
library IEEE; use IEEE.STD_LOGIC_1164.ALL; use ieee.numeric_std.all; – Uncomment the following library declaration if using – arithmetic functions with Signed or Unsigned values –use IEEE.NUMERIC_STD.ALL; – Uncomment the following
library declaration if instantiating – any Xilinx primitives in this code. –library UNISIM; –use UNISIM.VComponents.all; entity MemorySelectLogic is generic( startAddress: std_logic_vector(15 downto 0):= X"0000"; endAddress: std_logic_vector(15
downto 0):= X"0001"); port( address: in std_logic_vector(15 downto 0); en: out std_logic ); end MemorySelectLogic; architecture Behavioral of MemorySelectLogic is begin en <= ’1’ when to_integer(unsigned(address)) >= to_integer(unsigned(startAddress))
and to_integer(unsigned(address)) <= to_integer(unsigned(endAddress)) else ’0’; end Behavioral; library IEEE; use IEEE.STD_LOGIC_1164.ALL; use ieee.numeric_std.all; – Uncomment the following library declaration if using – arithmetic
functions with Signed or Unsigned values –use IEEE.NUMERIC_STD.ALL; – Uncomment the following library declaration if instantiating – any Xilinx primitives in this code. –library UNISIM; –use UNISIM.VComponents.all; entity MemorySelectLogic
is generic( startAddress: std_logic_vector(15 downto 0):= X"0000"; endAddress: std_logic_vector(15 downto 0):= X"0001"); port( address: in std_logic_vector(15 downto 0); en: out std_logic ); end MemorySelectLogic; architecture Behavioral
of MemorySelectLogic is begin en <= ’1’ when to_integer(unsigned(address)) >= to_integer(unsigned(startAddress)) and to_integer(unsigned(address)) <= to_integer(unsigned(endAddress)) else ’0’; end Behavioral; library ieee; use ieee.std_logic_1164.all;
use ieee.numeric_std.all; entity vga_sync is port( clk, reset: in std_logic; hsync, vsync: out std_logic; video_on, p_tick: out std_logic; pixel_x, pixel_y: out std_logic_vector (10 downto 0) ); end vga_sync; architecture arch of vga_sync
is – VGA 640-by-480 sync parameters constant HD: integer:=640; –horizontal display area constant HF: integer:=16 ; –h. front porch constant HB: integer:=48 ; –h. back porch constant HR: integer:=96 ; –h. retrace constant VD: integer:=480;
–vertical display area constant VF: integer:=10; –v. front porch constant VB: integer:=33; –v. back porch constant VR: integer:=2; –v. retrace – mod-2 counter signal mod2_reg, mod2_next: std_logic; – sync counters signal v_count_reg,
v_count_next: unsigned(10 downto 0); signal h_count_reg, h_count_next: unsigned(10 downto 0); – output buffer signal v_sync_reg, h_sync_reg: std_logic; signal v_sync_next, h_sync_next: std_logic; – status signal signal h_end, v_end,
pixel_tick: std_logic; begin – registers process (clk,reset) begin if reset=’1’ then mod2_reg <= ’0’; v_count_reg <= (others=>’0’); h_count_reg <= (others=>’0’); v_sync_reg <= ’0’; h_sync_reg <= ’0’; elsif (clk’event and clk=’1’) then
mod2_reg <= mod2_next; v_count_reg <= v_count_next; h_count_reg <= h_count_next; v_sync_reg <= v_sync_next; h_sync_reg <= h_sync_next; end if; end process; – mod-2 circuit to generate 25 MHz enable tick mod2_next <= not mod2_reg; – 25
MHz pixel tick pixel_tick <= ’1’ when mod2_reg=’1’ else ’0’; – status h_end <= – end of horizontal counter ’1’ when h_count_reg=(HD+HF+HB+HR-1) else –799 ’0’; v_end <= – end of vertical counter ’1’ when v_count_reg=(VD+VF+VB+VR-1) else
–524 ’0’; – mod-800 horizontal sync counter process (h_count_reg,h_end,pixel_tick) begin if pixel_tick=’1’ then – 25 MHz tick if h_end=’1’ then h_count_next <= (others=>’0’); else h_count_next <= h_count_reg + 1; end if; else h_count_next
