;
repeat
comm_count := comm_count + 1:-
1f comm_count > max_comm then begin
stop_proc := true;
error_log{21l} := 1:
end;
if not stop_proc then begin
get_raceivers( receivers_found );
if receivers_found and not stop_proc then begin
get_sender( sender_ found, last_char ):
if not sender_found and not stop_proc then begin
stop_proc := true:
error_logf23} := 1;
end
end
else begin
stop_proc :i= true;
error_log{22) := 1;
end:
end;

until( (last_char in {’C','Q','L']) or stop_proc ):

if not stop_proc then begin
check_sender_receivers:
if not stop_proc then begin
if last_char = 'Q' then
generate_seq_code( true )
else
generate_seq_code( false);
if not stop_proc then generate_xbar_code:
end;
end;

end;

end; { PROCEDURE process_cycle }
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PROCEDURE process_loop( var last_char

begin
get_loop_number( last_char ):

end; { PROCEDURE process_loop }

PROCEDURE process_file;

var
test_char,

last_char : char:
begin

jump_flag := false:
cycle_number := 0;
step_number := 0:
jump_number := 0:

test_char := read_char;

repeat

if test_char = 'C' then
else if test_char = 'Q' then
else if test_char = 'L' then

else if test_char = '(' then

end

¢ char )

process_cycle( last_char )
stop_proc := true
process_loop{ last_char )
begin

comment ;

last_char := read_char:

else last_char := read_char:

test_char := last_char:

until ( stop_proc ):

if cycle_number = 0 then error_log(24] := 1:

end: { PROCEDURE process_file }

PROCEDURE error_check:

i: integer:
no_errors : boolean;

error_file : text:

begin
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no_errors := true;
for i := 1 to max_errors do
if error_log(i] = 1 then no_errors := false:
if not no_errors then begin
writeln:
writeln(' Error detected in cycle - ',cycle_number,
' ,check error.dat file.'):
writeln:
rewrite (error_file, 'error.dat'):
writeln(error_file);
writeln(error_file):
writeln(error_ file, 'For cycle - ',cycle_number):
writeln(error_file):
for i := 1 to max_errors do
if error_log(i] <> 0 then

case i of

writeln(error_file,* encountered eof while trying to read character'):

writeln(error_file,' encountered eof while trying to read number'):

writeln(error_file,' never found ] for comment end');

writeln(error_file,' error checking BEGIN');

writeln(error_file,' error checking LOOP'):

writeln(error_file,' error checking CYCLE'):

writeln(error_file,' error checking END'):

w

writeln(error_file,' never found CYCLE after LOOP'):

0w O ® d W e W N
.

.

writeln(error_file,' receiver - no processor number found'):

-
o

writeln(error_file,’ receiver ~ same receiver used again'):

-
[

writeln(error_file,' receiver - never found P, : or C'):

-
~N

writeln(error_file,' receiver - := not found'):

13 : writeln(error_file,' receiver - found C before any processors’):
14 : writeln(error_file,’' sender - never found P, ; or C'):
15 : writeln(error_file,' sender - no processor number found'):
16 : writeln{error_file,' sender -~ same sender used again'):
17 : writeln(error_file,' sender - found : before any processor'):
18 : writeln(error_file,' sender - found C before any processor'):
19 : writeln(error_file,' sender - never found P, C, L or E');
20 : writeln(error_file,' sender and receiver with same processor number'):
21 : writeln(error_file,' over sixteen communications in one cycle'):
22 : writeln(error_file,' no receivers found'):
23 : writeln(error_file,' no senders found'):
24 : writeln(error_file,' never found C or L to start processing'):
25 : writein(error_file,' processor used more than once in a cycle'):
26 : writeln(error_file,' x to y or y to x bus conflict on xbar');
27 : writeln(error_file,' X to x or y to y no empty buses found');
28 : writeln(error_file,' exceded maximum step count for sequencer’):
29 : writeln(error_file,' exceded maximum cycle count for sequencer'):
30 : writeln(error_file,' after cycle never found P');
end:
end;

end: { PROCEDURE error_check }
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{ Main !z:oqram }
begin

open_files: .
initialize_output_files;
set_clear_data:
process_file;
finish_output_files:

error_check:

end.
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E. Spinning Missile source code

Copyright 1990

Georgla Tech Research Corporation
Centennial Research Building
Atlanta, GA 30332

File: BLOCK00.PAS

Module Problem_specifications:

Public Problem Specifications:

Procedure Initialize_Table:

Procedure Evaluate_Table( time : Real ):
Public Solve_Table;
Var time, integration_step : Real:
$Include {':PFP:include/target.pas’')
Private Problem_Specifications:
const
num_points = 16:
low_last,
high_last : integer:
mf_table ¢ array [l..num_points] of real:

index_table : array [l..num_points) of real:

diff table : array [l..num points] of real:

Procedure Initialize_ table;

count : integer;

message_type, message_size : integer:
begin

input_message( message_type, integration_step, message_size
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(=)
low_last := 1;
high_last := num_points;
index_table(l] := 0.0: index_table[2] := 0.07;

index_table{3] := 0.2S: index_table(4] := 0.35:
index_table(5] := 0.5; index_table{6) := 1.0:

index table(7] := 1.47; index_table(8] := 1.5;

index_table{9] := 2.0: index_table[10] := 2.5;
index_table([11l] := 3.0; index_table(12]) := 3.5:
index table{13] := 4.0: index_table(14] := 4.393;

index_table(15] := 4.394; index_table{16] := 9.9995;

rmf_table{l] := 1.1184E-2; rmf_table(2] := 1.1236E-2:
rmf_table{3] := 1.1371E-2: rmf_table{4] := 1.14458E-2:
mf_table(5] := 1.1558E-2: rmf_table[6] := 1.202E-2:
1.2524E-2;

rmf_table[7] := 1.2494E-2; mf_table(8]
‘rmf_table(9] := 1.3068E-2: rmf_table(10] := 1.366E-2:
rmf_table(1l] := 1.4302E-2: rmf_table{12] := 1.5008E-2:
rmf_table{13] := 1,579E-2: rmf_table{l4] := 1.6464E-2:
mf_table(15] := 1.6466E-2; rmf_table[16) := 1.6466E-2:

for count := 2 to num_points do
diff_table[count] := (rmf_table[count] - zmf_table(count-1]) /
(index_tablefcount] ~ index table(count-1]}):

end; { Procedure Initialize_table }

Procedure pivot( var ihigh, ilow : integer: search_value : real ):

var

ipiv : integer: .
begin

while ((ihigh ~ ilow) > 1) do begin
ipiv := (ihigh + ilow) div 2;
if search _value = index_table{ipiv] then begin
ilow := ipiv;
ihigh := ilow + 1;
end
else if search_value < index_table(ipiv] then
ihigh := ipiv
else
ilow := ipiv;

end:

end: { Procedure pivot }
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Function search_table( search_value : real ) : integer;

ihigh,

ilow : integer:;

begin

ilow := low_last;

ihigh := high_last:

if (search_value > index_table(ilow]) and
(search _value < index_table{ihigh]) then begin
pivot( ihigh, ilow, search value ):

end

else if search _value = index_table{ilow] then begin
ihigh := ilow + 1;

end

else if search_value = index_table(ihigh) then begin
ilow := ihigh:
ihigh := ilow + 1;

end

else if search value < index table(l] then begin
ihigh := 2;
ilow := 1;

end

else if search_value > index table(num_points}] then begin

ihigh := num_points:
ilow := ihigh - 1;

end

else if search_value > index_table(ihigh] then begin
ihigh := num_points:
pivot ( ihigh, ilow, search_value ):

end

else if search_value < index_table[ilow] then begin
ilow := 1;
pivot( ihigh, ilow, search_value ):

end;

low_last := ilow:

high_last := ihigh:

search_table := ihigh:

end; { Function search_table }

Procedure Evaluate_table( time : real ):
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Table RMF - Block O

var
sub_index,
index : integer;
mf : real;
begin

index := search_table{( time );

sub_index ;= index ~ 1:

rmf := rmf_table[sub_index] +

(aiff_table[index] *
(time - index_table{sub_index])):

Send_Real 32bit( rmf );

end;.

{ Procedure Evaluate_table }
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File: BLOCKO01.PAS
Module Problem Specifications:

Public Problem Specifications:

Procedure Initialize_Table:

Procedure Evaluate Table( time : Real );
Public Solve_Table;
var time, integration_step : Real:
$Include {':PFP:include/target.pas’)
Private Problem_Specifications:

const

num_points = 16;

var
low_last,
high_last : integer: RN

tf_table >array {1..num_points] of real:

index_table : array (1..num_points] of real;
diff_table : array {1..num points) of real:

Procedure Initialize_table:

count : integer;

message_type, message size : integer:

begin

input_message( message_type, integration_step,

low_last := 1;

high_last := num_points:

index_table{1l] := 0.0: index_table{2] :=

index_table(3] := 0.25: index_table(4] :=
index_table(S] := 0.S5: index_table(6] :=
index_table(7] := 1.47; index table[8] :=
index_table(9] := 2.0: index_table[10] :=
index_table(ll] := 3.0: index_table(12] :=
index_table(13] := 4.0; index_table[14] :=

index_table(15] :=~ 4.394; index_table(16] :=

tf_table{l] := 3.3385E4:; tf table{2] := 3.

message_size ):

0.07;
0.35;
1.0:
1.5;
2.5;
3.5;
4.393;
9.9995;

5891E4:

280

i




tf_table(3]
tr_tablefS] := 5.128E4: tf_table[6] := 5.179B4:

- 4,23325E4; tf_table(4] := 4.59115E4:

tf_table(7)
tf_table[9] := 5.1025E4:  tf_table(10] := 5.0305E4:

5.1527E4; tf_table[8] := 5.151E4:

tf_table(ll] := 5.001E4: tf_table[12] := 5.0305E4:
tf_table(13) := 5.0515E4: tf_table{l4] := 5.065E4:

tf_table(15] := 0.0: tf table(16} := 0.0:

for count := 2 to num_points do
diff_table{count] := (tf_table(count] - tf_tablef{count-1]) /
(index_table[count] - index_table(count-1});

end: { Procedure Initialize_table }

- Procedure pivot( var ihigh, ilow : integer: search _value : real ):

var

ipiv : integer:

begin

while ((ihigh - ilow) > 1) do begin
ipiv := (ihigh + ilow) div 2:
if search_value = index_table(ipiv] then begin
ilow := ipiv:
ihigh := ilow + 1:
end
else if search value < index_table(ipiv] then
ihigh := ipiv
else
ilow := ipiv:

end;

end; { Procedure pivot }

Function search_table( search_value : real ) : integer:

var
ihigh,

ilow : integer:;

begin

ilow := low_last;
ihigh := high_last:;
if (search_value > index_table[ilow}) and

(search_value < index_table[ihigh]) then begin
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pivot{ ihigh, ilow, search_value );

end
else if search value = index table{ilow] then begin
ihigh := ilow + 1:

end

else if gsearch_value = index_table(ihigh] then begin

"ilow = inhigh:
ihigh := ilow + 1;
end
else if search_value < index_table(l] then begin
ihigh = 2;
ilow := 1;

end

else if search_value > index_ table{num points] then begin

ihigh := num points:
ilow := ihigh - 1:

end

else if search_value > index table([ihigh] then begin
ihigh := num_points;
pivot( ihigh, ilow, search value };

end

else if search_value < index table[ilow] then begin
ilow := 1:
pivot({ ihigh, ilow, search_value ):

end;

low_last := ilow:

high_last := ihigh:

search_table := ihigh:

end; { Function search_table }

Procedure Evaluate_table( time : real );

{

Table TF - Block 1

var
sub_index,
index : integer:
te : real;
begin

index := search_table( time ):
sub_index := index - 1;
tf := tf table[sub_index] +
(diff_table[index} *
{time - index_table(sub_index})):
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Send Real_32bit{ tf ):

end:. { Procedure Evaluate_table }




File: BLOCK02.PAS

Module Problem_Specifications;

Public Problem Specifications:

Procedure Initialize_Table;

Procedure Evaluate_Table( time : Real ):

Public Solve_Table:

Var time, integration_step : Real:

$Include (':PFP:include/target.pas’)

Private Problem Specifications:

const

num_points = 16;

low_last,

high_last :

riyf_table :
index_table :
diff table :

integer:

array {l..num points] of real:

‘array [l..num points] of real:;

array [l..num_points] of real;

Procedure Initialize_table:

var

count : integer:

message_type,

begin

message_size : integer:

input_message( message_type, integration_step,

low_last := 1;

high_last := num_points;:

index_table(1l] := 0.0: index_table({2] :=
index table[3] := 0.25; index_table(4] :=
index_table{5] := 0.5: index_table(6] :=
index_table[7] = 1.47: index_table(8] :=
index_table({9] := 2.0: index_table{10] :=
index_table[ll} = 3.0 index_table(12] :=
index_table{13] := 4.0; index_table{14] :=

index_table([15}

riyf table[1]

1
-

.394; index_table({16] :=

= 49,05E-5; riyf table(2}

message_size );

0.07;
0.35;
1.0;
1.8:
2.5;
3.5;
4,393;
9.9995:

;= 49.089E-5;
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riyf_table(3) := 49.19E-5: riyf_table(4] := 49.246E-5;
riyf_table(S] := 49.33E-5; riyf_table(6] := 49.66E-5;
riyf_table{7] := 50.031E-5: riyf_table{8] := 50.055E-5:
riyf table(9] := 50.45E-5; riyf_table[10] := 50.805E-5;
riyf_table[11] := 51.16E-5: riyf_table[12] := 51.97B-5;
riyf table(13] := 52.78E-5; ziyf table(14] := 53.45E-5;
riyf_table[1l5] := $3,.45E-S: riyf_table{16]} := 53.45E-5;

for count := 2 to num points do
diff_table(count] := (riyf tablef{count] - riyf table(count-1]) /
{index_table(count] - index_table(count-1}):

end: { Procedure Initialize table }

Procedure pivot( var ihigh, ilow : integer; search value : real ):

ipiv : integer;
begin

while ((ihigh - ilow) > 1) do begin
ipiv := (ihigh + ilow) div 2;
if search_value = index_table(ipiv] then begin
ilow := ipiv:
ihigh := ilow + 1:
end
else if search_value < index_table(ipiv] then
ihigh := ipiv
else
ilow := ipiv;

end:

end: { Procedure pivot }

Function search_table( search_value : real ) : integer:

ihigh,

ilow : integer:
begin

ilow := low_last;
ihigh := high_last:
if (search_value > index_table([ilow]) and

{search_value < index_table(ihighl) then begin
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pivot( ihigh, ilow, search value ):

end

else if search_value = index tablel{ilow) then begin
ihigh := ilow + 1;

end

else if search_value =~ index table(ihigh) then begin
ilow := ihigh:
ihigh :» ilow + 1;

end

else if search value < index_table(1l]) then begin
ihigh := 2;
ilow := 1;

end

else if search_value > index_table[num_points] then begin

ihigh := num_points:
ilow := ihigh - 1:

end

else if search_value > index table({ihigh] then begin
ihigh := num_points:
pivot( ihigh, ilow, search_value ):

end

else if search_value < index_table[ilow] then begin
ilow := 1;
pivot( ihigh, ilow, search_value ):

end:

low_last := ilow:

high_last := ihigh:

search_table := ihigh:

end: { Function search_table }

Procedure Evaluate_table( time : real ):

{

Table RIYF - Block 2

var
sub_index,
index : integer:
iyt : real;
begin

index := gsearch_table( time ):
sub_index := index -~ 1:
riyf := riyf table(sub_index] +
(diff table{index] *
(time - index_table[sub_index}}):




Send_Real_32bit( riyf }:

end;.

