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library ieee;
use ieee.std.logic.1164.all;

entity accumulator_regp is
port ( clk : in std_logic;
clr : in std_logic;
d : in std_logic-vector (23 downto 0);
q : out std.logic.vector (23 downto 0));
end entity accumulator_regp;

architecture behavioral of accumulator.regp is
begin

— when register is cleared the output is zero
behavior : process (clk) is

begin
if rising_edge(clk) then
if ToX01(clr) = '1’ then
q <= (others = ’0’) ;
else
q<=d ;
end if;
end if;
end process behavior;

end architecture behavioral;

A.2.14.9 High Channel Register

This VHDL code shows a simple register behavior.

library ieee;

use ieee.std_logic.1164.all,
work. tlns_.types.all,
work. tlns_instr.all,
work. alu_types.all,
work . numeric_bit . all;

entity channelhigh_reg is
port { clk : in std_logic;
d : in std_logic_-vector (23 downto 0);
q : out std_logic.vector (23 downto 0));
end entity channelhigh._reg;
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architecture behavioral of channelhigh_reg is
begin

— reads the input to output in the next clock edge
behavior : process (clk) is

begin
if rising_-edge(clk) then
q<=d ;
end if;

end process behavior,

end architecture behavioral;

A.2.14.10 Channel Multiplexer

This multiplexer specifies the data which MAC unit places onto the destination bus
of CPU.

library ieee;
use ieee.std_logic_1164.all;

use work. tlns_types.all,
work.numeric_bit . all;

entity muxlowhigh is
port ( i0 : in std.-logic-vector (23 downto 0);
il : in std.logic-vector (23 downto 0);
y : out std_logic_vector (23 downto 0);
sel : in std_logic);
end muxlowhigh;

architecture behavioral of muxlowhigh is
begin

— selects inputs based on sel signal
— and disables output when MAC unit is not in use
with sel select
y <= i0 when '0’,
il when ’'1°,
disabled_tlns_word when others;
end architecture behavioral;
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A.2.15 The Controller

The VHDL code for this unit, realizes a complicated state machine. This file is well

documented to be self explanatory.

library ieee;

use ieee.std_logic.1164.all,
ieee.std_logic_.unsigned. all;

use work. tlns_types.all,
work. tlns_instr.all,
work.alu_types.all,
work.numeric_bit . all;

entity controller is
port ( clk : in std_logic;

reset : in std_logic;
halt : out std_logic;
ir_mem_enable : out std_logic;
ifetch : out std_logic;
alu_function : out alu.func;
alu_zero, alu_negative, alu_overflow : in bit;
reg-sl._addr, reg_s2_addr, reg.dest_addr : out tlns_reg.addr;
reg_write : out std.logic;
a_enable : out std_logic;
a_out_en : out std.-logic;
b_enable : out std_logic;
b_out.en : out std_logic;
pc-enable : out std_logic;
pc-out_en : out std_logic;
mar._enable : out std_-logic;
ir.immedl_size_18, ir.immed2._size.18 : out bit;
ir.immedl_unsigned, ir.immed2_unsigned : out bit;
ir_-immedl._en, ir.immed2_en : out bit;
current._instruction : in tlns.word;
const2 : out tlns_bus.word;
mem._write_en : out std_logic;
mem_enable : out std._logic;
mac_clr : out std.logic;
alu_clr : out std_logic;
btc.reset : out std._logic;
btc_.ready : in std_logic;
btc_activate : out std_logic;
in.reg_enable : out std_logic;
in.reg_out_en : out std_logic;
out_reg._enable : out std_logic;
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ctrl. mem_a : out tlns_bus.word;
ctrl.ir.mem.a : out tlns.bus_.word;
ma_mux.-sel : out bit;

ir_ma_mux_sel : out bit;

ctrl_direct : out bit;
mac_ch_mux_sel out std_logic;
mac_coefnum : out std._logic;
mac._evensym out std._logic;
sl_bus_content in tlns.bus.word;
s2_bus_content in tlns.bus_word );

end entity controller;

architecture behavior of controller

type

is
state_type is ( S1,S1.a,82,S2.a,S3,54,S4.a,S4.b,85,56,S7,S87.a,
58,58.a,89,89.a,89.b,89.¢,S11,S11_a,812,S12_a,
S12.b,S13,513.a,514,S14.a,S14.b,S15,S15.a,S15.b
h
S16,S17,817.a,518,818.a,519,519_a,520,520.a,521

522,523,524,525) ;

signal state state_type;
begin
sequencer process(clk , reset ) is
alias IR.opcode tlns_opcode is current_.instruction (23 downto 18);
alias IR_sp.func tlns_.sp_-func is current_instruction (5 downto 0);
alias IR_rsl tlns.reg.addr is current_instruction (17 downto 14);
alias IR_rs2 tlns_reg_addr is current.instruction (13 downto 10);
alias IR_Itype.rd tlns_reg_addr is current_instruction(l3 downto
10);
alias IR.Rtype_rd tlns_reg_addr is current_instruction(9 downto 6)
alias IR_filter_order unsigned (6 downto 0) is
current_instruction (6 downto 0);
alias IR_filter_coef_sym bit is current_instruction (7);
alias IR_filter_bands_sym unsigned (1 downto 0) is
current_instruction (9 downto 8);
variable result_of_set_is_1 , branch_taken boolean;
variable filter_tap unsigned (6 downto 0);
variable filter_order unsigned (6 downto 0);
variable filter_coef_sym bit ;
variable filter_bands.sym : unsigned(l downto 0);
variable first_half bit ;
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variable coef_address : unsigned(23 downto 0);
variable coef_end_address : unsigned (23 downto 0);
variable top.coef_address : unsigned (6 downto 0);

variable coef_number : std_logic;
variable filt_data_address : std_logic_vector (23 downto 0);
variable filt.coef_address : std_logic.-vector (23 downto 0);

variable filt_data_start : std_logic.vector (23 downto 0);
variable filt_data_end : std_logic_-vector (23 downto 0);

—— fetches the instruction
procedure bus_instruction_fetch.1l is
begin
— address is determined by PC
iroma_mux.sel <= ’17;

—— dnitialization
b.out_.en <= 0’ ;
mem.write_en <= 0’ ;
mem_enable <= 0’ ;
reg_write <= ’0’ ;
ifetch <= ’1’° ;

