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System Description

Our Console Revolution 16 (CR16) was envisioned to be a game console similar in
abilities to systems such as the original Nintendo or the Nintendo Gameboy. To achieve
this goal, we designed an onboard VGA controller to output graphics. We have also
designed and built an off board audio circuit capable of producing simple tones. For
input we built acircuit to interface with an original Nintendo game pad .

From the beginning we designed our system to be fast enough to be a quality
gaming console. Our goa wasto have a system fast enough that a game like Space
Invaders or Tetris would be able to run at 60 frames per second. We have reached this
goal. At professor Erik Brunvand's suggestion our processor is five stage pipelined,.
Memory bandwidth is our speed limiting factor. The Flash EEPROM, which we use for
instruction memory, limits our processor to one instruction per cycleat 5 Mhz.
According to the Xilinx Webpack all other parts of our system are capable of running at
67 Mhz. We are able to achieve full bandwidth out of our memory system because of our
pipeline. At al timeswe are reading in program memory at full speed. To achievethis
we have two completely separate memory busses. We use the FlashEPROM for program
memory, six BIockSRAM units for data, and 2 BlockSRAM units for video memory.
These separate busses alow us to do many memory accessesin paralel which allows our

console to run faster.



Design Description

Top-Level

Our process is a simple 5-stage pipeline.

- Fetch : Using the current PC, fetch instruction from memory

- Decode : Compute all the control signals for the fetched instruction
- Read : Read values off the Register File/ Memory

- Op : Do operation/cal culation on the data

- Write Back : Write result back to Register File/ Memory

Stage-1 Stage 2 Stage 3 Stage 4 Stage 5

Fetch B Decode B Read Write Back

Y

Op

Why A Five-Stage Pipeline?

During one of our weekly meetings Professor Erik Brunvand suggested that we
consider combining the Read and Op stages into one stage. The argument to combine the
stages was that because the instruction set we use either reads from aregister file and
does some operation, or reads from memory and does not do any operation. Theidea
points out that register reading is very fast and we can do both reg-read and op in just one
cycle. That amemory read might take longer, but because we will not do any operations,
we will still need only one clock cycle for both the Read and Op stages.



After looking into this suggestion, we decided to stay with our five stage design

for the following reasons:

1) Wefed it isacleaner design that is easier to implement and more importantly much

easier to test if we separate the process of data input from the computation over that data.

2) Keeping our current design gives us the flexibility to add instructions that both read
from memory and perform some operations. Given our goal to create a game console,

there was a high chance that we would need to add instructions that did thisin order to

produce high-speed animated graphics. The Nintendo Gameboy is a good example. If

we decide to extend our instruction set with graphics instructions similar to the way

Nintendo extended the Z80 instruction set with their design of the Nintendo Gameboy
then we would require the ability this ability to fully utilize both the Read and Op stage.

Now that we have the basic pipeline setup, we add memory and I/0.

Pipeline, Memory and I/O Architecture

instruction
Memery
(FLASH)

Fetch Decode Read = \Write Back
Op
Ak A
| Register
File
Data |
Memory | -et—————
[SRAM)
(lw]
WGEA
e

-GEamepad

Sound

Asillustrated above, some components are used by more than one stage. This

creates trouble, because components like the Register File must be unique, i.e. we cannot



have 2 register files, one for the READ and one for the WRITEBACK. They must be the

same register file. We have different solutions for different components.

Register File
In the worst case, we need to be able to read 2 register values for the READ stage,

and write one register for the WRITEBACK stage. Unlike a non-pipelined processor, the
addresses of the three register can be totally different because the writing is from an
instruction in the WRITEBACK stage, and the readings are from a different instruction in
the READ stage. Asaresult we build a 3-port register file instead of 2 as specified in
Lab 2.

Instruction Memory
We store instructions in a completely different unit (in the FLASH instead of

SRAM) so we can fetch an instruction and perform a memory read/write at the same
time. If wedid not do this, we will need to stall the pipeline every time we do a memory
operation, which is highly disastrous for memory-intensive programs like graphics and

games.

Data Memory
We have the same problem as in the Register File. Namely, we might need to

read one memory location for the READ stage, and write to adifferent location for the
WRITEBACK stage. We redlize later that this could have been accomodated using the
dual-port feature of the BlockRAM. Instead we choose to simply prohibit memory

reading and writing from occuring at the same cycle.

I/O
We design the I/0O components in such away so that a port is either read-only or

write-only. Thisway, we can think of having 2 separate sets of 1/Os, read-only
components for the READ stage, and write-only components for the WRITEBACK



stage. We ended up using more address space this way, but given the 65,536 addresses

we have, thisis not an issue.

***  Each component will be explained in greater details later. ***

Control Signals
The diagram in the next page shows all control signalsin the pipeline. The

signals are generated in the decode stage and passed on to any component that needsit.
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Signals Description
The number in parenthesis indicates the width of the signal (number of bits).

PC (16) The program counter of the current instruction

PC+1 (16) The program counter of the next instruction

Instruction(16) The current instruction

Immediate(8) The immediate value field of the current instruction

SelectRegA(4) Selects which register (0..15) to read as argument A

SelectRegB(4) Selects which register (0..15) to read as argument B

RegA (16) The value of the register read and passed as argument A

RegB(16) The value of the register read and passed as argument B

RegWE(1) The WriteEnable signal for the Register File

RegWrtSel (4) Selects which register (0..15) to write to

PCResSel(1) Indicates what datais to be written to the Register File come from
0 PC
1 Result of OP stage

RegWrtData(16) The data to write to the register file

ALUOp(2) The operation the ALU will do (add/and/or/xor)

isNegate(1) Whether the 2™ argument to the ALU should be negated before
doing any operation

MuxA(2) Selects the data to be passed as argumentA to the ALU

00 RegA
01PC

100"
11 N/A

11




MuxB(2)

Selects the data to be passed as argumentB to the ALU
00 RegB

01 The sign/zero extended immediate value

10 N/A

110"

ShiftA(2)

Determines how argumentA should be shifted

00 no shifting

01 shift left by the amount(+1/-1) specified by RegisterB

10 shift left by the amount(+1/-1) specified by the immediate field
11 N/A

ZSExtendimmed(1)

How the 8-bit immediate field should be extended to 16-bit
0 Zero-Extend
1 Sign-Extend

ResSel(2) Selects which result should be sent out as the result of the OP stage

00 From the Concater

01 From the Flag Decoder

10 Fromthe ALU

11 From the MemoryVaue

**More details when we describe the OP stage**
Result(16) The result of the OP stage
ReadMemAddr(16) | The address of the memory we wish to read from
MemVal(16) The resulting value from the read
WrtMemAddr(16) = The adreess of the memory we wish to write to
MemWE(1) The WriteEnable signal for the memory
MemWData(16) The data to be written to memory

12




PrevFlags(5) The flags (CLFZN) from the previous cycle.

Flags(5) The new flags freshly calculated this cycle

FlagWrtMask(5) Indicates whether each of the five flags should be updated
i.e.avalue“11011” meansthe C, Z and N flags should be updated

ConditionCode(4) = The condition code from the instruction

(in case we are doing a conditional branch, set or jump)

FlagResultBit(1) Whether the condition code has been satisfied by the current flags

Branch(1) A signal indicating whether the current instruction is a potential
branch (branch condition, jump condition or jump and link)

Clock Frequency
Our processor uses two clock frequencies- 50 MHz and 5 MHz. The on-board

oscillator is set to 50 MHz, and we use a clock divider to divideit downto 5 MHz. Our
processor is designed to execute one instruction per clock cycle. The5 MHz clock isthe
clock that runs as fast as our pipeline can run. For example if we used SDRAM as our
program memory rather than EPROM then because SDRAM has slower access times we
would change the 5 MHz clock to 4.16 MHz because that is how long it would take for
our longest pipeline stage to complete. The fast clock is garenteed to aways remain
50MHz and isintended for compontents that either depend on a fixed clock, for example
the NES Controller input and the VGA Output must both run at 60 Hz no matter what the
speed of the pipelineis. Thereisalso cases where multiple things must be donein a
pipeline stage and we expose the 50 MHz clock to the stages that need this. For example
the Fetch stage can only fetch 8 bits at atime from EEPROM and so it needs the 50 MHz
clock so it can do two fetches per 5 MHz clock to get al of the datait needs.

The components that need the faster 50MHz clock are

- The BlockSRAM Controller
- The FlashEPROM Controller

13




- The I/O Controller

- The VGA Controller

- The NES Gamepad Controller
- The Boot Sequence Controller

14



ALU Design
Our ALU is 16-bit wide, and can do addition, logical AND, OR and XOR. We

can also do subtraction by using the signal ‘isNegate’, which controls whether the 2™
operand should be negated before performing the addition.

Asillustrated below, the ALU isimplemented asaVHDL code. We specify the
behaviors and let the synthesizer build adders/subtracters/comparators for us.

The ALU computes all the flags (CLFZN) regardless of the current instruction. It
is up to the FlagRegister and the FlagWriteMask to determine which flags should be
updated, and which on€e’s ignored.

15



Op Stage Design

The OP stage consists of several components.

- Shifter : Operates on the RegisterA argument. It can either pass the value through, or
do logical left/right shifts based on the value in the immediate mode or in RegB.

- Extender : Sign/Zero extend the 8-bit immediate value to 16-bit

- Two MUX’ es : Choose what arguments are to be sent to the ALU/Concater. Candidates
include RegA ,RegB, extended immediate value, PC, or just zero.

- ALU : performs arithmetic and logical operations, i.e. ADD, AND, OR, XOR.
Subtraction can also be done by negating the 2™ operand and doing an addition.

16



- Concater : Takes 8 hits from operandA and another 8 bits from operandB and concat

them together. Thisis necessary to support the LUI (load upper immediate) instruction.

- FlagDecoder : Takes the condition code and flags values and determine whether the
condition is satisfied. Thisisused for conditional branch/jump/set instructions.

- Result MUX : Chooses among the outputs of all the different components and send it as
the output of the entire OP stage. The MUX control signa depends on the current
instruction. i.e. If wearedoing aLUI, it will choose the output from the concater. On

the other hand, if we are doing an ADD, it will choose the output from the ALU.

Register File Design
Note that our design allows 3 simultaneous accesses to the registers- two

asynchronous reads and one synchronous write.

17



Memory Interface Design

We have two completely independent memory units.
- Instruction Memory  uses the FlashEPROM
- Data Memory uses 6x BlIockSRAM

Instruction Memory

The FlashEPROM is only 8-bit wide, so we have a small state machine to control
it. Weread the lower byte, then the upper byte and concatenate them together.

18



Data Memory
We use 6 BlockSRAM, each configured to contain 256 Words, each 16-bit wide.

Thisgives us atotal of 1536 words. Given an 11-bit address, we use the top three bits to
select the BlockRAM that will handle this address.

19



Decoder Design
The decoder is acombinational circuit. We created it as a gigantic doubly-nested

case statement and let the synthesizer figure out the corresponding circuit.
Note that al signals are assigned values, regardless of whether they apply or not.
ie. we always assign the lower 8 bitsto the immediate field, even if the instruction is not

an op-immediate. The value will simply not be used by the OP stage.

20



21



Instruction Decode Table

Read Op Write

= Py Py N ] 3 < < ':E ) Py g) @ | D |3

5 £l : 5 2| B =™

S 2
ADD | 11-8| 3-0 - | 00 -| 00| 00| OO O| 10 -/ 0] 1]118|1| 10100 | o
ADDI | 11-8 -- 1/ 00| 70| 00| 01| 0OO| O] 10 -] 0] 1]11-8|1] 10100 | o
SUB 11-8| 3-0 - | 00 -| 00| 00| 0OO| 1| 10 -/ 0] 1]118|1| 10100 | o
SuBl | 11-8 -- 1| 00| 70| 00| 01| 0OO| 1| 10 -] 0] 1]11-8|1] 10100 | o
CMP |11-8| 30 -| 00 -] 00| 00| 00| 1 -- -1 0] -- --10] 01011 | o
CMPI | 11-8 -- 1| 00| 70| 00| 01| 00| 1 -- -1 0] -- -10] 01011 | o
AND | 11-8| 3-0 -1 00 --| 00| 00| 01| O] 10 -] 0] 1]11-8/1] 00000 | o
ANDI | 11-8 -- O] 00| 70| 00| 01| 01| O] 10 -/ 0] 1] 11-8|1| 00000 | o
OR 11-8| 3-0 -1 00 --| 00| 00| 10| O] 10 -] 0] 1]11-8/1] 00000 | o
ORI 11-8 - O] 00| 70| 00| 01| 10| O] 10 -/ 0] 1] 11-8|1| 00000 | o
XOR |11-8| 3-0 -1 00 --| 00| 00| 11| O] 10 -1 0] 1| 11-8| 1] 00000 | 0
XORI | 11-8 -- 0| 00| 70 OO O1| 11| O] 10 -] 0] 1]11-8/1] 00000 | o
MOV -1 30 - | 00 -| 10| 00| 00| O| 10 -/ 0] 1] 11-8|1| 00000 | o
MOVI -- -- 0| 00| 70, 10| 01| OO|] O] 10 -] 0] 1]11-8/1] 00000 | o0
LSH 11-8| 3-0 - 01 -/ 00| 11| 00| O| 10 -/ 0] 1] 11-8|1| 00000 | o
LSHI | 11-8 -- -| 10| 70| 00| 11| 00| O] 10 -] 0] 1]11-8/1] 00000 | o0
LUI 11-8 - -| 00| 70| 00| 01 -/ -] 00 -/ 0] 1] 11-8|1| 00000 o
LOAD -1 30 -- -- -- -- -- -1 -] 11 -] 0] 1| 11-8| 1] 00000 | 0
STOR | 11-8| 3-0 -1 00 -| 00| 11| 00| O] 10 -] 0] 1 --1 0] 00000 | 1
Scond - - - -- - - -- - -] 01 30/ O 1| 11-8|1| 00000 o
Bcond -- -- 1 -/ 70| 01| 01| OO| O] 10] 118 1] 1 --1 0] 00000 | o
Jcond -1 30 - -- -| 10| 00| OO O] 10| 118] 1|1 --1 0| 00000 | o
JAL -1 30 -- -- --| 10| 00| 00| O] 10| 1110 1| O 11-8| 1] 00000 | 0

***Note*** A-B meansadl bitsintheinclusiverange[A,B]. i.e. 7-0isan 8-bit value

taken from bit 7,6,5,4,3,2,1,0 of the instruction.

22




/O Interface Design

We use the top 5 bits of the address to indicate which device is being addressed.
At cyclel (20ns later) we pass the WriteEnabl e to the selected device. We aso use the
top 5 bits to determine which device' s return value should be passed back to the
processor.

Note that we consider the Data Memory (BlockSRAM) as another 1/0 device for
simplicity.

23



VGA Controller
Our VGA controller is double buffered. We use two BlockSRAM units. Onefor

each video buffer. Each buffer is configured to be 1024 words x 2 bits/'word. This gives
us atheoretical resolution of 64x32 pixelswith 4 colors. However, we throw away the
last 2 rows to make the hardware ssmpler. So our rea resolution is 64x30 x 4 colors.
The palette is hard-coded into the controller.

At any given time, we have a*“back” and a*“front” buffer. The front buffer is
used to display to the monitor. The VGA controller asks for the color of every pixel,
starting from the top-left corner to the lower right, and relays this information to the
monitor. Inthe mean time, the back buffer is being written to by the running program
through the 1/0O controller.

When the entire front buffer has been sent to the monitor, the VGA controller
performs avertical sync, as part of the VGA protocol. It setsthe signal VsyncStarting,
which can be observed by the processor. If the processor chooses to, it can send a
flipPage signal, causing the VGA controller to swap the front and back buffer.

24



Flipping the pages is done by simply invert the signal that controls all the
multiplexers. If abuffer was receiving the address from the 1/0O controller, switch it so it
received from the VGA controller and vice versa. Also, we toggle the 2 WriteEnable
signals.

The VGA Controller itself isimplemented as three state machines. To get the
timing of al signalsto conform to the VGA protocol, we use a clock divider to obtain a
3.125MHz clock (divide 50MHz by 16).

StateMachine #1 99 states. Control the sending of one row of pixels

StateMachine#2 480 states. Controls the sending of 30 rows of pixels. Note that the
state machine changes state when the first machine wraps around (from state 98 to 0).

25



StateMachine#3 52371 states. Controls the Vertical Sync, sending pixels of the entire
page and page flipping. Also, when this state machine wraps around (from state 52370 to
0), we reset the 2" machine back to state zero aswell, so it starts at the first row again.

All three state machines are implemented as counters that count up and wrap
around when they reach their respective last state.
We put together the address of the pixel to be addressed by taking pieces from the

1% and 2™ state machines counters.

Finally, we enforce al BlankPeriods by setting all components of the RGB color
to zero during the blank time.

26



To write pixelsto the VGA buffer, send the color (between 0 to 3) to any address
between OxE800 (top-left corner) to OXEF80 (lower-right corner).

To flip the video buffer, keep reading from address 0xF800 until the valueis non-
zero. Write the value zero to address OxFO0O, wait 16 cycles, and write the value one to

the same address again.

Sound Device
Our goa with sound output was to be able to emit simpletones. To achieve thiswe built

an analog sound circuit that we interface with our processor. Our sound circuit takes four
digital signals. One enable input and three inputs that control the frequency of the
emitted tone.

Our inspiration for this circuit was taken from a standard electronic kit manual. We
choose this circuit over other designs because it gives us decaying resonance when
changing tones rather than an immediate tone change. These decaying tones seemed
more appropriate for the Space Invaders game than tones that cut off immediately.

The schematic of our circuit follows.

enable%

o 1 Il 1

5v ~bit0 bit1 -bit2
< 10uF 22 uF 22 uF 22 uF

1kOhm 22kOhm 47kOhm

33kOhm

4700hm 047uF

» T—;M

300mH
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The sound device is controlled by 4 one-bit signals- enable, bit2, bitl and bitO.
To control these signals, write to address 0xD800. The lower 4 bits will be used as the
enable, bit2,1 and O respectively. The value staysthere until it is overwritten.

NES Game pad Controller

The idea behind the NES Game pad controller isto get a standard consoleinput. There
was some discussion on whether we should take keyboard input or game pad input.
However being that we are designing a game consol e system a standard game console
controller input seemed more appropriate. For details of what pinsto map to what look
in nes_controller.vhd.

The NES controller is a state machine that completes a cycle every 60 Hz. A diagram of
the state machine is shown below. During the latch stage areset signal is sent to the NES
Controller which causes the NES Controller to read what buttons store that information.
The“A First” stage allows the NES Controller time to start sending the value of the A
button on the dataline. The value of the A button is then read in during the “A Mid”
stage and the reset signal isset low. Then during the “B First” stage the next signal is set
hi. This causesthe NES Controller to send out the value of the B button on the dataline.
Thisvalueisread in during the “B Mid” stage and the next signal is set to low. This
pattern continues as shown in the stage diagram below until the values of all of the
buttons are read in. During the extra stage the output values of the NES Interface
Controller are updated. And then the processiis repeated.

The NES Paddl€’ s buttons are active low so the datalineis ‘1’ when the button is not
being pressed and ‘0" when the button is being pressed. So the programmer can have a
more intuitive interface were the value of ‘1’ symbolizes the button being pressed down

these values are reversed.

28
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Tool Set

VHDL Compiler & Simulator : Symphony EDA
- The command line tools are avaialable for free at http://www.symphonyeda.com/

- very fast compile & simulation time. Very low overhead.
- usage: vhdlp [filename] to compile
vhdle[filename] to smulate
- very intuitive to use
- generates meaningful error messages. We even wrote our own translator so
theVisua Studio.NET and emacs can parse the error message and go to the offending line
of code immediately.
- allows customization by specifying additional flags
- can generate signal timing diagram

Synthesis and Place & Route : Xilinx WebPack
- dllows the entire system to be rebuilt with one click
- reasonably easy to use

- generates meaningful reports of how the code is translated into hardware

CVSVersion Control System
- We set CV S on our own computer that is permanently online.

CASM Compiler/Assembler

- Thisis acompiler/assembler that we created on top of a standard C++ compiler. See
the programming manual for further details.

- Can take an assembly code, compileit, generate a VHDL testbench and run the codein

the simulator and automatically determines if the code pass or fail

toXes

30



- Thisisasmall tool we created that can turn binary code generated by our CASM

compiler into . XESfile, which is used to download code onto the actual hardware.

Testing Framework

Proper testing was very important throughout the project. Aswe developed
VHDL components we have atest framework that allows us to type “make test” which
would run VHDL testbenches. Every VHDL file had a separate testbench. Someone
other than the person who wrote the VHDL implementation wrote the testbench. Our
design is about 9,000 lines of VHDL code and 10,000 lines of VHDL testing code, and
2,400 lines of CASM pipeline testing code.

The following is a screenshot of running our VHDL testbench:

31



After our processor was fully put together we wrote an extensive serious of
CASM test programs. We built atesting framework that compiles the test programs
down and runs them in simulation on the processor. Once again “make test” runsthis

testing framework. The following is a screenshot:

32



After we got our processor to boot on hardware we ran each of the CASM test
programs on hardware and they returned the correct result first try and so we did not

make an automated test program for hardware.

33



Programming Manual

Our approach to compiling code down to our processor is unique. We wrote C++
functions that when called emit assembly code. So we have an “void addi(int immediate,
crl6 int register)” function that when invoked checks the values passed into it to ensure
that they are valid and emits the correct assembly code. We call it CASM with the‘C’
representing the C programming language and ASM meaning assembler. This approach
is non-standard, however it is very appropriate for our situation. CASM has all of the
functionality that we desire including, automatic hazard correction, and the ability to
branch to labels rather than just numeric offsets. CASM was developed by Usit and Russ
in ten man hours. 1t would not have been possible to get such afully functional
assembler in such a short amount of time had we taken the conventional approach.

After we developed a working assembler Usit came up with the idea of further
extending CASM with if statements, while loops, expression evaluation, and inline
functions. Russ further extended the design by adding for loops, function calls, and
devel oped a suggested programming style. Extending the CASM Assembler into the
CASM Programming language took twenty man hours. Had we taken a conventional
approach it would have been impossible to develop such afull featured compiler in such
ashort amount of time.

With the CASM Language is appropriate for larger programs. Usit has devel oped
a Space Invaders game that is approximately 1,600 lines of CASM Langauge code that
tranglates to about 10,000 lines of assembly code. Russ's Tetris gameis approximately
2,100 lines of CASM that translates into about 20,000 lines of assembly code. Because
of how the CASM Language is structured about half of the assembly code is nop
instructions that have been inserted by the compiler’s hazard detection unit. Most of
these nops() could be avoided by programming in strait CASM Assembly. However this
isafair trade off because both Tetris and Space Invaders are performant games and it
would not have been possible to develop them in our time constraints had we
programmed in strait assembler.

The Tetris program source code has been commented to help the first time CASM

programmer understand what is going on. We recommend that anyone interested in



developing a substantial CASM program refer to the Tetris source code for examples of

how to use the features of the language. And for a suggested programming style.