{ Procedure Evaluate_table }
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File: BLOCK03.PAS
Module Problem Specifications:
Public Problem_Specifications:

Procedure Initialize_Table;

Procedure Evaluate_Table( time : Real ):
Public Solve_Table;

Var time, integration_step : Real:

$Include (':PFP:include/target.pas’)
Private Problem_specifications:

const

num_points = 16:

var
low_last,

high last : integer:

lclcgf_table : array (l..num_points] of real:
index_table : array {l..num points] of real;

diff table : array [l..num points] of real:

Procedure Initialize_table:

var
count : integer;

message_type, message_size : integer:
begin
input_message( message_type, integration_step, message_size

low_last := 1;

high_last := num_points:

index_table[l] := 0.0: index_table{2] := 0.07:
index_table{3] := 0.25: index_tablef4] := 0.35;
index_table[S] := 0.5: index_table[6] := 1.0;
index table(7) := 1.47; index_tablef8] :~ 1.5:

index_table[9] := 2.0: index_table(10] := 2.5;
index_table(11) := 3.0: index_table[12] := 3.5:
index_table(13] := 4.0; index_table(14] := 4.393;
index_table{15] := 4.394; index_table(16] := 2.9995:
lclegf table[l] := 6.75; lclcgf_table(2] := 6.7495;
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lelegf_table[3) := 6.7483: lelegf_table(d4] := 6.7476;

lclcgf _table([5] := 6.7465: lelegf_table{6] := 6.743;
lclegf_table{7] := 6.7651; lclegf_table(8] := 6.7665;

lclegf_table(9] := 6.79; lclegf_table{10] := 6.8405:
lclegf_table(11l] := 6.891; lclegf_table(12] := 6.9945;
lclegf_table{13] := 7.098: lclegf_table(l4] := 7.18:
lclcgf_table[lsl 1= 7.18; lclcqf_table[lﬁ] 1= 7.18;

for count := 2 to num_points do
diff_table{count] := (lclegf_table(count] - lclegf_table(count-1}) /

{index_table[count] - index table(count-1]}; -

end; { Procedure Initialize_table }

Procedure pivot{ var ihigh, ilow : integer; search_value : real );

var

ipiv : integer:

'

begin

while ((ihigh - ilow) > 1) do begin
ipiv := (ihigh + ilow) div 2;
if search_value = index_table(ipiv] then begin
ilow := ipiv:
ihigh := ilow + 1:
end
else if search _value < index_table(ipiv] then
ihigh := ipiv
else
ilow := ipiv:

end;

end; { Procedure pivot }

Function search_table( search_value : real ) : integer;

var
ihlgh.

ilow ¢ integer:

begin

ilow := low_last:
ihigh := high_last;
if (search_value > index_table(ilow]) and

{search_value < index_table[ihigh]) then begin




pivot( ihigh, ilow, search_value ):

end

else if search_value = index_table[ilow] then begin
inigh := ilow + 1;

end

else if search_value = index_table{ihigh] then begin
ilow := ihigh:
ihigh := ilow + 1:

end

else if search value < index_table(l] then begin
ihigh := 2;
ilow := 1;

end

else if search_value > index_table(num_points] then begin
ihigh := num _points:

" ilow := inigh - 1:

end

else if search_value > index_table(ihigh] then begin
ihigh := num_points;
pivot( ihigh, ilow, search value ):;

end

else if search_value < index table[ilow} then begin
ilow := 1;
pivot{ ihigh, ilow, search_value ):

end;

' low_last := ilow:

high_last := ihigh;
search_table := ihigh:

end; { Function search_table }

Procedure Evaluate_table( time : real ):
{
Table LCLCGF - Block 3

var
sub_index,
index : integer:
lclegf s real;
begin

index := search_table( time ):

sub_index := index - 1;

lclcgf := lclegf_table{sub index] +
(diff table(index) *

(time - index table({sub_index])):
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Send_Real 32bit{ lclegf ):

end:.

{ Procedure Evaluate_table }

al
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File: BLOCK04.PAS
Module Problem Specifications;
Public Problem Specifications:

Procedure Initialize_Table;

Procedure Evaluate_Table{ time : Real ):

Public Solve_Table:

Var time, integration_step : Real:

$Include (':PFP:include/target.pas’)

Private Problem_Specifications;

const

num_points = 16;
var
low_last,
high last : integer:
1tf table : array (l..num_points] of real;

index_table : array [l..num_points] of real;

diff table : array [1..num points] of real:

Procedure Initialize_table:
var

count : integer:

message_type, message_size : integer:
begin

input_message( message_type, integration_step,

low_last := 1;

high_last := num_points:

index_table(l]) := 0.0: index_table(2] :=
index table(3] := 0.25; index_table[4] :=
index_tablef5] := 0.S; index_table(6] :=
index_table{7] := 1.47: index_table(8) :=
index_table[9] 1m 2.0 index_table{10) :=
index_table{1l) := 3.0; index_table{12] :=
index_table{13] := 4.0: index_table({14] :=

index_table([15] := 4.394: index_table(16] :=

(=}

message_size ):

-
o

1tf table(1] := 193.4; 1tf_table(2] := 220.0 :
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end;

1tf_table[3] := 260.0: itf_tablel{4] := 260.0;
1tf_table(S] := 237.5; 1tf_table(6] := 160.42;

1tf_table(7] := 80.0: 1tf_table[8] := 0.0:
1tf_table{9} := 0.0: 1tf_table(10] := 0.0:
1tf_table[1ll] := 0.0: 1tf_table(12} := 0.0:
1tf_table[(13] := 0.0: . 1tf_table[14} := 0.0:
1tf_tablef15] := 0.0: 1tf table[16] := 0.0:

for count := 2 to num points do
diff_tablefcount] := (ltf table{count] - 1tf table{count-1]) /

(index_table(count] - index table(count-1]):

{ Procedure Initialize_table }

Procedure pivot( var ihigh, ilow : integer; search_value : real ):

var

ipiv : integer:

begin

while ((ihigh - ilow) > 1) do begin
ipiv := (ihigh + ilow) div 2;
if search value = index_table{ipiv] th;n begin
ilow := ipiv:
ihigh := ilow + 1;
end
else if search_value < index_table{ipiv) then
ihigh := ipiv
else
ilow := ipiv:

end;

end: | Procedure pivot }

Function search table( search_value : real ) : integer:

var

inhigh,

ilow : integer:

begin

ilow := low_last:
ihigh := high_last;
if (search _value > index_table{ilow]) and

(search_value < index_table{ihigh]) then begin
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pivot{ ihigh, ilow, search value );

end

else if search_value = index table[ilow] then begin
ihigh := ilow + 1;

end

else if search_value = index_ table{ihigh] then begin
ilow :=~ ihigh:
ihigh := ilow + 1;

end

else if search value < index_table{l] then begin
ihigh := 2;
ilow := 1;

end

else if search value > index_table[num_points] then begin
ihigh := num points;
ilow := ihigh - 1:

end

else if search value > index_table(ihigh] then begin
ihigh := num points:
pivot( ihigh, ilow, search_value );

end

else if search_value < index table{ilow] then begin
ilow := 1;
pivot( ihigh, ilow, search_value ):

end:

low_last := ilow:

high_last := ihigh;
_search_table := ihigh:

end; { Function search_table }

Procedure Evaluate_table( time : real ):;
{
Table LTF - Block 4

var
sub_index,
index s integer:;
1tf : real:
begin

index := search_table{ time }:

sub_index := index - 1:

1tf := 1tf table(sub_index] +
{(diff table[index] *

(time - index table([sub_index])):
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end;.

Send_Real_32bit{ 1tf );

{ Procedure Evaluate_table }
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File: BLOCK0S.PAS

Module Problem_Specifications;

Public Problem_Specifications:

Procedure Initialize_Table:

Procedure Evaluate Table( time : Real ):

Public Solve_Table;

Var time, integration_step : Real;
$Include (':PFP:include/target.pas’)
Private Problem_Specifications:
const

num_peints = 16;

low_last,

high_last : integer:

acd0f_table : array [1..num_points) of real;

index table : array {l..num_points] of real:

diff_table : array {1..num points] of real:

Procedure Initialize table:
var

count : integer;

message_type, message_size : integer:
begin

input _message( message_type, integration_step,

low_last := 1;

high last :=~ num_points:

index_table{l] := 0.0: index_table(2] :=
index_table{3] := 1.2: index_table(4] :=
index_table{5] := 1.6; index_table(6]) :=
index_table(7] := 1.8: index_table(8] :=
index_table[9] := 2.1: index_table[10) :=
index_table{11l] := 2.5: index_table{12] :=
index_table(13] := 3.0: index_table(14] :=

index_table[15] := 4.394; index_table[16]

acd0f_table[l] := 9.625E-2; acd0f table(2]

message_size ):

= 7.0E-2;
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Ul
acd0f_table{3) := 6.235E-2: acd0f_tablef{4] :=
acd0f_table([5] := 6.185E-2: acd0f_table(6] :=
acd0f_table{7] := 9.25E-2; acd0f_table(8] :=

acd0f_table(9] := 1.4155E-1: acd0f_table(10] :=
acdOf_table(11] := 1.274E~1: acd0f_table{12] :=
acd0f_table(13) := 1.0915E-1: acd0f_table(14] :=
acd0f_table[15] := 8.335E-2: acd0f_table{16] :=

for count := 2 to num_points do

diff table{count] := (acd0f_ table(count] - acd0f_table[count-11) /

(index_table{count} - index_table[count-1]):

end; { Procedure Initialize_table }

Procedure pivot( var ihigh, ilow : integer: search value

var

ipiv : integer:

begin

while ((ihigh - ilow) > 1) do begin
ipiv := (ihigh + ilow) div 2:
if search_value = index_table(ipiv] then begin
ilow := ipiv;
ihigh := ilow + 1:
end
else if search value < index_table{ipiv] then
ihigh := ipiv
else
ilow := ipiv:

end;

end: { Procedure pivot }

Function search_table( search_value : real ) : integer:

var
thigh,

ilow : integer:

begin

ilow := low_last:
ihigh := high_last:;
if (search_value > index_table(ilow]) and

(search_value < index_table{ihigh]) then begin

5.63E-2;
7.72E-2;
1.307E-1:
1.3725E-1;
1.201E-1;
9.785E~-2;
8.335E-2;

s real ):
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pivot( ihigh, ilow, search_value ):

end

else if search_value = index_table(ilow) then begin
ihigh := ilow + 1; »

end

else if search value = index_table[ihigh] then begin
ilow := ihigh:
ihigh := ilow + 1:

end

else if search_value < index_table(l] then begin
ihigh = 2;
ilow := 1;

end

else if search value > index_table(num_points] then begin

ihigh :~ num_points;
ilow := ihigh - 1:

end

else if search value > index_table{ihigh] then begin
ihigh := num_points;
pivot( ihigh, ilow, search_value );

end

else if search_value < index_table{ilow] then begin
ilow := 1;
pivet( ihigh, ilow, search value ):

end;

low_last :~ ilow;

high_last := ihigh:

search_table := ihigh;

end; { Function search_table }

Procedure Evaluate_table( time : real ):

Table ACDOF - Block 5

sub_index,
index : integer:
acdOf : real;

begin

index := search_table( time ):

sub_index := index - 1:

acd0f := acd0f_table{sub_index] +
(diff_table([index] *
(time - index table{sub_index})):
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Send Real_32bit( acd0f )i

end:. { Procedure Evaluate_table }
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File: BLOCKO06.PAS
Module Problem_Specifications;

Public Problem Specifications;

Procedure Initialize_Table;

Procedure Evaluate_Table( time : Real ):
Public Solve_Table:
Var ti@e. integration_step : Real;
sincludo {":PFP:include/target.pas’)
Private Problem Specifications:

const

num_points = 16:
var
low_last,
high_last : integer:
cmaf_table : array {l..num_points] of real:

index_table : array [l..num_points] of real:

diff _table : array [l..num_points] of real;

Procedure Initialize_table;

count : integer:

message_type, message_size : integer:

begin

input_message( message_type, integration_step,

low_last := 1;

high_last := num_points:

index_table(l] := 0.0: index_table{2)
index_table[3] := 1.2: index_table(4]
index_table(5] := 1.6: index_table(6]
index_table(7] := 1.8: index_table (8]
index_table[9] := 2.1: index_table(10]
index table[1l] := 2.5: index_table(12]
index_table{13] := 3.0; index_table(14)

index_table(15]) := 4.394: index_table{16]

cmaf_table(1l] 1= ~7,.5925; cmaf_table{2]