—— the instruction memory is enabled
ir_mem_enable <= ’1’ ;
end procedure bus_instruction_fetch.1;

procedure bus_instruction_fetch_2 is
begin
—— disables the instruction memory
ir.mem_enable <= 0’ ;
end procedure bus_instruction_fetch_2;

— decodes the instruction
procedure instruction._decode_-1{ rsl,rs2 : tlns.reg_addr ;
opcode : tlns_opcode ) is
begin
reg_sl_addr <= rsl ;

—— for 2DLNS/Binary conversion rl4 must be read to register B
if opcode = op.tbc then
reg_s2_addr <= to_unsigned( unity_reg, 4 ) ;
else
reg_s2.addr <= rs2 ;
end if;

— filter specifications are read to wvariables
if opcode = op.filt then

filter.order := IR_filter_order;

filter coef_sym := IR_filter_coef_sym;
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filter_bands.sym := IR_filter_bands_sym;
end if;

—— register file output registers are enabled
a_enable <= 1’ ;
b_enable <= 1’ ;

—— PC is incremented
pc-out_en <= 1’ ;

const2 <= X"000_.001” ;
alu_function <= alu_addu ;

— the new value is written to PC
pc-enable <= 17
end procedure instruction_.decode.l;

— disables A, B registers and PC
procedure instruction_decode_2 is
begin
a_enable <= 0’ ;
b_enable <= ’0’ ;
pc-out_en <= 07 ;
const2 <= disabled_tlns_word ;
pc-enable <= ’0’ ;
end procedure instruction_decode.2;

— reads the registers which contain addresses for filtering
procedure do_EX _filt_start_1 is
begin
a_out_en <= 1’7 ;
b_out_en <= ’1° ;
end procedure do_EX _filt_start_1;

— prepares addresses for filtering
procedure do_EX _filt_start_2 is
begin

—— disables registers

a_out_en <= ‘0’ ;

b_out_en <= "0’ ;

— writes addresses into variables

filt_data_address := ”00000000000000” & sl.bus_content (23 downto
14);

filt_coef_address := ”00000000000000” & sl_bus_content (9 downto 0)

filt _data_start := ”(00000000000000” & s2_bus.content (9 downto 0);

filt_data_-end := ”00000000000000” & s2_bus_.content (23 downto 14);

—— enables both memories
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ir_mem.enable <= ’'1’ ;
mem.enable <= ’1’ ;

— memory addresses are determined by the controller
ma_mux.sel <= '0’
ir.ma_mux_sel <= 0’ ;

H

— determines the coefficients ’ address range

coef_address := unsigned(to_bitvector(filt.coef_address));
top.coef_address := filter_order srl 1 ;
coef_end_address := coef_address + top-coef_address;

filter_tap := B”0000000”;
first_half : 17

— specifies the coefficient symmetry signal for the MAC unit
if filter_bands_sym = 701" then

coef_number := ’'1° ;
else

coef.number := 07 ;
end if;

mac.coefnum <= coef_number;

—— addresses memories

ctrl.mem_a <= filt_data_address;

ctrl_ir_mem_a <= to.x01(bit_vector(coef_address));
end procedure do_EX_filt_start.2;

— performs MAC operations

procedure do.EX_filt_mac is

begin
— directs coefficients to the data bus
iriimmed2_en <= ’'1’ ;
ctrl_direct <= ’17;

— one MAC operation is performed
mac_clr <= ’0° ;
alu.clr <= ’1° ;

filter_tap := filter.tap + 1 ;

— toggles coefficient symmetry signal
coef_number := not coef_number ;
mac.coefnum <= coef_number ;

— specifies the next coefficient address

if filter_.coef.sym = ’0’ then
coef_address := coef_address + 1;
else

186

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A. HARDWARE DESCRIPTION CODES

if coef_address < coef.end_address then
if first_half = ’1’ then
coef_address := coef.address + 1;
else
coef_address := coef_address — 1;
end if;
else
coef_address := coef_address — 1;
first_half := ’07;
end if;
end if;

—— determines the nexrt data address

filt _data_address := filt_data_address — 1 ;

if filt_data_.address = filt_data.start — 1 then
filt . data_address := filt_.data_end;

end if;

— addresses memories

ctrl.mem_.a <= filt_data_address;

ctrl_ir_.mem_a <= to_x01(bit_vector(coef_address));
end procedure do_EX _filt_mac;

— performs the last iteration of MAC operation
procedure do_ EX_filt_last is
begin
— output multiplexer is set and destination register is writien
mac_ch_mux_sel <= 0’ ;
reg_dest_addr <= to_unsigned (output_-reg-1, 4) ;
reg_write <= 1’ ;

— memories are disabled

ir_mem_enable <= 0’ ;

mem _enable <= 0’ ;

ctrl.mem_a <= disabled.tlns.word ;

ctrl_ir . mem_a <= disabled_tlns.word ;
end procedure do_EX_filt_last;

— all control signals are reset to their defaults
procedure do_EX_filt_out is
begin
mac_coefnum <= '0’;
ir.immed2_en <= 0’ ;
ctrl.direct <= '07;
reg_-write <= 0’ ;
mac_-ch_mux_sel <= '0’ ;
mac_clr <= 1’ ;
alu.clr <= 0’ ;
ir.ma_mux.sel <= ’1’ ;
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ma_mux-sel <= 1’ ;
end procedure do_EX_filt_out;

— performs a subtraction for unsigned relational instructions
procedure do_EX_set_unsigned_1 ( immed : boolean ) is
begin
a_.out.en <= 1’ ;
if immed then
ir_-immed2_size_18 <= 0’ ;
ir.-immed2_unsigned <= 1’ ;
ir.immed2_en <= 1’ ;
else
b_out.en <= ’1’ ;
end if;
alu_function <= alu.subu ;
end procedure do.EX_set_unsigned._l;