When programming CASM there are some points that to keep in mind.
If doing manual branching, meaning using the bCond or jCond functionsit is
recommended that you always have a flushPipeline function call immediately
following the branch instruction. The branch actually does not take place until 4
instructions after the branch instruction because it takes that long to get through
the pipeline. The flushPipeline function is the same thing as just putting in four
nops so the processor does nothing useful until after the descion to branch or not
isdecided. If for performance reasons you would like to place instructions in
these four slots then please keep the following in mind. The codein the four sots
after the branch instruction is aways executed whether the branch is taken or not.
The hazard detection unit only looks for hazardsin alinear way. Meaning if you
set aregister to avalue in the last dlot before the jump and then a jump occurs the
register will not get it’s updated value until four instructions after the jump.
Where asin linear program execution the hazard detection unit will insert nops on
an as needed bases so the programmer can assume that a register automatically
takes anew value immediately after being set. Another issue that the programmer
must pay attension to if desiring to use the 4 dlots after the branch is to ensure that
the hazard detection unit does not detect a hazard in those slots and fill in nops.
Then the branch will occur before excuting the intended code. Another issue to
be aware of if using these four dotsisit is undefined behavior of our hardware if
aload instruction isin the read stage of the pipeline while the store instruction is
in the write stage of our pipeline. Under all cases except for doing manual
branching without using the flushPipeline function CASM detects this and inserts
anop instruction as appropriate. Only when using the four slots after branch must
the programmer be aware of this. While CASM has the functionality to alow you
to use the slots after the branch in performance critical situations, the programmer
isstrongly urged to never do this. Y ou should always have a flushPipeline()

function after amanual branch instruction. And thisisonly in effect for CASM
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Assembly. The CASM Programming language functions to do loops and if
statements automatically does flushPipeline for you.

Registers 10, 11, 12, and 13 are reserved for the CASM Programming Language
for doing expression parsing, conditional codes and loops.

CR16 Programming convention is to use Register 14 for the return address from a
function and to use Register 15 as the stack pointer.

Save yourself alot of time and use the helper functions found in the Tetris and
Space Invaders programs. Usit wrote meminit(), memLoad, and memSave().
Russ wrote a crl6 for loop some mult and div functions, and code to do non-inline
function calls.

Even though we require gcc 2.95.3 running in the cygwin environment to compile
the CASM programs. Other versions of gcc may work as well but are untested.
Even though we require gcc it is strongly recommended that you do all code
development in Microsoft Visual Studio .NET. The Visua Studio editor can give
you much needed context sensitive help on the arguments of each function when
you mouse over the function. These programs would not have been possible had
we used atext editor like emacs to develop them.

When programming for this system remember that it is something that we
developed for our own use. It is not something that we have prepared for
commercia use. While we have offered this tool to the rest of the class as of the
time of thiswriting we are not aware of CASM being used outside of our interna
development. Therefore the same people that implemented the language are the
only people who have used it. We understand the code of the CASM Compiler
and we understand how everything drops down. If you want to use CASM it is
strongly suggested that you read the code of the CASM Compiler and read and
understand the code of the Tetris program. Because of our design no amount of
documentation can replace the importance of just reading our source. If you try
for the fast track and just develop for our system without doing what we have

urged you program at your own risk.
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Operation Manual

- Make sure that the VGA cable, power, LPT cable, NES gamepad and sound device are
all connected.

- The processor should emit static frequency noise until it is programmed.

- Load pipeline_synth.bit into the FPGA and the code to execute (i.e. invader.xes or
tetris.xes) into the FlashEPROM.

- The Noise should go away when the loading finishes.

- The processor will automatically boot and execute the code.

- If you want to re-load the Flash, you must first disable the processor. This can be done
intwo ways. Either unplug and replug it, or press the push button on the main board
(near the PS2 port).

Simulation Testing

We use VHDL testbench programsto test our circuits. The advantage of using
testbenches is we get more organization such as conditional instructions, loops and
procedure calling. All test cases can be invoked from the command prompt. We create
Makesfiles so that al available test cases can be executed by typing a single command.
This proves very useful when we want to make modifications to the circuit. It allows us

to follow the eXtremeProgramming approach.

Xess Board Testing

Test cases used in the simulation are manually loaded on to the board and execute
one at atime. Thiswas somewhat atedious task, but because we only need to do it once
(after everything passes in simulation), we decided not to automate the process.

Initially, we either wire up LEDs to the board or use adigital oscilloscope to
determine whether it works. We export the lower bits of register zero to some of the free
pins. Later on, after we have the VGA controller working, we switched to using the

monitor instead.

Assembly Test Program
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We add functionalities to the CASM tool so it can not only compile the code, but
also spawn processes to generate a VHDL testbench out of the code, invoke the VHDL
compiler and simulator, execute the code in simulation and determine whether the test
casefails. To do this, the programmer needs to have a special command in the assembly
code indicating what is the expected result. The simulator will check the simulated result

against this and complain if they do not match.

Example of the First Few Lines of a Test Code

activateHazardDetectionUnit();

compileAndSimulate(__ FILE ); Il Tell the compiler to ssimulate current file
expectResult("0000000011111000"); /I Tell ssimulator the expected result of reg0
runFor(40000); // Number of cycles the simulator will run?
I/ init stack pointer r15 I/l Actual Testing Code

Il ret r14

crl6 int argl(rl);
crl6_int res(r0);
sp=0;

argl =11,
res=0;

We wrote code to test al individual instructions, and also more complex
programs such as summing 1+2+3+...100, calculating Fibonacci numbers by both the
recursive and iterative methods. We also write large-scal e games such as Tetris and
Space Invaders (discussed below).
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The CASM Compiler/Assembler

Asillustrated in the Programming Manual our CASM language is very robust for
ahome-brew assembler. That is because we adopt a non-standard method and take

advantage of existing C++ compiler.

Rather than writing a complete assembler that parses an assembly code and
generates the corresponding binary code, we use g++ to parse our CASM code. The
CASM code must be written in C++-style syntax, which is the reason why commands

like movi and add need parenthesizes and semicolons. We created the CASM library,
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which is simply a C++ code implementing functions like movi and add. To compile the
CASM code, the user uses g++ which generates a UNIX executable. The user must then
execute the resulting executable which will generate the binary code executable on our
CR16 machine.

Building on top of an existing compiler has many advantages. First, we never
need to parse or check the syntax of any code. We can concentrate on adding
functionality right from the beginning. We also get features like macros, constant
declaration, variable declaration, enumeration, function calls and OOP for free. Thisfree
us up to spend more time adding high-level features to our “assembler” such as variable-

register mapping, expression parsing, conditional code and while-loop.

Expression Parsing

We support Expression Parsing by overloading all basic operators (=, +, -, ++, <=,
I=...) so that when two expressions are operated together, a new expression nodeis
created and returned. Also, we provide constructors that can turn immediate values and

registers into expression nodes.
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To parse the resulting expression tree, we start from the root and traverse in post
order. We reservesregisters 10, 11, 12 and 13 as temporary storages.
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How if-then-else is Implemented

How while-endwhile is Implemented
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Show-Off Applications

Tetris
Tetris was written to show that our processor is capable of running games that are

still popular today. Tetriswas written first to work and then it was expected to do some
manual speed tuning to make the game fast enough. However the speed tuning stage was
never needed because our system was fast enough. Tetrisis over 2,000 lines of CASM
code it compiles down to about 10,000 assembly instructions. As the player destroys
more lines the game becomes faster until it becomesto fast to play. At first the game
emits a ticking noise that becomes more stressful as the game speed increases. To hear it
in action view the playing_tetris.mpg included on the CD enclosed with this final report.

There is also a sound made when you destroy aline.

Space Invaders
Space Invadersis another of our demo program. It isreasonably large- 1,418

lines of CASM code, or 10,411 assembly instructions. The program is designed to show
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what our CR16 is capable. It uses multiple sprites for the player’s ship and two types of
aliens. Thereis paralax scrolling starfield, basic particle explosion effects, intro screen,
score counter, etc. The program performs many complicated operations. When flattened
out, Space Invaders has about 7 levels of nesting code ( if-then-else and while-loop ) and

many nested expressions. For full details, please read the source code invaders.cpp

Conclusions

The course has been immensely fun. We would like to thank Professor Brunvand
for giving us the flexibility to do what we did. We would not have enjoyed as much if we
were told to stick with the standard tools and create a plain, regular processor. Quite
surprisingly, there was not one thing that went wrong. We moved our own self-appoint
deadlines several times, always moving them closer after tasks that were predicted to be
difficult were finished relatively quickly. Since the beginning, we had some worries that
our perfectly smulated VHDL code might not tranglate nicely into working hardware.

Our fear were proven unfounded.



One point we would really like to make is that the class should be advised to
change the tool set. Some of us who took CS3700 using PowerView still remember with
agony how it waslike. The tool wasin many ways unpredictable, silently breaking down
without an understandable error message. It aso has avery long development cycle. If a
changeis made in one of the VHDL file, it has to be recompiled (with one menu),
resimulated (close that menu, load the simulator), resynthesized (by a different tool),
reexported, reimported ...and so on. This made it very difficult to try different
approaches or fix bugs. The tools we chose for ourselves directly address these issues.
We use acommand line compiler/simulator that take only afew secondsto load and
execute. It was quite robust that we were able to develop our own tools to suit exactly
our needs. We create scripts and programs so that assembly files can be compiled, added
to the test database and run all tests on al hardware components, with a single command.
We can make modification to some of the files, rebuild the entire system and run all the
test cases with a single command, and quickly see how the change effects the entire
system. The Xilinx WebPack, another software we use, is also much more friendly to
work with than PowerView. It has a one-click-to-rebuild-them-all button, can generate
useful reports of how the synthesis and place and route processes, and in genera,
reasonably predictable. We a so create our own assembler/compiler, which we think are
much more powerful and flexible than the regular assembler. Following a non-standard
convention, we build our assembler on top of a standard C++ compiler, which alllows us
to do very high level coding such as structured code, function calls, enumeration, OOP
etc. We have written complex programs like Spacelnvaders and Tetris, which involve
over 10,000 assembly instructions. We simply could not have done it with aregular
assembler.

We did not learn much new theoriesin this course. Instead, we get the chance to
apply knowledge we learned in CS3700 and CS3810 into real, functioning machines. We
particularly enjoy creating our own system requirements, making trade-off decisions,
designing our own architecture and make it work. We feel we understand computer
architecture much better now that we have experienced it first hand. It is much more fun

and also more interesting to build just one rather than learn about ten of them. Overall,
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we think this courseis very beneficial, and we are proud to have taken it, and

accomplished what we did.
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Appendixes

VHDL Source Code

NOTE! Our processor is 9,000 lines of VHDL code. If we
were to print all of it we would extend the size of this report by
108 pages. Itis highly unlikely that anyone would ever read all
of that and if they did they would probably wish the whole time
that they could just look at the code on the computer with a text
editor and grep. Therefore we have only printed a small portion
of our VHDL design and have enclosed a CD that contains all of
VHDL code.

ALU 16.vhd

-- Ben Holt bhol t @ng. ut ah. edu
-- Justin dson justino@s. utah. edu
-- Russell Christensen rchriste@s. utah. edu
-- Usit Duongsaa duongsaa@s. ut ah. edu
-- CS3710

-- Conponent : alu_16
-- Person Responsible : Justin O son
-- ALU 16 Bits

library | EEE
use I EEE. std | ogic_1164. all
use IEEE. std logic_arith.all

entity alu_16 is

port (

opl . in std_logic_vector(15 downto 0); -- 1st operand

op2 : in std_logic_vector(15 downto 0); -- 2nd operand

i sNegate : in std_|l ogic; -- Need to negate for
subtraction

ALUop . in std_logic_vector(1l dowmto 0); -- Op code for
operation

result : out std_logic_vector(15 downto 0);

-- flags
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clfzn_ flags : out std_|ogic_vector(4 downto 0)

)

constant ADD OPC : std_logic_vector := "00"
constant AND OPC : std_logic_vector := "01";
constant OR OPC : std_logic_vector := "10";
constant XOR OPC : std_logic_vector := "11";

end al u_16;
architecture alu_16_arch of alu_16 is

--# Define all internal signals

si gnal dataAdd : signed(15 downto 0);

signal dataAnd : std_logic_vector(15 downto 0);
signal dataOr : std_logic_vector(15 downto 0);

si gnal dataXor : std_logic_vector(15 downto 0);
signal opl_signed, op2_signed : signed(15 downto 0);
signal op2eff : signed(15 downto 0);

signal op2eff_vec : std_logic_vector (15 downto 0);

begin -- alu_16_arch
opl_signed <= signed(opl);
op2_si gned <= signed(op2);

process( ALUop, dat aAdd, dat aAnd, dat aOr, dat aXor, opl, op2, i sNegat e, opl_si gne
d, op2_si gned)

variable IFlag : std_| ogic; --#Used as internal variable
begi n
case ALUop is --#Deci de which data to out put

when ADD OPC => result <= std_l ogic_vector(dataAdd);
when AND OPC => result <= dataAnd
when OR OPC => result <= dataO;
when XOR _OPC => result <= dataXor;
when ot hers => nul |
end case;

-- Status Fl ags
-- L : if result of subtraction is negative
clfzn_flags(3) <= dataAdd(15);

-- F: if the sign of the result is different fromwhat you expect
- - then it's overflow
if isNegate='0" then

if (opl(15)="0" and op2(15)="0" and dataAdd(15)="1") or
(opl(15)="1" and op2(15)="1" and dataAdd(15)='0") then
clfzn_flags(2) <="'1";
el se
clfzn_flags(2) <= '0";
end if;
el se
if (opl(15)="0" and op2(15)="1" and dataAdd(15)="1") or
(opl(15)="1" and op2(15)="0" and dataAdd(15)="0"') then

clfzn flags(2) <= "'1";
el se
clfzn flags(2) <= "'0";
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end if;
end if;

-- Z: if both ops are identica
if opl_signed = op2_signed then
clfzn_flags(l) <= "'1";

el se
clfzn flags(1l) <= '0";
end if;

-- N: first ook at signs of operand, if they're different
- - we can tell right away which one is greater
-- ot herwi se subtract them and | ook at sign of result
if opl(15)="1" and op2(15)="0" then

clfzn_flags(0) <= "'1";
el sif opl(15)="0" and op2(15)= "'1" then

clfzn_flags(0) <= "'0";

el se
cl fzn_flags(0) <= dataAdd(15);
end if;
-- C
if ( opl(15)="0" and op2eff_vec(1l5)="1" and dataAdd(15)="0" ) or
( opl(15)="1" and op2eff_vec(15)="0" and dataAdd(15)="0" ) or

( opl(15)="1" and op2eff_vec(15)="1" ) then

clfzn_flags(4) <= "'1";
el se

clfzn_flags(4) <="'0";
end if;

end process;

--#Create all possible permutations of Data that we mnight need
--#and then select the correct one at the end
process(opl_signed, op2_signed, isNegate, opl, op2, op2eff)
begi n
if isNegate = '0" then
op2eff <= op2_signed,
el se
op2eff <= -o0p2_signed;
end if;

dat aAdd <= opl_signed + op2eff;
op2eff_vec <= std_| ogi c_vector(op2eff);

dat aAnd <= opl and op2;

dataO>r <= opl or opz;

dat aXor <= opl xor op2
end process;

end alu_16_arch;
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pipeline_synth.vhd

-- Ben Holt bhol t @ng. ut ah. edu
-- Justin dson justino@s. ut ah. edu
-- Russell Christensen rchriste@s. utah. edu
-- Usit Duongsaa duongsaa@s. ut ah. edu
-- CS3710

--*** GYNTHESI ZABLE. NOT S| MULATABLE ***

-- Conponent : pipeline
-- Person Responsible : Usit
-- What does it do? The entire pipeline of our computer

-- 'reset’ will reset PCto zerov

-- if "enable' is '0'", the entire pipeline freezes and maintain current
state

-- has 2 input clock signals. clk1l0x must be 10x faster than clk

library | EEE

use | EEE. std_| ogic_1164. al |

use | EEE.std_logic_arith.all
use | EEE. std_| ogi c_unsi gned. al |

entity pipeline_synth is

port (
i sChi pReady_p83 : in std_logic;
--both set_reset and set_enable are one-way. Once you set themto
"1' they
--stay that way until you clear them and set clear_both _p93
set _reset . in std_logic;
set _enabl e . in std_logic;
cl k10x . in std_logic;
flash_data_out : in std_logic_vector(7 downto 0);
-- these signals are here so we can test (check output)
flash_ce_41 . out std_logic
flash_oe 43 : out std_logic;
flash_al7_56 : out std_logic
--flash_al6_63 . out std_logic
flash_we_58 . out std_Ilogic;
flash_reset 59 . out std_logic
fl ash_nem addr _buff : out std_logic_vector(16 downto 0);
vga_Hsync_p23 . out std_Ilogic;
vga_Vsync_p26 . out std_Ilogic;

vga_redl pl3, vga red0_pl2 : out std_logic;
vga_grel p20, vga _gre0_pl9 : out std_logic;
vga_bl ul_p22, vga blu0_p21 : out std_logic;

nes_data p80 : in std_|logic;

nes_latch_p78 : out std_logic;
nes_pul se_p94 : out std_|l ogic;
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sound_bits_p87_to_p84 . out std_logic_vector (87 downto
84);

-- clear_both set the reset & enable back to O
-- set_reset and set_enable set the signal to 1
-- W do this to prevent sw tch bouncing
-- this way, a switch can set a signal one way but not back
cl ear _both_p93 : in std_logic
)
end pi peline_synth;

architecture pipeline_synth_arch of pipeline_synth is

conmponent stage_op

port (

condCode in std_logic vector( 3 downto 0);
prevFl ags in std_|logic_vector( 4 dowto 0);
regA in std_|logic_vector(15 downto 0);
regB in std_|logic_vector(15 downto 0);
ZSext endl nmed in std_logic;
i med in std_logic vector( 7 downto 0);
PC in std_|logic_vector(15 downto 0);
shiftA in std_|logic_vector( 1 downto 0);
menval in std_|logic_vector(15 downto 0);
resSel :in std_ logic_vector( 1 downto 0);
nuxB cin std _logic_vector( 1 downto 0);
MuxA . in std_logic_vector( 1 downto 0);
al uGp . in std_logic_vector( 1 downto 0);
i sNegat e . in std_logic;
out Fl ags : out std_logic_vector( 4 downto 0);
out Resul t : out std_logic_vector(15 downto 0);
out Fl agResul tBi t : out std_logic
)

end conponent;

conmponent stage_decode

port (

i nstruction . in std_logic_vector(15 downto 0);
branch : out std_logic;
reg\\E : out std_l ogic;
PC_ResSel . out std_Ilogic;
memAE . out std_Ilogic;
fl agWt Mask . out std_logic_vector(4 downto 0);
regWt Sel : out std_logic_vector(3 downto 0);
conditionCode : out std_l|logic_vector(3 downto 0);
i sNegat e . out std_logic;
ALU Op . out std_logic_vector(l downto 0);
r esSel . out std_logic_vector(l downto 0);
MuxA : out std_logic_vector(1l downto 0);
nuxB : out std_logic_vector(1l downto 0);
i mredi at e . out std_logic_vector(7 downto 0);
shiftA . out std_logic_vector(l downto 0);

ZSextendl mmed : out std_Il ogic;
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sel ect RegB . out std_logic_vector(3 downto 0);
sel ect RegA : out std_logic_vector(3 downto 0)
);

end conponent;

conmponent bitl reg

port (
clock, enable : in std_logic;
i ndat a . in std_logic;
out Dat a . out std_logic );

end comnponent;

conmponent bit2_reg

port (
clock, enable : in std_|logic;
i ndat a : in std_logic_vector(1l downto 0);
out Dat a : out std_logic_vector(1l downto 0) );

end comnponent;

conponent bit4 reg

port (
clock, enable : in std_|logic;
i ndat a : in std_logic_vector(3 downto 0);
out Dat a . out std_logic_vector(3 downto 0) );

end conponent;

conmponent bit5 reg

port (
clock, enable : in std_logic;
i ndat a : in std_logic_vector(4 downto 0);
out Dat a : out std_logic_vector(4 downto 0) );

end comnponent;

conponent bit8 reg

port (
clock, enable : in std_|logic;
i ndat a : in std_logic_vector(7 downto 0);
out Dat a : out std_logic_vector(7 downto 0) );

end conponent;

conmponent bitl1l6_reg

port (
clock, enable : in std_logic;
i ndat a . in std_logic_vector(15 downto 0);
out Dat a . out std_logic_vector(15 downto 0) );

end conponent;

conmponent mem flash_sim

port (
wrt Dat a . in std_logic_vector(15 downto 0);
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wr t . in std_logic;

addr : in std_logic_vector(13 downto 0);

cl k : in std_logic;

cout . out std_logic_vector(15 downto 0)
)

end conponent;

conmponent nmem fl ash

port (
addr . in std_logic_vector(15 downto 0);
clk : in std_logic;
cout : out std_logic_vector(15 downto 0);
flash_data out : in std_|logic_vector(7 downto 0);
flash_nmem addr : out std_logic_vector(16 dowto 0);
reset :in std_logic

);

end conponent;

conmponent mem sram si m

port (
wr t Dat a : in std_logic_vector(15 downto 0);
wr t . in std_logic;
addr . in std_logic_vector(13 downto 0);
cl k : in std_logic;
cout : out std_logic_vector(15 downto 0)
)

end comnponent;

conponent RegFile

port (
sel ect RegA in std_l ogi c_vector(3 downto 0);
sel ect RegB in std_l ogi c_vector(3 downto 0);
sel ect RegWt in std_l ogi c_vector(3 downto 0);
wr t in std_I ogi c;
clk in std_| ogi c;
reset in std_| ogi c;
wrt Dat a cin std_l ogi c_vector (15 downto 0);
r eadDat aA : out std_l ogi c_vector (15 downto 0);
r eadDat aB : out std_l ogi c_vector (15 downto 0);
firstData . out std_|l ogi c_vector (15 downto 0)

)
end conponent;
conponent mnux2

port (
i nput O in std_l ogi c_vector (15 downto 0);
i nput 1 cin std_l ogi c_vector (15 downto 0);
sel ect or cin std_I ogi c;
cout . out std_| ogi c_vector (15 downto 0)

)

end comnponent;
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conponent flag_reg

port (
cl ock . in std_logic;
clfzn_enable : in std_logic_vector(4 dowto 0);
in_flags : in std_logic_vector(4 downto 0);
out fl ags : out std_logic_vector(4 downto 0) );

end conponent;

conmponent cl ock_divider is

port (
clk : in std_|logic;
reset . in std_logic;

clk_out : out std_logic);
end comnponent;

component io_controller is

port (
-- interface to the processor
reset : in std_logic;
cl k10x : in std_logic;
data_in . in std_logic_vector(15 downto 0);
addr . in std_logic_vector(15 downto 0);
wrt En :in std_logic
dat a_out : out std_logic_vector(15 downto 0);
vga_Hsync_p23 : out std_logic;
vga_Vsync_p26 . out std_Ilogic;
vga_redl pl3, vga red0_pl2 . out std_Ilogic;
vga_grel p20, vga _greO_pil9 . out std_Ilogic;
vga_bl ul_p22, vga_bl u0_p21 : out std_logic;
nes_dat a_p80 : in std_logic;
nes_|latch_p78 . out std_Ilogic;
nes_pul se_p9%4 . out std_Ilogic;
sound_bits_p87_to_p84 . out std_logic_vector (87 downto