1= -9,8925;

message_size ):
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cmaf_table(3] := -8.9775; cmat_table[i] i= =6.2;
cmaf_table([S] := -4.8225; cmaf_table(6] := -3.805:

cmaf_tzble[7l ;= —-4,235; cmaf_table(8] := -6.355;
cmaf_table(9]} := -7.48; cmaf_table(10] := -8.655;
cmaf_table[1l] := -8.385; cmaf_table(12]) := -7.715;
cmaf_table(13] := -6.21: cmaf_table{14] := -3.945;
cmaf_table{15] := -1.655; amaf_table[16] := -1.655:

for count := 2 to num_points do

diff_table[count] := (cmaf_table[count] - cmaf_table(count-1]) /
(index_table(count] - index_table[count-~1]):

end: { Procedure Initialize table }

Procedure pivot({ var ihigh, ilow :‘integet: search_value : real );

var

ipiv : integer:
begin

while ((ihigh - ilow) > 1) do begin
ipiv := (ihigh + ilow) div 2:
if search_value = index_table{ipiv] then begin
ilow := ipiv;
ihigh := ilow + 1:
end
else if search_value < index_table(ipiv] then
ihigh := ipiv
else
ilow := ipiv;

end:

end; { Procedure pivot }

Function search_table( search_value : real ) : integer:

var
inigh,
ilow : integer:

begin

ilow := low_last:
ihigh := high_last:
if (search_value > index_table[ilow]) and

A(search_value < index_table(ihigh]) then begin
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pivot{ ihigh, ilow, search_value ):

end

else if search_value = index_table({ilow] then begin
ihigh := ilow + 1:

end

else if search value = index_table(ihigh] then begin
ilow := ihigh:
ihigh := ilow + 1;

end

else if search value < index_table{l] then begin
ihigh := 2:
ilow := 1;

end

else if search_value > index_table(num_points] then begin

ihigh := num_points:
ilow := ihigh - 1:

end

else if search_value > index_table{ihigh] then begin
ihigh := num_points:
pivot( ihigh, ilow, search_value ):

end

else if search_value < index table[ilow] then begin
ilow := 1;
pivot( ihigh, ilow, search_value ):

end;

low_last := ilow:

high_last := ihigh;

search_table := ihigh;

end; { Function search_table }

Procedure Evaluate_table( time : real ):

Table CMAF - Block 6

var

sub_index,
index : integer:;
cmaf : real:

begin

index := search_table( time ):

sub_index := index ~ 1;

cmaf := cmaf_table{sub_index] +
(diff_table[index] =
(time - index_table(sub_index})):
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Send_Real 32bit( cmaf );

end;.

{ Procedure Evaluate_table }
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File: BLOCKO7.PAS
Module Problem Specifications:

Public Problem_Specifications:

Procedure Initialize Table:

'Procedure Evaluate_Table( time : Real ):
Public Solve_Table:
Var time, integration_step : Real;
$Include (':PFP:include/target.pas’)
Private Problem_Specifications:

const

num_points = 16;
var
low_last,
high_last : integer:
cmqf_table : array (1..num points] of real:

index table : array {1..num points] of real:

diff table : array (l..num points] of real:

Procedure Initialize table:
var

count : integer:

message_type, message_size : integer:
begin

input_message( message_type, integration_step,

low_last := 1;

high_last := num_points:

message_size };

index_table(l] := 0.0: index table(2] := 0.8;
index_table[3] := 1.2: index_table(4] := 1.5;
index_table(5] := 1.6; index_table{6] = 1.7:
index_table[7] := 1.8: index_table{8] := 2.0:
index_table{9] := 2.1: index_table{10] := 2.3:
index_table(1ll] := 2.5; index_table(12] := 2.7;
index_table{13} := 3.0: index_table[lé! = 3.5;
index_table{15) := 4.394; index_table([16] := 9.9995;
cmgf_table[l] := -1054.4: cmqf_table{2] := -1094.0;
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cmgf_table(3]
cmqf;table[S]
emgf_table(7]
cmqf_table(9]
cmét_table[ll]
cmgf_table(13)
cmqf_table(15]

~1114.0;
-1035.2;
-986.0;
-938.8;
-960.0;
~1013.2;
-878.8;

cmgf_table[4]
cmgf_table(6)
cmqf_table(8]
cmqf_table[10]
cmgf_table[12)
cmqf_table(14]
emqf_table([16]

for count := 2 to num_points do

diff_table(count) := (cmqf_tablelcount] - emgf_table(count-1]) /

(index_table(count] - index_table([count-11);

end; { Procedure Initialize_table }

-1060.0:
-1010.8;
-936.8;
-940.8;
-981.2;
-972.4:
~878.8;

Procedure pivot( var ihigh, ilow : integer: search value : real

ipiv : integer:

begin

while ((ihigh - ilow) > 1) do begin

ipiv := (inhigh + ilow) div>2:

if search_value = index_table(ipiv] then begin

ilow := ipiv:

ihigh := ilow + 1:

end

else if search_value < index_table(ipiv] then

ihigh := ipiv

else

ilow := ipiv:

end;

end: { Procedure pivot }

Function search_table( search_value : real ) : integer:

var

ihigh,

ilow s+ integer:

begin

ilow := low_last;

ihigh := high_last:

if (search_value > index_table(ilow]) and

(search_value < index_table[ihigh]) then begin
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pivot{ ihigh, ilow, search_value ):

end

else if search_value = index_table{ilow] then begin

ihigh := ilow + 1;

end

else if search_value = index_table([ihigh] then begin

ilow := ihigh:
ihigh := ilow + 1;
end
else if search_value < index_ table{l] then begin
ihigh := 2:
ilow = 1;

end

else if search value > index_;ahle[num_poihts] then begin

ihigh := num_points;
ilow := ihigh - 1;

end

else if search_value > index_table{ihigh] then begin

ihigh := num_points:
pivot( ihigh, ilow, search_value ):

end

else if search_value < index table(ilow] then begin

ilow := 1;

pivot( ihigh, ilow, search_value ):
end;
low_last := ilow;

high_last := ihigh:
search_table := ihigh;

end: { Function search_table }

Procedure Evaluate_table( time : real ):

{
Table CMQF ~ Block 7

var
sub_index,
index : integer:
cmqf : real:
begin

index := search_table( time ):

sub_index :~ index - 1:

cngf := cmgf_table[sub index} +
(diff_table[index) *
(time - index_table{sub_index])):
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Send_Real 32bit( cmqf ):

end;.

{ Procedure Evaluate_table }
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File: BLOCKO0S.PAS
Module Problem Specifications;

Public Problem_ Specifications:

Procedure Initialize Table:

Procedure Evaluate_Table( time : Real }:

Public Solve_Table:

Var time, integration_step : Real:

$Include (':PFP:include/target.pas’)

Private Problem Specifications:

const

num_points « 8;
20 - - 3990.0:

low_ last,

high_last : integer;

wnsf_table : array [l..num points] of real;

index_table : array [l..num points] of real:

diff table : array [l..num_points] of real:

Procedure Initialize table:
var
count : integer:

message_type, message_size : integer:

begin

input_message( message_type, integration_step, message_size ):

low_last := 1;

high_last := num_points;

index_table(1l] := 0.0: index_table[2] := 2.0E3:
index_table(3] := 3.7E3: index_table{4] :=~ 4.0E3:
index_table[5) := 6.0E3: index_table[6] :=~ 8.0E3;
index_table[7] := 10.0E3: index_table(8] := 12.0E3;
wnsf table(l] := 1.175: wnsf_table(2] := 0.53986;
wnsf_table([3] := 0.0; wnsf_table(4] 1= -0.09524;

wnsf_table(5] := -0.73016: wnsf_table(6] := -1.36508;

wnsf_table([7] := -2.0; wnsf_table(8] := -2.63492;
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for count := 2 to num_points do

diff_table{count] := (wnsf_table[count] - wnsf_table[count-1]) /

{index_table(count] - index_table(count-1]):

end; |( Procedure Initialize_table }

Procedure pivot( var ihigh, ilow : integer: search_value : real );

var

ipiv : integer:
begin

while ({ihigh - ilow) > 1) do begin
ipiv := (ihigh + ilow) div 2:
if search_value = index_table(ipiv] then begin
ilow := ipiv:
ihigh := ilow + 1;
aend
else if search value < index_table(ipiv] then
ihigh := ipiv
else
ilow := ipiv:

end:

end; { Procedure pivot }

Function search_table( search_value : real ) : integer:

var
ihigh,
ilow : integer:

begin

ilow := low_last:

ihigh := high_last:

if (search_value > index_table[ilow]) and
(search_value < index_table(ihigh]) then begin

pivot({ ihigh, ilow, search_value ):

end

else if search_value = index_table(ilow} then begin
ihigh := ilow + 1:

end

else if search value = index_table{ihigh] then begin
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ilow := ihigh:
ihigh := ilow + 1;

end

else if search_value < index_table(l} then begin
ihigh = 2;
ilow := 1;

end

else if search_value > index_table[num points] then begin
ihigh := num_points:
ilow := ihigh - 1:

end

else if search_value > index_table[ihigh) then begin
inigh := num_points:
pivot ( ihigh, ilow, search_value ):

end

else if search_value < index_table[ilow] then begin
ilow := 1; .
pivot{ ihigh, ilow, search_value ):

end;

low_last := ilow;

high_last := ihigh:

search_table := ihigh:

end: { Function search_table }

Procedure Evaluate_table( time : real ):

{
Table WNSF - Block 8

var
sub_index,,
index : integer;
Z,
zprime,

wnsf : real:

begin

Receive Real 32bit( z ):
zprime := 2z + 20;
index := search_table( zprime );
sub_index := index - 1;
wnsf := wnsf table(sub_index] +
{(diff table{index] *
(zprime - index_table[sub_index])):

Send_Real 32bjt( wnsf ):

end;. { Procedure Evaluate_table }

310




\* - . . a . : ) 311

File: BLOCK09.PAS
Module Problem_Specifications:

Public Problem Specifications:

Procedure Initialize_Table:

pProcedure Evaluate_Table( time : Real ):
Public Solve Table:

Var time, integration_step : Real:
$Include (':PFP:include/target.pas’)
Private Problem_Specifications;
const

num_points = 8:

20 = 3990.0;

low_last,

high_last : integer:

wwef_table : array [l..num points] of real;

index_table : array (l..num points] of real:
dift_tahlé : array (1..num_points] of real:

Procedure Initialize_table:

var

count : integer:

message_type, message_size : integer:
begin

input_message( message_type, integration_step, nmessage_size ):

low_last := 1:

high_last := num_points:

index_table{1l] := 0.0: index_table(2] := 2.0E3:
index table({3] := 3.7E3: index_table(4] := 4.0E3:
index_table(S] := 6.0E3; index_table[6] := 8.0E3;
index_table(7] := 10.0E3; index_table{8] := 12.0E3:
wwef_table{l] := -2.0: wwef_table{2] := -2.0:
wwef_ table[3]) := -2.0; wwef table(4] := -2.0;

wwef_table[5§] := -2.0: wwef_table{é] := -2.0;
wwef_table{7] := -2.0: wwef_table(8] := -2.0;
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for count := 2 to num_points do
diff_table(count] := (wwef table(count] - wwef_table{count-1]) /

{index_table{count] - index_table[count-1]}:

end: { Procedure Initialize_table }

Procedure pivot( var ihigh, ilow : integer; search_value : real );

var

ipiv : integer:
begin

while ((ihigh ~ ilow) > 1) do begin
ipiv := (ihigh + ilow) div 2:
if gsearch_value = index_table{ipiv] then begin
ilow := ipiv: ‘
ihigh := ilow + 1l:
end
else if search_value < index_table(ipiv] then
ihigh := ipiv
else
ilow := ipiv:

end:

end: { Procedure pivot }

Function search _table( search_value : real ) : integer:

var
ihigh,

ilow : integer:
begin

ilow := low_last:

ihigh := high _last:

if (search_value > index_table(ilow}) and
(search_value < index_table(ihigh]) then begin

pivot{ ihigh, ilow, search_value ):

end

else if search_value = index_table[ilow] then begin
ihigh := ilow + 1:

end

else if search_value = index_table(ihigh] then begin




ilow := ihigh:
ihigh := ilow + 1:

end

else if search _value < index_table(1] then begin
inigh := 2;
ilow := 1;

end

else if search_value > index_table[num_points] then begin
ihigh := num_points;
ilow := ihigh - 1:

end

else if search_value > index_table{ihigh] tﬁen begin
ihigh := num_points:
pivot( ihigh, ilow, search_value ):

end

else if search_value < index_table(ilow] then begin
iloﬁ 1= 1
pivot( ihigh, ilow, search_value ):

end;

low_last := ilow:

high_last := ihigh:
search_table := ihigh:

end; { Function search_table }

Procedure Evaluate_table( time : real ):

{
Table WWEF - Block 9

sub_index,

index : integer:
z,

zprime,

wwef : real:
begin

Receive_Real _32bit( z ):

zprime := z + 20;

index := search_table( zprime };

sub_index := index - 1:

wwef := wwef table[sub_index] +
(diff_table{index] *
(zprime - index_table(sub_index])):

Send_Real_32bit( wwef );

end:. { Procedure Evaluate_table }
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File: BLOCK10.PAS
Module Problem_Specifications:

Public Problem_Specifications;

Procedure Initialize_Table:

Procedure Evaluate_Table( time : Real );
Public Solve_Table:
Var time, integration_step : Real;
$Include {':PFP:include/target.pas’)
Private Problem_specifications:
const
num_points = 8;
z0 = 3990.0;
var
low_last, N
high_last : integer:
thof_table : array (1..num _points] of real;

index_table : array (1..num_points] of real;
diff_table : array {l..num points] of real:

Procedure Initialize_table:
var

count : integer:

message_type, message_size : integer:
begin

input_message( message_type, integration_step, message_size );

low_last := 1;

high_last := num_points:

index_table{1l] := 0.0: index_table(2) := 2.0E3;
index_table([3) := 3.7E3; index_table(4]) := 4.0E3;
index_table[S] := 6.0E3: index_table([6] := 8.0E3:

index_table(7} := 10.0E3: index_table(8] := 12.0E3;

rhof_table{l] := 2.1163E-3: rhof_table(2] := 2.0696E-3:
rhof_table{3] := 1.9846E-3; rhof_table(4]