— sets the result based on status flags
procedure do_EX_set_unsigned-2 ( Rd : tlns_reg_addr ;
immed : boolean ) is
begin
a_.out.en <= 0’ ;
if immed then
ir.-immed2_en <= 0’ ;
else
b_out.en <= 0’ ;
end if;

if immed then
case IR_opcode is
when op_sequi =>
result_of_set_is_1 := alu_zero = ’17;
when op.sneui =>
result_of_set_is_1 := alu_zero /= ’1’;
when op_sltui =>
result_of_set_is_1 := alu_overflow = ’'17;
when op._sgtui =>
result_of_set_is_.1 := alu_overflow /= ’1’ and alu_zero /=
717;
when op._sleui =>
result.of_.set.is_1 := alu_overflow = ’1l’ or alu.zero = ’'17;
when op._sgeui =>
result_of_set_is_1 := alu_overflow /= '1’;
when others =>
null;
end case;
else
case IR_sp.func is
when sp_func.sequ =>
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result_of_set.is_1 := alu.zero = ’'1°;
when sp_func_sneu =>
result_of_set_is_1 := alu_zero /= ’'17;
when sp_func_sltu =>
result_of_set_is_1 := alu_.overflow = ’1°;
when sp_func_sgtu =>
result_of_set_is_1 := alu.overflow /= ’1’ and alu_zero /=
,1);
when sp_func.sleu =>
result_of_set_is_1 := alu.overflow = ’1’ or alu_zero = ’17;

when sp_func_sgeu =>
result.of_set_is.1
when others =>
null;
end case;
end if;

alu_overflow /= ’17;

— do_set_result;

if result_of_set_is_1 then
const2 <= X"000_.001" ;

else
const2 <= X”000.000” ;

end if;

alu_function <= alu_pass_s2 ;

reg_dest_addr <= Rd ;

reg_write <= 1’ ;

end procedure do_EX _set_unsigned_2;

— resets signals
procedure do_EX _set.unsigned.3 is
begin
const2 <= disabled_tlns_word ;
reg_write <= ’0’ ;
end procedure do_EX_set._unsigned.3;

— performs a subtraction for signed relational instructions
procedure do_EX_set_signed_1 ( immed : boolean ) is
begin
a_out_en <= 1’
if immed then
ir.immed2_size_.18 <= 0’ ;
ir_.immed2_unsigned <= 0’ ;
ir_.immed2_en <= 1’ ;
else
b_.out_en <= ’1’ ;
end if;
alu.function <= alu_sub ;
end procedure do_EX _set_signed.l;

1
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—— sets the result based on status flags

procedure do_EX _set_signed-2 ( Rd :

begin
a_out_en <= 0’ ;
if immed then
ir.immed2_en <= 0’ ;
else
b_out.en <= 0’ ;
end if;

if immed then
case IR_opcode is
when op_seqi =>
result.of_set_is_1
when op_snei =>
result.of_set.is.1
when op_slti =>
result_of_set_is_1
when op_sgti =
result.of_set_is_1
717;
when op.slei =>
result_of_set_is_1
when op.sgei =>
result_of_set_is_1
when others =>
null;
end case;
else
case IR_sp.func is
when sp_func_seq =
result_of_set_is_1
when sp_func._sne =>
result_of_set_is_1
when sp.func.slt =
result_of_set_is_1
when sp_func_sgt =>
result.of_set.is.1
1 :;
when sp._func_sle =>
result_of_set_is_1
when sp_func_sge =>
result_of_set_is_1
when others =>
null;
end case;
end if;

tlns_reg_addr ;

immed : boolean ) is

alu.zero = ’17;

alu_zero /= ’17;
alu_negative = ’17;

alu_negative /= ’1’ and alu_zero /=

alu.negative = ’'1’ or alu.zero = ’'17;

alu_negative /= ’1’;

alu_zero = '17;

K .,
alu.zero /= ’17;
alu_negative = ’17;

alu.negative /= ’1’ and alu_zero /=

alu_negative = ’'1’ or alu.zero = '1’;

alu.negative /= '17;
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— do_set.result;

if result_of_set_is_1 then
const2 <= X7000.001” ;

else
const2 <= X”000.000” ;

end if;

alu_function <= alu_pass_s2 ;

reg_dest_addr <= Rd ;

reg_write <= ’1’ ;

end procedure do_EX_set_signed_2;

— resets signals
procedure do-EX_set_signed-3 is
begin
const2 <= disabled_tlns_.word ;
reg.-write <= 0’ ;
end procedure do_EX_set_signed_3;

— performs MAC operation
procedure do_EX_mac_1( Rd : tlns.reg-addr ) is
begin

— reads operands from registers

a_out_en <= ’1’ ;

b_out_en <= 1’ ;

— activates the MAC unit
mac-clr <= ’0’° ;
alu_clr <= 1’7 ;

—— enables destination register
reg_dest_-addr <= Rd ;
reg_write <= ’1’ ;

end procedure do_.EX_mac_1;

— clears all signals to their defaults
procedure do.EX_mac.2 is
begin
a_out.en <= 0’ ;
b_out_en <= '0’ ;
reg_write <= 0’ ;
mac.clr <= ’1’ ;
alu.clr <= 0’ ;
end procedure do_.EX_mac_2;

— performs binary / 2DLNS conversion
procedure do_EX_btconvert.l is
begin
— reads binary data from register
a_out_.en <= 1’ ;
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—— activates converter
alu_clr <= 17
btc_reset <= '0’° ;
btc_activate <= ’'17;

end procedure do_EX_btconvert_1;

—— prepares destination register
procedure do.EX_btconvert_2( Rd : tlns_.reg_addr ) is
begin
a.out_en <= 0’ ;
reg-dest.addr <= Rd ;
reg-write <= 1’
btc_activate <= '0’;
end procedure do_EX_btconvert.2;

— disables register file
procedure do_EX_btconvert.3 is
begin

reg.write <= 0’ ;
end procedure do_EX_btconvert_3;

— resets control signals
procedure do_EX_btconvert.4 is
begin

btc_reset <= "1’

alu.clr <= 0’ ;
end procedure do_EX_btconvert_4;

— reads external data into register file
procedure do.EX_input_-1( Rd : tlns_reg.addr ) is
begin
— input register is enabled to receive data
in.reg.enable <= 1’ ;

—~— date is directed through the ALU to register file
in_reg_out_en <= 1’ ;
alu_function <= alu_pass_sl ;
reg.dest_addr <= Rd ;
reg_write <= ’1’ ;
end procedure do.EX_input_1;

—— resets control signals
procedure do_EX_input.2 is
begin
in_reg_enable <= "0’ ;
in_reg_out_en <= 0’ ;
reg_write <= 0’ ;
end procedure do_EX_input_2;
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— reads a register content to the output register
procedure do_EX _output_1l is
begin
b_out_en <= 17 ;
out_reg_enable <= 17 ;
end procedure do_EX_output.l;

— control signals are reset
procedure do.EX_output.2 is
begin
b_out_en <= 0’ ;
out_reg._enable <= 0’ ;
end procedure do_EX_output_2;