<= h_count_reg; end if; end process; – mod-525 vertical sync counter process (v_count_reg,h_end,v_end,pixel_tick) begin if pixel_tick=’1’ and h_end=’1’ then if (v_end=’1’) then v_count_next <= (others=>’0’); else v_count_next <= v_count_reg
+ 1; end if; else v_count_next <= v_count_reg; end if; end process; – horizontal and vertical sync, buffered to avoid glitch h_sync_next <= ’1’ when (h_count_reg>=(HD+HF)) –656 and (h_count_reg<=(HD+HF+HR-1)) else –751 ’0’; v_sync_next
<= ’1’ when (v_count_reg>=(VD+VF)) –490 and (v_count_reg<=(VD+VF+VR-1)) else –491 ’0’; – video on/off video_on <= ’1’ when (h_count_reg<HD) and (v_count_reg<VD) else ’0’; – output signal hsync <= h_sync_reg; vsync <= v_sync_reg; pixel_x
<= std_logic_vector(h_count_reg); pixel_y <= std_logic_vector(v_count_reg); p_tick <= pixel_tick; end arch; Library UNISIM; use UNISIM.vcomponents.all; library IEEE; use IEEE.STD_LOGIC_1164.ALL; use ieee.numeric_std.all; entity lc3_wrapper
is port ( clk : in std_logic; clk_enable : in std_logic; reset : in std_logic; program : in std_logic; addr : out std_logic_vector(15 downto 0); data : inout std_logic_vector(15 downto 0); RE : out std_logic; WE : out std_logic); end
lc3_wrapper; architecture structural of lc3_wrapper is component lc3 is port ( clk : in std_logic; clk_enable : in std_logic; reset : in std_logic; program : in std_logic; addr : out std_logic_vector(15 downto 0); data_in : in std_logic_vector(15
downto 0); data_out : out std_logic_vector(15 downto 0); RE : out std_logic; WE : out std_logic); end component lc3; signal data_out : std_logic_vector(15 downto 0); signal WE1 : std_logic; begin lc3_1 : lc3 port map( clk => clk, clk_enable
=> clk_enable, reset => reset, program => program, addr => addr, data_in => data, data_out => data_out, RE => RE, WE => WE1); data <= data_out when WE1 = ’1’ else (others => ’Z’); WE <= WE1; end architecture; library ieee; use ieee.std_logic_1164.all;
use ieee.numeric_std.all; entity uart is generic( – Default setting: – 19,200 baud, 8 data bis, 1 stop its, 22 FIFO DBIT: integer:=8; – # data bits SB_TICK: integer:=16; – # ticks for stop bits, 16/24/32 – for 1/1.5/2 stop bits DVSR:
integer:= 163; – baud rate divisor – DVSR = 50M/(16*baud rate) DVSR_BIT: integer:=8; – # bits of DVSR FIFO_W: integer:=2 – # addr bits of FIFO – # words in FIFO=2F IFO_W ); port( clk, reset: in std_logic; rd_uart, wr_uart: in std_logic;
rx: in std_logic; w_data: in std_logic_vector(7 downto 0); tx_full, rx_empty: out std_logic; r_data: out std_logic_vector(7 downto 0); tx: out std_logic ); end uart; architecture str_arch of uart is signal tick: std_logic; signal rx_done_tick:
std_logic; signal tx_fifo_out: std_logic_vector(7 downto 0); signal rx_data_out: std_logic_vector(7 downto 0); signal tx_empty, tx_fifo_not_empty: std_logic; signal tx_done_tick: std_logic; begin baud_gen_unit: entity work.mod_m_counter(arch)
generic map(M=>DVSR, N=>DVSR_BIT) port map(clk=>clk, reset=>reset, q=>open, max_tick=>tick); uart_rx_unit: entity work.uart_rx(arch) generic map(DBIT=>DBIT, SB_TICK=>SB_TICK) port map(clk=>clk, reset=>reset, rx=>rx, s_tick=>tick, rx_done_tick=>rx_done_tick,
dout=>rx_data_out); fifo_rx_unit: entity work.fifo(arch) generic map(B=>DBIT, W=>FIFO_W) port map(clk=>clk, reset=>reset, rd=>rd_uart, wr=>rx_done_tick, w_data=>rx_data_out, empty=>rx_empty, full=>open, r_data=>r_data); fifo_tx_unit:
entity work.fifo(arch) generic map(B=>DBIT, W=>FIFO_W) port map(clk=>clk, reset=>reset, rd=>tx_done_tick, wr=>wr_uart, w_data=>w_data, empty=>tx_empty, full=>tx_full, r_data=>tx_fifo_out); uart_tx_unit: entity work.uart_tx(arch) generic
map(DBIT=>DBIT, SB_TICK=>SB_TICK) port map(clk=>clk, reset=>reset, tx_start=>tx_fifo_not_empty, s_tick=>tick, din=>tx_fifo_out, tx_done_tick=> tx_done_tick, tx=>tx); tx_fifo_not_empty <= not tx_empty; end str_arch; library ieee; use
ieee.std_logic_1164.all; use ieee.numeric_std.all; entity mouse is port ( clk, reset: in std_logic; ps2d, ps2c: inout std_logic; xm, ym: out std_logic_vector(8 downto 0); btnm: out std_logic_vector(2 downto 0); m_done_tick: out std_logic
); end mouse; architecture arch of mouse is constant STRM: std_logic_vector(7 downto 0):="11110100"; – stream command F4 type state_type is (init1, init2, init3, pack1, pack2, pack3, done); signal state_reg, state_next: state_type; signal
rx_data: std_logic_vector(7 downto 0); signal rx_done_tick, tx_done_tick: std_logic; signal wr_ps2: std_logic; signal x_reg, y_reg: std_logic_vector(8 downto 0); signal x_next, y_next: std_logic_vector(8 downto 0); signal btn_reg, btn_next:
std_logic_vector(2 downto 0); begin – instantiation ps2_rxtx_unit: entity work.ps2_rxtx(arch) port map(clk=>clk, reset=>reset, wr_ps2=>wr_ps2, din=>STRM, dout=>rx_data, ps2d=>ps2d, ps2c=>ps2c, rx_done_tick=>rx_done_tick, tx_done_tick=>tx_done_tick);
– state and data registers process (clk, reset) begin if reset=’1’ then state_reg <= init1; x_reg <= (others=>’0’); y_reg <= (others=>’0’); btn_reg <= (others=>’0’); elsif (clk’event and clk=’1’) then state_reg <= state_next; x_reg <=
x_next; y_reg <= y_next; btn_reg <= btn_next; end if; end process; – next-state logic process(state_reg,rx_done_tick,tx_done_tick, x_reg,y_reg,btn_reg,rx_data) begin wr_ps2 <= ’0’; m_done_tick <= ’0’; x_next <= x_reg; y_next <= y_reg;
btn_next <= btn_reg; state_next <= state_reg; case state_reg is when init1=> wr_ps2 <= ’1’; state_next <= init2; when init2=> – wait for send to complete if tx_done_tick=’1’ then state_next <= init3; end if; when init3=> – wait for acknowledge
packet if rx_done_tick=’1’ then state_next <= pack1; end if; when pack1=> – wait for 1st data packet if rx_done_tick=’1’ then state_next <= pack2; y_next(8) <= rx_data(5); x_next(8) <= rx_data(4); btn_next <= rx_data(2 downto 0); end
if; when pack2=> – wait for 2nd data packet if rx_done_tick=’1’ then state_next <= pack3; x_next(7 downto 0) <= rx_data; end if; when pack3=> – wait for 3rd data packet if rx_done_tick=’1’ then state_next <= done; y_next(7 downto 0)
<= rx_data; end if; when done => m_done_tick <= ’1’; state_next <= pack1; end case; end process; xm <= x_reg; ym <= y_reg; btnm <= btn_reg; end arch; library ieee; use ieee.std_logic_1164.all; use ieee.numeric_std.all; entity ps2_monitor
is port ( clk, reset: in std_logic; sw: in std_logic_vector(7 downto 0); btn: in std_logic_vector(2 downto 0); ps2d, ps2c: inout std_logic; tx: out std_logic ); end ps2_monitor; architecture arch of ps2_monitor is – space in ASCII constant
SP: std_logic_vector(7 downto 0):="00100000"; type state_type is (idle, sendh, sendl, sendb); signal state_reg, state_next: state_type; signal rx_data, w_data: std_logic_vector(7 downto 0); signal psrx_done_tick: std_logic; signal wr_ps2,
wr_uart: std_logic; signal ascii_code: std_logic_vector(7 downto 0); signal hex_in: std_logic_vector(3 downto 0); begin – instantiation btn_db_unit: entity work.debounce(fsmd_arch) port map(clk=>clk, reset=>reset, sw=>btn(0), db_level=>open,