1.9696E-3;
rhof_table[5] := 1.8673E-3;: rhof_table(6] := 1.7684E-3:
rhof_table[7] := 1.6751E-3; rhof_table(8] := 1.585E-3;




for count := 2 to num_points do

' diff_table{count] := (rhof_table{count] - rhof_tablef{count-1]) /
(index_table[count] - index_table(count-1]);

end: { Procedure Initialize_table }

Procedure pivot( var ihigh, ilow : integer; search value : real );

var

ipiv : integer:;
begin

while ({ihigh - ilow) > 1) do begin
ipiv := (ihigh + 1ilow) div 2:
if search_value = index_table[ipiv] then begin
ilow := ipiv:
ihigh := ilow + 1:
end
else if search_value < index_table(ipiv] then
ihigh := ipiv
else
ilow := ipiv;

end:;

end; ({ Procedure pivot }

Function search_table( search _value : real ) : integer:

var
ihigh,
ilow : integer:

begin

ilow := low_last:

ihigh := high last:

if (search_value > index_table(ilow]) and
(search_value < index_table(ihigh]) then begin

pivot( ihigh, ilow, search_value ):

end

else if search_value = index_table([ilow] then begin
} ihigh := ilow + 1:

end

else if search_value = index_table{ihigh] then begin




. . .

ilow := ihigh:
ihigh := ilow + 1;

end

else if search_value < index_table[l] then begin
ihigh := 2;
ilow := 1;

end

else if search_value > index_table[num_points] then begin
ihigh := num points:
ilow := ihigh - I;

end

else if search_value > index_table{ihigh] then begin
ihigh := num_points;
pivot{ ihigh., ilow, search_value ):

end

else if search_value < index_table[ilow] then begin
ilow := 1:
pivot( ihigh, ilow, search_value }:

end;

low_last := ilow:

high_last := ihigh:

search_table := ihigh; -

end: { Function search_table }

Procedure Evaluate_table( time : real ):-

{

var

Table RHOF - Block 10

sub_index,

index : integer:
z,

zprime,

rhof : real:

begin

Receive_Real 32bit{ z ):

zprime := z + 20;

index := search_table{ zprime ):

sub_index := index - 1;

rhof := rhof_ table{sub_index] +
{diff_table(index] *
(zprime - index_table{sub_index])):

Send_Real 32bit( rhof }:

end:. { Procedure Evaluate_table }
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File: BLOCK1l.PAS
Module Problem Specifications:

Public Problem_Specifications:

Procedure Initialize Table;

Procedure Evaluate_Table{ time : Real ):
Public Solve_Table:

Var time, integration_step : Real:
$Include (':PFP:include/target.pas’)
Private Problem_Specifications:
const

num_points = 13:

asound - 1117.4;
var

low_last,

high last : integer:

inv_asound : real:

acnaf_table : array [1l..num points] of real:

index_table : array (1l..num _points) of real:

diff table : array [1l..num points] of real:

Procedure Initialize_table:

var

count : integer:

message_type, message_size : integer:
begin

input message( message_type, integration_step, message_size
inv_asound := 1.0 / asound;
low_last := 1;

high_last := num _points:

index_table(1l}] := 0.0: index_table({2] := 0.235:

index_table{3] := 0.5; index_tablef4] := 0.609:
index_table(5] := 0.777; index_table(6] := 1.00S:

index_table(7] := 1.119: index_table({8] = 1,235;
index_table{9] := 1.41; index_table(10] := 1.772:
index_table(1l1l] := 2.025; index_table(12] := 2.494:;

index_table({13] := 2.56:
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acnaf_table{l] := 27.852; acnaf_table(2] := 30.228;
acnaf_tablef3) := 31.926; acnaf_table{4] := 31.728:
acnaf_table([5] := 29.238; acnaf_table([6}] := 26.304;
acnaf_table(7] := 28.206; acnaf_table(8) := 29,028:
acnaf_table{9] := 27.672: acnaf_table[10] := 25.29;
acnaf_table[l1l] := 24.078: acnaf_table(12] := 22.608:

acnaf_table[13] := 22.488;

for count := 2 to num_points do
diff_tablelcount] := (acnaf_table[count] - acnaf_table(count-1}) /

{index_table[count] - index table{count-1]);

end; { Procedure Initialize_table }

Procedure pivot{ var ihigh, ilow : integer: search value : real ):

var

ipiv : integer: <
begin

while ((ihigh - ilow) > 1) do begin
ipiv := (ihigh + ilow) div 2:
1f search value = index table[ipiv] then begin
ilow := ipiv;
ihigh := ilow + 1; .
end
else if search_value < index_table([ipiv} then
ihigh := ipiv
else
ilow := ipiv:

end:

end; { Procedure pivot }

Function search_table( search_value : real ) : integer:
ihigh,
ilow : integer:

begin
ilow := low_last:

ihigh := high last:

if (search_value > index_table{ilow])) and




(search_value < index_table(ihigh]) then begin
pivot( inigh, ilow, search_value ):

end

else if search_value = index_table(ilow] then begin
ihigh := ilow + 1;:

end )

else if search_value = indgx_t;ble(ihiqh] then begin
jlow := ihigh:
ihigh := ilow + 1;

end

else if search_value < index_table{l] then begin
ihigh := 2;
ilow := 1;

end

else if search_value > index_table(num points] then begin

ihigh := num_points:
ilow := ihigh - 1:

end

else if search_value > index_table(ihigh] then begin
ihigh := num points;
pivot( ihigh, ilow, search_value }:

end

else if search value < index_table(ilow] then begin
ilow := 1: '
pivot{ ihigh, ilow, search_value ):

end;

low_last := ilow:

high_last := ihigh:

search_table :=~ ihigh;

end: { Function search_table }

Procedure Evaluate table( time : real }:

{

Table ACNAF - Block 11

sub_index,

index : integer;
mach,

us,

acnaf : real;

begin

. Receive_Real 32bit( us ):

mach := us * inv_asound:
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index := search_table( mach ):
sub_index := index - 1:
acnaf := acnaf_table([sub_index] +
{diff_ table(index) *
{mach - index_table{sub_index})):
Send_Real_32bit( acnaf );

end:. ({ Procedure Evaluate_table }




File: BLOCK12.PAS

Module Problem Specifications:

Public Problem Specifications:

Procedure Initialize_Table:

Procedure Evaluate_Table( time : Real ):

Public Solve_Table

Var time, integration_step : Real:

$Include (':PFP:include/target.pas')

Private Problem Specifications:

const
num_points = 13:
asound - 1117.4;
var
low_last,

high_last :

inv_asound @

cldtf_table :
index_table :
diff table

integer:

real:

array
array

array

[1..num_points] of real:

{1..num points] of real:;

[1..num _points]} of real;

Procedure Initialize_table:

var

count : integer:;

message_type, message_size

begin

input_message( message_type, integration_step, message_size );

inv_asound :e 1.0 / asound:

low_last := 1;

high_last := num points:

index_tablef{l]
index_table(3]
index_table({3]
index_table([7]

index_table({9]

index_table([1ll] :=

index_table(13] :=

0.0:
0.5;
0.777:
1.119;
1.41;
2.025;
2.56;

: integer:

index_table(2]
index_table (4]
index_table(§]
index_table(8]
index_table(10]

index_table{12]

0.235;
0.609;
1.00S:
1.235;
1.772;

2.494;
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cldtf_table[l] := 4.103: cldtf_table(2] := 3.764;
cldtf_table{3] := 3.337; cldtf_table{4] := 3.2571;
cldtf table{5] := 3.134: cldtf_table{6] := 3.228;

cldtf_table{7] := 3.3162: cldtf_table(8] := 3.4058;
cldtf_table(9] := 3.198; cldtf table(10]) := 2.44:
cldtf_table[1l] := 2.02; cldtf_table{12] := 1.4135;
cldtf table(13] := 1.337;

for count := 2 to num _points do
diff table{count] := (cldtf table[count] - cldtf_table({count-1}) /

(index_table(count] - index_table{count-1]):

end: { Procedure Initialize_table }

Procedure pivot( var ihigh, ilow : integer: search_value : real ):

var

ipiv : integer:
begin

while {(ihigh - ilow) > 1) do begin
ipiv := (ihigh + ilow) div 2;
if search value = index_table(ipiv] then begin
ilow := ipiv:
ihigh := ilow + 1:
end )
else if search value < index_table(ipiv] then
ihigh := ipiv
else
ilow := ipiv:

end;

end; ( Procedure pivot }

Function search_table( search _value : real ) : integer:

var
inigh,

ilow : integer:
begin
ilow := low_last:

ihigh := high_last;

if (search_value > index_table(ilow]) apd




(search_value < index_table[ihigh]) then begin

pivet{ ihigh, ilow, search_value ):

end

slse if search value = index_table(ilow] then begin
ihigh := ilow + 1;

end

else if searéh_value - index_tahlefihiqh] then begin
ilow := ihigh:
ihigh := ilow + 1;

end

else if search value < index_table(l] then' begin
ihigh := 2;
ilow :=1;

end

else if search value > index_table(num points] then begin
ihigh := num_points;
ilow := ihigh - 1;

end

else if search_value > index_table(ihigh] then begin
ihigh := num points;
pivot( ihigh, ilow, search_value ):

end

else if search_value < index_table(ilow] then begin
ilow := 1;
pivot( ihigh, ilow, search _value ):

end:

low_last := ilow:

high_last := ihigh:

search_table := ihigh:

end; { Function search_table }

Procedure Evaluate_table( time : real ):

{

var

Table CLDTF -~ Block 12

sub_index,

index : integer:;
mach,

us,

cldtf : real;

begin

Receive_Real 32bit( us ):

mach := us * inv_asound:
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end;.

index := search_table( mach );

sub_index := index - 1;

cldtf := cldtf_table{sub_index] +
(diff_table[index] *
(mach - index_table(sub_index]));

Send_Real_32bit( cldtf );

{ Procedure Evaluate_table }
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File: BLOCK13.PAS
Module Problem_Specifications:

Public Problem Specifications:

Procedure Initialize Table:

procedure Evaluate_Table( time : Real ):
Public Solve_Table:

Var time, integration_step : Real:
$Include (':PFP:include/target.pas’)
Private Problem Specifications:
const

num_points = 13:

asound - 1117.4;

low_last,
high_last : inteqger:

inv_asound : real:
clpf_table : array [1..num_points) of real:

index_table : array {l..num_points] of real:

diff_table : array (l..num points] of real;

Procedure Initialize table;
var
count : integer:

message_type, message_size : integer:

begin

input_message( message_type. integration_step, message_size );

inv_asound := 1.0 / asound:
low_last := 1:

high_last := num_points;
index_table(l] := 0.0: index_table(2
index_table(3] 1= 0.5; index_table(4]
index_table(5] := 0.777; index_table[6]
index_table(7) 1= 1,119; index_table(8]
index_table[9] := 1.41: index_table(10)
index_table(1ll] := 2.025; index_table(12]

index_table(13] := 2.56:
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clpf_tablefl] := 8.716; clpf_table[2] := 8.7254:
clpf_table(3) := 8.726; clpf_table[4) := 8.7476;
clpf_table([5] := 8,781; clpf_table{6] := 11.335;
elpf_table(7] := 10.4; clpf_table(8] := 9.5532;

clpf_table(9] := 8.2825: clpf_table{10] := 8.042:
clpf_table(1ll] :=~ 7.826; clpf_table{l12} := 7.5253:
clpf_table(13) := 7.483:

for count := 2 to num_points do
diff table(count] := (clpf_table[count] - clpf_table{count-1}) /

{index_table(count] - index_table([count-1]):

end: { Procedure Initialize_table }

Procedure pivot( var ihigh, ilow : integer: search_value : real ):

var

ipiv : integer:;
begin

while ((ihigh - ilow) > 1) do begin
ipiv := (ihigh + ilow) div 2:
if search value = index_table[ipiv] then begin
ilow := ipiv:
ihigh := ilow + 1;
end
else if search_value < index_table(ipiv] then
ihigh := ipiv
else
ilow := ipiv:

end:

end: { Procedure pivot }

Function search_table( search value : real ) : integer:

var
ihigh,

ilow : integer;
begin
ilow := low_last;

ihigh := high last:

if (search value > index_table[ilow]) and




(search_value < index_table{ihigh]) then begin

pivot( ihigh, ilow, search value }):

end

else if search value = index_table([ilow] then begin
ihigh := ilow + 1:

end

else if search_value = index_table(ihigh] then begin
ilow := ihigh;
ihigh := flow + 1;

end

else if search _value < index table{l] then begin
ihigh := 2;
ilow := 1;

end

else if search_value > index_table(num_points] then begin
ihigh := num_points; ‘
ilow := ihigh - 1:

end

else if search_value > index_table{ihigh] then begin
thigh := num_points;
pivot( ihiqh, ilow, search_value ):

end

else if search_value < index table(ilow] then begin
ilow := 1;
pivot( ihigh, ilow, search value ):

end:

low_last := ilow:

high_last :=~ ihigh:

search_table := ihigh;

end; { Function search_table }

Procedure Evaluate_table( time : real ):

{

var

Table CLPF - Block 13

sub_index,

index : integer:
mach,

us,

clpf : real:

. begin

Receive_Real 32bit( us ):

mach := us * inv_asound:
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end; .
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index := search_table( mach );

sub_index := index - 1:

clpf := clpf_table([sub_index] +
(diff_table{index] *
(mach - index_table(sub_index]}):

Send_Real 32bit( clpf ):

{ Procedure Evaluate_table }
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File: BLOCK14.PAS
Module Problem_ Specifications;

Public Problem Specifications;

Procedure Initial Conditions;
Procedure Evaluate Derivatives( var Y_dot : Real: Y, time : Real;

first_eval : boolean ):
Public Solve Differential Equation:

Var
time, h, Y, Y _dot : real;

first_eval : boolean;
$Include (':PFP:include/target.pas’) N
Private Problem_Specifications:

const
asound = 1117.4;
g - 32.17;
uso - 15,33;

theta0 = 0.942;

rm, t, acd0, rho,

rs, wns, theta, vs,
qs, ws, us,

thetpr, sinth, costh,
WX, T3V3, qSwd, uswx,
uswxsq, v1i3, vi4,

uforce, v16, usdot : real:

Procedure Initial_Conditioms:

var
message_type, message_size : integer:
begin
input_message{ message_type, h, message_size ):
Y := us0;
time := 0.0;
end:

Procedure Evaluate Derivatives( var Y_dot : Real: Y, time : Real:
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first_eval : boolean ):

Basic Integrator - State us - Block 14

}
begin

us = Y;
Send_Real 32bit( us );
Receive Real 32bit( vs );
Receive Real 32bit( theta ):
Receive_Real 32bit( rs ):
Receive Real 32bit( qs ):
Receive Real 32bit( t ):
Receive Real 32bit( ws );
Receive_Real 32bit( rho ):
Receive_Real 32bit( acd0 ):,
Receive Real 32bit( wns ):
Receive Real 32bit( rm ):
{
if first_eval then Output_Message( Real_32bit, us / asound, 1 ):
}
thetpr := theta + thetal:
sinth := sin( thetpr ):
costh := cos( thetpr ):
wx := wns * costh;
T8VS = T8 * v3;
qsws := qs * ws;
uswx := us + wx:
USWXSq i~ UsSWX * uUswx:
v13 := rho * uswxsq;
v1l4 := acd0 * vi13;
uforce := t - 0.5 * v14;

v1é := rm * uforce;

usdot := v16 - g * sinth + rsvs - gsws;

Y _dot :w usdot;

end; .
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File: BLOCK1S.PAS
Module Problem Specifications:
Public Problem Specifications:

Procedure Initial_Conditions:

Procedure Evaluate Derivatives( var Y dot

: Real:; Y, time : Real

first_eval : boolean );

Public Solve Differential Equation:

Var
time, h, Y, Y_dot : real;

first_eval : boolean;
$Include (':PFP:include/target.pas’)
Private Problem_Specifications:

const

vs0 = 0.0;

var
fy, phi, fz, rm,
acna, rho, us, wve,
rs, vs,
sinphi, cosphi, wy,
rsus, vswy, rhous,
v1l9, v20, fty, .

vforce, v22, vsdot : real;

Procedure Initial Conditions:

var

message_type, message_size : integer:

begin

input_message( message _type, h, message_size );

Y = vs0:

time := 0.0:

end:

Procedure Evaluate_Derivatives( var Y_dot :

first_eval :

Basic Integrator - State vs ~ Block 15

Real; Y, time : Real:

boolean );
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}

begin

vs = Y;
Receive Real 32bit( us ):
Send Real_32bit( vs ):
Send_Real_ 32bit( vs };
Receive Real_32bit( fs )
Receive_Real 32bit( phi ):
Receive Real 32bit( wwe ):
Receive_Real 32bit( rho ):
Receive_Real 32bit( fz ):
Receive Real 32bit{ fy );
Receive Real 32bit{ acna ):

Receive Real 32bit( rm );

sinphi := sin( phi ):
cosphi := cos( phi ):

wy := wwe:

rsus := rs * us:

vSWy = Vs -.wy:

rhoﬁ; s= rho * us;

v19 := acna * rhous:;

v20 := v19 * vswy;

fty := fy * cosphi + fz * ginphi:
viorce := fty ~ 0.5 * v20;
v22 := vforce * rm:

vsdot := v22 - rsus;

Y _dot := vsdot:

end:.
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File: BLOCK16.PAS
Module Problem_Specifications:
Public Problem_Specifications:

Procedure Initial Conditions;

Procedure Evaluate Derivatives{ var Y _dot : Real; Y, time : Real;

first_eval : boolean ):

Public Solve Differential Equation;

Var
time, h, ¥, Y _dot : real:

tirst_eval : boolean:
$Include {':PFP:include/target.pas’)
Private Problem_Specifications:

const
g - 32.17;
ws0 - 0.0;

thetal = 0.942;

var
gs, us, theta, rm,
fz, phi, fy, wns,
acna, rho, ws,
thetpr, sinth, costh,
sinphi, cosphi, wz,
gsus, rhous, v19, ftz,
wswz, v24, uforce,

v26, wsdot : real;

Procedure Initial Conditions:

var

message_type, message_size : integer:
begin
input_message( message_type, h, message_size ):

Y := ws0;

time := 0.0;

Procedure Evaluate_Derivatives( var Y_dot : Real: Y,

time :

Real:
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first_eval

Basic Integrator - State ws - Block 16

}
begin

ws = Y;
Receive Real 32bit( us ):
Receive Real 32bit( theta ):
Receive_Real 32bit( qs );
Receive_Real 32bit( phi ):
Send_Real_32bit( ws ):
Receive Real 32bit( rho ):
Receive Real 32bit( fz );
Receive Real 32bit( fy ):
Receive_Real_32bit( wns );
Receive_Real 32bit( acna );

Receive_Real 32bit( rm ):

thetpr := theta + thetal:

sinth := sin{( thetpr ):

costh := cos{ thetpr ):

sinphi := sin( phi ):

cosphi := cos( phi ):

wz := wns * sinth;

qsus := gs * us;

rhous := rho * us;

v19 := acna * rhous;

WIWZ = WS + w2:

V24 = wswz * v19;

ftz := £z * cosphi - fy * sinphi:
wiorce := -ftz -~ 0.5 * v24;

v26 := rm * wforce:

wsdot := qsus + g * costh + v26;

Y_dot := wsdot:

end;.

boclean ):
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File: BLOCK17.PAS

Module Problem Specifications:

Public Problem Specifications:

Procedure Initial Conditions:

Procedure Bvaluate Derivatives( var Y_dot : Real:

first_eval : boolean ):

Public Solve Differential Equation:

Var

time, h, Y, Y_dot : real;

first_eval : boolean:

$Include {':PFP:include/target.pas’)

Private Problem_Specifications;

const

var

ps0 = 0.0;
ix = 25.77:

dx = -2.0:
a = 2.64;
4 = 1.833;

dt =~ 0.05236;

rho, clp, us,
cldt, 1lt, ps,

p7. p8, plo, pll,
rhous, psclp,
uscldt, v29,

v30, psdot : real;

Procedure Initial_Conditions;

var

message_type, message_size :

begin

input_message( message_type,

p7 := 1.0 / ix:

p8 := dx / ix:

plo :=a *d *d * 0.25;
pll :=a * d * dt * 0.5;
Y := ps0:

time := 0.0;

integer:

h, message_size ):
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end:

Procedure Evaluate_Derivatives( var Y_dot : Real; Y, time :

first_eval : boolean );

Basic Integrator - State ps - Block 17
}
begin

ps := Y:
Receive_Real 32bit( us ):
Send_Real_ 32bit( ps }:
Receive_Real 32bit( 1t );
Receive Real 32bit{( rho ):
Receive Real 32bit( clp ):
Receive_Real 32bit{ cldt ):
{
if first_eval then Output_Message( Real_32bit, ps., 1 ):
}
rhous := rho * us;
psclp := ps * clp:
uscldt := us * cldt:
V29 := -pl0 * psclp + pll * uscldt:
v30 := rhous * v29;
psdot := p7 * v30 + p7 * 1t + p8 * ps:

Y_dot := psdot:

end:.

Real;
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File: BLOCK18.PAS
Module Problem_Specifications;
Public Problem Specifications;

Procedure Initial_Conditions:

Procedure Evaluate Derivatives( var Y dot : Real:; Y, time :

first_eval : boolean ):

Public Solve_Differential Equation;
Var

time, h, Y, Y _dot : real:;

first_eval ' : boolean;
$Include (':PFP:include/target.pas’)
Private Problem Specifications;
const

phio = 0.0:
theta0 = 0.942:

ps, theta, rs,

phi,

thetpr, sinth, costh,

recos, phidot ) : real:

Procedure Initial Conditions:

var

message_type, message_size: integer:
begin
input_message( message_type, h, message_size ):

Y := phiO:

time := 0.0;

end:

Procedure Evaluate Derivatives( var Y_dot : Real: Y, time :

first_eval : boolean }:

Basic Integrator - State phi - Block 18

}
begin

Real;

Real:
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Receive_Real 32bit( ps ):
Receive Real 32bit({ theta ):
Receive Real 32bit{ rs ):
Send _Real_32bit{ phi ):
{
if first_eval then Output_Message( Real_32bit, phi, 1 ):
}
thetpr := theta + thetal:
sinth := ;in( thetpr );
costh := cos( thetpr ):
rcos := 1.0 / costh:
phidot := ps + rcos * sinth * rs:

Y_dot := phidot;

end: .
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File: BLOCK19.PAS
Module Problem Specifications;
public Problem Specifications;

Procedure Initial_Conditions:

Procedure Evaluate_Derivatives( var Y dot

: Real; Y, time : Real:

first_eval : boolean );

Public Solve_Differential Equation;
Var
time, h, Y, Y _dot : real;
first_eval : boolean;

$Include (':PFP:include/target.pas')

private Problem_Specifications:

const
20 - 3990.0;
zie - 0.0: .

thetald = 0.942;

var
us, theta, vs,
z,
thetpr, sinth, costh,

zdot s real:

Procedure Initial Conditions;

var

message_type, message_size : integer:

begin

input_message( message_type, h, message_.

Y := zic:

time := 0.0:

end;

Procedure Evaluate Derivatives( var Y_dot :

first_eval :

Basic Integrator - State z - Block 19

size ):

Real: Y, time :

boolean ):

Real:
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begin

z 1= Y;
Receive_Real 32bit{ us );
Send_Real _32bit( z ):
Receive_Real_32bit{ theta ):
Receive_Real_32bit( ws );
{
if first_eval then Output_Message( Real 32bit, z + 20, 1 ):
}
thetpr := theta + thetal:
sinth := sin( thetpr );
costh := cos( thetpr );
zdot := us * sinth - ws * costh:

Y_dot := zdot:

end:.
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File: BLOCK20.PAS
Module Problem_Specifications;

Public Problem Specifications:

Procedure Initial Conditions:

Procedure Evaluate Derivatives{ var Y_dot : Real: Y, time

first_eval : boolean );

Public Solve_Differential Equation:

Var
time, h, Y, Y_dot : real:

first_eval : boolean;

$Include (':PFP:include/target.pas’)

Private Problem Specifications:

const
gt20 ~ 0.0:
tl - (0.873;
sl - 0,914;
gain = 28.65;
82 - 0.246;
tau2 = 1.875B-3;

var
theta, phi, psi,
gt2.
p22, p23, p30,
sinphi, cosphi,
gammat, gtl,
gt2dot : real:;

Procedure Initial _Conditions:

var

message_type, message_size :
begin

input_message( message_type,

p22 := 31 * gain;

p23 := 32 * gain;

p30 := 1.0 / tau2:

Y := gt20:

time := 0.0;

end;

integer:

h, message_size ):

()

Real;

341




Procedure Evaluate_Derivatives( var Y_dot : Real; Y, time : Real;

first_eval : boolean ):

Basic Integrator - State gt2 - Block 20

}
begin

gt2 :=Y:

Send_Real_32bit( gt2):
Receive Real 32bit( theta );
Receive Real 32bit( psi ):
Receive_Real 32bit( phi ):

sinphi := sin{ phi ):

cosphi := cos( phi );

gammat := theta * cosphi + psi * sinphi:
if time < tl then

gtl := gammat * p22
gtl := gammat * p23:
gt2dot := p30 * ( gtl - gt2 );

Y_dot := gt2dot;

end:.




File: BLOCK21.PAS

Module Problem_Specifications;

Public Problem Specifications;

Procedure Initial_Conditions:
Procedure Evaluate Derivatives( var Y_dot : Real: Y, time

first_eval : boolean );

Public Solve_Differential Equation;

Var
time, h, Y, Y _dot : real;

first_eval : boolean:

$Include (':PFP:include/target.pas’)

Private Problem Specifications;

const
gp20 = 0.0;
t1 = 0.873;
sl - 0.914;
gain = 28.65;
32 = 0.246;
tau2 = 1.875E-3:

theta, phi, psi,

qp2,

p22, p23, p3o,

sinphi, cosphi,

gammap, gpl,

gp2dot : real:

Procedure Initial Conditions:

var

message_type, message_size : integer:
begin
input_message( message_type, h, message_size ):
p22 := sl * gain:
p23 := 82 * gain:
p30 := 1.0 / tau2:
Y := gp20;

time := 0.0:

end;

Real

343




igi t t a] Re

Procedure Evaluate_Derivatives( var Y dot : Real: Y, time : Real;

first_eval : boolean );

Basic Integrator - State gp2 - Block 21
1
begin

gp2 = Y:

Send _Real_32bit( gp2 ):
Receive_Real_32bit({ theta ):
Receive Real_ 32bit( psi ):
Receive_Real 32bit{ phi );

sinphi := sin( phi ):
cosphi :« cos{ phi ):
gammap := psi * cosphi - theta * sinphi:;
if time < t1 then
gpl := gammap * p22
else
gpl := gammap * p23:
gp2dot := p30 * ( gpl - gp2 ):
Y_dot := gp2dot:

end:.




File: BLOCK22.PAS
Module Problem_Specifications:

Public Problem Specifications:

Procedure Initial_Conditions:

Procedure Evaluate Derivatives

( var Y _dot : Real; Y, time : Real:

first_eval : boolean );

Public Solve_Differential Equation;:

var
time, h, Y, Y _dot : real;

first_eval : boolean:

$Include {':PFP:include/target.pas’}

Private Problem Specifications:

const

gt4o = 0.0;

tl = 0.873:
gain = 28.65:

31 = 0.914;

82 = 0.246:;
taul = 17.34E-3;
tau2 = 1.375E-3;
taud = 670.0E-6;

theta, phi, psi,

gt2, gt4,

P22, p23, p27,

p28, P29,

sinphi, cosphi,

gammat, gtl, gt3,

gt4dot ¢ real:

Procedure Initial_Conditions:

message_type, message_size :
begin

input_message{ message_type,

p22 := sl * gain:

p23 := s2 * gain;

p27 := taul / tau2:

p28 := 1.0 - p27:

integer:;

h, message_size );




p29 := 1.0 / tau3:
Y := gt40;
time := 0.0:

end;

Procedure Evaluate_Derivatives( var Y_dot : Real; Y, time :

first_eval : boolean );

Basic Integrator - State gt4 ‘- Block 22
}
begin

gt4 := Y;

Receive_Real 32bit{ gt2 ):
Send_Real 32bit( gt4 )
Receive_Real 32bit{ theta ):
Receive Real_32bit( psi ):
Receive Real 32bit( phi ):

sinphi :e= gin( phi }:
cosphi := cos( phi ):
gammat := theta * cosphi + psi * sinphi:
if time < tl1 then
gtl := gammat * p22

gtl := gammat * p23:
gt3 ;= p27 * gtl + p28 * gt2:
gtddot := p29 * ( gt3 - gt4 ):
Y_dot := gtddot;

end: .