—— ezecutes arithmetic and logic operations on register contents
procedure do_EX_arith_logic_.1( Rd : tlns_reg-addr ) is
begin

— reads operands from registers

a.out.en <= 1’ ;

b_out.en <= ’1’ ;

— specifies ALU function
case IR_sp.func is
when sp_func_add =>
alu_function <= alu.add ;
when sp._func.addu =
alu_function <= alu.addu ;
when sp_func_sub =>
alu_function <= alu_sub ;
when sp_func_.subu =>
alu_function <= alu_subu ;
when sp_func.and =>
alu_function <= alu_.and ;
when sp.func.or =
alu_function <= alu.or ;
when sp_func.xor =>
alu_function <= alu_xor ;
when sp_func_sll =
alu_function <= alu_sll ;
when sp_func._srl =
alu_function <= alu.srl ;
when sp_func.sra =>
alu_function <= alu.sra ;
when others =>
null;
end case;

— determines destination register
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reg.dest_addr <= Rd
reg-write <= ’1’ ;

b

end procedure do_EX_arith_logic_1;

— resets control signals
procedure do_EX_arith_logic_2 is

begin
a.out_en <= 0’ ;
b_out_en <= 0’ ;
reg_write <= '0’ ;

end procedure do_EX_arith_.logic.2;

— ezecutes arithmetic and logic operations on an immediate value
procedure do.EX _arith_

begin

logic.immed_1( Rd :

—— reads one operand from register

a_out_en <= 1’ ;

— just for addition and subtraction

if IR_opcode = op.addi or IR_opcode = op_subi

then

ir_.immed2_unsigned <= 0’ ;

else

ir_.immed2_unsigned <= 1’ ;

end if:

— extends 10— bit immediate value

ir.immed2_size_18 <=

ir.immed2_en <= 1’

’0’ ;

)

— specifies ALU function

case IR_opcode is
when op_addi =>
alu_function <=
when op_subi =>
alu_function <=
when op_addui =
alu_function <=
when op_subui =>
alu_function <=
when op.andi =>
alu_function <=
when op_ori =>
alu.function <=
when op.-xori =>
alu_function <=
when op_slli =
alu_function <=
when op_srli =>

alu_add ;
alu_sub ;
alu.addu ;
alu_subu ;
alu.and ;
alu_or ;
alu_xor ;

alu.sll ;

tlns_reg_addr )

extension is signed
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alu_function <= alu_srl ;
when op.srai =>
alu_function <= alu_sra ;
when others =>
null;
end case;

— determines destination register
reg_dest_addr <= Rd ;
reg.write <= ’'1’ ;

end procedure do_EX_arith.logic.immed_1;

— resets control signals
procedure do_EX_arith_logic_.immed_2 is
begin
a.out_en <= 0’ ;
ir.-immed2.en <= '0’ ;
reg_write <= 0’
end procedure do_EX_arith_logic_.immed_2;

— writes the PC content to rl15
procedure do_EX_link.1 ( Rd : tlns_reg.addr ) is
begin
pc-out_en <= 1’ ;
alu_function <= alu_pass_sl ;
reg_dest_addr <= Rd ;
reg.write <= ’'1’ ;
end procedure do_EX_link.1;

— clears signals to their defaults
procedure do.EX_link_.2 is
begin
pc-out_en <= '0’ ;
reg_write <= 0’ ;
end procedure do_EX_link.2;

— loads a 10-bit immediate value to a register
procedure do_ EX_lhi.1( Rd : tlns_reg_addr ) is
begin

— the immediate value is unsigned extended

ir_-immedl_size_18 <= 0’ ;

ir.immed1_unsigned <= 1’ ;

ir_.immedl_en <= '1’ ;

—— it is shifted to left by 14 bits
const2 <= X”000_00E” ;

alu_function <= alu.sll ;

— shifted wvalue is written to destination register

195

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A. HARDWARE DESCRIPTION CODES

reg_dest_addr <= Rd ;
reg_-write <= 1’ ;
end procedure do_EX_lhi_1;

—— disables control signals
procedure do_EX_lhi_2 is
begin
ir.immedl.en <= 0’ ;
const2 <= disabled._tlns.word
reg_write <= ’0’ ;
end procedure do_EX_lhi 2;

7

—— reads a register content to the ALU
procedure do.EX_branch.l is
begin
a_out.en <= 1’ ;
alu_function <= alu_pass_sl ;
end procedure do_EX_branch.l;

—— branch is taken based on zero flag
procedure do.EX_branch_.2 is
begin

a_out_en <= 07 ;

if IR_opcode = op_beqz then

branch_taken := alu.zero = ’17;
else

branch_taken := alu.zero /= ’1’;
end if;

end procedure do_EX_branch.2;

— specifies memory address for load and store instructions
procedure do_EX_load_store.l is
begin

— reads the content of source register

a_out_en <= 1’ ;

— the immediate value is sign extended
ir_immed2_size_18 <= ’0’ ;
ir.immed2_unsigned <= 0’ ;
ir.immed2_en <= ’1’ ;

— the register content and extended value are added
alu_.function <= alu_.add ;

— memory address register receives the address
mar_enable <= 17 ;
ma.mux.sel <= ’1’ ;

end procedure do_EX_load_store.l;
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— control signals are reset
procedure do.EX_load_store_2 is
begin
a.out_en <= ’0’
ir.-immed2_en <= ’0’
mar_enable <= 0’ ;
end procedure do_EX_.load_store.2;

y

— specifies a new address for PC
procedure do.MEM _jump.1 is
begin
—— reads the PC content
pc_out_en <= 1’
— the 18— bit immediate value is sign extended
ir.immed2._size_18 <= ’1’
ir_-immed2_unsigned <= ’0’
ir.immed2_en <= ’1°’

)
)

b

— the PC content and immediate value are added
alu_function <= alu.add ;
—— the new address is written to PC
pc_enable <= 1’ ;
end procedure do-MEM._jump._1;

— control signals are reset to their defaults
procedure do.MEM _jump_2 is
begin
pc-out.en <= 0’ ;
ir.immed2_en <= 0’
pc-enable <= 0’ ;
end procedure doMEM_jump.2;

k]

— the new address for PC is a register content
procedure do-MEM._jump_reg.1l is
begin
a_out_en <= 1’ ;
alu_function <= alu.pass_sl
pc-enable <= 1’ ;
end procedure do_MEM_jump.reg.l;

)