84)
);

end comnponent;

constant const One . signed(15 downto 0) :=
"0000000000000001";
si gnal cl k : std_Il ogic;

signal reset, enable : std_| ogic;

-- signals are prefixed with sN_where Nis [ 1,8]

-- Ntells which stage of the pipeline the signal is in
i nput of fetch out put of fetch

i nput of decode out put of decode

i nput of read out put of read

i nput of op out put of op

mnnmn
N Ol w
mnnmn

1
1
OO RNO
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8 = input of wite 9 = output of wite
-- i.e. s2_instruction is the instruction signal going into the Decode
st age

-- separator between 2 stages are prefixed with sepMN\, MN are | ayer#

signal sO_pc, s1_pcPlusOne . std_logic_vector (15
downto 0);

-- note we don't need pc+l in s3,5,7,9 because we don't nmodify it.
$3==s2, s5==s4 and so on

signal s2_pcPl usOne, s4_pcPl usOne, s6_pcPlusOne, s8 pcPl usOne

std_l ogi c_vector (15 downto 0);

signal sl instruction, s2_instruction : std_logic_vector (15
downto 0);

-- signals from decode to read

signal s3_sel RegA, s4_sel RegA . std_logic_vector( 3
downto 0);
signal s3_sel RegB, s4_sel RegB : std_logic_vector( 3
downto 0);

-- signals from decode to op

si gnal s3_ZSext endl nmed, s4_ ZSext endl nmred, s6_ZSext endl nred

std_I ogi c;

signal s3_shiftA, s4_shiftA, s6_shiftA

std_l ogi c_vector(1 downto 0);

signal s3_i med, s4_i mred, s6_i mred
std_l ogi c_vector(7 downto 0);

si gnal s3_muxA, s4_muxaA, s6_muxA
std_l ogi c_vector(1 downto 0);

si gnal s3_nuxB, s4_muxB, s6_muxB
std_l ogi c_vector(1 downto 0);

signal s3 resSel, s4_resSel , s6_resSe

std_l ogi c_vector(1l downto 0);

si gnal s3_ALUop, s4_ALUop, s6_ALUop
std_logi c_vector(1 downto 0);

signal s3_isNegate, s4_i sNegat e, s6_i sNegate

std_I ogi c;

si gnal s3_condCode, s4_condCode, s6_condCode

std_l ogi c_vector(3 downto 0);

signal s3 flagWtMsk, s4 _flagWt Mask, s6_flagWt Mask

std_|l ogi c_vector(4 downto O0);

-- signals fromdecode to wite

signal s3 _branch, s4_branch, s6_branch, s8 branch : std_| ogic;
signal s3 reg\WE, s4 regWE, s6 regWE, s8 regWE : std_|ogic;
signal s3_nmemAE, s4_nmem\E, s6_memAE, s8 nenWE : std_|ogic;

signal s3_PCResSel, s4 PCResSel , s6_PCResSel

s8 PCResSel : std_Il ogic;

signal s3_regWt Sel, s4 regWt Sel , s6_regWt Sel

s8 regWt Sel . std_logic_vector(3 dowto 0);

-- signals fromop to wite

signal s7_result, s8 result : std_logic_vector (15
downto 0);

signal s7_flagResultBit, s8 flagResultBit . std_Il ogic;
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signal s8_ nemNt Addr
std_l ogi c_vector (15 downto 0);

-- signals fromwite to fetch

si gnal s9_ PCBranch . std_logic_vector (15 downto 0);
si gnal s9_ PCsel . std_l ogic;
signal s9 regWtData : std_logic_vector(15 downto 0);

-- op's interna
signal s6_prevFlags, s7 _flags : std_logic_vector(4 downto 0);

-- register file signals
signal s5 regA, s6_regA : std_logic_vector(15 downto 0);
signal s5 regB, s6_regB . std_logic_vector (15 downto 0);

-- nenory signals
--is only a constant becuase we don't have nenory yet.

signal s5 nmenVval : std_logic_vector(15 downto 0);

signal s6_nenVal : std_|ogic_vector(15 downto 0);

si gnal s9_ nemAddr . std_logic_vector (15 downto 0);

- -signal fl ash_data_out . std_logic_vector(7 dowto 0);
si gnal fl ash_nem addr : std_logic_vector(16 downto
0);

const ant i nstrMemAE . std_logic :="'0";

const ant i nstr MemAMAddr . std_logic_vector (13 downto 0) :=

" 00000000000000";

signal reg00 : std_|ogic_vector (15 downto 0);

const ant true_bit : stdlogic :="1";

-- when progranm ng the FLASH (in testing), instrAddr is instrMmAddr,
otherwise, it's PC

si gnal i nstrAddr . std_logic_vector (15
downto 0);

si gnal boot Count er . integer range 0 to 9;

begi n

-- -- debounce the control buttons

- - debounce_reset: process(cl kl0x, clear_both _p93, set_reset)
- - begi n

- - if clklOx'event and cl k10x="1" then

-- if clear_both _p93 = '0' then

- - reset <="'0";

- - el se

- - if set_reset ='1' then
- - reset <= '1";

- - end if;

- - end if;

- - end if;

- - end process;
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- - debounce_enabl e: process(cl k, clear_both _p93, set_enable )
- - begi n

- - if clk'event and clk="1" then
-- if clear_both_p93 = '0' then
-- enable <= "'0";

-- el se

- - if set_enable = '1' then

- - enable <= "1';

- - end if;

-- end if;

-- end if;

- - end process;

boot Sequence: process ( cl k10x, isChi pReady_p83 )
begi n
if isChi pReady_p83 = '0' then
reset <="'1";
enable <= "'0";
boot Counter <= 0;
el sif clear_both_p93 = '0" then
boot Counter <= 9;

el se
if clklOx' event and cl k1l0x="'1"' then
i f boot Counter = 8 then
enable <= '1';
el sif boot Counter = 4 then
reset <="'0";
boot Count er <= boot Counter + 1;
el sif bootCounter = 9 then
reset <="'1';
enable <= '0';
el se
boot Count er <= boot Counter + 1;
end if;
end if;
end if;

end process;

cl kDi v: clock_divider port map( cl kl0x, reset, clk );

-- calc PCtl
i ncPC. process( sO_pc )
vari abl e signed_sO _pc, signed_sl1 pcPlusOne : signed(15 downto
0);
begi n
si gned_s0_pc .= signed(s0_pc);
signed_s1 pcPlusOne : = signed_sO_pc + constOne;
sl pcPl usOne <= std_Il ogi c_vector(

si gned_s1 pcPl usOne );
end process;

-- Choose new PC anpng { 0, pc+l, branchPC }

newPC. process( reset, clk, enable, s9 PCsel, s9 PCBranch
sl pcPl usOne )

begi n
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if reset="1" then
sO0_pc <= "0000000000000000";

el se
if clk'event and cl k="1" then
if enable="1" then
if s9 PCsel ='1'" then
s0_pc <= s9 PCBranch;
el se
sO0_pc <= s1_pcPl usOne;
end if;
end if;
end if;
end if;

end process;

-- Choose what address to go to FlashRAM { PC or instrMemMddr }
fl ashAddr Mux: process( sO_pc )

begi n
if instrMem\E='1" then
i nstrAddr (13 downto 0) <= instrMemMddr (13 downto 0);
el se
i nstrAddr <= s0_pc(15 downto O0);
end if;

end process;

flash_mem addr _buff <= "ZzZZ77777777777777" when enabl e=' 0' el se

fl ash_nem addr when enabl e='"1" el se
" 777277777777777777"
flash_ce_41 <= 'Z when reset="1" else '0" when reset="0
else 'Z;
flash_oe_43 <= 'Z when reset="1" else '0" when reset="0
else 'Z';
flash_al7 56 <= 'Z'" when reset="1" else '0" when reset="'0
else 'Z;
--flash_al6_63 <= 'Z when reset="1" else '0" when reset="0
else 'Z;
flash _we 58 <= 'Z'" when reset="1" else 'l when reset="'0
else 'Z';

flash_reset 59 <= "Z' when reset="1'" else '1' when reset="0
else 'Z';

-- fetch instruction
instr_mem mem fl ash port map(instrAddr, clk10x,
sl instruction, flash_data_out, flash_nmem addr, reset );

-- fetch-decode separator

sepl2_instr: bitl6 _reg port map( clk, enable, sl _instruction
s2_instruction );

sepl2_pc: bitl6 _reg port map( clk, true_bit, sl pcPlusOne,
s2_pcPl usOne );

-- decode
decoder: stage decode port nmap( s2_instruction, s3_branch
s3_reg\VE, s3_PCResSel, s3_nmenE,
s3_flagWt Mask, s3_regWt Sel
s3_condCode, s3_isNegate, s3 _ALUop, s3_resSel

58



s3_muxA, s3_nuxB, s3_inmed,
s3_shiftA, s3 _ZSextendl mred, s3_sel RegB, s3_sel RegA );

-- decode-read separator

sep34_sel RegA: bit4 _reg port map( clk, enable, s3_sel RegA,
s4_sel RegA );

sep34_sel RegB: bit4 reg port map( clk, enable, s3_sel RegB
s4_sel RegB );

sep34_ZSexten: bitl reg port map( clk, enable, s3_ ZSextendl mred,
s4_ZSext endl nmed ) ;
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sep34_shiftA:  bit2 reg port map( clk, enable, s3_shiftA,

60



61



sep34_i med: bit8 reg port map( clk, enable, s3_inmed,
s4_imred );

sep34_nmuxA: bit2_reg port map( clk, enable, s3_muxA s4_muxA
);

sep34_nmuxB: bit2 reg port map( clk, enable, s3_muxB, s4_muxB
)

sep34_resSel: bit2 reg port map( clk, enable, s3 resSel

s4 resSel );

sep34_ALUop: bit2 reg port map( clk, enable, s3_ALUop,
s4_ALUop );

sep34_isNegat: bitl reg port map( clk, enable, s3_isNegate,
s4_isNegate );

sep34_condCod: bit4 reg port map( clk, enable, s3_condCode,
s4_condCode );

sep34_flagWM : bit5 reg port map( clk, enable, s3 flagWt Mask
s4 _flagWt Mask );

sep34_branch: bitl reg port map( clk, enable, s3 _branch
s4_branch );

sep34_reg\VE: bitl reg port map( clk, enable, s3 regVE,
s4 _regViE );

sep34_nmemiE: bitl reg port map( clk, enable, s3_nmemiEg,
s4_menmiE );

sep34_PCResSe: bitl reg port map( clk, enable, s3 PCResSel
s4 _PCResSel );

sep34_regWsel : bit4 reg port map( clk, enable, s3 _regWt Sel
s4 regWtSel );

sep34_pc: bitl6 _reg port map( clk, enable, s2_ pcPl usOne,
s4_pcPl usOne );

-- register file
regs: RegFile port map( s4_sel RegA, s4_sel RegB, s8 regWt Sel
s8 reg\WE, clk, reset,
s9 regWtData, s5 regA,
s5 regB, reg00 );

-- menory & 10O
memAddr Mux: mux2 port map ( s5_regB, s8 nenWtAddr, s8_ nenmE,
s9 _nmemAddr );
io: io_controller port nmap ( reset, clkl1l0x, s8 result,
s9 memAddr, s8 _nmemE, s5_ nenval,
vga_Hsync_p23, vga_Vsync_p26, vga redl pl3,
vga_red0_pl2,
vga_grel_p20, vga_gre0O_pl9, vga_bl ul_p22,
vga_bl u0_p21,
nes_data_p80, nes_latch_p78,
nes_pul se_p94,
sound_bits_p87_to _p84 );

-- read-op separator

sepb6_ZSexten: bitl reg port map( clk, enable, s4_ZSextendl med,
s6_ZSext endl nmed ) ;

sep56_shiftA: bit2 reg port map( clk, enable, s4_shiftA,

s6_shiftA);
sep56_i mred: bit8 reg port map( clk, enable, s4_inmed,
s6_imred );
sep56_muxA: bit2 reg port map( clk, enable, s4_muxA, S6_MuxA

)
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sep56_nmuxB: bit2 reg
)

sep56_resSel: bit2 reg
s6_resSel );

sep56_ALUop: bit2 reg
s6_ALUop );

sep56_isNegat: bitl reg
s6_i sNegate );

sep56_condCod: bit4_reg
s6_condCode );

sep56_flagWM : bit5 reg
s6_flagWt Mask );

sep56_branch: bitl reg
s6_branch );

sep56_r egWE: bitl reg
s6_regViE );

sep56_nmemiE: bitl reg
s6_nmemiE ) ;

sep56_PCResSe: bitl reg
s6_PCResSel );

sep56_regWsel : bit4_reg
s6_regWtSel );

sep56_pc: bit16_reg
s6_pcPl usOne );

sep56_regA: bitl6 _reg
)

sep56_regB: bitl6 _reg
);

sep56_nemval : bit16_reg
s6_menval );

- - Op

op: stage_op port

s6_regB, s6_ZSextendl med,

port
port
port
port
port
port
port
port
port
port
port
port
port
port

port

s6_i mred,

s6_resSel, s6_nuxB, s6_muxA,

s6_al uOp,

s7_flagResultBit );
-- flag register

fl agRei ster:
s6_prevFl ags );

-- op-wite separator

sep78_branch: bitl _reg
s8 branch );

sep78_r eg\V\E: bitl reg
s8 regVE );

sep78_nmemiE: bitl reg
s8_memiE ) ;

sep78_PCResSe: bitl reg
s8 PCResSel );

sep78_regWsel : bit4_reg
s8 regWt Sel );

sep78_pc: bitl6 _reg

s8_pcPl usOne );

flag_reg port

map ( s6_condCode,

cl k,
cl k,
cl k,
cl k,
cl k,
cl k,
cl k,
cl k,
cl k,
cl k,
cl k,
cl k,
cl k,
cl k,

cl k,

enabl e,
enabl e,
enabl e,
enabl e,
enabl e,
enabl e,
enabl e,
enabl e,
enabl e,
enabl e,
enabl e,
enabl e,
enabl e,
enabl e,

enabl e,

s6_prevFl ags,

s4_nmuxB, s6_nmuxB
s4 resSel,
s4_ALUop,

s4_i sNegate
s4_condCode,
s4_fl agWt Mask,
s4_branch,
s4_regV\E,
s4_men\E,

s4 PCResSel ,
s4_regWt Sel

s4_pcPl usOne

s5_regA, s6_regA
s5_regB, s6_regB
s5 nmenval ,

S6_regA,

s6_pcPl usOne, s6_shiftA, s6_menval
s6_i sNegate, s7_flags, s7_result,
map( clk, s6_flagWtMsk, s7_flags,
port map( clk, enable, s6_branch
port map( clk, enable, s6_reg\Wg,
port map( clk, enable, s6_nem/E,
port map( clk, enable, s6_PCResSel
port map( clk, enable, s6_regWt Sel
port map( clk, enable, s6_pcPl usOne,
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sep78_result: bitl6_reg port map( clk, enable, s7_result,
s8 result);

sep78_flagBt: bitl reg port map( clk, enable, s7 flagResultBit,
s8 flagResultBit );

sep78_nmenmNt Addr: bitl6 _reg port map( clk, enable, s6_regB
s8_menmiWt Addr );

-- wite

regWt Dat aMux: nux2 port map ( s8_pcPlusOne, s8 result,
s8 PCResSel, s9 regWtData );

s9 pcBranch <= s8 result;

s9 PCsel <= s8 branch and s8 flagResultBit;

end pi peline_synth_arch



VHDL TestBench Programs

NOTE! Our VHDL Testbench code is over 10,000 lines of
VHDL code. If we were to print all of it we would extend the size
of this report by 151 pages. Itis highly unlikely that anyone
would ever read all of that and if they did they would probably
wish the whole time that they could just look at the code on the
computer with a text editor and grep. Therefore we have only
printed a small portion of our Testbench code to give the reader
a feel for our style and we have enclosed a CD that contains all
of VHDL Testbench code.

test_alu.vhd

-- Ben Holt bhol t @ng. ut ah. edu
-- Justin dson justino@s. utah. edu
-- Russell Christensen rchriste@s. utah. edu
-- Usit Duongsaa duongsaa@s. ut ah. edu
-- CS3710

-- Conponent : Conponent Nane

-- Person Responsible : Person(s) name (in case you have question, who
-- knows it best)? Russ

-- What does it do? Tests the whole ALU

library ieee;
use ieee.std_logic_1164. all

use std.textio.all
use ieee.std logic_textio.all

entity test_alu is
end test al u;

architecture inplenentation of test_alu is
conmponent alu_16

port (
opl : in std_logic_vector(1l5 downto 0); -- 1rst operand
op2 . in std_logic_vector(1l5 downto 0); -- 2nd operand
i sNegate : in std_logic; -- Need to negate for

subtraction
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ALUop . in std_logic_vector(1l dowmto 0); -- Op code for
operation
result : out std_logic_vector(15 downto 0);
--C, L, F, Z, N: out std_logic);
clfzn_flags : out std_|ogic_vector(4 downto 0));
end comnponent;

-- purpose: Tests expected against output and reports if there is an
error
procedure Report Case (
constant caseNum : in natural

expected, actual, first_input, second_input : in
std_l ogi c_vector (15 downto 0);
expected flags, flags : in std_|logic_vector(4 downto 0)) is
variable s : |ine;
begin -- ReportCase

if expected /= actual then
wite(s, string ("TestCase #"));
write(s, caseNum right, 3);

wite(s, string (" Actual ="));
write(s, actual);
wite(s, string (" Expect ="));

wite(s, expected);
Write(s, String'("******* EAl L *******"));
writeline(output, s);
el se
if (expected_ flags(4) /="'-") and (expected_flags(4) /= flags(4))
t hen
write(s, string ("TestCase #"));
write(s, caseNum right, 3);
write(s, string' (" Cflag failed "));
wite(s, string ("Actual ="));
wite(s, flags(4));
Write(s, stri ng- (" *kxkxKkkx EA| L *******"));
writeline(output, s);
el sif (expected flags(3) /="-'") and (expected_flags(3) /=
flags(3)) then
wite(s, string ("TestCase #"));
write(s, caseNum right, 3);
write(s, string' (" L flag failed "));
Write(s, String'("******* EAl L *******"));
writeline(output, s);
elsif (expected flags(2) /="-"') and (expected flags(2) /=
flags(2)) then
write(s, string ("TestCase #"));
write(s, caseNum right, 3);
wite(s, string' (" F flag failed "));
WrItE(S, String'("******* FAIL *******"));
writeline(output, s);
el sif (expected flags(1l) /="-') and (expected_flags(l) /=
flags(1l)) then
wite(s, string ("TestCase #"));
wite(s, caseNum right, 3);
write(s, string' (" Z flag failed "));
Write(s, String'("******* EAl L *******"));
writeline(output, s);
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el sif (expected flags(0) /="-') and (expected_flags(0) /=
flags(0)) then

wite(s, string ("TestCase #"));
wite(s, caseNum right, 3);
write(s, string' (" Nflag failed "));
Write(s, String'("******* EAl L *******"));
writeline(output, s);

el se
--wite(s, string (" FTTSUCCESS!HTT™))

end if;

end if;

end Report Case;
si gnal caseNum . natural

signal expected, result : std_|logic_vector(1l5 downto 0);
signal first_input, second_input : std_|ogic_vector(15 downto 0);

signal isDone . bool ean := fal se;

si gnal isNegate : std_logic

si gnal ALUop . std_logic_vector(1l dowto 0);
signal clk . std_logic :="'0";

signal reset . std_logic :="'0";

signal flags : std_logic_vector(4 downto 0);
si gnal expected_fl ags : std_logic_vector(4 downto 0);
constant period otinme := 100 ns;

begi n
DUT : alu_16 port map (first_input, second_input, isNegate, ALUop,
result, flags);
-- Keep clock ticking while !isDone
Cl kProcess: Process( isbDone, clk)
begi n
if not isDone then
clk <= not clk after period / 2;
end if;
end process; --Cl kProcess

process

variable s : line;

begi n

write(s, string (" Do ADD Tests"));

writeline(output,s);

caseNum <= 0;

first_input <= "0000000000000000";

second_i nput <= "0000000000000000";

expected <= "0000000000000000";

i sNegate <= "'0";

ALUop <= "00"; --ADD _OPC

expected flags <= "0-0--"; --flags: C L, F, Z, N

wait for period;

Report Case(caseNum expected, result, first_input,
second_i nput, expected_fl ags, fl ags) ;

caseNum <= caseNum + 1;

first_input <= "0000000000000000";
second_i nput <= "0000000000000000";
expected <= "0000000000000000";
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i sNegate <= "1";

expected_flags <= "00010"; --flags: C L, F,

ALUop <= "00"; -- ADD_OPC

wait for period;

Report Case(caseNum expected, result, first_input
second_i nput, expected_fl ags, fl ags) ;

caseNum <= caseNum + 1;

first_input <= "0000000000000001";

second_i nput <= "0000000000000001";

expected <= "0000000000000010";

i sNegate <= "'0";

expected flags <= "0-0--"; --flags: C, L, F,

ALUop <= "00"; --ADD _OPC

wait for period;

Report Case(caseNum expected, result, first_input,
second_i nput, expected_fl ags, fl ags) ;

caseNum <= caseNum + 1; --3

first_input <= "0011111111111111";

second_i nput <= "0000000000000001";

expected <= "0100000000000000";

i sNegate <= '0';

expected flags <= "0-0--"; --flags: C, L, F,

ALUop <= "00"; -- ADD_OPC

wait for period;

Report Case(caseNum expected, result, first_input,
second_i nput, expected_fl ags, fl ags);

caseNum <= caseNum + 1

first_input <= "0000000000000101";

second_i nput <= "0000000000000010";

expected <= "0000000000000011";

i sNegate <= '1';

expected_flags <= "10000"; --flags: C L, F,

ALUop <= "00"; -- ADD_OPC

wait for period;

Report Case(caseNum expected, result, first_input,
second_i nput, expected_fl ags, fl ags);

caseNum <= caseNum + 1

first_input <= "1111111111111111";

second_i nput <= "0000000000000001";

expected <= "0000000000000000";

i sNegate <= "'0";

expected_flags <= "1-0--"; --flags: C L, F,

ALUop <= "00"; -- ADD_OPC

wait for period;

Report Case(caseNum expected, result, first_input,
second_i nput, expected_fl ags, fl ags) ;

caseNum <= caseNum + 1; --6

first_input <= "0111111111111111";

second_i nput <= "0000000000000001";

expected <= "1000000000000000";

i sNegate <= "'0";

expected_flags <= "0-1--"; --flags: C L, F,
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ALUop <= "00"; -- ADD_OPC

wait for period;

Report Case(caseNum expected, result, first_input,
second_i nput, expected_fl ags, fl ags);

caseNum <= caseNum + 1; --7

first_input <= "1000000000000000";

second_i nput <= "0000000000000001";

expected <= "0111111111111111";

i sNegate <= "1";

expected_flags <= "10101"; --flags: C, L, F, Z, N

ALUop <= "00"; -- ADD_OPC

wait for period;

Report Case(caseNum expected, result, first_input,
second_i nput, expected_fl ags, fl ags) ;

caseNum <= caseNum + 1

first_input <= "0000000000000001";

second_i nput <= "1000000000000000";

expected <= "1000000000000001";

i sNegate <= "1";

expected_flags <= "01100"; --flags: C, L, F, Z, N

ALUop <= "00"; --ADD _OPC

wait for period;