db_tick=>wr_ps2); ps2_rxtx_unit: entity work.ps2_rxtx(arch) port map(clk=>clk, reset=>reset, wr_ps2=>wr_ps2, din=>sw, dout=>rx_data, ps2d=>ps2d, ps2c=>ps2c, rx_done_tick=>psrx_done_tick, tx_done_tick=>open); – only use the UART transmitter
uart_unit: entity work.uart(str_arch) generic map(FIFO_W=>4) port map(clk=>clk, reset=>reset, rd_uart=>’0’, wr_uart=>wr_uart, rx=>’1’, w_data=>w_data, tx_full=>open, rx_empty=>open, r_data=>open, tx=>tx); – FSM to send 3 ASCII characters
– state registers process (clk, reset) begin if reset=’1’ then state_reg <= idle; elsif (clk’event and clk=’1’) then state_reg <= state_next; end if; end process; – next-state logic process(state_reg,psrx_done_tick,ascii_code) begin
wr_uart <= ’0’; w_data <= SP; state_next <= state_reg; case state_reg is when idle => if psrx_done_tick=’1’ then state_next <= sendh; end if; when sendh => – send higher hex char w_data <= ascii_code; wr_uart <= ’1’; state_next <= sendl;
when sendl => – send lower hex char w_data <= ascii_code; wr_uart <= ’1’; state_next <= sendb; when sendb => – send blank char w_data <= SP; wr_uart <= ’1’; state_next <= idle; end case; end process; – byte to ASCII code – split the
scan code into two 4-bit hex hex_in <= rx_data(7 downto 4) when state_reg=sendh else rx_data(3 downto 0); – hex digit to ASCII code with hex_in select ascii_code <= "00110000"when "0000", – 0 "00110001"when "0001", – 1 "00110010"when
"0010", – 2 "00110011"when "0011", – 3 "00110100"when "0100", – 4 "00110101"when "0101", – 5 "00110110"when "0110", – 6 "00110111"when "0111", – 7 "00111000"when "1000", – 8 "00111001"when "1001", – 9 "01000001"when "1010", – A "01000010"when
"1011", – B "01000011"when "1100", – C "01000100"when "1101", – D "01000101"when "1110", – E "01000110"when others; – F end arch; library ieee; use ieee.std_logic_1164.all; use ieee.numeric_std.all; entity disp_hex_mux is port( clk,
reset: in std_logic; hex3, hex2, hex1, hex0: in std_logic_vector(3 downto 0); dp_in: in std_logic_vector(3 downto 0); an: out std_logic_vector(3 downto 0); sseg: out std_logic_vector(7 downto 0) ); end disp_hex_mux ; architecture arch
of disp_hex_mux is – each 7-seg led enabled (218/4)∗25 ns (40 ms) constant N: integer:=18; signal q_reg, q_next: unsigned(N-1 downto 0); signal sel: std_logic_vector(1 downto 0); signal hex: std_logic_vector(3 downto 0); signal dp: std_logic;
begin – register process(clk,reset) begin if reset=’1’ then q_reg <= (others=>’0’); elsif (clk’event and clk=’1’) then q_reg <= q_next; end if; end process; – next-state logic for the counter q_next <= q_reg + 1; – 2 MSBs of counter
to control 4-to-1 multiplexing sel <= std_logic_vector(q_reg(N-1 downto N-2)); process(sel,hex0,hex1,hex2,hex3,dp_in) begin case sel is when "00-> an <= "1110"; hex <= hex0; dp <= dp_in(0); when "01-> an <= "1101"; hex <= hex1; dp <=
dp_in(1); when "10-> an <= "1011"; hex <= hex2; dp <= dp_in(2); when others => an <= "0111"; hex <= hex3; dp <= dp_in(3); end case; end process; – hex-to-7-segment led decoding with hex select sseg(6 downto 0) <= "0000001"when "0000",
"1001111"when "0001", "0010010"when "0010", "0000110"when "0011", "1001100"when "0100", "0100100"when "0101", "0100000"when "0110", "0001111"when "0111", "0000000"when "1000", "0000100"when "1001", "0001000"when "1010", –a "1100000"when
"1011", –b "0110001"when "1100", –c "1000010"when "1101", –d "0110000"when "1110", –e "0111000"when others; –f – decimal point sseg(7) <= dp; end arch;