— resets signals
procedure do.MEM_jump_reg_2 is
begin
a.out_en <= 0’ ;
pc_enable <= 0’
end procedure do_-MEM_jump.reg.2;
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—— specifies a new address for PC
procedure do_MEM _branch_1l is
begin
— reads the PC content
pc.out-en <= ’1’ ;

— the 10—bit immediate value is sign extended
ir.immed2_size_18 <= 0’ ;

ir.immed2_unsigned <= '0’ ;

ir.immed2_en <= 1’ ;

—— the PC content and immediate value are added
alu_function <= alu.add ;

— the new address is written to PC

pc-enable <= 1’ ;
end procedure do.MEM_branch_1;

— control signals are reset to their defaults
procedure do_-MEM _branch.2 is
begin
pc-out.en <= 0’ ;
ir.immed2_en <= 0’ ;
pc-enable <= 0’ ;
end procedure do.MEM_branch 2;

— loads a register with a data which is read from memory
procedure do_MEM_load.l is
begin

ifetch <= 0’ ;

mem_write_.en <= 0’ ;

—— memory is enabled
mem_enable <= 1’ ;

— the ALU directs the read data to the destination bus

alu.function <= alu_pass_sl ;
end procedure do_MEM._load_1;

— destination register is written
procedure do.MEM_load.2{ Rd : tlns.reg.addr ) is
begin
mem_enable <= ’0’ ;
reg_dest_addr <= Rd ;
reg_write <= ’1’ ;
end procedure do_MEM._load_2;

—- stores a register content into the date memory
procedure do.MEM._store_1l is
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begin
— reads content of B register
b.out.en <= 1’ ;

— the ALU directs data to the destination bus
alu_function <= alu_-pass_.s2 ;

ifetch <= 0’ ;

— memory ts enabled to be written
mem_write.en <= "1’ ;
mem_enable <= ’'1° ;

end procedure do_MEM_store.l;

begin —— sequencer
if reset = ’1’ then

— initialize all control signals

halt <= 0’ ;

ir_mem_enable <= 0’ ;
ifetch <= 0’ ;
alu_function <= alu_add ;
reg_sl_addr <= B"0000” ;
reg.s2.addr <= B”0000” ;
reg_dest_addr <= B”0000” ;
reg_write <= ’0’ ;

a.enable <= ’0’ ;

a.out_en <= 0’ ;

b_enable <= ’0’ ;

b_out_en <= 0’ ;

pc.enable <= 0’ ;
pc-out.en <= 0’ ;
mar_enable <= 0’ ;
ir_.immedl_size_18 <= 0’ ;
ir_immed2_size.18 <= 0’ ;
ir.immedl_unsigned <= 0’ ;
ir-immed2_unsigned <= 0’ ;
ir.-immedl_en <= 0’ ;
ir_immed2.en <= 0’ ;
const2 <= disabled_tlns_word ;
mem._write_en <= 0’ ;
mem_enable <= 0’ ;
mac.clr <= ’1°;

alu_clr <= 0,

btc.reset <= '1’;
btc_activate <= ’0°;
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in_reg_enable <= ’0°;
in_reg_out_en <= ’0°;
out_reg_enable <= ’0’;
ma.-mux-sel <= '17;

ir.ma_mux_sel <= '17;

ctrl.mem_a <= disabled_tlns_word ;
ctrl.ir.mem_a <= disabled_tlns.word ;
ctrl_direct <= ’0°;

mac.ch_mux_sel <= ’0’;
mac.coefnum <= ’07;
mac_evensym <= ’'07;

state <= sl ;

elsif rising.edge{clk) then

— control loop

case state is

— fetch next instruction (IF)

when sl => bus.instruction_fetch_.1l ;
state <= sl_a ;

when sl_.a => bus_instruction_-fetch_2 ;
state <= 82 ;

— instruction decode, source regisier read and PC increment (
ID)

when s2 => instruction_decode.l (IR_rsl, IR.rs2, IR_opcode)
state <= s2.a ;

when s2_.a => instruction_decode.2 ;
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case IR_opcode is
when op._special =>
case IR_sp_func is

when sp_func_nop =>
null ;
state <= sl ;

when sp_func.mult =>
do-EX_mac_1(IR_Rtype_rd};
state <= s3 ;

when sp_func_halt =>
state <= s24 ;

when sp_func.add | sp-func.addu

| sp-func_sub | sp-func.subu

| sp-func_sll | sp_func_srl

| sp-func_sra | sp-func.and

| sp-func.or | sp-func_xor =>

do_EX_arith_logic_1(
IR _Rtype.rd);
state <= s6 ;

when sp_func.sequ | sp-func_sneu
| sp_func_sltu | sp_func_sgtu
| sp_func_sleu | sp-func._sgeu
=
do_EX_set_unsigned_1 (immed =>
false);
state <= s7 ;
when sp_func_seq | sp_func_sne
| sp_func.slt | sp_func_sgt
| sp-func_sle | sp_-func_sge =>
do_EX_set_signed._1 (immed =>
false);

state <= s8

when others =>
null;
state <= sl ;

‘end case;
when op_-btc =>

do_EX_btconvert_1;
state <= s4d ;
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when

when

when

when

when

when

when

when

when

when

when

op-the =>
do_ EX_mac_1(IR_Itype_rd);
state <= 85 ;

op.-filt =>
~— the type of symmetry is specified
if filter_bands_sym = "01” then

mac_evensym <= ’'1° ;

elsif filter_bands_sym = "10” then
mac_evensym <= ‘0’ ;

end if;

do.EX_filt_start_1;
state <= s9 ;

op-j =
state <= sll ;

op-jal =>
do_EX_link.1(to_unsigned (link_reg, 4));
state <= s12 ;

op-jr =
state <= sl3 ;

op-jalr =
do.EX_link_1(to_unsigned (link_reg , 4));
state <= sl4 ;

op-beqz | op.bnez =>
do_EX_branch.1;
state <= slb ;

op-addi | op.subi | op-addui | op-subui
| op-slli | op.srli | op-srai

| op-andi | op-ori | op.xori =>
do.EX_arith_logic.immed_1 (IR.Itype.rd);
state <= sl6 ;

op.lhi =
state <= sl7 ;

op.sequi | op-sneui | op-sltui

| op-sgtui | op.sleui | op_-sgeui =>
do_EX_set.unsigned.1 (immed => true);
state <= sl8 ;

op-seqi | op.snei | op_slti
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| op_sgti | op.slei | op_sgei =
do_-EX_set_signed.l (immed => true);
state <= s19 ;

when op_lw =>
do_-EX_load_store_1;
state <= s20 ;

when op_sw =>
do_EX_load_store_1;
state <= s21 ;

when op_.inpt =>
do.EX_input-1(IR_Itype.rd};
state <= s22 ;

when op-oupt =>
do_ EX_output_1;
state <= s23 ;

when others =>
null;

state <= sl ;

end case;