Report Case(caseNum expected, result, first_input,
second_i nput, expected_fl ags, fl ags) ;

--write(s, " Do AND op code Tests");
--writeline(output,s);

caseNum <= caseNum + 1
first_input <= "0000000000000000";
second_i nput <= "0000000000000000";

expect ed <= "0000000000000000";
expected _flags <= "----- " --flags: C, L, F, Z, N
ALUop <= "01"; -- AND_OPC

wait for period;
Report Case(caseNum expected, result, first_input,
second_i nput, expected_fl ags, fl ags);

caseNum <= caseNum + 1

first_input <= "1111111111111111";

second_i nput <= "0000000000000000";

expect ed <= "0000000000000000";

ALUop <= "01"; -- AND_OPC

wait for period;

Report Case(caseNum expected, result, first_input,
second_i nput, expected_fl ags, fl ags);

caseNum <= caseNum + 1

first_input <= "0000000000000000";

second_i nput <= "1111111111111111";

expect ed <= "0000000000000000";

ALUop <= "01"; -- AND _OPC

wait for period;

Report Case(caseNum expected, result, first_input,
second_i nput, expected_fl ags, fl ags) ;
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caseNum <= caseNum + 1

first_input <= "1111111111111111";
second_i nput <= "1111111111111111";
expect ed <= "1111111111111111";

ALUop <= "01": -- AND_OPC

wait for period;

Report Case(caseNum expected, result, first_input,

second_i nput, expected_fl ags, fl ags);

caseNum <= caseNum + 1

first_input <= "0000000000011100";
second_i nput <= "1000100100010100";
expect ed <= "0000000000010100";

ALUop <= "01"; -- AND_OPC

wait for period;

Report Case(caseNum expected, result, first_input,

second_i nput, expected_fl ags, fl ags);

--wite(s, " Do OR op code Tests");
--witeline(output,s);

caseNum <= caseNum + 1;

first_input <= "0000000000000000";

second_i nput <= "0000000000000000";

expect ed <= "0000000000000000";

ALUop <= "10"; --
wait for period;

Report Case(caseNum expected, result, first_input,

second_i nput, expected_fl ags, fl ags) ;

caseNum <= caseNum + 1;

first_input <= "11112111111111111";

second_i nput <= "0000000000000000";

expect ed <= "1111111111111111";

ALUop <= "10"; - -
wait for period;

Report Case(caseNum expected, result, first_input,

second_i nput, expected_fl ags, fl ags);

caseNum <= caseNum + 1

first_input <= "0000000000000000";

second_i nput <= "1111111111111111";

expect ed <= "1111111111111111";

ALUop <= "10"; - -
wait for period;

Report Case(caseNum expected, result, first_input,

second_i nput, expected_fl ags, fl ags);

caseNum <= caseNum + 1

first_input <= "1111111111111111";

second_i nput <= "1111111111111111";

expect ed <= "1111111111111111";

ALUop <= "10"; - -
wait for period;

70



Report Case(caseNum expected, result,

second_i nput, expected_fl ags, fl ags);

caseNum <= caseNum + 1;

first_input <= "0000000000011100";
second_i nput <= "1000100100010100";
expect ed <= "1000100100011100";
ALUop <= "10";

wait for period;

Report Case(caseNum expected, result,

second_i nput, expected_fl ags, fl ags) ;

first_input,

-- CR.OPC

first_input,

--write(s, " Do XOR op code Tests");

--witeline(output,s);

caseNum <= caseNum + 1

first_input <= "0000000000000000";
second_i nput <= "0000000000000000";
expect ed <= "0000000000000000";
ALUop <= "11";

wait for period;

Report Case(caseNum expected, result,

second_i nput, expected_fl ags, fl ags);

caseNum <= caseNum + 1

first _input <= "1111111111111111";
second_i nput <= "0000000000000000";
expect ed <= "1111111111211121";
ALUop <= "11";

wait for period;

Report Case(caseNum expected, result,

second_i nput, expected_fl ags, fl ags);

caseNum <= caseNum + 1

first_input <= "0000000000000000";
second_i nput <= "1111111111111111";
expect ed <= "1111111111111111";
ALUop <= "11";

wait for period;

Report Case(caseNum expected, result,

second_i nput, expected_fl ags, fl ags) ;

caseNum <= caseNum + 1;

first _input <= "1111111111111111";
second_i nput <= "1111111111111111";
expect ed <= "0000000000000000";
ALUop <= "11";

wait for period;

Report Case(caseNum expected, result,

second_i nput, expected_fl ags, fl ags) ;

caseNum <= caseNum + 1;

first_input <= "0000000000011100";
second_i nput <= "1000100100010100";
expect ed <= "1000100100001000";
ALUop <= "11";
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wait for period;
Report Case(caseNum expected, result, first_input,
second_i nput, expected_fl ags, fl ags);

i sDone <= true;
wait;
end process;
end i npl ement ati on;
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CASM Test Code

NOTE! Our CASM Test Code is over 2,400 lines of CASM
code. If we were to print all of it we would extend the size of this
report by 52 pages. Itis highly unlikely that anyone would ever
read all of that and if they did they would probably wish the
whole time that they could just look at the code on the computer
with a text editor and grep. Therefore we have only printed a
small portion of our CASM Test Code to give the reader a feel for
our style and we have enclosed a CD that contains all of our
CASM Test Code.

test_jal.cpp

/* Ben Holt bhol t @ng. ut ah. edu
-- Justin dson justino@s. utah. edu
- Russell Christensen rchriste@s. utah. edu
-- Usit Duongsaa duongsaa@s. ut ah. edu
- CS3710

- Component : Conponent Nane
-- Person Responsible : Russ
-- What does it do?

*/
#include "../tools/cr16lib.h"
//testcase #33

void crl6main()
{
activat eHazardDet ecti onUnit();
conpi | eAndSi nul ate(__FILE_);
expect Resul t (" 0000000000001101");
runkFor (700);
nmovi (0, r10);
| oadLabel Address("label ™, r11); //6 instructions
nmovi (1, rO0);
movi (2, rl);
nop();

nop() ;
jal (r10, r11); //rl10 = 12
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nop() ;

nop();

nop() ;

nop() ;

movi (8, r0);
movi (16, r1);

addLabel ("1 abel ");
add(r10, r0);

/lexpect rO to be 13
nop();
nop();
nop() ;
nop() ;

test scond_ge.cpp

/*

*/

Ben Hol t bhol t @ng. ut ah. edu
Justin A son justino@s. utah. edu
Russel | Chri stensen rchriste@s. utah. edu
Usit Duongsaa duongsaa@s. ut ah. edu
Cs3710

Component : Conponent Nane
Person Responsible : Russ
VWhat does it do?

#include "../tools/cr16lib. h"

//testcase #11

void crl6min()

{

activat eHazardDet ecti onUnit();
conpi | eAndSi mul ate(__FILE );
expect Resul t (" 0000000000000110") ;
runkFor (700);

novi (10, r0);

nmovi (10, rl);

movi (1, r2);

cnp(r0, rl);

sCond(GE, r0);

I sh(r2, r0);

mov(r0, r3);

cnp(rl, r2);

sCond(GE, r0);

add(r3, r0);

I shi(1, r0);

mov(r0, rd); //rd =10

cnp(r2, rl);

sCond(GE, r0);

add(r4, r0);

//expect rO to be 6
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nop() ;

nop()
nop() ;
nop();
}
fib_rec.cpp

/1l fib.cpp : Defines the entry point for the console application
/1

#include "../tools/cr16lib.h"
#i ncl ude <i ostreant
#i ncl ude <string>

usi ng nanmespace std;

static crl6_int sp(rl5);
static crl6_int fp(r7);
static crl6_int ra(r4);

inline void fib()

{
addLabel ("fib");
crl6_int res(r0);
crl6_int n(rl);
crl6_int call(r2);
crl6_int retFromir3);
/1l tenp registers
crl16_int dbg(r8);
crl6_int tenmp(r9);

sp += 2; /1 allocate 2 words on stack
fp =sp - 1;
store(ra, fp);

| oadLabel Address("return", retFrom
cri6_if (n==0] n == 1);
{

movi (1, res);

j Cond(UC, retFrom;flushPipeline();

crl6_el se();

{
| oadLabel Address("fib", call);

_-n;

store(n, sp);
jal(ra, call); flushPipeline();

| oad(n, sp);
tenp = res;
--n:

sp+=2;
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}

fp =sp - 1;
store(n, fp);
fp =sp - 2;
store(tenp, fp);

jal(ra, call); flushPipeline();

fp =sp - 1;

| oad(n, fp);

fp =sp - 2;

| oad(tenp, fp);
sp- =2;

res += tenp;
}
crl6_endif();

addLabel ("return");

fp =sp - 1;
load(ra, fp);
sp -= 2;

/I bCondLabel (UC, "EOF");
j Cond(UC, ra); flushPipeline();

voi d cril6main()

{

acti vat eHazar dDet ecti onUni t ();
conpi | eAndSi mul ate(__FILE );

expect Resul t ("0000000011111000");

runfFor (40000) ;

/1l init stack pointer rl5
/[l ret rl4

crl6_int argl(rl);
crl6_int res(r0);

sp = 0;

argl = 11,

res = 0;

| oadLabel Address("fib", r2);
jal(ra, r2); flushPipeline();
| oadLabel Address("EOF", r2 );

jCond( UC, r2 );flushPipeline();

fib();

addLabel (" EOF");
fl ushPi peline();
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Show Off Applications Source Code

NOTE! We have not taken effort to prevent line wrapping.
When developing these applications we have had a screen wider
than this piece of paper. We considered reformatting our source
code but while that would make it look nicer on paper it would
make it look worse on the computer screen. So we include the
source code of these programs on a CD attached with this
report. If you are going to study this programs in depth you are
strongly urged to go with the attached electronic version of this

source code.

tetris.cpp

[/ Tetris for the CASM Processor
[IWitten by: Russ Christensen <rchriste@s. utah. edu>

#include "../../tools/cri16lib.h"

#defi ne FUNCTI ON_ RETURN \
j Cond(UC, ret_addr); \
fl ushPi peline()

/I when speed tuning you will not want to use this nacro because it wll
cause nops()

/! between the two instructions that could be filled with usefu

i nstructions

#defi ne FUNCTI ON_CALL(I abel) \
| oadLabel Address(l abel, r13); /*r13 is a scratch register*/ \
jal (ret_addr, r13); \

fl ushPi pel i ne()

/1 Sone sinple macros to nmake saving registers to nmenory and | oadi ng
t hem
/Il back easier. Please renenber that these registers are being saved on

//the stack. Wich is a stack!!! Meaning you can only renpve itenms in

t he

/lreverse order that you place them on.

#defi ne SAVE_VARI ABLE(var) \
store(var, SP);

\
++SP

#defi ne RESTORE_VARI ABLE( var) \
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--SP
\
| oad(var, SP)

/[l returns nunber = nunber*10
/luses tnp as scratch space

#define MIULT_10(var, tnp) \
tnp = var + var; /[* tmp = 2*n */ \
var = tnp + tnp; /[* n = 4*n */ \
var += var; /* n = 8*n */ \
var = var + tnp /[* n =10*n */

#define MJLT_8(var) \
var += var; /* var = 2*var */ \
var += var; /* var = 4*var */ \
var += var [* var = 8*var */

#define MILT_2(var) \

var += var /* var = 2*var */

[lreturns var = var |/ 2
#define DI V_2(var) \
I shi(-1, var) /*var = var [/ 2 */

#define CRL6_FOR(first, second,third, body) \
first; \
crl16_whil e(second); \
{ \
body; \
third; \

} crl6_endwhil e()

[ /var = var*anount

/1 The Consol e Revol ution 16 does not support mnultiplication in hardware
//so here is a software algorithmto get it done.

/11f you know the anount at conpile tinme then use one of the other

/I macros that is specialized.

[/ This is a sinple algorithm |'m sure you could | ook up sonet hing
//much fancier in a book and use that instead. |If | have sone tine
//to do sone heavy optimzing then I will change this.

#define MILT(var, tnp, anount) \
tmp = 0; \
cr16_whil e(anount); \
{ \
tmp = tnmp + var; \
- -anount ; \
} crl6_endwhile(); \
var = tnp

nanmespace {
bool debug = false; //should debug info be conpiled in
}

/************************

How things are setup with the current color pallet
const int BLACK = O;
const int RED = 1;
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const int BLUE = 2;
const int GREEN = 3;

*************************/

nanmespace tetris_constants {

const int A BUTTON = 0x80;

const int B_BUTTON = 0x40;

const int SELECT BUTTON = 0x20;

const int START BUTTON = 0x10;

const int LEFT_BUTTON = 0x08;

const int RIGHT_BUTTON = 0x04;

const int UP_BUTTON = 0x02;

const int DOAMN BUTTON = 0x01;

const int SLIDE MASK = 0x03;

const int FALSE = O;

const int TRUE = 1;

const int WDTH = 64;

const int HElIGHT = 30;

const int TETRIS WDTH = 10;

const int TETRI S_HElI GHT = 20;

const int LEFT = 20; //left boarder I|ine

const int RIGHT = LEFT+TETRIS W DTH*2+1; //right boarder I|ine
const int STARTI NG COUNT_MAX = 20;

const int MN COUNT_MAX = 5; //lowest | ever want count_max to be
const int TOP = 5;

const int BOTTOM = TOP+TETRI S _HEI GHT; //bottom i ne

/I Please note that it is absolutly nessessary for the correctness
of this

[/ program that the BACKGROUND COLOR be 0 and the
FALLEN Pl ECE_COLOR be 3

/1l use bitwi se operations that depend on this!!! This is a
speed

//optinization

/1 Pl ECE_COLOR and BOARDER COLOR can be exchanged.

const int PIECE COLOR = 1;

const int BOARDER COLOR = 2;

const int BACKGROUND COLOR = O;

const int FALLEN PIECE COLOR = 3;

const int NES ADDR = OxEOQ00; //Menory nmapped address of NES
Controller

const int NUMBER OF_TETRI S_PI ECES = 7;
const int NUMBER OF_ROTATI ONS = 4;

const int BLOCKS PER PIECE = 4;

/12 words (x position and y position) for each of the 4 bl ocks
that make up each tetris piece.

const int SPACE_FOR EACH ROTATI ON = BLOCKS_PER PI ECE * 2;

const int PIECES LIST_LENGIH = 35;

const int SOUND ENABLE = 0x08;

const int SOUND BI T2 = 0x04;

const int SOUND BIT1 = 0x02;

const int SOUND BI TO = 0x01;

const int ADDR VGA Pl XELS = 0xe800;

const int ADDR_VGA_VSYNC = 0Oxf 800;

const int ADDR _VGA FLIP = 0xf 000;

const int ADDR_NES = 0xe000;
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const int ADDR_SOUND = 0xd800;

crl6_int SP(r15); //stack pointer
crl6_int ret_addr(rl14); //return address for function calls

}

usi ng namespace tetris_constants;

nanmespace nmenory_map {

/[***map in the nenory address of some gl obal variabl es***/

//gane_board is an array that contains where fallen tetris peices
| ay.

/1it would be possible to use one bit per unit rather than one
wor d

/I however menmory is not nmy limtation speed is and this way w ||
give nme

[1[slightly] better performance

const int gane_board_start = O;

const int gane_board_end = TETRIS W DTH*TETRI S_HEI GHT+1; //one
past the end

/I menory to store data on what each peice |ooks like. This
menmory will be initialized

//with constant values in the main function of the gane

const int gane_pieces_start = game_board_end,;

const int ganme_pieces_end = gane_pi eces_start +
NUMBER_OF TETRI S_PI ECES * NUVBER_OF_ROTATI ONS * SPACE_FOR_EACH ROTATI ON
+ 1; //one past the end

const int current_piece = gane_pieces_end; //only needs one word
const int static_y = current_piece + 1;
const int current_piece_|list_position = static_y + 1
const int lines_distroyed = current_piece_list_position + 1
/I nunber of lines the player has distroyed in the gane
const int count_max = lines_distroyed + 1
const int lines_were_distroyed = count_max + 1
const int pieces_list = lines_were_distroyed + 1
const int BEA N STACK = pieces_list + PIECES LI ST_LENGTH + 1;

}

nanespace ganme_pi ece {

/I map out the menory addresses of each tetris peice. The actua
menory is mapped in with

// gane_pei ces_start to gane_pei ces_end.

const int square = menory_map: : ganme_pi eces_start;

const int line squar e + NUMBER _OF ROTATI ONS *
SPACE_FOR_EACH_ROTATI ON,;

const int left L = line + NUMBER _OF ROTATI ONS *
SPACE_FOR_EACH_ROTATI ON,;

const int right L = left_L + NUMBER _OF ROTATI ONS *
SPACE_FOR_EACH ROTATI ON,;

//don't know what to call the last peice so |l call it foo

const int left foo = right L + NUMBER _OF ROTATI ONS *
SPACE_FOR_EACH_ROTATI ON,;

const int right_foo
SPACE_FOR_EACH_ROTATI ON,

const int nmountain = right_foo + NUVBER _OF ROTATI ONS *
SPACE_FOR_EACH_ROTATI ON,;

}

left foo + NUMBER OF ROTATI ONS *
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nanmespace i nline_function {
voi d flipPage();
}

nanmespace sound_inline_function {
void inline sound_effectO() {
crl6_int addr(r9);
crl6_int value(r8);
SAVE_VARI ABLE(r 8);
SAVE_VARI ABLE(r9);

addr = tetris_constants:: ADDR_SOUND
store(val ue, addr) ;

RESTORE_VARI ABLE(r9) ;
RESTORE_VARI ABLE(r 8) ;

void inline sound_effect1() {
crl6_int addr(r6);
crl6_int value(r7);
SAVE_VARI ABLE(r 6) ;
SAVE_VARI ABLE(r7);

addr = tetris_constants:: ADDR_SOUND

val ue = SOUND BI TO | SOUND BIT1 | SCUND_BI T2
SOUND_ENABLE

store(val ue, addr);

CR16_FOR(value = 0, value < 10, ++val ue,
(

)

inline_function::flipPage();

inline_function::flipPage()

RESTORE_VARI ABLE(r7) ;
RESTORE_VARI ABLE(r 6):

void inline sound_off() {
crl6_int addr(r9);
crl6_int value(r8);
SAVE_VARI ABLE(r 8);
SAVE_VARI ABLE(r9);

addr = ADDR_SOUND
| oad(val ue, addr) ;
val ue = 0;

st ore(val ue, addr);

RESTORE_VARI ABLE(r 9) ;
RESTORE_VARI ABLE(r 8)
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/[/Put all the inline functions in a nanespace to nmake the code nore
readabl e
//to those who don't know CASM i nsi de out.
nanespace inline_function {

/1 The followi ng functions are inline functions that are
automatically

/I expanded by CASM at conpile tinme. Most of tetris is inline
functions

/I because | get better perfornmance doing this way. | don't have
to pay

//the [small, but present] speed price of a function call. And
because

[l our Consol e Revolution 16 processor has no cache the only

/1 drawback to making everything inline is code size. Except so
| ong

/las the programfits inside of 64k words code size is not an
i ssue either

/1 An inline function that changes the graphics buffer
void flipPage()

{
crl6_int addr(r8), data(r9);

/!l wait until Vsync starts

data = O;

addr = Oxf 800;

crl6_while( data==0 );

{
| oad( data, addr );
fl ushPi peline();

} crl6_endwhile();

/1l Flip page

addr = 0Oxf000;

data = O;

store( data, addr );
fl ushPi peline();

fl ushPi peline();

fl ushPi peline();

fl ushPi peline();
data = 1;

store( data, addr );
fl ushPi peline();

/linline function that plots a point
void drawPi xel ( crl6_int x, crl6_int y, crl6_int color )
{

crl6_int addr(r8);

crl6_int vga_addr(r9);

vga_addr = ADDR VGA PI XELS;

addr = y+y; [ 2*y
addr += addr; Il 4*y
addr += addr; /1l 8*y
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vga_addr += x;

addr += addr; /1l 16*y
addr += addr; [l 32*y
addr += addr; /1 64*y

addr += vga_addr;
store( color, addr );

/1l print content of reg9 (between 0..999)

voi d printReg9()

{
SAVE_VARI ABLE(r0);
SAVE_VARI ABLE(r1);
SAVE_VARI ABLE(r 2) ;
SAVE_VARI ABLE(r 3) ;
SAVE_VARI ABLE(r 4) ;
SAVE_VARI ABLE(r5);
SAVE_VARI ABLE(r 6) ;
SAVE_VARI ABLE(r7);
SAVE_VARI ABLE(r 8) ;

| oadLabel Address( "ski pDrawCode", r1l1 );
jCond( UC, rl1);
fl ushPi peline();

/!l Code that draw the digit 0,1,2...9
i fstream f("nunbers. pi x");
/1 read image data of all digits
vector<int> x[10], y[10];
float z;
for( int j=29; j>=0; j-- )
for( int i=0; i<64; i++)
{
f >> z;
if( z<0.5)
{
int which =1i/6;
assert( which>=0 && whi ch<10 );
/1l separate theminto 10 sets (one for each digit)
X[ whi ch] . push_back(i-whi ch*6);
y[ whi ch] . push_back(j);

}

for( int which=0; which<l10; which++ )
{ addLabel ( "drawDi gi t Label " + int2bi n(which, 16) );
rO = ( ADDR VGA PI XELS + y[which][0]*64 + x[which][0]) +
" rl = ( ADDR _VGA PI XELS + y[which][1]*64 + x[which][1]) +
" r2

( ADDR VGA PI XELS + y[which][2]*64 + x[which][2]) +
ra,

r3 =1,

unsigned int index = 3, size = x[which].size();
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y[ whi ch] [ i ndex- 3] *64- x[ whi ch] [ i ndex- 3] ):

br eak;

y[ whi ch] [ i ndex- 3] *64- x[ whi ch] [ i ndex- 3] ):

br eak;

y[whi ch] [ i ndex- 3] *64- x[whi ch] [i ndex-3]);

br eak;

nt 2bi

nt 2bi

nt 2bi

nt 2bi

nt 2bi

nt 2bi

nt 2bi

nt 2bi

nt 2bi

nt 2bi

di gi t

whi l e( i ndex<si ze )

{
store( r3, r0);
store( r3, rl);
store( r3, r2);

r0 += (y[whi ch] [i ndex] *64+x[ whi ch] [i ndex]

i ndex ++;

rl1 += (y[which][index]*64+x[which][index]

i ndex ++;

r2 += (y[whi ch] [i ndex] *64+x[ whi ch] [ i ndex]

}

store( r3, r0);

store( r3, rl);

store( r3, r2);

j Cond(UC, r6); /1 return
fl ushPi peline();

}

/1 r0O = digit to draw, r4=address offset
addLabel ("DrawbDi git");

crl6_if( r0==0 ); |oadLabel Address( "drawbi gitLabel"

n(0,16), r1); crl6_endif();

crl6_if( r0==1); |oadLabel Address( "drawbi gitLabel"

n(1,16), r1); crl6_endif();

crl6_if( r0==2); |oadLabel Address( "drawbDi gitLabel"

n(2,16), r1); crl6_endif();

crl6_if( r0==3 ); |oadLabel Address( "drawbi gitLabel"

n(3,16), r1); crl6_endif();

i ndex ++;

crl6_if( r0==4); |oadLabel Address( "drawbDi gitLabel" +

n(4,16), rl); crl6_endif();

crl6_if( r0==5); |oadLabel Address( "drawbi gitLabel " +

n(5,16), r1); crl6_endif();

crl6_if( r0==6 ); |oadLabel Address( "drawbi gi t Label " +

n(6,16), rl); crl6_endif();

crl6_if( r0==7 ); |oadLabel Address( "drawbDi gitLabel" +

n(7,16), r1); crl6_endif();

crl6_if( r0==8 ); |oadLabel Address( "drawbi gi t Label " +

n(8,16), r1); crl6_endif();

crl6_if( r0==9 ); | oadLabel Address( "drawDi gitLabel" +

n(9,16), r1); crl6_endif();

jal( r6, r1); /1 call draw
fl ushPi peline();

j Cond( UC, r14); /1l return

fl ushPi peline();

/1l determ nes what three digits to draw
addLabel (" ski pDr anCode") ;

cri1l6_while(r9 >= 100 );
ro -= 100;

/'l the

i f(index>=size)

i f(index>=size)

i f(index>=size)

" hundr ed'



++r O;
fl ushPi peline();
cr16_endwhil e();

r4 = 57 + (64*0);
| oadLabel Address( "DrawDigit”, rl );
jal(rl4,r1);
fl ushPi peline();
ro = 0,
digit
crl6_while(r9 >= 10 );
ro -= 10;
++r0;
fl ushPi peline();
crl16_endwhil e();
r4 = 57 + (64*9);
| oadLabel Address( "DrawDigit”, rl );
jal(rl4,r1);
fl ushPi peline();
ro =r9;
the 'one' digit
r4 = 57 + (64*18);
| oadLabel Address( "DrawbDigit", rl );
jal(rl4,r1);
fl ushPi peline();
RESTORE_VARI ABLE(r 8) ;
RESTORE_VARI ABLE(r7);
RESTORE_VARI ABLE(r 6) ;
RESTORE_VARI ABLE(r5);
RESTORE_VARI ABLE(r 4) ;
RESTORE_VARI ABLE(r 3);
RESTORE_VARI ABLE(r2) ;
RESTORE_VARI ABLE(r1);
RESTORE_VARI ABLE(r 0) ;
}
/1

//inline function that w il
hand

//side of the screen on the second row down.