Real:
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File: BLOCK23.PAS
Module Problem Specifications:
Public Problem Specifications;

Procedure Initial_Conditions;
Procedure Evaluate Derivatives( var Y _dot : Real:; Y, time : Real:
. first_eval : boolean );
Public Solve_Differential Equation:
var
time, h, Y, Y_dot : real:
first_eval : boolean:

$Include (':PFP:include/target.pas')

Private Problem_Specifications:

const
gp40 = 0.0;
tl = 0.873; N

gain = 28.65;
sl = 0.914;
32 = 0.246;
taul = 17.34E~3;
tan2 = 1,.875E-3;
tau3 = 670.0E-6;

var
theta, phi, psi,
gp2. gp4,
p22, p23, p27,
p28, p29,
sinphi, cosphi,
gammap, gpl, gp3,
gp4dot : real:

Procedure Initial_Conditions:

var

message_type, message_size : integer;
begin
input_message( message_type, h, message_size ):
p22 := sl * gain:
P23 := 32 * gain;

p27 := taul / tau2;
p28 := 1.0 - p27;
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p29 := 1.0 / tau3;
Y := gpd0:
time := 0.0;

end;

Procedure Evaluate Derivatives( var Y _dot : Real: Y, time : Real;

first_aeval : boolean );

Basic Integrator - State gp4 - Block 23

}
begin

gp4 = Y;

Receive_Real 32bit( gp2 ):
Send_Real 32bit( gp4 ):
Receive Real_32bit( theta ):
Receive_Real 32bit({ psi );
Receive Real 32bit{ phi }:

sinphi := sin{ phi );
cosphi := cos{ phi ):
gammap := psi * cosphi - theta * sinphi:
if time < t1 then
gpl := gammap * p22
else
gpl := gammap * p23:
gp3 := p27 * gpl + p28 * gp2:
gpadot := p29 * ( gp3 - gp4 ):
Y_dot := gpddot;

end; .
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File: BLOCK24.PAS

Module Problem Specifications:

Public Problem Specifications:

Procedure Initial Conditions:

Procedure Evaluate Derivatives( var Y_dot : Real; Y, time

first_eval : boolean ):

Public Solve Differential Equation:

Var

int_limit,

time, h, Y, Y_dot

first_eval

real;

boolean:

$Include (':PFP:include/target.pas')

private Problem_specifications:

const
gts0e = 0.0;
] = 0.5E-6;
rl - é0.0EJ:
r2 = 147.0E3;
vl - 0.24;
v2 - 0.18;
aomax = 2.5;
eimax = 0.5;
var
gt4, gts,
p3s, p3s,

rsw_minus, rsw_plus,

gté, gtSdot

setff,

resettf,

gtéhi, gtélo

ly_srtff,

oldy

real;

boolean:

: arrayf{l..2] of boolean:

Procedure Initial Conditions;

message_type, message_size : integer:

begin

input_message( message_type, h, message_size );

Real;
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p3S t= 1.0/ (rl *c);
P36 := 1.0/ (r2*c):
Y := gt50;

int_limit := eimax;
time :~ 0.0;

end:

Function srtff( index : integer; first_time : boolean ) : boolean;
- begin

if time =~ 0.0 then begin
ly_srtff[index] := false;
oldy[index] := false;
end
else if first time then begin
if setff then ly srtff{index] := true:
if resetff then ly srtff[index]) := false;
if (not setff) and (not resetff) then ly srtff(index] := oldy(index]:
if setff and resetff then ly srtff[index] := not oldy[index}:
oldy{index] := ly srtff(index]:
end;

srtff := ly srtff(index]):

end: { Function srtff }

Procedure Evaluate_Derivatives{ var Y _dot : Real: Y, time : Real;

first_eval : boolean ):

Basic Integrator - State gt5 - Block 24

b
begin

gts = Y;
Send_Real_32bit( gt$§ ):
Receive Real 32bit( gt4 ):
{
if first_eval then Output_Message( Real 32bit, gtS5, 1 }:
1]
if gt5 > vl then setff := true else setff := false:
if gt5 < -v2 then resetff := true else resetff := false:
gtéhi = sreff( 1, first_eval }:
if gtS < -v1 then setff := true else setff := false:
if gtS > v2 then resetff := true else resetff := false:
gtélo := srtff( 2, first_eval );
if gtéhi then
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rsw_plus := eomax
else

rsw_plus := 0.0;
if gtélo then

rsw_minus := eomax
else

rsw_minus := 0.0;
gté := rsw_plus - rsw_minus;
gt5dot := p35 * gtd - p36 * gté:
Y dot := gtSdot:

end:.
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File: BIOCK25.PAS
Module Problem_Specifications;
Public Problem_Specifications:

Procedure Initial Conditions;
Procedure Evaluate_Derivatives( var ¥Y_dot : Real: Y, time : Real;
first_eval : boolean );
Public Solve Differential Equation;
Var
int_limit,
time, h, ¥, Y_dot : real:
first_eval : boolean:

$Include (':PFP:include/target.pas'}

Private Problem Specifications;

const
gp50 = 0.0;
c = 0.5E-6;

rl - 20,0BE3;
r2 - 147.08E3;
vl - 0.24;
v2 - 0.18;
eomax = 2.5;

eimax = 0.5;

var
gp4. gps.
P35, p36,
rsw_minus, rsw_plus,
gp6é, gpS5dot : real:

setff, resetff,

gpé6hi, gpélo : boolean;
ly_srtff,
oldy : array (1..2] of boolean:

Procedure Initial Conditions:

message_type, message_size : integer:
begin

input_message( message_type, h, message_size ):
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P35 : = 1.0/ (rl *c):
P36 := 1.0/ (r2 *¢c):
Y := gp50: A

int_limit := eimax:
time := 0.0;

end;

Function srtff( index : integer; first_time : boolean ) : booclean:
begin

if time = 0.0 then begin
ly_srtff[index] := false:
oldy({index) := false;
end
else if first_time then begin
if setff then ly_srtff(index] := true:
if resetff then ly srtff(index] := false:
if (not setff) and (not resetff) then ly_srtff(index] := oldy{index]:
if setff and resetff then ly srtff[index] := not oldy(index]:
oldy{index] := ly srtff(index]:
end;

srtff := ly srtff(index];

end; ( Function srtff }

Procedure Evaluate Derivatives( var Y dot : Real; Y, time : Real;

first_eval : boolean ):

Basic Integrator ~ State gp5 - Block 25
}

begin

gps = Y:
Send_Real 32bit( gp5 ):
Receive Real_32bit{ gp4 );
{
if first_eval then Output_Message( Real_32bit, gp5, .1 ):
}
if gp5 > vl then setff := true else setff := false:
if gp$ < -v2 then resetff := true else resetff := false:
gpéhi := srtff( 1, first_eval ):
if gp5 < -vl then getff := true else setff := false:
if gpS > v2 then resetff :=~ true else resetff := false;
gpélo := srtff( 2, first_eval }):
if gpéhi then




rsw_plus := eomax
else

rsw_plus := 0.0;
if gp6lo then

rsw_minus := eomax
else

rsw_minus := 0.0;
gpé := rsw_plus - rsw_minus;
gpSdot := p35S * gp4 - p36 * gp6:
Y_dot := gpSdot:

end; .
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File: BLOCK26.PAS
Module Problem Specifications:
Public Problem Specifications:

Procedure Initial Conditions:
Procedure Evaluata;nerivatives( var Y_dot : Real; Y, time
first_eval : boolean;

var mode : boolean ):
public Solve_Differential Equation;

var
int_limit,
time, h, Y, Y_dot : real:

first_eval, mode : boolean:
$Include ":EFP:include/ta:get.pas')
Private Problem_Specifications;

const

fzic = 0.0;
trf - 4,0B-3;
eomax = 2.5;
vl - 0.24;
v2 = 0.18:
tdel = 8.0BE-3:
fside = 380.0;

var
gts, fz,
half_eomax, p43,
qt7,
gté, rsw_plus,
rsw_minus,
switch up,
switch_down,
fzdot : real:;
delay_head,
delay_tail,

delay_index

integer:
gtéhi, gtélo,

setff, resetff,

fzpos, gt7hi,

gt7lo, tdto,

tut0, tup, tdown : boolean:

ly srtff,
oldy : array [1..4] of boolean;
ly dlyff,
oldx : array [1..2) of boolean:

: Real;
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delay gté : array [(0..99] of real:

Procedure Initial_Conditions;

var
count : integer:

message_type, message_size : integer:

begin

input_message( message_type, h, message_size ):

half_eomax := eomax / 2.0:

p43 := fside / trf:

Y := fzic:

int_limit := fside:

delay_index := trunc(tdel/h) * 4;

for count := 0 to {(delay_index - 1) do
delay gté[count]) := 0.0;

time := 0.0:

delay head := 0;

delay tail := delay_index -~ 1:

end;

Function srtff{ index : integer: first_time : boolean }

begin

if time = 0.0 then begin
ly srtff{index] := false:
oldy{index] := false:
end
else if first_time then begin
if setff then ly srtfflindex] := true:

if resetff then ly_ srtff(index] := false:

if (not setff) and (not resetff) then ly_srtff(index| := oldy[index];

: boolean:

if setff and resetff then ly_srtff(index] := not oldy([index]:

oldy(index) := ly srtff({index]:
end:

srtff := ly srtff{index];

end: |{ Function srtff }

Function dlyff( first_time, value : boolean: index :

begin

integer )}

: boolean;
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if time =~ 0.0 then begin
ly dlyff(index] := false;
oldx[index] := value

end

else if first_time then begin
ly_dlyff(index] := oldx[index]:
oldx({index] := value

end;

dlyff := ly_dlyff(index):

end; { Function dlyff }

procedure Bvaluate Derivatives( var Y_dot : Real:
first_eval : boolean:

var mode : boolean ):

Basic Integrator - State fz - Block 26

count,

kount : integer:

begin

fz = Y:
Receive_Real_32bit( gt5 ):
Send_Real 32bit( fz ):

{

Y,

time : Real:

if first_eval then Output_Message( Renl_!Zbit; fz, 1 ):

}
if gt5 > vl then setff := true else setff

:= false:

if gt5 < -v2 then resetff := true else resetff := false;

gtéhi := srtff( 1, first_eval );

if gt5 < -vl then setff := true else setff := false;

if gt5 > v2 then resetff := true else resetff :~ false;

gtélo := srtff( 2, first_eval ):
if gtéhi then
rsvw_plus := eomax
alse
rsw_plus := 0.0:
if gt6lo then
rsw_minus := eomax
else
raw_minus := 0.0;

gté := rsw_plus - rsw_minus:

gt7 := delay_gté(delay_head}:

delay_gté(delay_tail] := gté;

357




delay_head := delay_head + 1;
delay tail := delay tail + 1;
if delay_head = delay_index then delay_head := 0;
if delay tail = delay_index then delay_tail = 0;

if £z > 0.0 then fzpos := true else fzpos := false;

if gt? > half_eomax then gt7hi := true else gt7hi := false:
if gt7 < -half_eomax then gt7lo := true else gt7lo := false;
setff := dlyff( first_eval, gt7hi, 1) and ( not gt7hi ):
resetff := not fzpos;

tdt0 :e srtff( 3, first_eval ):

setff := dlyff( first_eval, gt7lo, 2 ) and ( not gt71lo );
resetff := fzpos: '

tutd := srtff( 4, first_eval );

tup := gt7hi or tuto;

tdown := gt7lo or tdt0:

if tup then switch up :=~ p43 else switch_up := 0.0:

if tdown then switch_down := -p43 else switch _down := 0.0;:
fzdot := switch_up + switch_down:

Y_dot := fzdot:

if first_eval then mode := not( tup or tdown ):

end; .
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File: BLOCK27.PAS

Module Problem Specifications:

Public Problem Specifications:

Procedure Initial_Conditions:

Procedure Evaluate_Derivatives( var Y dot : Real: Y,

first_eval : boolean:

var mode : boolean ):

Public Solve_Differential Equation;

Var

int_limit,
time, h, Y, Y_dot : real:

first_eval, mode

: boolean:

$Include (':PFP:include/target.pas')

Private Proﬁlem_Specifications:

const
fyic = 0.0;
trf = 4.0BE-3;
eomax = 2.5;
vl - 0.24;
v2 - 0.18;
tdel = 8.0E-3;
fside = 380.0;
var
gp5. fy,

half_eomax, p43,

gp7.

gp6é, rsw_plus,

rsw_minus,

switch_up,

switch_down,

fydot

delay_head,

delay_tail,

delay_index

gpéhi,
setff,
fypos,
gp7lo,

put0, pup, pdown

gpélo,
resetff,
gp7hi,
pdto,

ly_srtff,

oldy

ly diyff,

oldx

real:

integer:;

boolean;

array {l1..4] of boolean:

array [1..2] of boolean:

time

: Real:

359




delay_gpé s array [0..399) of real:

Procedure Initial Conditions:

count : integer:;

message_type, message_size : integer;
begin
input_message( message_type, h. message_size ):

half eomax := eomax / 2.0;
p43 := fside / trf;
Y = fyic:
int_limit := faide:
delay index := trunc(tdel/h) * 4:
for count := 0 to (delay_index - 1) do
delay gpé{count] := 0.0;
time := 0.0:
delay head := 0: »
delay tail := delay_index - 1:

end:

Function srtff( index : integer: first_time : boolean ) : boolean:
begin

if time = 0.0 then begin

ly_srtff[index]} := false:

oldy[index] := false: ) .
end
else if first_time then begin

if setff then ly srtff(index] := true:

if resetff then ly srtff(index) := false;

if (not setff) and (not resetff) then ly_srtff(index] := oldy{index]:

if setff and resetff then ly_ srtff(index] := not oldy(index]:
oldy(index] := ly_srtff[index]:
end:

srtff := ly srtff[index];

end: { Function srtff }

Function dlyff( first_time, value : boolean: index : integer ) : boolean;

begin
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if time = 0.0 then begin
ly_dlyffiindex] := false:
oldx{index] := value

end

else if first_time then begin
ly_dlyff{index] := oldx{index]:
oldx(index] := value

end;

dlyff := ly dlyff[index]:

end: { Function dlyff }

Procedure Evaluate Derivatives( var Y _dot : Real: Y,
first_eval : boolean;

var mode : boolean ):