— exzecute instruction, (EX, MEM, WB)

when s3 => do.EX_mac_2;
state <= sl ;

when s4 => do.EX_btconvert.2(IR.Itype.rd);
state <= s4d_a;

when s4_a = — remains here while conversion is in process
if btc.ready = ’0’ then
state <= s4_a;
else
do.EX_btconvert_3;
state <= s4_b;
end if;

when s4_b = do_EX_btconvert.4;
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state <= sl;

when s5 => do_.EX_mac_2 ;
state <= sl ;

when s6 => do_EX_arith_logic.2;
state <= sl ;

when s7 => do_EX_set_unsigned_-2 (IR_.Rtype.rd, false);
state <= s7_a ;

when s7.a => do.EX_set_unsigned.3;
state <= sl ;

when s8 => do.EX_set_signed.2 (IR_Rtype.rd, false);
state <= s8_a ;

when s8_a = do.EX_set_signed_3;
state <= sl ;

when s9 => do_EX_filt_start_2;
state <= s9.a ;

when s9_a => do.EX_filt_mac;

—— MAC operation continues for all
coefficients

if filter_tap < filter.order then
state <= s9_a ;

else
do_ EX_filt_last;
state <= s9.b ;

end if;
when s9_b => — checks if filters are symmetric
if filter_.bands_sym = 700” or
filter_bands_sym = ”11” then
do_Ex_filt _out;
state <= sl ;
else

— sets signals to write the dual filter
output

mac.ch_.mux_sel <= 1’ ;

reg_dest_.addr <= to.unsigned (output_reg_2,

4) ;
state <= s9_.c ;
end if;
when s9_c = do_Ex_filt_out;

state <= sl ;
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when

when

when

when

when

when

when

when

when

when

when

when

when

when

sll

sll_a

812

s12_a

sl2_b

s13

sl3_a

sl4

sl4_a

sl4.b

515

sl5_a

s15_b

s1l6

do.MEM_jump_1;
state <= sll.a ;

do_MEM_jump_2;
state <= sl ;

do_EX _link_2;
state <= sl2_a ;

do-MEM _jump.1;
state <= sl2_b ;

do.MEM_jump.2;
state <= sl ;

do_MEM _jump_reg.1;
state <= sl3.a ;

do.MEM _jump_reg.2;
state <= sl ;

do_ EX_link_2;
state <= sl4.a ;

do-MEM_jump_reg._1;
state <= sl4_b ;

do_.MEM_jump.reg_2;
state <= sl ;

do_EX_branch._2;

— determines the next state in a branch

instruction
if branch_taken then
state <= slb_a ;
else
state <= sl ;
end if;

do.MEM_branch_1;
state <= s15_b ;

do.MEM _branch_2;
state <= sl ;

do_.EX_arith_logic.immed_2;
state <= sl ;
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when

when

when

s17

s17_a

s18

true);

when

when

9

when

when

when

when

when
when
when
when

when
end case;

end if;

s18.a

s19

s19_a

820

s20_a

s21

s22

s23

s24

§29

others

do EX_lhi_1(IR_Itype_rd);
state <= sl7.a ;

do_EX_lhi_2;
state <= sl ;

do_EX_set_unsigned_2 (IR_Itype.rd , immed =>
state <= sl8.a ;

do.EX _set_unsigned_3;
state <= sl ;

do.EX_set_signed.-2 (IR_Itype_rd , immed => true)
state <= sl9.a ;

do_EX_set.signed_3;
state <= sl ;

do.EX_load_store.2;
do_-MEM _load_1;
state <= s20.a ;

doMEM_load 2(IR _Itype_rd);
state <= sl ;

do_EX_load_store_2;
do_MEM _store_1;
state <= sl ;

do.EX_input_2;
state <= sl ;

do_EX_output_2;
state <= sl ;

null;
state <= sl ;

halt <= ’1’ ;
state <= 825 ;
null;

state <= sl ;
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end process sequencer;

end architecture behavior;

A.3 TLNS CPU Test

This section contains the VHDL files of CPU test bench module and its components.
These files also include some structures which are added to the CPU test bench for

filterbank application.

A.3.1 The TLNS CPU Test Bench

This code is the top module of test bench model. The test bench includes instances
of the TLNS CPU, the instruction and data memories, the clock generator, and the

input data reader.

library ieee;
use ieee.std_logic_1164.all,
ieee.std_logic_textio.all;

library work;
use work. tlns_types.all,
work . numeric_bit . all;

use std.textio.all;
entity tlns.test is

end entity tlns_test;

architecture bench of tlns_test is

—— The Input Data Reader
component input.gen is
port ( clk : in std_logic;
data_in : out external_data;
out_en : in std_logic );
end component input_gen;
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— The Clock Generator
component clock_gen is
generic { Tclk : delay_length := 20 ns );
port ( clk : out std_logic;
reset : out std.logic };
end component clock_gen;

— The Instruction Memory
component memory is
generic {( mem._size : positive := 1024;
Tac_first : delay_-length := 70 ns;
Tpd_clk_out : delay_length := 2 ns );
port ( clk : in std.logic;
a : in tlns_bus.word;
d : out tlns_bus_word;
ir_mem_enable : in std_-logic );
end component memory;

—— The Data Memory
component data_memory is
generic ( data.memory.size : positive := 1024);
port ( clk : in std_logic;
mem_a : in mem._bus_addr;
mem_d_in : in tlns_bus_word;
mem_d.out : out tlns_bus.word;
mem_write_en : in std_logic;
mem_enable : in std_logic );
end component data_memory;