/lregister r0

voi d debug_printVal ue(cr16_i

{
crl6_int x(r7);
crl6_int y(r6);
crl6_int color(rb5);
cril6_int addr(r4);
SAVE_VARI ABLE(r 4);
SAVE_VARI ABLE(r5);
SAVE_VARI ABLE(r 6) ;
SAVE_VARI ABLE(r7);
SAVE_VARI ABLE(r 8) ;
SAVE_VARI ABLE(r9);

addr

print the given

nt val ue)

= menory_nmap::static_y;
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| oad(y, addr);
Yy,
crl6_if(y > 30);

{

y = 1
} crl6_endif();
store(y, addr);

for(int i=0; i<2; ++i) {
SAVE_VARI ABLE( val ue);
/lput a different color on both sides of the readout to
make it easier to read
x=1;
color = 3;
dr awPi xel (x,y, color);
CR16_FOR(x=2, x < 18, ++Xx,

(

color = value & 1,

I shi (-1, value),

dr awPi xel (x, vy, col or)
)
color = 3;

dr awPi xel (x, y, col or);
RESTORE_VARI ABLE( val ue) ;
flipPage();

}

RESTORE_VARI ABLE(r9) ;
RESTORE_VARI ABLE(r 8) ;
RESTORE_VARI ABLE(r7) ;
RESTORE_VARI ABLE(r 6)
RESTORE_VARI ABLE(r5)
RESTORE_VARI ABLE(r 4) ;

//sets background to BACKGROUND COLOR
voi d set Background()
{

crl6_int x(r7);

crl6_int y(r6);

crl6_int color(rb5);

SAVE_VARI ABLE(r7);

SAVE_VARI ABLE(r6) ;

SAVE_VARI ABLE(r5);

x = 0;
col or = BACKGROUND COLOR:
cri1l6_while(x < WDTH);
{
y=0;
crl6_while(y < HElIGHT);

drawPi xel (x, y, color);
Ty,

} crl6_endwhile();

++X;
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} crl6_endwhile();

RESTORE_VARI ABLE(r5) ;
RESTORE_VARI ABLE(r 6) ;
RESTORE_VARI ABLE(r7) ;

//sets background to BACKGROUND COLOR
voi d cl ear Score()
{

crl6_int x(r7);

crl6_int y(r6);

crl6_int color(rb5);

SAVE_VARI ABLE(r7);

SAVE_VARI ABLE(r 6) ;

SAVE_VARI ABLE(r5);

X = 56;
col or = BACKGROUND_COLOR:
crl6_while(x < WDTH);
{
y=0;
crl6_while(y < HEIGHT);
{
drawPi xel (x, vy, color);
Ty,
} crl6_endwhile();
++X;
} crl6_endwhile();

RESTORE_VARI ABLE(r5) ;
RESTORE_VARI ABLE(r6) ;
RESTORE_VARI ABLE(r7);

//inline function that draws the tetris boarder
voi d inline drawBorder ()

crl6_int y(r7);
crl6_int x(ré6);
crl6_int color(rb5);
SAVE_VARI ABLE(r 7);
SAVE_VARI ABLE(r 6) ;
SAVE_VARI ABLE(r 5);

//draw side |ines
col or = BOARDER _COLCOR

y = TOP

cr16_while(y < BOTTOM ;

{
X = LEFT;
dr awPi xel (x,y, color);
__X;

dr awPi xel (x,y, color);
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[1inli

X = RI GHT;
dr awPi xel (x,y, color);
++X;
dr awPi xel (x,y, col or);
Ty,

} crl6_endwhile();

//draw bottom i ne

X = LEFT-1;
y = BOTTOM
crl6_while( x <= RIGHT + 1);
{
dr awPi xel (x,y, color);
++y;
dr awPi xel (x,y, col or);
-y
++X

} cri16_endwhil e():

RESTORE_VARI ABLE(r5) ;
RESTORE_VARI ABLE(r 6)

ne function that returns true if the position given is valid

voi d checkCurrentPiece(crl6_int result, crl6_int x, crl6_int vy,

crl6_i
{

rotati

nt rotation)

crl6_int tnp(r8);
cril6_int addr(r7);
crl6_int x_value(r6);
crl6_int y value(rb);
crl6_int current_piece_ptr(r4);
SAVE_VARI ABLE(r 8) ;
SAVE_VARI ABLE(r7);
SAVE_VARI ABLE(r 6) ;
SAVE_VARI ABLE(r5);
SAVE_VARI ABLE(r 4);
SAVE_VARI ABLE(rotation);
SAVE_VARI ABLE( X) ;
SAVE_VARI ABLE(y);

/I checkSquare(result, x,y,rotation);

result = TRUE;

addr = nenory_map::current_piece;

| oad(current _piece_ptr, addr);

rotation = rotation & 3; //just get the lower 2 bits of the

on

assert (SPACE_FOR EACH ROTATION == 8 && "Must nodi fy |ine bel ow so

the mult is correct");

MJULT_8(rotation);

current _piece_ptr += rotation;

//First check to see if the piece will remain in the tetris box
SAVE_VARI ABLE( current _pi ece_ptr);

for(int 1=0; i < BLOCKS_PER PIECE; ++i)

| oad(x_val ue, current_piece_ptr);
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++current _pi ece_ptr;

| oad(y_val ue, current_piece_ptr);
++current _piece_ptr;
MULT_2(x_val ue);

x_val ue += x;

y_val ue +=vy;

/1 @odo This is weird behavior | don't understand why |

have to have a mnus 4 and a mnus 2
crl6_if((x_value < LEFT) | (x_value > RI GHT -
> BOTTOM - 1));

{
result = FALSE
} crl6_endif();
}

2)

(y_val ue

/I Now check to see if the space is filled on the ganme board

RESTORE_VARI ABLE( current _pi ece_ptr);
for(int i=0; i < BLOCKS PER PI ECE;, ++i)
{

| oad(x_val ue, current_piece_ptr);

++current _pi ece_ptr;

MJULT_2(x_val ue) ;

| oad(y_val ue, current_piece_ptr);

++current _piece_ptr;

x_val ue += x;

y_val ue +=vy;

x_val ue = x_val ue- LEFT,;

Dl V_2(x_val ue);

y_value = y_val ue-TOP
MJULT_10(y_val ue, tnp);
addr = x_val ue + y_val ue;

[1/1it is possible to get invalid input so check for that

[1if (debug) ({

/1 SAVE_VARI ABLE(r0);

/1 rO = addr;

/1 debug_printVal ue(r0);
/1 RESTORE_VARI ABLE(r0);
/1}

crl6_if((addr >= 0) & (addr < nmenory_map::ganme_board_end));

| oad(tnp, addr);
crl6_if(tnp == FALLEN PI ECE_COLOR);

{
result = FALSE
} crl6_endif();
} crl6_endif();
}

RESTORE_VARI ABLE(Y)
RESTORE_VARI ABLE(r ot ati on);
RESTORE_VARI ABLE(r 4) ;
RESTORE_VARI ABLE(r5)
RESTORE_VARI ABLE(r 6)
RESTORE_VARI ABLE(r7) ;
RESTORE_VARI ABLE(r 8) ;
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voi d placeCurrentPiece(crl6_int x, crl6_int y, crl6_int rotation)
{

crl6_int tnp(r8);

crl6_int addr(r7);

crl6_int x_value(r6);

crl6_int y_value(r5);

crl6_int current_piece_ptr(rd);

SAVE_VARI ABLE(r 8);

SAVE_VARI ABLE(r7);

SAVE_VARI ABLE(r 6) ;

SAVE_VARI ABLE(r5);

SAVE_VARI ABLE(r 4);

SAVE _VARI ABLE(rot ati on);

SAVE_VARI ABLE( X) ;

SAVE_VARI ABLE(y) ;

addr = nenory_map:: current_piece;
| oad(current _piece_ptr,addr);
rotation = rotation & 3; //just get the lower 2 bits of the
rotation
assert ( SPACE_FOR EACH ROTATION == 8 && "Must nodi fy |ine bel ow so
the mult is correct");
MJULT_8(rotation);
current _piece_ptr += rotation
for(int 1=0; i < BLOCKS_PER PIECE; ++i)
{
| oad(x_val ue, current_piece_ptr);
++current _pi ece_ptr;
MJULT_2(x_val ue) ;
| oad(y_val ue, current_piece_ptr);
++current _piece_ptr;
X_val ue += x;
y_val ue +=vy;
x_value = x_value - LEFT,
DI V_2(x_val ue);
y _value =y value - TOP
MULT_10(y_val ue, t mp);
addr = x_val ue + y_val ue;
tnmp = FALLEN_PI ECE_COLOR
crl6_if((addr >= 0) & (addr < nmenory_map::ganme_board_end));

{

store(tnp, addr);
} crl6_else();
{

/lsignal an error by halting the program
i f (debug)
{
| oadLabel Address("waitForStart”, r0);

j Cond(UC, r0);
fl ushPi peline();

}
} crl6_endif();
}

RESTORE_VARI ABLE(y) ;
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RESTORE_VARI ABLE( ) ;
RESTORE_VARI ABLE(r ot ati on);
RESTORE_VARI ABLE(r 4) ;
RESTORE_VARI ABLE(r5)
RESTORE_VARI ABLE(r 6)
RESTORE_VARI ABLE(r7) ;
RESTORE_VARI ABLE(r 8) ;

void drawCurrent Pi ece(crl6_int x, crl6_int y, crl6_int rotation)
{
cril6_int addr(r7); /* NOTE!'!'! Union */
crl6_int color(r7); /* NOTE!'!'! Union */
crl6_int x_value(r6);
crl6_int y value(rb);
crl6_int current_piece_ptr(r4);
SAVE_VARI ABLE(r7);
SAVE_VARI ABLE(r 6) ;
SAVE_VARI ABLE(r5);
SAVE_VARI ABLE(r 4);
SAVE _VARI ABLE(rot ati on);

addr = nenory_map:: current_piece;
| oad(current _piece_ptr, addr);
rotation = rotation & 3; //just get the lower 2 bits of the
rotation
assert ( SPACE_FOR EACH ROTATION == 8 && "Must nodi fy |ine bel ow so
the mult is correct");
MJULT_8(rotation);
current _piece_ptr += rotation
for(int 1=0; i < BLOCKS_PER PIECE; ++i)
{
| oad(x_val ue, current_piece_ptr);
++current _pi ece_ptr;
| oad(y_val ue, current_piece_ptr);
MJULT_2(x_val ue) ;
X_val ue += x;
y_val ue +=vy;
++current _pi ece_ptr;
color = PIECE_COLOR
i nline_function::drawPi xel (x_val ue,y_val ue, col or);
++x_val ue;
i nline_function::drawPi xel (x_val ue,y_val ue, col or);

}

RESTORE_VARI ABLE(r ot ati on);
RESTORE_VARI ABLE(r 4) ;
RESTORE_VARI ABLE(r5) ;

RESTORE_VARI ABLE(r 6) ;
RESTORE_VARI ABLE(r7);

voi d drawFal | enPi eces()

// because this function doesn't take any arguments it is okay to
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/luse the | ower registers, even though that is against ny
conventi on
crl6_int pixel _x(r7);
crl16_int pixel _y(r6);
crl6_int pixel_color(rb);
crl6_int addr(r4);
crl6_int data(r3);
crl6_int x(r2);
SAVE_VARI ABLE(r7);
SAVE_VARI ABLE(r 6) ;
SAVE_VARI ABLE(r5);
SAVE_VARI ABLE(r 4);
SAVE_VARI ABLE(r 3) ;
SAVE_VARI ABLE(r 2);

pi xel _col or = FALLEN PI ECE_COLOR
//the for loop is preprocessor |oop unrolling
for(int y=0; y < TETRI S_HElI GHT; ++y)

{
x = 0;
cri16_while(x < TETRIS WDTH);
{
/1l can get away with a nultiplication
//because it is collapsed to a constant at conpile
time
addr = (y*TETRI S_W DTH) +x;
| oad(dat a, addr) ;
pi xel _x = LEFT+1+x+X;
pi xel _y = TOP+y;
dr awPi xel ( pi xel _x, pi xel _y, data);
++pi xel _Xx;
dr awPi xel ( pi xel _x, pi xel _y, data);
++X;
} crl6_endwhile();
}
RESTORE_VARI ABLE(r 2);
RESTORE_VARI ABLE(r 3) ;
RESTORE_VARI ABLE(r 4);
RESTORE_VARI ABLE(r5);
RESTORE_VARI ABLE(r 6) ;
RESTORE_VARI ABLE(r 7) ;
}
I i

/1 Get a new game piece

voi d changeCurrent Pi ece()

{
crl6_int piece_list_index(r7);
crl6_int piece(r6);
crl6_int addr(r5);
crl6_int tnp(rd);
SAVE_VARI ABLE(r7);
SAVE_VARI ABLE(r 6) ;
SAVE_VARI ABLE(r5);
SAVE_VARI ABLE(r 4);
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/1 This code reads the piece out of a |ist

addr = nmenory_map::current_piece_list_position

| oad( pi ece_list_index, addr);

++pi ece_| i st _i ndex;

crl6_if(piece_list_index >= PIECES LI ST_LENGTH);

{

pi ece_list_index = 0;
} cri16_endif();
store(piece_list_index, addr);

tnmp = nmenory_map:: pieces_list;
addr = piece_list_index + tnp;

| oad( pi ece, addr) ;

addr = nenory_map:: current_piece;
st ore(pi ece, addr);

/111 This code cycles thorugh the pieces

//addr = menory_nap::current_piece;

/11 oad(piece, addr);

/I piece += tetris_gl obal s:: SPACE_ FOR_EACH ROTATI ON *

tetris_gl obal s:: NUMBER_OF_ ROTATI ONS

/lcrl6_if(piece > game_piece::right_foo);
114

/1 pi ece = gane_pi ece: : square;

/1} crl6_endif();

/I store(piece, addr);

RESTORE_VARI ABLE(r 4) ;
RESTORE_VARI ABLE(r5) ;
RESTORE_VARI ABLE(r 6)
RESTORE_VARI ABLE(r7) ;

nitialize_global data()

crl6_int addr(rO0);
crl6_int partO_x(rl);
crl6_int partO_y(r2);
crl6_int partl x(r3);
crl6_int partl_y(rd);
crl6_int part2_x(rb5);
crl6_int part2_y(r6);
crl6_int part3_x(r7);
crl6_int part3_y(r8);
crl6_int tnmp(r9);
SAVE_VARI ABLE(r9);
SAVE_VARI ABLE(r 8);
SAVE_VARI ABLE(r7);
SAVE_VARI ABLE(r 6) ;
SAVE_VARI ABLE(r5);
SAVE_VARI ABLE(r 4);
SAVE_VARI ABLE(r 3);
SAVE_VARI ABLE(r2);
SAVE_VARI ABLE(r1);
SAVE_VARI ABLE(r0);
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{ /linitalize nenory_map
crl6_int i(r8); //i is being treated as a pointer bel ow
crl6_int zero(r9);

zero = 0O;

CR16_FOR(i = menory_nmap::game_board_start, i <
menory_nmap: : game_board_end, ++i
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( //becuase of howthis is inplenented nmust use '(' in
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store(zero,i)
)); //end CR16_FOR

}

/1l @odo al so make this function do the inializing of the
ganme_data nmenory area

/11 oad the nenory address of the square peice

addr = gane_pi ece: :square;

//set the x and y value of all four tetris peice parts in al
rotations

for(int 1=0; i < NUMBER OF_ROTATIONS; ++i)

{

part0_x
part0_y
partl x
partl_ y
part2_x
part2_y
part 3_x
part3_y
store(pa
++addr ;
store(partO_y, addr);
++addr ;
store(partl _x, addr);
++addr ;
store(partl_y, addr);
++addr ;
store(part2_x, addr);
++addr ;
store(part2_y, addr);
++addr ;
store(part3_x, addr);
++addr ;
store(part3_y, addr);
++addr ;

0
0
1
0
O.
1
1
1
to

X, addr);

S 1 T 1 T O O VA |

}

addr = gane_pi ece::line;
[lrotations O & 2 and 1 & 3 are the sanme
for(int i=0; i < NUVMBER OF ROTATIONS; i += 2)
{
//rotations 0 & 2
part0_x 1;
part0_y ;
partl x ;
partl vy
part2_x
part2_y
part 3_x
part3_y
store(pa
++addr ;
store(partO_y, addr);
++addr ;
store(partl x, addr);

0
1
1
1
2.
1
3
to

X, addr);

S 1 1 T O VA 1|
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}
addr

for(int

{

++addr ;
store(partl_y,
++addr ;
store(part2_x,
++addr ;
store(part?2_y,
++addr ;
store(part3_x,
++addr ;
store(part3._y,
++addr ;

addr) ;
addr) ;
addr) ;
addr) ;

addr) ;

//rotations 1 & 3

part0_x
part0_y
partl x
partl_ y
part2_x
part2_y
part 3_x
part3_y
store(part
++addr ;
store(partO_y,
++addr ;
store(partl_x,
++addr ;
store(partl._y,
++addr ;
store(part2_x,
++addr ;
store(part2_y,
++addr ;
store(part3_x,
++addr ;
store(part3._y,
++addr ;

01

0
1
0
2
O.
3
0
0

_X,

= gane_pi ece::left_foo;
//rotations 0 & 2 and 1 & 3 are the sane
i =0; i < NUMBER _OF_ ROTATI ONS

addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;

addr) ;

//rotations 0 & 2

part0_x
part0_y
partl x
partl vy
part2_x
part2_y
part 3_x
part3_y
store(pa
++addr ;
store(partO_y,
++addr ;
store(partl_x,

On

0
1
0
1
1.
2
1
to

S 1 1 T O VA 1|

addr) ;
addr) ;

addr) ;
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}
addr

for(int

{

++addr ;
store(partl_y,
++addr ;
store(part2_x,
++addr ;
store(part?2_y,
++addr ;
store(part3_x,
++addr ;
store(part3._y,
++addr ;

addr) ;
addr) ;
addr) ;
addr) ;

addr) ;

//rotations 1 & 3

part 0_x 1
part0_y
partl x
partl_ y
part2_x
part2_y
part 3_x
part3_y
store(part
++addr ;
store(partO_y,
++addr ;
store(partl_x,
++addr ;
store(partl._y,
++addr ;
store(part2_x,
++addr ;
store(part2_y,
++addr ;
store(part3_x,
++addr ;
store(part3._y,
++addr ;

0
0
1
1
l-
0
2
0

_X,

= game_pi ece: :right_foo;
//rotations 0 & 2 and 1 & 3 are the sane
i =0; i < NUMBER _OF_ ROTATI ONS

addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;

addr) ;

//rotations 0 & 2

part0_x
part0_y
partl x
partl vy
part2_x
part2_y
part 3_x
part3_y
store(pa
++addr ;
store(partO_y,
++addr ;
store(partl_x,

11

0
2
0
0
1.
1
1
to

S 1 1 T O VA 1|

addr) ;
addr) ;

addr) ;
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}

addr
/1A

{

++addr ;
store(partl_y, addr);
++addr ;
store(part2_x, addr);
++addr ;
store(part2_y, addr);
++addr ;
store(part3_x, addr);
++addr ;
store(part3_y, addr);
++addr ;

//rotations 1 & 3
part0_x 0;
part0_y ;
partl x
partl_ y
part2_x
part2_y
part 3_x
part3_y
store(part
++addr ;
store(partO_y, addr);
++addr ;
store(partl _x, addr);
++addr ;
store(partl_y, addr);
++addr ;
store(part2_x, addr);
++addr ;
store(part2_y, addr);
++addr ;
store(part3_x, addr);
++addr ;
store(part3_y, addr);
++addr ;

0
0
1
1
1
1
2
0_x, addr);

= ganme_piece::left_L;
rotations are different

//rotation O
part0_x
part0_y
partl x
partl_ y
part2_x
part2_y
part 3_x
part3_y
store(part
++addr ;
store(partO_y, addr);
++addr ;
store(partl x, addr);
++addr ;

0
0
1
0
1-
1
1
2
0

X, addr);
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store(partl_y,
++addr ;
store(part2_x,
++addr ;
store(part2_y,
++addr ;
store(part 3_Xx,
++addr ;
store(part3._y,
++addr ;

[lrotation 1
part0_x
part0_y
partl x
partl_ y
part2_x
part2_y
part3_x
part3_y
store(part0_x,
++addr ;
store(partO_y,
++addr ;
store(partl_x,
++addr ;
store(partl_y,
++addr ;
store(part2_x,
++addr ;
store(part2_y,
++addr ;
store(part3_x,
++addr ;
store(part3._y,
++addr ;

0
0
1
0
2.
0
0
1
0

/lrotation 2
part0_x
part0_y
partl x
partl_ y
part2_x
part?2_y
part 3_x
part3_y
store(part
++addr ;
store(partO_y,
++addr ;
store(partl_x,
++addr ;
store(partl._y,
++addr ;
store(part2_x,
++addr ;
store(part2_y,