{
Basic Integrator - State fy ~ Block 27
}
var
count,
kount : integer:
begin
fy := ¥;
Raceive Real_32bit( gps ):
Send_Real_32bit( fy ):
{

if first_eval then Output_Message( Real_32bit, fy, 1 ):

1

if gp5 > vl then setff := true else setff := false:

if gp5 < -v2 then resetff := true else resetff := false:

gpéhi := srtff( 1, first_eval ):

if gp5 < ~vl then setff := true else setff := false:

if gp5 > v2 then resetff := true else resetff := false:

gpélo := srtff( 2, first_eval );
if gpénhi then
rsw_plus := eomax
else
rsw_plus := 0.0;
if gpélo then
rsw_minus := eomax
else
rsw_minus := 0.0:

gp6 := rsw_plus ~ rsw_minus;

gp7 := delay_gpé(delay_head]:
delay_gp6{delay_tail] := gpé:
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delay_head :=~ delay head + 1:
delay_tail := delay_tail + 1;
if delay_head = delay_index then delay_head := 0;
if delay_tail = delay index then delay_tail := 0:

if fy > 0.0 then fypos := true else tyﬁos 1= false; .

if gp7 > half_eomax then gp7hi := true else gp7hi ;= false;
if gp7 < -half_eomax then gp7lo := true else gp7lo := false;
setff := dlyff( first_eval, gp7hi, 1 ) and { not gp7hi ):
resetff := not fypos;

pdt0 := srtff( 3, first_eval ):

setff := dlyff( tir;t_eval. gp7lo, 2 ) and { not gp7lo );:
resetff := fypos;

putd := grtff( 4, first_eval );

pup := gp7hi or putd;

pdown := gp7lo or pdt0:

if pup then switch up := p43 else switch_up := 0.0:

if pdown then switch_down := -p43 else switch_down := 0.0:
fydot := switch_up + switch_down:

Y dot := fydot:

if first_eval then mode := not( pup or pdown ):

end;.
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File: BLOCK28.PAS

Module Problem_Specifications:

Public Problem Specifications;

Procedure Initial Conditions;

Procedure Evaluate Derivatives( var Y_dot : Real; Y, time

first_eval : boolean ):

Public Solve Differential Equation;

Var

time, h, ¥, Y_dot : real:

first_eval : boolean;

$Include (':PFP:include/target.pas’)

Private Problem Specifications:

const

var

qs0 - 0.0;

a - 2.64;
d - 1.833;
ix - 25.77;

thetad = 0.942;

riy, rho, us, cnqg,
ws, wns, theta,

cma, rs, ps, lcmlcg,
fz, phi, fy, gqs.

P9, plo, ftz,
sinphi, cosphi,
thetpr, sinth, wz,
rsps, rhous, wswz,
v36, v33, v3a7,

qsdot : real:

Procedure Initial_Conditions:

var

message_type, message_size : integer:

begin

input_message( message_type, h, message_size ):

p? :=a *d * 0.5;
pl0 := a = d * d * 0.25;

Y := qs0;

: Real:;
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time :« 0.0;

end;

Procedure Evaluate Derivatives{ var Y _dot : Real; Y, time : Real;

first_eval : boolean ):;

Basic Integrator - State gs - Block 28
}
begin

qs := Y:
Receive Real 32bit( us ):
Receive_Real 32bit( ps ):
Receive_Real 32bit( theta ):
Receive_Real 32bit( rs );: -
Send_Real 32bit( qs ):
Receilve_Real 32bit( phi ):
Receive Real 32bit( ws ):
Receive Real 32bit( rho ):
Receive Real_32bit( fz );
Receive Real 32bit( fy ):
Receive_Real_32bit( wns ):
Receive_Real 32bit{ riy ):
Receive_Real 32bit( lcmlcqg ):
Receive Real 32bit( cmq ):
Receive_Real 32bit{ cma );
{
if first_eval then Output_Message( Real 32bit, qs, 1 ):
}
sinphi := sin( phi ):
cosphi := cos( phi ):
ftz :» fz * cosphi - fy * sinphi:
v33 := lcmleg * ftz:
thous := rho * us;
thetpr := theta + thetal;
sinth := sin{ thetpr }:
wz := wns * sinth:
WSWZ 1= WS + wz;
TSps i= rs * ps:
v36 := rhous * ( pl0 * gs * cmg + P9 * wswz * cma ) - ix * rsps:
v37 := v36 - va3;
gqsdot := riy * v37:

Y_dot := gsdot:

end;.
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File: BLOCK29.PAS
Module Problem_ Specifications:
Public Problem Specifications:

Procedure Initial Conditions:

Procedure Evaluate Derivatives( var Y_dot : Real: Y, time : Real;

first_eval : boolean }):

Public Solve_Differential Equation;
Var

time, h, Y, Y_dot : real;

first_eval : boolean:
S$Include (':PFP:include/target.pas’)
Private Problem_Specifications:
const

thetic = 0.0;

gs, theta, thetd : real;

Procedure Initial Conditions:

var

message_type, message_size : integer;
begin
input_message{ message_type, h, message size );

Y := thetic:

time := 0.0:

end;

Procedure Evaluate_Derivatives( var Y_dot : Real; Y, time : Real;

first_eval : boolean ):

Basic Integrator - State theta - Block 29

}
begin

theta := Y:

Send_Real 32bit( theta ):




TP . o

Receive Real 32bit( gqs ):
{
if first_eval then Output_Message( Real 32bit, theta, 1 ):
}

thetd := gs:

Y_dot := thetd:

end;.
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File: BLOCK30.PAS
Module Problem_Specifications:

Public Problem Specifications:

Procedure Initial Conditions:
Procedure Bvaluate Derivatives( var Y_dot : Real:; Y, time : Real;

first_eval : boolean ):

Public Solve Differential Equation:
Var

time, h, Y, Y_dot : real:

first_eval : boolean:
$Include {':PFP:include/target.pas’)
Private Problem Specifications:
const

theta0 = 0.942;

psiic = 0.0;
var

rs, theta, psi,

thetpr, costh,

rcos, psidot : real;

Procedure Initial Conditions:

var
message_type, message_size : integer:

begin
input_message{ message_type, h, message size ):
Y := psiic:
time := 0.0:

end:

Procedure Evaluate_ Derivatives( var Y_dot : Real: Y, time : Real:

first_eval : boolean ):

Basic Integrator - State psi - Block 30

}
begin
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psl := ¥;
Receive_Real_32bit( theta };
Receive Real 32bit( rs ):
Send_Real 32bit( psi ):
{
if first_eval then Output_Message( Real_32bit, psi, 1 );
1
thetpr := theta + thetal:
costh := cos{ thetpr ):
rcos := 1.0 / costh:
psidot := zrs * rcos:

Y_dot := psidot

end;.
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File: BLOCK31.PAS
Module Problem Specifications:

Public Problem Specifications:

Procedure Initial_Conditions:
Procedure Evaluate Derivatives( var Y_dot : Real: Y, time : Real;

first_eval : boolean ):

Public Solve_Differential_ Equation;

Var
time, h, Y, Y_dot : real;
first_eval : boolean;
$Include (':PFP:include/target.pas’)

Private Problem Specifications;

const

rs0 = 0.0;

a - 2.64;
d - 1.833;
ix - 25.77;

var
riy, rho, us, cmq,
vs, wwe, /
cma, ps, qs, lemlcg,
fz, phi, fy, rs,
p9. plo, fty,
sinphi, cosphi, wy,
psqs, rhous, vswy,
v40, v43, v44,

rsdot : real:

Procedure Initial Conditions;:

message_type, message_size: integer:
begin'
input _message( message_type, hf message_size );
p9 :=a *~d * 0.5;
pl0 :=a * d *d * 0.25;

Y := rs0;

time := 0.0:
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end:

Procedure Evaluate Derivatives( var Y _dot : Real: Y, time : Real;

first_eval : boolean );

Basic Integrator - State rs - Block 31
}
begin

s = Y;
Receive Real 32bit{ us );
Receive Real_32bit( ps ):
Receive Real 32bit( vs ):
Send_Real _32bit( rs ):
Receive_Real 32bit( gs ):
Receive_Real 32bit( phi ):
Receive Real 32bit( wwe );
Raceive_Real 32bit( rho ):
Receive_Real 32bit{ fz ):
Receive_Real 32bit( fy ):
Receive Real 32bit( riy ):
Receive_Real_ 32bit( lemlcg ):
Receive Real 32bit( cmq }:

Receive Real 32bit( cma ):

if first_eval then

begin
output_Message( Character_08bit, 'time=', 5 ):
Output_Message( Real 32bit, time, 1 }:
Output_Message{ Character_08bit, 'rs=', 3 );: .
Output_Message{ Real 32bit, rs, 1 ):
Output_N1:

end;

sinphi := sin( phi ):
cosphi := cos( phi ):
fty := fy * cosphi + fz * sinphi:
v40 := lemleg * fty;

rhous := rho * us;
WY := wwe;

VSWYy := VS - wy:
pPsqs := ps * gs:

v43 := thous * ( pl0 * rs * cmg - p9 * vswy * cma ) + ix * psgs:
vd4 := v43 - v40;
rsdot := riy * v44:

Y_dot :=~ rsdot:

end:.
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File: IMRK4.PAS
Module Solve Differential Equation:

Public Problem_Specifications:
Procedure Initial_Conditions:
Procedure Evaluate_Derivatives( var Y _dot : Real; Y, time : Real:
first_eval : boolean:

var mode : boolean }:
Public Solve Differential Equation;

var
int_limit,
time, h, Y, Y_dot : real:

first eval, mode : boolean:

Program solve_Difterential_zquation:

Procedure Integrate_with_Limit_and Mode:

{
Integration Routine using Fourth Order Runge-Kutta.

Qa:
dummy_mode,
upper_limit,
in_limit : boolean:
inv_three,
k1, k2, k3,
half h : real;

begin

inv_three := 1 / 3.0:
half h := 0.5 * h;
in_limit := false;
while true do begin
Evaluate_Derivatives(Y_dot, Y, time, true, mode);
if mode then begin
kl := 0.0;
in limit := false:
end
else begin
if not in_limit then begin
if Y >= int_limit then begin
Y := int_limit:
in_limit := true:
upper_limit :« true:
end

else if Y <= -int_limit then begin




Y := -int_limit:
in_limit := true;
upper_limit := false:
end
end
else
if upper_limit then begin
if Y dot < 0.0 then in_limit := false
end
else begin
if Y dot > 0.0 then in_limit := false
end;
if in_limit then Y_dot := 0.0;
k1l := Y + half_h * Y_dot:
end;
Evaluata_netivatives(Y_dot. k1, time + half_h, false, dummy mode):
if mode then
k2 := 0.0
else begin
if in_limit then Y_dot := 0.0:
i k2 := Y + half h * Y_dot:
end:
Evaluate_Derivatives(Y_dot, k2, time + half_h, false, dummy mode):
if mode then :
k3 := 0.0
else begin
if in limit then Y_dot := 0.0;
k3 :=Y + h * Y dot;
end:
Evaluate Derivatives(Y_dot, k3, time + h, false, dummy_mode):
if mode then
Y := 0.0
else begin
if in_limit then Y dot := 0.0:
Y := { kK1 + 2,0*k2 + k3 + half h * Y dot - Y ) * inv_three:
end;
time := time + h;

end:

end; ( PROCEDURE Integrate_with_ Limit_and_Mode }

begin

Initial_Conditions:

Integrate_with_Limit_and_Mode:

end.
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Flle: LRK4.PAS

Module Solve Differential Equation:

Public Problem Specifications:
Procedure Initial Conditions:

Procedure Evaluate_Derivaeives( var Y_dot : Real; Y, time : Real;

first_eval : boolean
Public Solve Differential Equation;

Var
int_limit,
time, h, Y, Y dot : real:;

first_eval : boolean:

Program Solve Differential Equation:

Procedure Integrate with Limit:

{
Integration Routine using Fourth Order Runge-Kutta.

var
upper_limit,
in_linit ¢ boolean:
inv_three,
k1, k2, k3,
half h : real; .

begin

inv_three := 1 / 3.0;
half h := 0.5 * h;
in_limit := false:
while true do begin
Evaluate Derivatives(Y_dot, Y, time, true}:
if not in_limit then begin
if Y >= int_limit then begin
Y := int_limit:
in_lim1€ 1= true:
upper_limit := true:
end
else if Y <= -int_limit then begin
Y := -int_limit;
in_limit := true:
upper_liﬁit := false;
end
end
else

if upper_limit then begin
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if Y _dot < 0.0 then in_limit := false
end
else begin
if Y_dot > 0.0 then in_limit := false
end;
if in_limit then Y_dot := 0.0:
k1l := Y + half_h * Y_dot:
Evaluate_Derivatives(Y dot, k1, time + half h, false):
if in_limit then Y _dot := 0.0;
k2 := Y + half_h * Y_dot;:
Bvaluate_Derivatives(Y_dot, k2, time + half h, false):
if in_limit then Y_dot := 0.0:
k3 := Y + h * Y _dot;
Evaluate_bDerivatives(Y_dot, k3, time + h, false):
if in_limit then Y dot := 0.0:
Y := ( k1 + 2.0*k2 + k3 + half h * Y dot - Y ) * inv_three;
time := time + h:

end;

end; { PROCEDURE Integrate_with_Limit }

begin

Initial Conditions;
Integrate with Limit;

end.
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File: MAKEFILE
PASFLAGS ~ large optimize(l) symbolspace(€4)

PROGRAM = \
block00.bl
block01l.bl
block02.bl
block03.bl
block04.bl
block05.bl
block06.bl
block07.bl
block08.bl
block09.bl
blockl{.bl
blockll.bl
blockl2.bl
blockl3d.bl
blockl4.bl