— The TLNS CPU
component tlns is
port ( clk : in std_logic;

reset : in std_logic;
halt : out std_logic;
input.data : in external_.data;
output_data : out tlns_bus_word;
a : out tlns_bus_word;
d : in tlns_bus_word;
ifetch : out std_logic;
ir_.mem_enable : out std_logic;
mem._a : out mem_bus_addr;
mem_d_out : in tlns_bus_word;
mem_d_in : out tlns_bus_word;
mem._write.en : out std.logic;
output_enable : out std.logic;
mem _enable : out std_logic );

end component tlns;
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signal clk std.logic;
signal reset std_logic;
signal a : tlns_bus_word;
signal d : tlns_bus.word;
signal halt std.logic;
signal ir_mem_enable, ifetch std_-logic ;
signal mem_a : mem_bus_addr;
signal mem._d_in tlns_bus_word;
signal mem._d._out tlns_bus_-word;
signal mem_enable, mem_write.en std_logic;
signal data_in external_data;
signal data.out tlns_bus.word;
signal out_.en std_logic;
signal sync std_logic;
begin
— The component instantiations
input component input_gen
port map ( clk => clk, data_in => data_-in, out.en => sync );
cg : component clock._gen

port map ( clk => clk, reset => reset );

mem

component memory

port map ( clk = clk,

data_mem

port

proc
port

a=a, d=>d,
ir_mem-_enable => ir_mem_enable );

component data.memory

map ( clk => clk,

mem_a => mem.a,

mem.d_in => mem_d_in,
mem_d_out => mem.d_out,
mem_write_en => mem_write_en
mem.enable => mem_enable );

component tlns

map ( clk = clk,
reset => reset ,
halt => halt,
input_data => data_in,
output_data => data_out,
a => a,
d = d,
ifetch = ifetch ,
ir mem_enable => ir.mem_enable ,
mem.a => mem.a,
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mem_d_in => mem._d_in,
mem.d_out => mem_d_out,
mem_write_en => mem_write_en ,
output_enable => out_en,
mem.enable => mem_enable );

— this process writes the output into a file
write.output: process( clk)

file output.file : text open write.mode is ”filter_.output”;
variable line_out : line;
begin

if rising_edge(clk) then
— writes the output when output is enabled
if out_en = ’'1’ then
write(line_out , data_out(3 downto 0));
write(line_out , string ’(”.”));
write(line_out , data-out(23 downto 4));
writeline (output_file, line_out);

— when a data s written to output, the next input data is read
if data_out(3 downto 0) = ”0000” then
syne <= ’17;
else
sync <= ’0’;
end if;
else
sync <= 07,
end if;

end if;
end process write_output;

end architecture bench;

A.3.2 The Test Bench Clock Generator

The VHDL code for this module, generates clock and reset signals for the CPU,

library ieee;
use ieee.std.logic.1164.all;

entity clock_gen is
generic ( Tclk : delay_length );
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port ( clk : out std_logic;
reset : out std_.logic );
end entity clock_gen;

architecture behavior of clock.gen is
begin

— sets reset port of the CPU
reset_driver
reset <= ’1’, 0’ after 3.5 x Teclk;

— generates the clock signal
clock_driver : process is
begin
clk <= ’07;
wait for Teclk;
loop
clk <= ’1’, ’0’ after Tclk / 2;
wait for Tclk;
end loop;
end process clock_driver;

end architecture behavior;

A.3.3 The Test Bench Instruction Memory

This file shows the instruction memory for the TLNS CPU which is preloaded with

filterbank program. The coefficients of all filters are also stored in this memory.

library ieee;
use ieee.std_logic_1164.all;

library work;
use work. tlns_types.all,
work . numeric.bit.all;

entity memory is
generic ( mem_size : positive := 1024;
Tac_first : delay-length;
Tpd_clk_out : delay.length);
port ( clk : in std.logic;
a : in tlns_bus.word;
d : out tlns_bus.word;
ir_mem_enable : in std.logic);
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end entity memory;
architecture preloaded of memory is
begin
mem_behavior : process is
constant high.address : natural := mem_size — 1;
type memory.array is array ( natural range <> ) of tlns_word;

variable mem : memory_array(0 to high_address)
:= ( others => X”000000” );

variable byte_address, word.address : natural;
variable write_access : boolean;

—— The TLNS program and filter coefficients are loaded into memory
procedure load is

constant program : memory._array
= ( X”8C3801”, —0 lw rl4,M[1]
— Writting addresses to
registers

X7201404” —1 addi r0, r&, dstart
X 2429FF” | —2 addi r0, r10, dend
X*"3C11FF” —3 lhi r0, r4, dend
X?”0114E5” , —4 or r4 ,r5, r3
X" 20044E” -5 addi r0, rl, data_address
X”200840” , —6 next addi r0, r2, coef_address
X”50600E” , —7 slli rl, r8, E
X”0208A5” —8 or r8, r2, r2

—_ Entering Data
X74018007, —9 inpt rg, r6, 0

— Converting Data
X"199C00” —a btc ré, r7

— Storing Data
X” AC5C00” , —b sw Mfr1], r7

— Filters 0,7
X” 548DCB” —c filter r2, r8, coef sym, even,

75

— Writing output
X”72024007 —d addi r0, r9, band_tag
X"533004” ——e slli r12, r12, 4
X7027325” —f or r9, ri12, ri2

X74430007 , —10 oupt rg, ri2, 0
X*202C07” —11 addi r0, r11, dual_band-tag
X”537404” , —12 slli rl8, r18, /4
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X”02F765”
X” 4434007

X"208826”

X” 548DCB”
75

X”202401”
X"533004”
X" 027325”
X”443000”
X”202C06”
X”537404”
X" 02F765”7
X”443400”

X7208826”

X” 548DCB”
75

X7202402”7
X”533004”
X"027325”
X" 4430007
X”202C05”
X”537404”
X”02F765”
X" 4434007

X”208826”

X" 548DCB”
75

X”202403”
X”533004”
X7027325”
X" 4430007
X”202C04”
X”5374047
X?02F765”
X" 4434007

X7204401”
X" 0069AB”
X”118001”
X7214400”

or ril, r13, ri1s

oupt rg, r18, 0
Next set of Coefficients

addi 72, 12, next_coef_address
Filters 1,6

filter r2, r8, coef sym, even,
Writing output

addi r0, r9, band_-tag

slli riz, ri2, 4

or r9, ri2, ri2

oupt r0, ri2, 0

addi r0, ril1, dual_band.tag

slli rig, ri3, 4

or rll, r18, ri18

oupt rd, ri18, 0
Next set of Coefficients

addi r2, r2, next_coef.address
Filters 2,5

filter r2, r8, coef sym, even,
Writing output

addi r0, r9, band_tag

slli r12, ri2, 4

or r9, r12, ri2

oupt r0, ri2, 0

addi r0, r1l, dual_band_tag

sl rid, ri3, 4

or rll, r18, ri18

oupt r0, ri8, 0
Next set of Coefficients

addi r2, r2, next_coef_address
Filters 38,4

filter r2, r8, coef sym, even,
Writing output

addi r0, r9, band_-tag

slli r12, r12, 4

or r9, r12, ri2

oupt rg, ri2, 0 ]

addi r0, r1l, dual -band_tag

slid ri8, r18%, 4

or ril, rl3, ri18

oupt rg, ri3, 0

Next Data address

addi rl, r1, 1

sgt rl, r10, 16

beqz r6, cont

addi r5, r1, 0

213

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A. HARDWARE DESCRIPTION CODES