0
0
0
1
O.
2
1
2
0

_X,

addr) ;
addr) ;
addr) ;
addr) ;

addr) ;

addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;

addr) ;

addr) ;
addr) ;
addr) ;
addr) ;
addr) ;

addr) ;
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}

addr
/1A

{

++addr ;
store(part 3_Xx,
++addr ;
store(part3._y,
++addr ;

/[lrotation 3
part0_x
part0_y
partl x
partl_ y
part2_x
part2_y
part 3_x
part3_y
store(pa
++addr ;
store(partO_y,
++addr ;
store(partl_x,
++addr ;
store(partl_y,
++addr ;
store(part2_x,
++addr ;
store(part2_y,
++addr ;
store(part 3_x,
++addr ;
store(part3._y,
++addr ;

0
1
1
1
2.
1
2
0
to

S 1 1 T e A O T T |

_X,

addr) ;

addr) ;

addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;

addr) ;

= gane_pi ece: :right_L;

rotations are different

//rotation O
part0_x
part0_y
partl x
partl_ y
part2_x
part?2_y
part 3_x
part3_y
store(part
++addr ;
store(partO_y,
++addr ;
store(partl_x,
++addr ;
store(partl._y,
++addr ;
store(part2_x,
++addr ;
store(part2_y,

0
0
1
0
O.
1
0
2
0

_X,

addr) ;
addr) ;
addr) ;
addr) ;
addr) ;

addr) ;
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++addr ;
store(part 3_Xx,
++addr ;
store(part3._y,
++addr ;

/[lrotation 1
part0_x
part0_y
partl x
partl_ y
part2_x
part2_y
part 3_x
part3_y
store(pa
++addr ;
store(partO_y,
++addr ;
store(partl_x,
++addr ;
store(partl_y,
++addr ;
store(part2_x,
++addr ;
store(part2_y,
++addr ;
store(part 3_x,
++addr ;
store(part3._y,
++addr ;

0
0
0
1
1.
1
2
1
to

S 1 1 T e A O T T |

_X,

/lrotation 2
part0_x
part0_y
partl x
partl_ y
part2_x
part?2_y
part 3_x
part3_y
store(part0_x,
++addr ;
store(partO_y,
++addr ;
store(partl_x,
++addr ;
store(partl._y,
++addr ;
store(part2_x,
++addr ;
store(part2_y,
++addr ;
store(part3_x,
++addr ;
store(part3._y,
++addr ;

1
0
1
1
O.
2
1
2
0

addr) ;

addr) ;

addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;

addr) ;

addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;

addr) ;
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}

addr = gane_pi ece: : mount ai n
rotations are different

I1A
{

/[lrotation 3
part0_x
part0_y
partl x
partl_ y
part2_x
part2_y
part3_x
part3_y
store(pa
++addr ;
store(partO_y,
++addr ;
store(partl_x,
++addr ;
store(partl_y,
++addr ;
store(part2_x,
++addr ;
store(part2_y,
++addr ;
store(part 3_x,
++addr ;
store(part3._y,
++addr ;

0
0
1
0
2.
0
2
1
to

S 1 1 T e O O T |

_X,

/[lrotation O
part0_x
part0_y
partl x
partl_ y
part2_x
part?2_y
part3_x
part3_y
store(pa
++addr ;
store(partO_y,
++addr ;
store(partl_x,
++addr ;
store(partl_y,
++addr ;
store(part2_x,
++addr ;
store(part2_y,
++addr ;
store(part 3_x,
++addr ;
store(part3._y,
++addr ;

1
0
0
1
1.
1
2
1
to

S 1 1 T e A O T T |

_X,

addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;

addr) ;

addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;

addr) ;
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[lrotation 1
part0_x
part0_y
partl x
partl_ y
part2_x
part2_y
part3_x
part3_y
store(part
++addr ;
store(partO_y,
++addr ;
store(partl_x,
++addr ;
store(partl_y,
++addr ;
store(part2_x,
++addr ;
store(part2_y,
++addr ;
store(part 3_Xx,
++addr ;
store(part3_y,
++addr ;

2
0
1
1
2.
1
2
2
0

_X,

/[lrotation 2
part0_x
part0_y
partl x
partl_ y
part2_x
part?2_y
part3_x
part3_y
store(pa
++addr ;
store(partO_y,
++addr ;
store(partl_x,
++addr ;
store(partl_y,
++addr ;
store(part2_x,
++addr ;
store(part2_y,
++addr ;
store(part3_x,
++addr ;
store(part3._y,
++addr ;

S 1 1 T A O 1 I |
—

_X,

/lrotation 3
part0_x
part0_y
partl x
partl_ y

RROR

addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;

addr) ;

addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;

addr) ;

105



part2_x
part2_y
part3_x
part3_y
store(part
++addr ;
store(partO_y,
++addr ;
store(partl_x,
++addr ;
store(partl_y,
++addr ;
store(part2_x,
++addr ;
store(part?2_y,
++addr ;
store(part 3_Xx,
++addr ;
store(part3_y,
++addr ;

oehkEREDN

_X,

addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;
addr) ;

addr) ;

/[linitalize the list of peices, rather than random nunbers this
is the list that we draw from

{

alist size

crl6_int value(rl);
SAVE_VARI ABLE(r1);

assert (PI ECES LI ST_LENGTH == 35 && "l nialize the values for

of 30");

addr = nmenory_map: : pi eces_list;
val ue = ganme_pi ece: : square
store(val ue, addr);

++addr ;

val ue = gane_piece::left _L;
store(val ue, addr);

++addr ;

val ue = game_pi ece: : nmountain
store(val ue, addr);

++addr ;

val ue = gane_pi ece::line;
store(val ue, addr);

++addr ;

val ue = gane_piece::left _L;
store(val ue, addr);

++addr ;

val ue = gane_pi ece: :right_foo;
store(val ue, addr);

++addr ;

val ue = gane_pi ece: : mount ai n;
store(val ue, addr);

++addr ;

val ue = game_pi ece: : mountain
store(val ue, addr);

++addr ;

val ue = game_pi ece: : square
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store(val ue, addr);

++addr ;

val ue = gane_piece::left_L;
store(val ue, addr);

++addr ;

val ue = game_pi ece::right _L;
store(val ue, addr);

++addr ;

val ue = game_pi ece: :left_foo;
store(val ue, addr);

++addr ;

val ue = gane_piece::left _L;
store(val ue, addr);

++addr ;

val ue = game_pi ece: : square
store(val ue, addr);

++addr ;

val ue = gane_pi ece: :line;
store(val ue, addr);
++addr ;

val ue = gane_pi ece::line;
store(val ue, addr);
++addr ;

val ue = game_pi ece: : mountai n
store(val ue, addr);

++addr ;

val ue = gane_pi ece::left_foo;
store(val ue, addr);

++addr ;

val ue = gane_pi ece: :right_foo;
store(val ue, addr);

++addr ;

val ue = game_pi ece::right_L;
store(val ue, addr);

++addr ;

val ue = game_pi ece: : square
store(val ue, addr);

++addr ;

val ue = ganme_pi ece: : square
store(val ue, addr);

++addr ;

val ue = gane_pi ece:: |l eft_foo;
store(val ue, addr);

++addr ;

val ue = ganme_pi ece::right _L;
store(val ue, addr);

++addr ;

val ue = gane_pi ece: :right_foo;
store(val ue, addr);

++addr ;

val ue = gane_pi ece: : mount ai n;
store(val ue, addr);

++addr ;

val ue = gane_piece::left_L;
store(val ue, addr);

++addr ;

val ue = gane_pi ece: :right_foo;
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store(val ue, addr);

++addr ;

val ue = gane_pi ece: :line;
store(val ue, addr);
++addr ;

val ue = game_pi ece::right _L;
store(val ue, addr);

++addr ;

val ue = gane_pi ece: :right_foo;
store(val ue, addr);

++addr ;

val ue = gane_pi ece: :left_foo;
store(val ue, addr);

++addr ;

val ue = game_pi ece::right _L;
store(val ue, addr);

++addr ;

val ue = gane_pi ece: :line;
store(val ue, addr);
++addr ;

val ue = gane_pi ece:: |l eft_foo;
store(val ue, addr);

++addr ;

val ue = game_pi ece: : mountai n
store(val ue, addr);

++addr ;

RESTORE_VARI ABLE(r 1) ;
}

i nline_function::changeCurrentPi ece();
tmp = 0;

addr = nenory_map::static_y;

store(tnp, addr);

tmp = 0;

addr = nenory_map: :lines_distroyed,
store(tnp, addr);

tnp = tetris_constants:: STARTI NG_COUNT_NMAX;
addr = nenory_map: : count _nax;

store(tnp, addr);

RESTORE_VARI ABLE(r 0) ;
RESTORE_VARI ABLE(r 1)
RESTORE_VARI ABLE(r2)
RESTORE_VARI ABLE(r 3);
RESTORE_VARI ABLE(r 4) ;
RESTORE_VARI ABLE(r5)
RESTORE_VARI ABLE(r 6)
RESTORE_VARI ABLE(r7)
RESTORE_VARI ABLE(r 8)
RESTORE_VARI ABLE(r 9) ;

/linline function that prints what buttons are being pressed down in
t he
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[ lupper left hand corner of the screen
/1l uses R4-R9
voi d debug_print_controller()

{

| oner

/I because this function takes no argunments it is okay to use

/lregisters even though that is against progranm ng convention
crl6_int tnp(r7);
crl6_int bit(r6);
crl6_int x(rb5);

crl6_int y(rd);

crl6_int nes_buttons(r3);
SAVE_VARI ABLE(r7);
SAVE_VARI ABLE(r 6) ;
SAVE_VARI ABLE(r5);
SAVE_VARI ABLE(r 4);
SAVE_VARI ABLE(r 3);

tmp = OxEO0QO;

| oad(nes_buttons,tm);
x =1,

y =0;

bit = nes_buttons;
andi (1, bit);
drawPi xel (x,y, bit);

I shi (-1, nes_buttons);

++X;
bit = nes_buttons;
andi (1, bit);

drawPi xel (x,y, bit);
| shi (-1, nes_buttons);

++X;
bit = nes_buttons;
andi (1, bit);

drawPi xel (x,y, bit);
| shi (-1, nes_buttons);

++X;
bit = nes_buttons;
andi (1, bit);

drawPi xel (x,y, bit);
| shi (-1, nes_buttons);

++X;
bit = nes_buttons;
andi (1, bit);

drawPi xel (x,y, bit);
| shi (-1, nes_buttons);

++X;
bit = nes_buttons;
andi (1, bit);

drawPi xel (x,y, bit);
I shi (-1, nes_buttons);

++X;
bit = nes_buttons;
andi (1, bit);

drawPi xel (x,y, bit);
| shi (-1, nes_buttons);
++X;
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bit = nes_buttons;
andi (1, bit);
drawPi xel (x,y, bit);
[ shi (-1, nes_buttons);
++X;

RESTORE_VARI ABLE(r 3) ;
RESTORE_VARI ABLE(r 4) ;
RESTORE_VARI ABLE(r5)
RESTORE_VARI ABLE(r 6)
RESTORE_VARI ABLE(r7) ;

/lwites a checkered pattern to the screen
voi d debug_set Checker edBackground()

{
cril6_int x(r7);
crl6_int y(r6);
crl6_int color(rb5);
SAVE_VARI ABLE(r7);
SAVE_VARI ABLE(r 6) ;
SAVE_VARI ABLE(r5);
x = 0;
crl6_while(x < WDTH);
{
y=0;
crl6_while(y < HEIGHT);
{
//don't need to nodul us col or because the hardware
/lonly looks at the bottomtwo bits
col or = x+y;
drawPi xel (x, y, color);
Ty,
} crl6_endwhile();
++X;
} crl6_endwhile();
RESTORE_VARI ABLE(r5);
RESTORE_VARI ABLE(r 6) ;
RESTORE_VARI ABLE(r 7) ;
}
I i
R e e R R
I i
R e e R R
R e e R R
I i
R e e R R
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} //.end nanmespace inline_function
voi d cri16main()

{
/[1if (debug) cerr << "Stack Begins at " << BEG N_STACK << endl
acti vat eHazar dDet ecti onUni t ();

/1 main function

addLabel ("main");

{
/1 The convention that I will use is RO-R3 will NEVER be used
//by any inline functions that take arguments because these
/lregisters might be passed in as data. Qherwise it is only
/1 okay for [real] functions and inline functions that don't
//take argunments to use these registers just so long as the
/lcalled function saves and restores the register

/1 This convention is nessesary because whil e CASM supports
/linline functions it does not support automatic variable to
/lregister mapping and as a result when you use inline
//functions you must be careful

crl6_int x(r0);

crl6_int y(rl);

crl6_int rotation(r2);

crl6_int result(r3);

/] These are registers that are local variables that will never

/1 be passed into inline functions. Called functions nust save

/laway these registers and restore themso | can assumne that

//they always have the correct val ue

crl6_int nes_buttons(r4);

crl6_int rot_down(r5); //@odo could use the high bits of
rotation

crl6_int count(r6);

crl6_int color(r7);

/lregisters R8-9 are assunmed to be di stroyed when a function cal
i s made

/lregisters RLO-R13 is reserved for the CASM conpil er

/lregister Rl4 is to store the return address for a function cal

/1 because | have so nmuch data nenory (64k words) |
al nost

/1 al ways inline function calls so | don't use this
nmuch

/lregister RL5 is for the stack pointer
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SP = menory_map: : BEG N_STACK;

/I Most of the time I just do functions inline, but this is an
exanpl e of

//how an actual function call would be nade.

FUNCTI ON_CALL("i ni t VGA");

[/ This is an inline function at conpile tine it is expanded to be
the full

//function

inline_function::flipPage();

/linitalize game data

rotation = 0;

count 0;

col or BACKGROUND COLOR

rl = 0; //begining nenory address of ganme_data array
CR16_FOR(r1=0, r1l < TETRIS WDTH * TETRI S_HEIl GHT, ++r1,

(
store(color, rl)
));
[/for(int i=0; i < TETRIS WDTH * TETRI S_HElI GHT; ++i) {
/1 /lremenber that this for | oop happens at conpile tinme, it
can be thought of
/1 /las a preprocessor directive so what | am doi ng here
/1 /lis loop unrolling at conpile tine.
/1 store(color, rl);
/1 ++r1;
/1}
CR16_FOR(r1=0, r1 < 2, ++r1l
(
i nline_function::setBackground(),
i nline_function::drawBorder (),
inline_function::flipPage()
));

addLabel ("waitForStart");
crl6_while(l);
{

crl6_int tnp(r8);

sound_i nli ne_function::sound_off();
i nline_function::changeCurrentPiece(); //so we get a random
starting piece

tnp = NES_ADDR;

| oad( nes_buttons,tnp);

crl6_if(nes_buttons & START_BUTTON);

{
| oadLabel Address("start Ganme", tnp);
sound_i nline_function::sound_off();
j Cond(UC, tnp);
fl ushPi peline();

} crl6_endif();

} crl6_endwhile();

addLabel ("start Gane");
/[l for | oop happens at conpile time, this is loop unrolling

for(int i=0; i < 2; ++i)
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/1 once for each menory buffer

i nline_function::setBackground();
i nline_function::drawBorder();
inline_function::flipPage();

}

/linitalize data that | amtreating as gl obal constants
inline_function::initialize_global _data();

y = TOP;
X = LEFT+9;
count = O;

}

FEErrrr bbbt rr e

1rr
11
11

Mai n Gane Loop

FEErErr bbbt rrrrrr

1rr

addLabel (" mai nGaneLoop");

{
crl6_int tnp_addr(r8);
crl6_int tnp(r9);

if (debug) { //debug should be thought of as a preprocessor

directive

| at er

i nline_function::debug print_controller();
}
tnmp = NES_ADDR;
| oad(nes_buttons,tnm);

crl6_if(nes_buttons & RI GHT_BUTTON);
{

X = X+2;

i nline_function::checkCurrentPiece(result,x,y,rotation);
crl6_if((result == FALSE) | (count & SLIDE_MASK));

{
X = X-2;
} crl6_endif();
} cri16_endif();
crl6_if(nes_buttons & LEFT_BUTTON);
{

X = X-2;

i nline_function::checkCurrentPiece(result,x,y,rotation);
crl6_if(result == FALSE | (count & SLIDE_NMASK));

{
X = X+2;
} crl6_endif();
} cri16_endif();
crl6_if(nes_buttons & UP_BUTTON);

/1 @odo Ri ght now UP_BUTTON does nothing. | think
on up shoul d
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/1 drop the piece
} crl6_endif();
crl6_if(nes_buttons & DOAMN _BUTTON);
{

+HY;

i nline_function::checkCurrentPi ece(result,x,y,rotation);

crl6_if(result == FALSE)
{
-y,
} crl6_else();
{
count = O;

} crl6_endif();
} cril6_endif();
cr16_if(rot_down);

{
the if block

/1 @odo can probably take these two statenments out

/1 @odo the next statement is probably not needed
rot_down = rot_down & (A BUTTON | B _BUTTON);
rot_down = rot_down & (nes_buttons & (A BUTTON
B BUTTON) ) ;
} crl6_else();
{
crl6_if(nes_buttons & B _BUTTON);
{
++rotation;
rot _down = nes_buttons;

i nline_function::checkCurrentPi ece(result,x,y,rotation);
crl6_if(result == FALSE)
{
--rotation;
rot_down = O;
} crl6_endif();
} crl6_endif();
crl6_if(nes_buttons & A BUTTON);
{
--rotation;
rot_down = nes_buttons;

i nline_function::checkCurrentPiece(result,x,y,rotation);
crl6_if(result == FALSE)
{
++rotation;
rot_down = O;
} cri16_endif();
} cri16_endif();
} crl6_endif();
crl6_if(nes_buttons & SELECT_BUTTON);
{
//stop the gane
| oadLabel Address("waitForStart", r0);
j Cond(UC, r0);
fl ushPi peline();
} crl6_endif();
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tmp_addr = menory_nap: : count _nax;

| oad(t nmp, t np_addr);

crl6_if(count > tnp+M N_COUNT_MAX);
{

+HY;

i nline_function::checkCurrentPiece(result,x,y,rotation);
crl6_if(result == FALSE)
{
-y

i nline_function::placeCurrentPiece(x,y,rotation);
//distroyLines must be a real function cal
because it might call itself
FUNCTI ON_CALL("di stroyLi nes");
y = TOP;
x = LEFT+9;
rotation = 0;

i nline_function::checkCurrentPi ece(result,x,y,rotation);
crl6_if(result == FALSE)

SAVE_VARI ABLE(r0) ;
| oadLabel Address("waitForStart"”, r0);
j Cond(UC, rO0);
RESTORE_VARI ABLE(r0); //this will stil
happen becuase we have 4 instructions
/lafter a junp before the jump takes
ef f ect
fl ushPi peline();
} crl6_endif();
i nline_function::changeCurrentPiece();
} cri16_endif();
count = 0O;
} crl6_endif();

cri6_if(count < 3);

{
sound_inline_function::sound_effectO();
} crl6_el se();

{
sound_i nline_function::sound_off();
} cri16_endif();

++count ;
i nline_function::drawrFal |l enPi eces();
i nline_function::drawCurrentPi ece(x,y,rotation);
inline_function::flipPage();
| oadLabel Addr ess(" mai nGaneLoop”, t nmp) ;
j Cond(UC, tnp);
fl ushPi peline();
} //.end main gane | oop

/lend the program

| oadLabel Address("theEnd", r0);
j Cond(UC, r0);
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fl ushPi peline();

/1 Distroys conplete lines at the bottom of the board
//1like a good tetris gane should :)
/1 This function takes no argunents
addLabel (" di stroyLi nes");
{
crl6_int i(r7);
crl6_int addr(r6);
crl6_int tnp(r5);
crl6_int lines_were_distroyed(r4);
crl6_int function_call_Col umToLookAt(r1l);
crl6_int result(r0);
SAVE _VARI ABLE(ret _addr);
SAVE_VARI ABLE(r7);
SAVE_VARI ABLE(r 6) ;
SAVE_VARI ABLE(r5);
SAVE_VARI ABLE(r 4);
SAVE_VARI ABLE(r 3);
SAVE_VARI ABLE(r2);
SAVE_VARI ABLE(r1);
SAVE_VARI ABLE(r0);

tmp = FALSE;
addr = nenory_nap::|ines_were_distroyed;
store(tnp, addr);
i = TETRI S_HEI GHT- 1;
crl6_while(i >= 0);
{
function_call_Col uimToLookAt = i;
FUNCTI ON_CALL("| ookAndDi st roySi ngl eLi ne");
crl6_while(result);
{
addr = nenory_nmap::|ines_were_distroyed;
| oad(t np, addr) ;
tnp = TRUE
st ore(tnp, addr);
addr = nenory_map::lines_distroyed,
| oad(t np, addr) ;
++t np;
store(tnp, addr);
addr = nenory_map: : count _max;
| oad(tnp, addr) ;
--tnp;
crl6_if(tmp < 0);

{
tmp = 0;
} crl6_endif();
store(tnp, addr);
function_call _Col uimToLookAt = i;
FUNCTI ON_CALL("| ookAndDi st roySi ngl eLi ne");
} crl6_endwhile();
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} crl6_endwhile();

addr = nenory_map::lines_were_distroyed;
| oad(t np, addr) ;
cril6_if(tm);
{
CR16_FOR(1 =0, i < 2, ++i
(

i nline_function::clearScore(),
addr = nenory_map: :lines_distroyed,
| oad(r9, addr),
inline_function::printReg9(),
inline_function::flipPage()

));

sound_inline_function::sound_effectl1();
} crl6_endif();

RESTORE_VARI ABLE(r0) ;
RESTORE_VARI ABLE(r 1)
RESTORE_VARI ABLE(r 2) ;
RESTORE_VARI ABLE(r 3)
RESTORE_VARI ABLE(r 4) ;
RESTORE_VARI ABLE(r5) ;
RESTORE_VARI ABLE(r 6) ;
RESTORE_VARI ABLE(r7) ;
RESTORE_VARI ABLE(r et _addr)
FUNCTI ON_RETURN;

[/ This function returns whether it distroyed a line in r0
addLabel ("I ookAndDi st r oySi ngl eLi ne");
{

/1 Argunents passed in:

crl16_int Col umToLookAt (r1);

/1 Return Val ue

crl6_int result(r0);
crl6_int base_addr(r2);
crl6_int addr(r3);
crl6_int data(r4);
crl6_int tnp(r5);

result = FALSE
base_addr = TETRI S_W DTH
MJLT( base_addr, tmp, ColumToLookAt); //base_addr = TETRIS W DTH
* Col umToLookAt
data = FALLEN_PI ECE_COLOR
addr = base_addr;
//this for loop is CASM conpile time | oop unrolling
for(int i=0; i < TETRIS WDTH;, ++i)
{
| oad(tnmp, addr);
++addr ;
data = data & tnp;
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}
crl6_if(data);