Flemmings
Projektbeskrivelse

Spillet Flemmings er udviklet som det gamle spil Lemmings. Hvor det gælder om at få et bestemt antal
Flemminger igennem hver bane. Når en bane er gennemført, så sendes spilleren videre til næste bane.

Spillet anvender LC3 prossesoren, der er implementeret på en FPGA, sammen med egen udviklet hardware
kode. Der f.eks. gør det muligt at gemme og læse data fra hardware hukommelsen, eller styre og aflæse musens
bevægelse på skærmen.

Logikken til spillet, er implementeret via C kode.

Design

Figur 1: Overordnet hardware design
Til implementeringen af spillet Flemmings, er der designet en hardware platform, som sikre at de
nødvendige ressourcer er til rådighed.

LC3 computerens hoved komponent er dens processor der opererer med en 16 bit arkitektur, med
64kb hukommelse, LC3 processoren agerer som platformens hovedaktør, der kommunikerer med de
andre komponenter og dikterer flowet i systemet.

LC3’eren understøtter ikke en harddisk, så den er ikke i stand til at gemme data permanent. For at
overkomme dette er en seriel forbindelse sat på, så vigtig data, såsom spillet, kan ligges over, disse
data og andre relevante data bliver gemt i en implementeret RAM blok.

For at vise grafik har LC3’en implementeret en komponent der kan fortolke data fra spillet, og danne
signaler som sendes ud på en VGA port. For at gemme den relevante data grafik er en der udviklet en
særskilt RAM blok til dette, denne fungere udelukkende som video memory.

Til kontrol af spillet er der lavet en komponent, der kan kommunikere med en mus via PS/2 protokollen,
og holde styr på musens globale position.

Spillet

Figur 2: Igangværende spil
Målet i Flemmings, er at flytte sine flemmings fra start til hjem. Dette gøres ved at tildele flemmingerne
forskellige arbejdsopgaver for at overkomme diverse forhindringer, mens man er opmærksom på, at
flemmingerne ikke dør.

Spillet styres udelukkende med musen, der bruges til at tildele flemminger arbejdsopgaver.

I øverste venstre hjørne af skærmen, kan man se de forskellige arbejdsopgaver, der kan tildeles
flemmingerne. Arbejdsopgaverne vælges ved at klikke på disse med musen, herefter vil man se en gul
pil, der peger på den arbejdsopgave, der vil blive tildelt flemmingerne. Når en flemming tildeles en
opgave, begynder flemmingen straks og forsætter til opgaven er udført.

Ved spillets start, lukkes et bestemt antal flemmings ind i banen, som herefter begynde at gå så langt
til den ene side som muligt. Møder en flemming en mur eller en anden forhindring vender flemmingen
om og forsætter i den modsatte retning.

Spillet afsluttes når alle flemmingerne enten er nået i mål, eller døde som følge af fald eller andre farer
i spillet. En bane er først gennemført, når et bestemt antal flemminger når hjem.
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