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Input and output in Hack

In Hack, the only input peripheral is the keyboard and the only output
peripheral is the monitor.

All input/output (I/O) is memory-mapped. This means on a hardware
level, the CPU writes to the monitor the same way it writes to memory,
and reads from the keyboard the same way it reads to memory.

This makes for easy assembly code!

Recall Hack has 32KB of physical memory divided into 16-bit words, so an
address can be held in 218/24 = 214 bits: addresses 0x0000 to 0x3FFF.

Anything written to addresses 0x4000 to 0x5FFF will appear on screen.
If a key is held on the keyboard, its value appears in 0x6000.
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Keyboard input

Source: Nisan and Schocken Appendix 5

The keyword KBD is mapped to
0x6000 (= 24576) in the same
way that e.g. R1 is mapped to
0x0001. For example, if “d” is
being held, then @KBD will load
24576 into A and 100 into M.

If no key is being pressed, then
0x6000 contains 0.

Warning: There’s no way to
detect more than one key being
pressed at the same time.
(Modern keyboards have trouble
with this too!)
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Monitor output

Hack works in a resolution of 512x256, i.e. 256 rows of 512 pixels per row.

Pixels are numbered from left to right and top to bottom in “book order”:
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Pixel number 1 RAM[0x4000] Contents 0000000000000001

The i ’th pixel displays black if the i ’th bit in memory counting from the lsb
of address 0x4000 is 1, and white if it’s 0. So each word in 0x4000–0x5FFF
controls not one pixel, but 16!
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Equivalently, the pixel at row r from the top and column c from the left
(both counting from zero) is controlled by the (c % 16)’th bit from the
right at address 0x4000 + 32r + (c/16) (with integer division).

Here r = 255 and c = 511.
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Another way of writing the address you need is

010 11111111︸ ︷︷ ︸
r in binary

first 5 bits of c in binary︷ ︸︸ ︷
11111 .

Exercise: Why are these all equivalent?
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Tricks and traps

Warning: The @ command only works on values of up to 15 bits!

If you want to e.g. colour the first 16 pixels black, i.e. write 0xFFFF into
address 0x4000, then @65535 won’t load 0xFFFF into A. You’ll instead
need to write e.g. @0 followed by A=!A. Or just A=-1.

To help with this, by changing this setting in the CPU emulator, you can
see register and memory values in hex or binary (rather than decimal).

The keyword SCREEN is mapped to 0x4000. For example, @SCREEN
followed by M=1 would colour the first pixel black.

You can read from the screen as well as writing to it! E.g. if the top-left
16 pixels are all black, then @SCREEN, e.g. D=M will store 0xFFFF in D.
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Example: Filling the screen

Fill.asm fills every pixel of the screen black. While any key is held, the
screen is instead filled white.

[See video for live coding and explanation.]
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