{
//redefine variable names for nore readabl e code, because
these registers are al so
/! defined bel ow this could best be though of as a C union
crl6_int source_addr(r3);
crl6_int dest_addr(r4);
crl6_int data(rb);

result = TRUE; //TRUE we did distroy a line
/W have a conplete row that needs to be distroyed. Copy
all the rows above down a row
source_addr = base_addr - 1;
dest __addr = source_addr + TETRI S_W DTH
cr16_whil e(source_addr > TETRI S _W DTH);
{
| oad (data, source_addr);
store(data, dest_addr);
--source_addr;
--dest _addr;
} crl6_endwhile();
data = BACKGROUND COLOR
cr16_whil e(source_addr >= 0);
{
st ore(dat a, source_addr);
--source_addr;
} crl6_endwhile();
//See if there is another row to distroy. This could be
done as tai
/'l recursion and probably should be. | just want to show
that CASM and our processor is
[/ capable of true recursion. There is a limt of 3k of
data menory if that is exceeded
/1the behavior of Console Revolution 16 is undefined,
however we wi |l never get that high
/lin this case because there is a |limted nunber of rows
and col ums
} cri16_endif();
FUNCTI ON_RETURN;

/1You must call this function before using VGA
addLabel ("i ni t VGA") ;
{
crl6_int addr(r8), data(r9);
/1if | was going to make any other function calls inside of this
//function then | would need to push ret_addr onto the stack and
restore
/1it right before the FUNCTI ON_ RETURN cal

/1 setup first page
addr = 0Oxf000;

data = 1;

store( data, addr );
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FUNCTI ON_RETURN;
}

//have a | abel to the end of the program because CASM aut onatically
puts an

/linfinite |loop at the bottom of the program

addLabel ("t heEnd");

}
invader.cpp
/*
-- Ben Holt bhol t @ng. ut ah. edu
-- Justin dson justino@s. ut ah. edu
-- Russell Christensen rchriste@s. utah. edu
-- Usit Duongsaa duongsaa@s. ut ah. edu
-- CS3710
-- Conponent : | nvader
-- Person Responsible : Usit
-- The Space | nvaders Gane
*

/

#include "..\..\tools\cri16lib.h"

I i

const int black = O;

const int red =1,

const int blu = 2;

const int gre = 3;

const int NES_A = 0x80;

const int NES B = 0x40;

const int NES SEL = 0x20;

const int NES START = 0x10;

const int NES _LEFT = 0x08;

const int NES_RI GHT = 0x04;

const int NES UP = 0x02;

const int NES DOMN = 0x01;

const int ADDR_VGA PI XELS = 0xe800;

const int ADDR_VGA_VSYNC = 0Oxf 800;
= 0xf 000;

[
[
const int ADDR VGA FLIP
[
[

const int ADDR_NES = 0xe000;

const int ADDR_SOUND = 0xd800;

const int ALIENL = 1;

const int ALIEN2 = 2;

const int ALIEN3 = 3;

const int ALIENA = 4,

const int HEALTH EXI ST = 10; /1l alien with

health below this anpunt is not there at all
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const

nt

HEALTH_ALI VE

heal th bel ow t hi s anpunt

when health reaches O,

= 20; /] alien with

is "expl oding”

11

it di sappears

Ilif

heal t h>HEALTH M N, alien is still alive

heal t ho@==

const

bullet record is 2,

const
const
const
const

const
const
const
const
const

const
const
const

enum mem _map

{

cycle

mem | ast _i nput
mem_t hi s_i nput

mem once_i nput

nt

nt

i nt

nt

i nt

i nt
i nt

nt

i nt
i nt

nt
nt
nt

Ilif

, it should flashes

NEXT_BULLET

NEXT_ALI EN
NEXT_PARTI CLE
NEXT_M SSI LE
NEXT_STAR

NUM_BULLETS
NUM_ALI ENS
NUM_PARTI CLES
NUM_M SSI LES
NUM_STARS

SCUND_NONE

SOUND_PLAYER FI RE

SOUND_ALI EN_DI E

been pressed this cycle

si nce

mem r and
memtick

reset (wraps around

mem sound_t ype
mem sound_r emai ni ng

/1l player's ship

mem shi p_x
mem ship_y
mem shi p_alive

nem score

= 2; /] the size of a

so to get the next bullet, we +2

noon
g

= 14;

o
NEFO

/1 Menory Address Schenme for the SRAM

0, /1 input code fromlast cycle
1, /1 this

2, /1 buttons that have just

3, // last random number
4 /1 number of ticks (cycles)

10,
11,
12,

15,

/1 alist of 5 bullets, each represented as (X,Y)
mem bul l ets_head =
membullets_tail =

100,
109,

/1 alist of 10 aliens, each represented as (health, x,y,type)
mem al i ens_head
mem al i ens_t ai

110,
149,

/1 a list of 32 particles, each represented as x,Y, dx, dy
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mem particl es_head 150,

mem particles_tail 277,

mem particle_slot = 278, /1 next time we add a
particle, add it here

/1 alist of 8 alien nmissiles, each represented as x,Yy, age
mem m ssi | es_head 280,
mem m ssiles_tail 303,

/1 alist of 14 stars, each represented as Xx,Y, speedRate

mem st ars_head = 310,
mem stars_tail = 351
b
L e e R R
void nmemioad( crl6_int var, int addr )
{
ril = addr;
| oad( var, ril );
}
L e e R R
voi d nenBave( crl6_int var, int addr )
{
ril = addr;
store( var, ri1l );
}
I i
void memnit( int value, int addr )
{
ril = addr;
ri2 = val ue;
store( rl12, ri1l );
}
L e e R R

// returns a random nunber between 0..255
void getRand( crl6_int result )

{
menmLoad( result, nemrand );
result += 317,
crl6_if( result > 5413 );

result -= 5413

crl6_endif();
//r10 = 3719;
//xor( rl10, result );
menSave( result, nemrand );
result = result & Ox00ff;

}

I i

void flipPage()
{
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crl6_int addr(r8), data(r9);

/1 wait until Vsync starts
data = 0;
addr = ADDR VGA VSYNC
crl6_while( data==0 );
{
| oad( data, addr );
fl ushPi peline();

}
crl16_endwhil e();

/1l Flip page
addr = ADDR VGA FLI P;
data = O;

store( data, addr );
fl ushPi peline();

fl ushPi peline();

fl ushPi peline();

fl ushPi peline();
data = 1;

store( data, addr );
fl ushPi peline();

}
L e e R R
voi d initVGA()
{
crl6_int addr(r8), data(r9);
/'l setup first page
addr = ADDR VGA FLI P;
data = 1;
store( data, addr );
fl ushPi peline();
fl ushPi peline();
fl ushPi peline();
fl ushPi peline();
}
L e e R R
voi d updat eTi ck()
{
menmLoad( r0, nemtick );
++r O;
menSave( r0, nemtick );
}
I i

voi d playSound( int soundType )

{
crl6_int ol dType(r8), newlType(r9);
menioad( ol dType, nem sound_type );
newlype = soundType;
crl6_if( (newlype+l) >= (ol dType+l) );
{

crl6_int duration(r8);
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menSave( newlype, nmem sound_type );

i f( soundType==SOUND_PLAYER FI RE ) duration

i f( soundType==SOUND ALIEN DIE ) duration
assert(fal se&&"I nvalid Sound Type");

menBave( duration, nemsound_remaining );

4; el se
32; el se

}
crl6_endif();

voi d initGneData()

/1 system
memnit( O, memthis_input );
menmnit( 0, memtick );

/1l player's ship

memnit( 32, memship x );
memnit( 27, memship_y );
menmnit( 1, nemship_alive );
menmnit( 10, nem.score );

/'l clear bullets |ist

menmnit( O, membullets_head+l );

menmnit( O, membullets_head+3 );

memnit( O, membullets_head+5 );

memnit( O, membullets_head+7 );

memnit( O, membullets_head+9 );

/1 clear aliens

memnit( O, mem.aliens_head +NEXT_ALIENO );
memnit( O, mem.aliens_head +NEXT_ALIEN‘1 );
memnit( O, mem.aliens_head +NEXT_ALIEN*2 );
memnit( O, mem.aliens_head +NEXT_ALIEN*3 );
memnit( O, mem.aliens_head +NEXT_ALIEN*4 );
memnit( O, mem.aliens_head +NEXT_ALI EN*5 );
memnit( O, mem.aliens_head +NEXT_ALIEN*6 );
memnit( O, mem.aliens_head +NEXT_ALIEN*7 );
memnit( O, mem.aliens_head +NEXT_ALIEN*8 );
menmnit( O, mem.aliens_head +NEXT_ALI EN*9 );

/1 clear particles
memnit( 0, memparticle_slot );
crl6_int index(r0Q), addr(rl), x(r2);

i ndex = 0;

addr = nem particl es_head;
X =0

crl16_while( index < 40 );
{

store( x, addr );
++i ndex;
addr += NEXT_PARTI CLE

}
crl16_endwhil e();

/Il clear alien mssiles
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mem nit( 30, nemmssiles_head+1+NEXT_M SSI LE*O )
memnit( 30, nemmssiles_head+1+NEXT_M SSI LE* 1
mem nit( 30, nmem.m ssil es_head+1+NEXT_M SSI LE*2
mem nit( 30, nem.m ssiles_head+1+NEXT_M SSI LE*3
memnit( 30, nemmssiles_head+1+NEXT_M SSI LE* 4
memnit( 30, nemmssiles_head+1+NEXT_M SSI LE*5
memnit( 30, nemmissiles_head+1+NEXT_M SSI LE*6
mem nit( 30, nem.mssiles_head+1+NEXT_M SSILE*7 );

— N N N N N

/Il init stars
for( int i=0; i<NUM STARS; i++ )

{
int x = (rand()%1) +6;
int y = (i*7)9%30;
int sr = i9%; /1l speed rating
i f(sr==0) sr=3;
memnit( x, nemstars_head+0+i * NEXT_STAR );
memnit( y, memstars_head+1+i *NEXT_STAR );
memnit( sr, nemstars_head+2+i *NEXT_STAR );
}

/1 clear sound buffer

memnit( 0, mem.sound_type );
menmnit( O, mem.sound_remaining );
mem ni t ( 0x0000, ADDR _SOUND );

voi d createExplosion( crl6_int x, crl6_int y )
{ /1l must only uses reg9..
crl6_int ptrA(r9), ptrB(r10), plus(rll), mnus(ri12), zero(rl13);

menioad( ptrA, nemparticle_slot );
assert ( NEXT_PARTI CLE==4) ;
ptrB = nmem particl es_head,;

ptrA += ptrA; /Il 2x
zero = O
plus = 1;
ptrA += ptrA; /1 4x

m nus = zero;
ptrA += ptrB;
--m nus;

ptrB = ptrA + 1;

/1 upward/ upright/right/downright/down/downl eft/Ieft/upleft
particles
store( x, ptrA); store( y, ptrB); ptrA +=2; ptrB += 2;

store( zero , ptrA); store( minus , ptrB); ptrA +=2; ptrB += 2;
store( x, ptrA); store( y, ptrB); ptrA += 2; ptrB += 2;
store( plus , ptrA); store( mnus , ptrB); ptrA += 2; ptrB += 2;
store( x, ptrA); store( y, ptrB); ptrA += 2; ptrB += 2;
store( plus , ptrA); store( zero , ptrB); ptrA += 2; ptrB += 2;
store( x, ptrA); store( y, ptrB); ptrA +=2; ptrB += 2;
store( plus , ptrA); store( plus , ptrB); ptrA +=2; ptrB += 2;
store( x, ptrA); store( y, ptrB); ptrA += 2; ptrB += 2;
store( zero , ptrA); store( plus , ptrB); ptrA +=2; ptrB += 2;
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store( x, ptrA); store( vy, ptrB); ptrA += 2; ptrB += 2;

store( mnus , ptrA); store( plus , ptrB); ptrA +=2; ptrB += 2;
store( x, ptrA); store( y, ptrB); ptrA +=2; ptrB += 2;
store( minus , ptrA); store( zero , ptrB); ptrA += 2; ptrB += 2;
store( x, ptrA); store( y, ptrB); ptrA += 2; ptrB += 2;
store( minus , ptrA); store( minus , ptrB); ptrA +=2; ptrB += 2;

menmLoad( ptrA, nemparticle_slot );
ptrA += 8;

ptrA = ptrA & 0x001f;

menSave( ptrA, nemparticle_slot );

void drawPi xel ( crl6_int x, crl6_int y, crl6_int color )
{

crl6_int addr(r8);

crl6_int vga_addr(r9);

vga_addr = ADDR VGA Pl XELS;

addr = y+y; [ 2*y
addr += addr; [l 4*y
addr += addr; /1l 8*y
vga_addr += Xx;

addr += addr; /1 16*y
addr += addr; [l 32*y
addr += addr; /1l 64*y

addr += vga_addr;
store( color, addr );

}
L e e R R
voi d drawPi xel Static( int x, int y, int color )
{

int address = (y*64 +x) | ADDR VGA PI XELS;

ri10 = address;

ril = col or;

store( ri1l1, r10 );
}
I i
voi d cl ear Background()
{

crl6_int color(r7);

crl6_int addr(r8), stop(r9);

addr = ADDR _VGA Pl XELS;

stop = (64*30);

col or = bl ack;

stop += addr;

crl6_whil e( addr<stop );

{

store( color, addr );
++addr ;

}

cr16_endwhil e();
}
R e e R R
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voi d drawBorder ()

{
for( int y=0; y<30; y++ )
{
drawPi xel Static( 6,y, gre );
drawPi xel Static( 57,y, gre );
}
}
I i

void drawship( crl6_int x, crl6_int y, crl6_int colGe, crl6_int colBlu

{
crl6_int addri(r10);
crl6_int addr2(rl1l);
crl6_int offset(rll);
addrl = vy;
of fset = ADDR VGA Pl XELS;
addr1 += addr1i; /1 2y
addr1 += addr1; /1 4y
of fset += x;
addr1 += addr1; /1 8y
addr1 += addr1i1; /1 16y
of fset -= 128; /1 2 rows up
addr1 += addr1l1; /Il 32y
addr1 += addr1l1; /1 64y
addr1l += offset;
addr2 = addrl + 63;
store( colBlu, addrl );
store( colGe, addr2 );
addr1l += 64;
addr2 += 2;
store( colBlu, addrl );
store( colGe, addr2 );
addrl += 62;
addr2 += 62;
store( colGe, addrl );
store( colBlu, addr2 );
addrl += 2;
addr2 += 2;
store( colBlu, addrl );
store( colBlu, addr2 );
addrl += 2;
addr2 += 62;
store( colGe, addrl );
store( colGe, addr2 );
addr1l += 63;
store( colGe, addrl );
}
L e e R R
void drawAlienl( crl6_int x, crl6_int y, crl6_int col Red, crl6_int
colBlu )
{

crl6_int addrl1(r10);
crl6_int addr2(rl1l);
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crl6_int offset(rll);
addrl = vy;

of fset = ADDR VGA PI XELS;
addr1 += addr1i1; /1 2y
addr1 += addr1; Il 4y
of fset += x;

addr1 += addr1; /1 8y
addr1 += addr1i; /1 16y
of fset -= 66; /1 1 row up, 2 col left
addr1 += addr1; /Il 32y
addr1 += addr1; /1l 64y

addr1l += offset;

addr2 = addrl + 2;
store( col Red, addrl );
store( colBlu, addr2 );
addr1l += 4;

addr2 += 63;

store( col Red, addrl );
store( col Red, addr2 );
addrl += 62;

addr2 += 2;

store( colBlu, addrl );
store( col Red, addr2 );
addr1l += 64;

store( col Red, addrl );

void drawAlien2( crl6_int x, crl6é_int y, crl6_int col Red, crl6_int
colBlu )
{
crl6_int addri(r10);
crl6_int addr2(rll);
crl6_int offset(rll);
addrl = vy;
of fset = ADDR_VGA PI XELS;
addr1 += addr1i; /1 2y
addr1 += addr1i; [l 4y
of fset += x;
addr1 += addr1; /1 8y
addr1 += addr1; /1 16y
of fset -= 65; /1 1 rowup, 1 col left
addr1 += addr1i1; /1 32y
addr1 += addr1; /1l 64y

addr1l += offset;

addr2 = addrl + 1
store( colBlu, addrl );
store( col Red, addr2 );
addrl += 2;

addr2 += 62;

store( colBlu, addrl );
store( colBlu, addr2 );
addrl += 62;

addr2 += 2;

store( col Red, addrl );
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store( col Red, addr2 );
addrl += 2;
addr2 += 2;
store( col Red, addrl );
store( colBlu, addr2 );
addr1l += 61;
addr2 += 64;
store( colBlu, addrl );
store( colBlu, addr2 );

void drawAlienMssile( crl6_int x, crl6_int y, crl6_int age )
{
crl6_int color(r9);
crl6_int addrl1(r10);
crl6_int addr2(rl1l);
crl6_int offset(ri1l);
addrl = vy;
of f set ADDR_VGA_PI XELS;
addr1 += addr1; Il 2y
addr1 += addr1l; /1 4y
of fset += x;
addr1l += addr1; /1 8y
addr1 += addr1; /1 16y
addr1 += addr1; /1 32y
addr1 += addr1; /1 64y
col or = age & 0x0003;
addr1l += offset;
addr2 = addr1l
addr1 -= 64; /11 row up
store( color, addrl );
store( color, addr2 );
addr1l += 63;
addr2 += 1;
store( color, addrl );
store( color, addr2 );
addr1l += 65;
store( color, addrl );

voi d drawAl i ens()

{
crl6_int listPtr(r0), health(rl), x(r2), y(r3), type(rd);
crl6_int col A(r5), colB(r6);

listPtr = nmem al i ens_head,;
col A = red;

crle while( listPtr < nemaliens_tail );

| oad( health, listPtr );
cr16_if( health > HEALTH EXI ST );
{
rio
ril

listPtr + 1;
listPtr + 2;
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ri2 = listbPtr + 3;

| oad( x, r10 );

load( vy, ri1);

| oad( type, ri2);

crl6_if( health < HEALTH ALIVE | heal t h&0x0==1 );
col B = red;

crl6_el se();
col B = bl u;

crl6_endif();

crl6_if( type==ALIENL );
drawAl i enl(x, Yy, col A col B);
crl6_el se();
crl16_if( type==ALIEN2 );
drawAl i en2(x, Yy, col A col B); crl6_endif();
crl6_endif();

}
crl6_endif();
listPtr += NEXT_ALIEN;

}
crl16_endwhil e();

}
I i
voi d drawBul | et s()
{
crl6_int listPtrX(r0), listPtrY(rl1), x(r2), y(r3), colRed(r4);
listPtrY = (membull ets_head+1);
col Red = red,;
crl6_while( listPtrY <= nembullets_tail );
{
load( vy, listPtrY );
listPtrX = listPtrY - 1;
cri6_if(y > 0);
{
load( x, listPtrX);
drawPi xel ( x,y, colRed );
}
crl6_endif();
[istPtrY += NEXT_BULLET;
}
cr16_endwhil e();
}
R e e R R

void drawM ssil es()
{
crl6_int listPtrX(r0), listPtrY(rl), listPtrAge(r2);
crl6_int x(r3), y(r4), age(rb);
listPtrX = nem.nissil es_head;
listPtryY = 1;
listPtrAge = 2;
[istPtrY +=1listPtrX;
listPtrAge += listPtrX;
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crl6_while( listPtrX <= nemnissiles_tail );
{

| oad( v, listPtrY );

| oad( x, listPtrX);

| oad( age, |istPtrAge );
crl6_if( y < 30 );
active nmissile
drawAl i enM ssil e( x,y, age );
crl6_endif();

listPtrX += NEXT_M SSI LE
listPtrY += NEXT_M SSI LE
listPtrAge += NEXT_M SSILE

}
crl16_endwhil e();

/1

color(r4);
tick(r7);

i f

}
L e i
voi d drawStars()
{
crl6_int listPtrX(r0), listPtrY(rl), x(r2), y(r3),
crl6_int speedRatingPtr(r5), speedRating(r6),
l[istPtrX = mem stars_head;
listPtrY = (mem stars_head+1);
speedRatingPtr = (nmem stars_head+2);
color = gre;
menmLoad( tick, nemtick );
crl6_ while( listPtrX < memstars_tail );
{
load( x, listPtrX);
load( vy, listPtrY );
| oad( speedRating, speedRatingPtr );
drawPi xel ( x,y, color );
crl6_if( (tické&speedRating) == 0 );
{
++y,
crl6_if( y>=30); vy =0; crl6_endif();
store( y, listPtrY );
}
crl6_endif();
[istPtrX += NEXT_STAR
listPtrY += NEXT_STAR
speedRati ngPtr += NEXT_STAR;
}
crl16_endwhil e();
}
L e e R R

void drawParticl es()

{

crl6_int ptrX(r0), ptrY(rl), x(r2), y(r3), color(r4),

ptrX = nmem particl es_head,;
ptry mem particles_head + 1;
| ast mem particles_tail
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color = red;

crl6_while( ptrX < last );

{
load( x, ptrX);
load( vy, ptrY);
crl6_if( x >5); /1l draw particles that are

i nside play area
drawPi xel ( x, y, color );

}
crl6_endif();

ptrX += NEXT_PARTI CLE;
ptrY += NEXT_PARTI CLE;

}
crl16_endwhil e();

voi d drawPl ayer ()
{
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crl6_int ship_x(rl), ship_y(r2), colGe(r3), colBlu(r4),

132



133



menLoad( alive, nemship_alive );
menLoad( ship_x, nmemship_x );
menmLoad( ship_y, memship_y );

crle_if(alive); /1 if player is alive, the ship is
green- bl ue
{
colGe = gre
col Blu = bl u;
}
crl6_el se(); /1 if player is dead, the ship is
red
colGe = red;
colBlu = red,;
crl6_int tick(r6); /1 and expl odi ng
menmLoad( tick, nemtick );
crl6_if( (tick & 0x000f)==0 );
creat eExpl osi on(shi p_x, ship_y);
crl6_endif();
crl6_endif();
dr awshi p(shi p_x, ship_y, col Gre, col Bl u);
}
L e e R R

void input()

/1 poll input

crl6_int this_input(r0), nes_addr(rl), last_input(r2),
once_i nput (r3);

menLoad( this_input, nmemthis_input );

[ ast_input = this_input;

menSave( |ast_input, nemlast_input );

nes_addr = ADDR_NES;

| oad( this_input, nes_addr );

menBave( this_input, nmemthis_input );

once_i nput = (last_input”0x00ff) & this_input;

menSave( once_i nput, nemonce_input );

/'l restart ganme if user holds down SELECT and START
crl16_if( (this_input&ES SEL)!=0 & (this_input &ES_START)!=0 );
{

| oadLabel Address("Startl|nvader", r10);

j Cond( UC, r10 );

}
crl6_endif();

crl6_int alive(rd);
menLoad( alive, memship_alive );
crl6_if(alive);
{
/1 update ship position
crl6_int ship x(r4), ship_y(r5);
menLoad( ship_x, nmemship_x );
menLoad( ship_y, nmemship_y );
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crl6_if( this_input & NES LEFT ); --ship_x;
crl6_endif();

crl6_if( this_input & NES RIGHT ); ++ship_x;
crl6_endif();

/1l ensure shipis in play area
crl6_if( ship_x <9);

++shi p_x;
cri6_el se();
cr1l6_if( ship_x > 54 ); --ship_x;

crl6_endif();
crl6_endif();

menSave( ship_x, memship x );
menBave( ship_y, nmemship_y );