\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
blockl5.bl \
blockl6.bl \
blockl7.bl \
blockl8.bl \
blockl19.bl \
block20.bl \
block21l.bl \
block22.bl \
block23.bl \
block24.bl \
block25.bl \
block26.bl \
block27.bl \
block28.bl \
block29.bl \
block30.bl \
block3l.bl \
crossbar.bl \

sequencer.bl
default: $(PROGRAM)

block00.bl: block00.obj table.obj
" submit :PFP:csd/pasbldl{ block00, *block00.0bj, table.ob]’ )

block00.obj: block00.pas
pas286 block00.pas $(PASFLAGS)

block0l.bl: block01l.0bj table.obj
submit :PFP:csd/pasbldl( block0l, 'block0l.obj,table.obj' )

block01.obj: block0l.pas




pas28é

block02.bl:
submit

block02.0bj:

pas28é

block03.bl:
submit

block(03.0obj:
pas28é6

block04.bl:
submit

block04.0bj:
pas28é

block05.bl:
submit

block05.0bj:
pas286

block06.bl:
submit
.
block06.o0bj:
pas28e6

block07.bl:

submit

block07.0bj:
pas286

block08.bl:

subnmit

block08.0bj:
pas286é

block09.bl:

submit

block09.0bj:
pas286

blockl0.bl:

block0l.pas $(PASFLAGS)

block02.0bj table.obj
:PFP:csd/pasbidl( block02,

block02.pas

block02.pas ${PASFLAGS)

block03.0bj table.obj

:PFP:csd/pasbldl( block03,

block03.pas

block03.pas §(PASFLAGS)

block04.0b} table.obj
:PFP:c3d/pasbldl ( block04,

block04.pas

block04.pas $(PASFLAGS)

block05.0bj table.obj
:PFP:csd/pasbidl( block05,

block0S.pas

block05.pas $(PASFLAGS)

block06.obj table.obj
:PFP:csd/pasbldl( block06,

block06.pas

block06.pas $(PASFLAGS)

block07.0b3j table.obj

:PFP:csd/pasbldl( block07,

block07.pas

block07.pas §$(PASFLAGS)

block08.0bj table.ob3j

:PFP:csd/pasbldl( block08,

block08.pas

block(8.pas $(PASFLAGS)

block09.0bj table.obj

;1PFP:csd/pasbldl( block09,

block09.pas

block09.pas $(PASFLAGS)

blockl0.obj table.obd

'block02.0bj, table.obj’ )

'block03.0bj, table.obi’ )

'block04.0bj, table.obi’ )

'block05.obj, table.obj' )

*block06.obj, table.obj’ )

'block07.0b]j, table.obj' )

'block08.obj,table.obj' }

'block09.0bj, table.obij’ )
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submit

blockl0.obj:
pas28é

blockll.bl:
submit

blockll.obi:
pas286

blockl2.bl:
submit

blockl2.0bj:

pas286

blockl3.bl:
submit

blockl3.obj:

pas286

blockl4.bl:
submit

blockl4.obi:
pas28é6

blocklS§.bl:
submit

blockl5.0bj:
pas286

blockl6.bl:
submit

blocklé.obj:

pas286

blockl7.bl:

submit

blockl?.obj:
pas286

blockl8.bl:
submit

blockl8.obj:

:PFP:csd/pasbldl{ blocklO,

biockl0.pas
blockl0.pas $(PASFLAGS)

blockll.obj table.obj
:PFP:csd/pasbldl( blockll,

blockll.pas

blockll.pas $(PASFLAGS)

blockl2.obj table.obj
:PFP:csd/pasbldl( blockl2,

blockl2.pas
blockl2.pas $(PASFLAGS)

blockl3.obj table.obj
:PFP:csd/pasbldl{ blockl3,

blockl3.pas
blockl3.pas $(PASFLAGS)

blockl4.obj rk4.obj
:PFP:csd/pasbldl{ blockl4,

blockl4.pas
blockl4.pas $(PASFLAGS)

blockl5.0bj rk4.obj
:PFP:csd/pasbldl{ blockls,

blockl5.pas
blocklS.pas $(PASFLAGS)

blockl6.0bj rk4.obj
:PFP:csd/pasbldl{ blocklé6,

blocklé.pas
blockl6.pas $(PASFLAGS)

blockl7.0bj rk4.obi
:PFP:csd/pasbldl{ blockl?,

blockl?.pas
blockl7.pas $(PASFLAGS}

blockl8.obj rk4.ob]
:PFP:csd/pasbldl( blockls,

blockl8.pas

'blockl10.0bj, table.obj' )

*blockll.obj, table.obi’ )

'blockl2.0bj, table.obj"’ )

*blockl3.obj, table.obi’ )

*blockl4.obi, rkd.ob3"' )

'blocklS.obj, rkd.obj’ )

'blockl6.obj, rkd.obj' )

'blockl7.0bj, rk4.obj"’ )

*blockl8.obj, rk4.obj"’ )
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pas286 blockl8.pas §$(PASFLAGS)

blockl9.bl: blockl9.obj rk4.obj
submit :PFP:csd/pasbldl( blockl9,

blockl9.obj: blockl9.pas
pas286 blockl9.pas $(PASFLAGS)

block20.bl: block20.0bj rk4.obj
submit :PFP:csd/pasbldl( block20,

block20.0bj: block20.pas
pas286 block20.pas $(PASFLAGS)

block2l.bl: block2l.obj rk4.obj
submit :PFP:csd/pasbldl{ block2l,

block21.obj: block2l.pas
pas286 block2l.pas $(PASFLAGS)

block22.bl: block22.o0bj rk4.obj
submit :PFP:csd/pasbldl{ block22,

block22.0bj: block22.pas
pas286 block22.pas $(PASFLAGS)

block23.bl: block23.0bj rk4.obj
submit :PFP:csd/pasbldl{ block23,

block23.obj: | block23.pas
pas286 block23.pas $(PASFLAGS)

block24.bl: block24.obj lrk4.obj

submit :PFP:csd/pasbldl({ block24,

block24.o0bj: block24.pas
pas286 block24.pas $(PASFLAGS}

block25.bl: block25.0bj lrk4.obj
submit :PFP:csd/pasbldl( block2$s,

block25.0bj: block25.pas
pas286 block25.pas $(PASFLAGS)

block26.bl: block26.0bj 1lmrk4.obj
submit :PFP:csd/pasbldl{ block26,

block26.cbj: block26.pas
pas286 block26.pas §$(PASFLAGS)

block27.bl: block27.0bj lmrk4,obj

'blockl9.0bj, rkd4.obj' )

'block20.0bj, rkd4.obj' )

'block2l.0bj, rk4.obj* )

'block22.0bj, rk4.obj" )

*block23.cbj, rk4.obj" )

'block24.0bj, 1rk4.obj' )

‘block25.0bj, 1rk4.obj’ )

'block26.0bj, Imrk4.obj' }
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submit

block27.0b]:
pas286

block28.bl:
submit

block28.0bj:
pas286

block29.bl:
submit

block29.0bj:
pas28é

block30.bl:
submit

block30.obj:
pas286

block3l.bl:
submit

block3l.obj:
pas286

lmrk4.obj:
pas286

:PFP:csd/pasbldl( block27,

block27.pas

block27.pas $(PASFLAGS)

block28.ob3 rk4.obj
:PFP:csd/pasbldl{ block28,

block28.pas

block28.pas $(PASFLAGS)

block29.0bj rk4.obj

:PFP:csd/pasbldl( block29,

block29.pas

block23.pas $(PASFLAGS)

block30.0bj rkd.obj
:PFP:csd/pasbldl ( block3d,

block30.pas

block30.pas $(PASFLAGS)

block3l.obj rk4.obj
sPFP:csd/pasbldl{ block3l,

block3l.pas

block3l.pas $(PASFLAGS)

lmrk4.pas

1mrk4.pas $(PASFLAGS)

1rk4.obj: irk4.pas

pas286 lrkd.pas $(PASFLAGS)

rk4.obj: rkd.pas

pas286 rk4.pas $(PASFLAGS)

table.obj:

pas286 table.pas $(PASFLAGS)

crossbar.bl sequencer.bl: network.txt

submit :PFP:csd/xbc{ network.txt )

clean:

delete *.lst,*.obj,*.mp?,*.bl

run: $(PROGRAM)

reset

table.pas

download process.txt

start process.txt

'block27.0bj, Imrk4.cbj’ )

*block28.0bj, rk4.obj*' )

*block29.0bj, rk4.obj’ )

'block30.0bj, rkd4.ob3’ )

*block3l.obj, rkd.obj’ )
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File: NETWORK.TXT

[ Spinning Missile - Crossbar setup ]

loop
cycle [ 1]

p23 := p21.2;

P27 := p25.2:

p22 := p20.2:

P26 := p24.2:

pil, pl2, pl3,

pl5, plé, pl7,

pl9, p28, p3l := pl4.2
cycle { 2 )}

p25 := p23.2;

p24 := p22.2:

pl8, p28, p3l := pl7.2:

pl4 :=~ pl5.2:

p8, p9, plo0 := pl3.2:
cycle { 3 ]

pl7 := p4.2;

pl4, plé, pls,

pl9, p20, p21,

p22,

p23, p28, p30 :~ p29.2:

p3l1 := pl15.2:
cycle [ 4 )

pl4, pls.

pls, p28, p30 := p3l.2;
cycle { S}

p20, p2l1,

P22, p23 := p30.2;

pla, pis,

P29, p3l := p28.2;
cycle [ 6 |

pl4 := pl.2;

pls, plé. p20,

p21, p22,

p23, p28, p3l := pl8.2:;
cycle [ 7 )

pl5, p31 := p9.2:

pl4, pl9, p28 := pl6.2:
cycle ( 8 ]

pl4, pls, pls,

pl7, p28, p31 := pl0.2:

cycle [ 9 )
pld := p5.2;
pl5, plse,

p28, p3l1 := p26.2;
cycle [ 10 ]
pl7 := pl3.2:

—_ e .

—_ -~

—

— =

~

state
state
state
state
state
state
state
state
state

state

table

state

state

state

state
state

table

state
table
state
table
table
state

table

gp2 ]
gp5 ]
gt2 |}

theta )

vs ]

phi }

wwef ]

rhotf ]

acd0f )

clpf ]
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pls, ple,
p28, p3l
cycle [ 11 ]
pl4, pls,
cycle [ 12 }
pls5, plé
p28, p3l
cycle [ 13 )

= p27.2;

p28 := p8.2:

= pll.2;
= p2.2;

pl7 := p12.2;

p28, p3l

pl4, pls,

cycle [ 14 ]
p28, p31
cycle [ 15 ]
p28, p31

t= p3.2:
plé := p0.2;

sw p7.2;

1= p6.2;

-

-~

-

—

—

—

state

table

table
table

table

table

table

table

table

ty ]

wnsf ]

acnaf ]

riyf }

cldtf ]

lelegf }

rmf ]

cmgf }

cmaf )
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File: PROCESS.TXT

p32
p33
p34
p3s
p36
p37

p3

psSo
pS1
pS2
ps3
p54
pss
p56
p57
pss
ps9
P60
pél
pé2
pé3

block00.bl
block01l.bl
block02.bl
block03.bl
block04.bl
block05.bl
block06.bl
block0d7.bl
block08.bl
block09.bl
blockl0.bl
blockll.bl
blockl2.bl
blockl3.bl
block1l4.bl
blocklS.bL
blockl6.bl
blockl7.bl
blockls.bl
block19.bl
block20.bl
block2l.bl
block22.bl
block23.bl
block24.bl
block25.bl
block26.bl
block27.bl
block28.bl
block29.bl
block30.bl
block31l.bl

smissile.txt
smissile.txt
smigsile.txt
smissile.txt
smissile.txt
smissile.txt
smissile.txt
smissile.txt
smigsile.txt
smissile.txt
smissile.txt
smissile.txt
smissile.txt
smissile.txt
smigsile.txt
smissile.txt
smissile.txt
smissile.txt
smigsile.txt
smissile.txt
smissile.txt
smissile.txt
smissile.txt
smissile.txt
smissile.txt
smissile.txt
smissile.txt
smissile.txt
smissile.txt
s@issile.txt
smissile.txt

spissile.txt

crossbar crossbar.bl <null>

sequencer sequencer.bl <null> <null>

<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>
<null>

<null>
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File: RK4.PAS
Module Solve Differential Equation;

Public Problem Specifications;
Procedure Initial_Conditions:
Procedure Evaluate Derivatives( var Y dot

first_eval
Public Solve Differential Equation;:
Var
time, h, Y, Y dot : real;

first_eval : boolean:

Program Solve Differential Equation:

Procedure Integrate:

(

Real; Y, time : Real;

‘boolean )

Integration Routine using Fourth Order Runge-Kutta.

var
inv_three,
k1, k2, k3,
half h : real;

begin

inv_three := 1 / 3.0;
half h := 0.5 * h;
while true do begin
Evaluate Derivatives(Y_dot, Y, time,
Kl := ¥ + half_h * Y_dot;
Evaluate Derivatives(Y_dot, k1, time
X2 := Y + half h * Y _dot:
Evaluate_Derivatives(Y_dot, k2, time
k3 := Y + h * Y _dot;
Evaluate_Derivatives(Y dot, k3, time
Y := { k1 + 2.0*k2 + k3 + half_h
time := time + h:

end:

end; { PROCEDURE Integrate }

begin

Initial_Conditions;

Integrate:;

true);

+

+

+

=

half_h, false):

half_h, false):

h, false);

Y dot - Y ) * inv_three:
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end.




File: SMISSILE.TXT
# integration step
real_32bit

1

0.0005
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File: TABLE.PAS
Module Solve Table:

Public Problem Specificationms:

Procedure Initialize Table:

Procedure Evaluate_Table( time : Real );
Public Solve_Table:

Var time, integration_step : Real:

Program Solve_Table:

Procedure Table_Value:

half step : real:
begin

time := 0.0:

half_step := 0.5 * integration_step:

while true do begin
Evaluate_Table( time );
Evaluate_Table( time + half_step ):
Evaluate_Table( time + half_step ):
Evaluate_Table( time + integration_step }:
time := time + integration_step:

end;
end; { Procedure Table_Value }
begin

Initialize_'rablé:

Table_Value:

end.

{ time }

{ time+0.5*n
{ tme+0.5'h
{ time+h }

[P
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