/1 shoot bullets

crl6_if( once_input & NES A );

{
crl6_int listPtr(r6), bulletY(r7);
listPtr = (nmem bul | ets_head+l);

/l +1 to get the y coord
crl6_while( listPtr<=membullets_tail ); // find a
spot in the bullets list, if any

| oad( bulletY, listPtr );
crl6_if( bulletY==0);
/1 if find spot, store the bullet's (Xx,Yy)
{
store( ship_y, listPtr );
--listPtr;
store( ship_x, listPtr );
listPtr = membullets tail;
/1 end | oop
pl aySound( SOUND_PLAYER FI RE)

}
crl6_endif();
listPtr += NEXT_BULLET;

}
crl16_endwhil e();

}
crl6_endif();

}
crl6_endif(); /1 if (alive)

voi d noveBul | et s()

{
crl6_int listPtrY(r0), y(rl);
listPtrY = (mem bul | ets_head+1);
crl6e_while( listPtrY <= nembullets_tail );

load( vy, listPtrY );
cri6_if(y > 0);
{

-y
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store( y, listPtrY );
}
crl6_endif();
listPtrY += NEXT_BULLET;

}
crl16_endwhil e();

void checklfBulletH tsAlien( crl6_int pBullet, crl6_int pAlien )

{
crl6_int tenp(r4), bulletX(r5), bulletY(r6), alienX(r7),
alienY(r8), alienHealth(r9);
tenp = pBull et +1;
| oad( bulletX, pBullet );
| oad( bulletY, tenmp );
tenp = pAlien+l;
crl6_if( bulletY >0 ); /[l if a
valid bullet,
{
| oad( alienHealth, pAlien);
| oad( alienX, temp );

++t enp;
crl6_if( alienHealth > HEALTH ALI VE ); /1 and a living
al i en,
{
| oad( alienY, temp );
crl6_if( (bulletX >= alienX-2) & (bulletX <=
alienX+2) );
{
crl6_if( (bulletY >= alienY-1) & (bulletY <=
alienY+1) ); /1 collide

{
temp = Oxfffe;
alienHealth = (alienHealth & temp) - 1;
/1 then the alien gets hurt
bulletY = 0;
/1 and bullet disappears
tenp = pBull et +1;
store( alienHealth, pAlien);
store( bulletY, tenp );
crl6_if( alienHealth < HEALTH ALI VE+2 );
/1 if the alien dies, create explosion particles
{
createExpl osion( alienX, alienY);
pl aySound( SOUND_ALI EN_DI E) ;
/1 ** this function invalidates r8,9
crl6_int score(r8);
menLoad( score, mem score );
score += 4;
menBave( score, mem score );

}
crl6_endif();

}
crl6_endif();
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crl6_endif();
}
crl6_endif();

}
crl6_endif();

voi d checkl fPlayerH tsAlien( crl6_int pAlien )

{

crl6_int temp(r4), shipX(r5), shipY(r6), alienX(r7), alienY(r8),
al i enHeal th(r9);

tenp = pAlien+l;

nmenLoad( shipX, nemship_x );

menLoad( shipY, memship_y );

| oad( alienHealth, pAlien);

| oad( alienX temp );

++t enp;

crl6_if( alienHealth > HEALTH ALI VE ); /1 if aliving alien

| oad( alienY, tenp );
cri16_i f( (shipX >= alienX-4) & (shipX <= alienX+4) );

{
crl16_if( (shipY >= alienY-2) & (shipY <= alienY+2) );
/1l hits the player
{

/1 player dies

temp = O;
menSave( tenp, nemship_alive );
irlG_endif();
irlG_endif();

}
crl6_endif();

voi d doCol I'i si onDetection()

{
crl6_int pBullet(r0), pAlien(rl);

/1 check each bullet whether it hits aliens
pBull et = nem bull ets_head,;

crl6_while( pBullet<membullets tail );

{

pAlien = nem aliens_head;
crl6_while( pAlien<memaliens_tail );

{
checkl fBulletH tsAlien( pBullet, pAlien);

pAl i en += NEXT_ALI EN
}
cr16_endwhil e();
pBul | et += NEXT_BULLET;

}
crl6_endwhil e();
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/1l check whet her
pAlien = nmem aliens_head;
crl6_while( pAlien<memaliens_tai

{

aliens collides with player

)

checkl f Pl ayerH tsAlien( pAlien );

pAl i en += NEXT_ALI EN

}
crl16_endwhile();

}
e
voi d noveAlien(crl6_int pAlien)
{

crl6_int tick(r2);

menmLoad( tick, nemtick );

crl6 if( (tick & 0xOf)==0x01 );
ticks

{
crl6_int temp(r3),

tenmp = pAlien + 2;

y(r4);

load( y, tenp ),
+y;
store( y, tenp );

crl6_if( y>30);
bel ow t he screen

/'l move once every 32

/1l don't let it go

{
rio = 0;
store( r10, pAlien ); /1l set its health to
zero, to nake it di sappears
}
crl6_endif();
crl6_endif();
}
L e e R R
voi d nmoveParticl es()
{
crl6_int ptrX(r0), ptrY(rl), ptrDX(r2), ptrDY(r3), x(r4), y(r5),
dx(r6), dy(r7), last(r8);

ptrX = nem particl es_head;
ptrY = nemparticles_head + 1;
pt r DX mem particles_head + 2;
pt r DY mem particles_head + 3;
last = nemparticles_tail;

crl6_while( ptrX < last );
{
load( x, ptrX);
load( vy, ptrY);
| oad( dx, ptrDX);
[ oad( dy, ptrDY );

crl6_if( x >5);
i nside the play area

{
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X += dx;
y += dy;

crl6 _if( x>57 | y<=0 | y>=29 ); [ if
particle | eaves play area, disable it
x = 0;
crl6_endif();

store( x, ptrX);
store( y, ptrY);

}

crl6_endif();

ptr X += NEXT_PARTI CLE;
ptrY += NEXT_PARTI CLE;
pt r DX += NEXT_PARTI CLE
ptr DY += NEXT_PARTI CLE

}
crl16_endwhile();

}
L e e R R
voi d updat eAli ens()
{
crl6_int pAlien(r0);
crl6_int health(rl);
pAlien = nmem aliens_head;
crl6_while( pAlien<memaliens_tail );
| oad( health, pAlien );
crl16_if( health > HEALTH EXI ST );
{
crl6_if( health > HEALTH ALI VE );
{
nmoveAl i en( pAlien);
crl6_if( health & Ox1 ); /1 the
alien is hit by a bullet
{
--heal t h; I

reduce health, flash col or
store( health, pAlien );

}
crl6_endif();

[l if the alien reaches |ower row, score--
crl6_int score(r8), yPtr(r7), y(r6), alive(r5);
yPtr = pAlien + 2;

| oad( vy, yPtr );

menLoad( score, mem score );
menLoad(al i ve, mem shi p_alive);

crl6_if(y==29 & score>0 & alive==1);

--Score,
+Hy;
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menBave(score, mem score );
store(y,yPtr);

}
crl6_endif();

}
crl6_el se(); /1
the alien is exploding to death
{
--heal th; I

subtract the explosion counter
store( health, pAlien );

}
crl6_endif();
}
crl6_endif();

pAl i en += NEXT_ALI EN

}
crl16_endwhil e();
}
I i
void findEnmptyAlienSlot( crl6_int resultPtr )
{
crl6_int keepGoing(r6), health(r7);
resultPtr = nem aliens_head,;
keepGoi ng = 1;
crl6_whil e( keepGoing );
{
| oad( health, resultPtr );
crl6_if( health <= HEALTH EXIST ); [// this spot is enpty.
Take it.
{
keepGoi ng = 0O;
}
crl6_el se(); /1 this
spot is occupied
{
resul tPtr += NEXT_ALIEN
}
crl6_endif();
}
crl16_endwhil e();
}
I L

void addAlien( crl6_int alienPtr, crl6_int health, int xPos, crl6_int
alienType )

crl6_int x(r6), y(r7), xPtr(r8), yPtr(r9), typePtr(r10);
X = xPos;

y =-2;

xPtr = alienPtr;

yPtr = alienPtr;
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typePtr = alienPtr;

xPtr += 1,

yPtr += 2;

typePtr += 3;

store( health, alienPtr );
store( x, xPtr )

store( y, yPtr )

store( alienType, typePtr );
alienPtr += NEXT_ALIEN

void streamAliens()

{

crl6_int tick(r0), period(rl), ptr(r2), healthAlienl(r3),
heal t hAl i en2(r4);

crl6_int alienType(r5);

menmLoad( tick, nmemtick );

period = OxOfff; /1 4096 cycles = 68.27 seconds
tick = tick & period;

fi ndEnpt yAl i enSl ot (ptr);
heal t hAl i enl
heal t hAl i en2

34;

crl6_int el apsedTi ne(r10);
nmenLoad( el apsedTi me, nem ti ck); /1 increase
aliens' HP with tinme
I shi( -1, elapsedT
I shi( -1, elapsedT
I shi( -1, elapsedT
[ shi( -1, elapsedT
[ shi( -1, elapsedT
I shi( -1, elapsedT
I shi( -1, elapsedT
I shi( -1, elapsedT
[ shi( -1, elapsedT
[shi( 1, elapsedTi ;
heal t hAl i enl += el apsedTi ne;
heal t hAl i en2 += el apsedTi ne;

EEEEEEEEEE

N e e e N N N N N N

crl6_if( tick==60 | tick==1750 | tick==2520 ); /1 duo -
alienl

{
al i enType = ALI ENL;

addAlien( ptr, healthAlienl, 20, alienType );
addAlien( ptr, healthAlienl, 44, alienType );

}
crl6_endif();

crl6_if( tick==300 | tick==1380 ); /1
trio partA

{
al i enType = ALI ENL;

addAlien( ptr, healthAlienl, 23, alienType );
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fi ndEnptyAlienSlot(ptr);
addAlien( ptr, healthAlienl

}
crl6_endif();
crl6_if( tick==360 | tick==1440 );
trio partB
{
alienType = ALI EN2;
addAl i en( ptr, healthAlien2,

}
crl6_endif();

crl6_if( tick==720 | tick==780);

/I quadr o

{
al i enType = ALI EN2;
addAlien( ptr, healthAlien2,
fi ndEnpt yAl i enSl ot (ptr);
addAl i en( ptr, healthAlien2,

}
crl6_endif();

crl16_if( tick==2100 );

//five aliens

{
al i enType = ALI ENL;
addAlien( ptr, healthAlienl
fi ndEnpt yAl i enSl ot (ptr);
addAl i en( ptr, healthAlienl
fi ndEnptyAl i enSlot(ptr);
addAlien( ptr, healthAlienl
fi ndEnptyAl i enSlot(ptr);
addAl i en( ptr, healthAlienl
fi ndEnpt yAl i enSl ot (ptr);
addAlien( ptr, healthAlienl

}
crl6_endif();

crl6_if( tick==3180 );

/1 six aliens partA

{
al i enType = ALI ENL;
addAl i en( ptr, healthAlienl
fi ndEnpt yAl i enSl ot (ptr);
addAlien( ptr, healthAlienl
fi ndEnptyAlienSlot(ptr);
addAlien( ptr, healthAlienl

}

crl6_endif();

crl6_if( tick==3240 );

/1l six aliens partB

{
al i enType = ALI EN2;
addAl i en( ptr, healthAlien2,
fi ndEnptyAlienSlot(ptr);
addAlien( ptr, healthAlien2,
fi ndEnptyAlienSlot(ptr);
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addAlien( ptr, healthAlien2, 42, alienType );

}
crl6_endif();

}
L i
void addM ssile(crl6_int x, crl6_int y )
{
crl6_int templ(r5), tenp2(r6);
crl6_int mslPtr(r7), age(r8), mY(r9);
m sl Ptr = mem m ssil es_head,;
crl6_while( mislPtr < nemnissiles _tail );
{
templ = mslPtr;
temp2 = mslPtr;
tenmpl += 1,
tenp2 += 2;
| oad( n¥, templ );
crl6_if( my==30 ); /1
find enpty spot
{
age = 0;
store( x, mslPtr );
store( y, tenpl );
store( age, tenp2 );
mslPtr = memmssiles_tail; /1l break | oop
}
crl6_endif();
m sl Ptr += NEXT_M SSI LE;
}
crl16_endwhil e();
}
L e e R R

voi d aliensShoot M ssil es()

{
crl6_int alienPtr(r0), aHealth(rl), aX(r2), a¥Y(r3);
crl6_int tick(r4), templ(r5), tenp2(r6);

alienPtr = mem al i ens_head,;
menmLoad( tick, nmemtick );
crl6_while(alienPtr < nemaliens_tail );

{

tenmpl alienbPtr;
tenp2 = alienPtr;
| oad( aHealth, alienPtr );
tenpl += 1;
tenmp2 += 2,
crl6_if( aHealth > HEALTH ALI VE );
{
| oad( aX, templ );
| oad( aY, temp2 );

get Rand(tenpl);
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crl6_if( (tenpl==4) | (tenpl==12) );
/1 alien fires mssile
pl aySound( SOUND_PLAYER FI RE)
addM ssi |l e(aX ay);
crl6_endif();

}
crl6_endif();
alienPtr += NEXT_ALIEN

}
crl16_endwhil e();
}
L e e R R
voi d checkNegati veScore()
{
crl6_int score(r0Q), alive(rl);
menmLoad( score, mem.score );
crl6_if( score == 0 );
alive = 0;
menBave( alive, memship_alive );
crl6_endif();
}
I L

voi d updateM ssil es()
{
crl6_int listPtrX(r0), listPtrY(rl), listPtrAge(r2);
crl6_int x(r3), y(rd4), age(r5), tick(r6);
crl16_int shipX(r7), shipY(r8), tenp(r9);
listPtrX = nemnissil es_head;

listPtryY = 1;
listPtrAge = 2;
listPtryY += listPtrX;

listPtrAge += listPtrX;
menLoad( tick, nemtick );
menLoad( shi pX, nemship x );
menLoad( shipY, nemship_y );

crl6 while( listPtrX <= memnissiles_tail );

{
| oad( vy, listPtrY );
| oad( x, listPtrX);
| oad( age, listPtrAge );
crl6_if( y < 30 ); [l if

active mssile
crl6_if( (tick&x3)==0 );

{
crl16_if( (x>=shipX-2) & (x<=shipX+2) );
[l if missile hits player
crl6_if( (y>=shipY-1) & (y<=shipY+l) );
temp = O;
menBave( tenp, nemship_alive );
crl6_endif();
crl6_endif();
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++y; !/
nove mssile

++age,
crl6_if( age<8 ); /1 make
m ssil e hom ng
{
crl6_if( x > shipX+l ); --Xx;

crl6_endif();
crl6_if( x < shipX-1); ++x;
crl6_endif();

}
crl6_endif();

store( X, listPtrX );
store( v, listPtrY );
store( age, |istPtrAge );

}
crl6_endif();
crl6_endif();

listPtrX += NEXT_M SSI LE
listPtrY += NEXT_M SSI LE
listPtrAge += NEXT_M SSILE

}
cr16_endwhil e();
}
L e e R R
voi d updat eSound()
{
crl6_int type(r0), remain(rl), soundData(r2), alive(r3);
menLoad( type, mem sound_type );
menmload( remai n, mem.sound_remnaining );
menmLoad( alive, memship_ alive );
crl6_if( remain > 120 ); remain = 120; «crl6_endif();
crl6_if( remain !'=0);
{
--remain;
soundDat a = 0xO;
crl6_if( type==SOUND _PLAYER FI RE ); soundData =
0x0003; crl6_endif();
crl6_if( type==SOUND ALIEN DIE ); soundData =
0x0004; crl6_endif();
crl6_if( type==SOUND_NONE ); soundData =
0x0000; crl6_endif();
menBave( renmain, nem.sound_remaining );
crl6_if( remai n==0 );
type = O;
nmenSave( type, nem sound_type );
crl6_endif();
crl6_el se(); /1 no sound
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soundData = 0x0000;
}
crl6_endif();

crl6_if( alive==0); soundData =

0x0004; crl6_endif();
menSave( soundData, ADDR SOUND );
}
R i i

void intro()

{

i fstreamf("invader. pix");

vector<int> x, v;
float z;
for( int j=29; j>=0; j-- )
for( int i=0; i<64; i++)
{
f >> z;
if( z<0.5)
{
X. push_back(i);
y. push_back(j);
}
}
ro = ( ADDR_VGA PI XELS + y[0]*64 + x[0]):
rl = ( ADDR VGA PI XELS + y[1]*64 + x[1]);
r2 = ( ADDR VGA PI XELS + y[2]*64 + X[2]);
r3 = ( ADDR VGA PI XELS + y[3]*64 + X[3]);
r4a = ( ADDR_VGA Pl XELS + y[4]*64 + x[4]);
ré = red,
unsi gned int index = 5;
whi |l e( i ndex<x.size() )
{
store( r6, r0 );
store( r6, rl);
store( r6, r2);
store( r6, r3);
store( r6, r4);
ro += (y[index]*64+x[index] - y[index-5]*64-x[index-5]);
i ndex ++; i f(index>=x.size()) break
rl += (y[index]*64+x[index] - y[index-5]*64-x[index-5]);
i ndex ++; i f(index>=x.size()) break
r2 += (y[index]*64+x[index] - y[index-5]*64-x[index-5]);
i ndex ++; i f(index>=x.size()) break
r3 += (y[index]*64+x[index] - y[index-5]*64-x[index-5]);
i ndex ++; i f(index>=x.size()) break
r4 += (y[index]*64+x[index] - y[index-5]*64-x[index-5]);
i ndex ++; i f(index>=x.size()) break
store( r6, r0 );
store( r6, rl);
store( r6, r2);
store( r6, r3);
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store( r6, r4);

flipPage();
ro 0;
ri ADDR_NES;

crl6_while( r0==0 );

load( r2, rl1);
ro = r2 & NES_START;

}
crl16_endwhil e();

/1l print content of reg9 (between 0..999)
/1l this code uses all registers. save them before you call
void printReg9()
{
| oadLabel Address( "ski pDrawCode”, r1 );
jCond( UC, rl);
fl ushPi peline();

/1 Code that draw the digit 0,1,2...9
i fstream f (" nunbers. pi x");
/1l read imge data of all digits
vector<int> x[10], y[10];
float z;
for( int j=29; j>=0; j-- )
for( int i=0; i<64; i++)
{
f >> z;
if( z<0.5)
{
int which =i/6;
assert( whi ch>=0 && whi ch<10 );
/1l separate theminto 10 sets (one for each digit)
x[ whi ch] . push_back(i - whi ch*6) ;
y[ whi ch] . push_back(j);

}

for( int which=0; which<10; which++ )
{
addLabel ( "drawbDi gi t Label " + int2bi n(which, 16) );
roO = ( ADDR VGA PI XELS + y[which][0]*64 + x[which][0]) +
ra,
ril

( ADDR VGA PI XELS + y[which][1]*64 + x[which][1]) +
ra,
r2

( ADDR_VGA PI XELS + y[which][2]*64 + x[which][2]) +
ra,

r3 = blu;

unsi gned int index = 3, size = x[which].size();

whi l e( i ndex<si ze )

{
store( r3, r0);
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y[ whi ch] [ i ndex- 3] *64- x[ whi ch] [i ndex-3]);

br eak;

y[ whi ch] [ i ndex- 3] *64- x[ whi ch] [ i ndex- 3] ):

br eak;

y[ whi ch] [ i ndex- 3] *64- x[ whi ch] [ i ndex- 3] )

br eak;

nt 2bi

nt 2bi

nt 2bi

nt 2bi

nt 2bi

nt 2bi

nt 2bi

nt 2bi

nt 2bi

nt 2bi

di gi t

store( r3, rl1);
store( r3, r2);

ro += (y[which][index]*64+x[which][index]

i ndex ++;

r1 += (y[whi ch] [i ndex] *64+x[ whi ch] [i ndex]

i ndex ++;

r2 += (y[which][index]*64+x[which][index]

}

store( r3, r0);

store( r3, rl);

store( r3, r2);

j Cond( UC, r6); /1l return
fl ushPi peline();

}

/1 r0 = digit to draw, r4=address offset
addLabel ("DrawbDi gi t");

crl6_if( r0==0 ); |oadLabel Address( "drawbi gitLabel"

n(0,16), rl); crl6_endif();

crl6_if( r0==1); | oadLabel Address( "drawbDi gitLabel"

n(1,16), r1); crl6_endif();

crl6_if( r0==2 ); |oadLabel Address( "drawbi gitLabel"

n(2,16), r1); crl6_endif();

crl6_if( r0==3 ); | oadLabel Address( "drawbDi gitLabel"

n(3,16), r1); crl6_endif();

crl6_if( r0==4 ); |oadLabel Address( "drawbi gitLabel"

n(4,16), r1 ); crl6_endif();

crl6_if( r0==5); |oadLabel Address( "drawbi gitLabel"

n(5,16), rl); crl6_endif();

crl6_if( r0==6 ); | oadLabel Address( "drawbDi gitLabel"

n(6,16), r1); crl6_endif();

crl6_if( r0==7 ); |oadLabel Address( "drawbi gitLabel"

n(7,16), r1); crl6_endif();

crl6_if( r0==8 ); | oadLabel Address( "drawbDi gitLabel"

n(8,16), rl); crl6_endif();

i ndex ++;

crl6_if( r0==9 ); |oadLabel Address( "drawbi gi t Label " +

n(9, 16), rl1); crl6_endif();

jal( r6, r1); /1 call draw
fl ushPi peline();

j Cond(UC, r14); /1 return

fl ushPi peline();

/] determines what three digits to draw
addLabel (" ski pDr awCode") ;

ro = 0;

cril6_while(r9 >= 100 );
ro -= 100;
++r O;

fl ushPi peline();
crl6_endwhil e();
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r4 = 57 + (64*0);

| oadLabel Address( "DrawDigit”, rl );
jal(rl4,r1);

fl ushPi peline();

ro = 0; /[l the 'ten'
digit
crl6_while(r9 >= 10 );
ro -= 10;
++r O;

fl ushPi peline();
crl16_endwhil e();
r4 = 57 + (64*9);
| oadLabel Address( "DrawbDigit", rl );
jal(rl4,r1);
fl ushPi peline();

ro =r9; /1
the 'one' digit

r4 = 57 + (64*18);

| oadLabel Address( "DrawDigit”, rl );

jal(rl4,r1);

fl ushPi peline();

}
L e e R R
void crl6min()
{
activat eHazardDet ecti onUnit();
addLabel ("Startl nvader™);
initVGA();
flipPage();
i nitGanmeDat a();
intro();
crl6_while(1); /1 Main Gane Loop
updat eTi ck(); /1l update interna
states
i nput () ;

noveBul | et s();
noveParticl es();
updat eAl i ens();
updat eM ssi |l es();

al i ensShoot M ssi |l es();
doCol I'i si onDet ecti on();
streamAli ens();
checkNegat i veScore();

cl ear Background(); /1 draw graphics
dr awBor der () ;

drawst ars();

drawPl ayer () ;

drawAl i ens();

drawBul | et s() ;
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drawM ssil es();
drawParticles();

menLoad(r9, mem score );
print Reg9();

updat eSound() ;
flipPage();

}
crl16_endwhil e(); /1 End Ganme Loop
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