X” 0BFFCE” , —37 cont j next

X”000000” , —38 null

X”000000” , —39 null

X”000000”, ——3a null

X” 0000007, —3b null

X” 0000007, —38¢c null

X”0000007 ——3d null

X”000000”, —3e null

X?000000” , —38f null
B”0000011001100001100011107, —40 07

B”000001101010011110100011”
B”000001101010011110010110”
B”000001101011111110001000”
B”000001101011110110010101”
B”000001101011100110011010”
B”000001101100101110011110”
B”000001101011011110001110”
B”000001101010111101111101”
B”000000000001000000000100”
B”000011101011111101111000”
B”000011101101010101111011”
B”000011101111110101111001”
B”000011110000010110101000”
B”000011110001110110010110”
B”000011110010010110111000”
B”000011110010111110011010”,
B”000011110010101110100101”
B”000011110010111110110101”,
B”000011110011100110111000”
B”000011110010100101111111”
B”000011110010010110111000”
B”000011110000111101110001”
B”000000000001000000000100”
B”000001110000100110101101”
B”000001110011110110100000”
B”000001110100011110010000”
B”000001110101100110111111”
B”000001110111111111001010”
B”000001110111110110101010”
B”000001111001111111011010”,
B”000001111000111110101011”
B”000001111000100110111001”
B”000001111000001110111111”
B”000001111000000110111101”
B”000001111001110110101101”
B”000001111000010111010010”
B”000001111000100111010110”
B”000011101000100101111101”, L6
B”000011101010011110000110”
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B”000011101100010110011110”
B”000011101100011101101101”
B”000011101011011110011111”
B”000011101001101110000001”
B”0000011010010111011111106”
B”000001101110011110110111”
B”000001101010110110100110”
B”000000000001000000000100”
B”000011101100000101111010”
B”000011101110111110001111”
B”000011101100000110001110”
B”000001101110011110101010”
B”000001110001010110100011”
B”000001110011100110100010”
B”000001110100110110100010”
B”000001110100110110100101”
B”000001110011101110010110”
B”000001110000101110010110”
B”000011110000110110011010”
B”000011110010100110011011”
B”000011110001111110110101”
B”000000000001000000000100”
B”000001110010011110011010”
B”000001110101111111001011”
B”000001110010101110100000”
B”000011110011100110010110”
B’000011110101101111010000”
B”000011111000000110101110”
B”000011111011110111100010”
B”000011111011110111100011”
B”000011111001111110100101”
B”000011110111010111010010”
B”000001110110010110100011”
B”0000011110001101110111107,
B”000001111011111111001111”
B”000001111010100111011110”
B”000011100101100101101001”
B”000001101000110110011111”
B”000001101100011110011110”
B”000001101011011101110011”
B”000011101001111101111011”
B”000011101111110110110001”
B”000011101101101110010101”
B”000011101001110101101101”
B”000001101010001110001010”
B”000000000001000000000100”
B”000011101011101110011011”
B”000001101010000110010111”
B”000001110000001110011011”

25
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B”000001110100001111001101”
B”000001101111101110101001”
B”000011110010100110011011”
B”000011110100111110100010”
B”(000011110011100110101110”
B”000001101111010110110011”
B”000001110011110111000110”
B”000001110100111110100111”
B”000001101110010110101111”
B”000011110000011110160010”
B”000000000001000000000100”
B”000001110001011110011010”
B”000011110000000110000101”
B”000011110110100110101101”
B”000011110111101110011101”
B”000011110100110110000000”
B”000001111000101111001101”
B”000001111011111111100010”
B”000001111000001110111110”
B”000011110110111101101011”
B”000011111010101111000011”
B”000011111010000111001000”
B”000011110110000110110011”
B”000001111001100111010001”
B”000001111010100111011110”
B”000001101001101101110001”
B”000011100110101110000011”
B”000011101100010110011110”
B”000011101000010101101111”
B”000001101101101110010001”
B”000001101100011110010010” ,
B”000011101111010110111010”
B”000011101101111101101101”
B”000001100111010101111111”,
B”0000000006001000000000100”
B”000011101000000101110110”
B”000001110000101110110111”
B”000001101111010110011111”
B”000011110000000110001000”
B”000011110001011110111101”
B”000001101111110110100010”
B”000001110100110110100010”
B”000001110000101110100001”
B”000011110100100101111010”
B”000011110011100110011101”
B”000001110011111110100000”
B”000001110011100110100010”
B”000011101101011110011010”
B”000000000001000000000100”

34
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B”000001101110011110010011”
B”000011110100001110011001”
B”000011110100101111000110”
B”000001111010101111100101”
B”000001111000110110101111”
B”000011110100000110100101”
B”000011111011110111100010”
B”000011110101101111000011”
B”000001111001010111010110”
B”000001111001100110111011”
B”000011111001011110110001”
B”000011111011010111011110”
B”000001110110000110100010” ,
B”000001111010100111011110”
)i

begin
mem(program’range) := program;
end load;

begin
load ;
—-— initialize output
d <= disabled_tlns.word;

—— process memory read
loop
— wait for a command, valid on leading edge of clk
wait on clk until rising_edge{clk);
—— decode address and perform command if selected
word_address := to.integer (unsigned(to_bitvector(a)));
if word._address <= high_address then
if (ir_-mem_enable = ’1’) then
d <= ToX01( bit.vector(mem(word_address)) );
end if;
end if;
end loop;
end process mem_behavior;

end architecture preloaded;

A.3.4 The Test Bench Data Memory

The VHDL code for the data memory includes memory addresses which have been

loaded with 2DLNS value of 1. Since the order of all filters in filterbank application
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is 75, the last 75 locations of memory before the incoming input data, is filled with
1. Therefore, it is guaranteed that for the first 75 iteration of MAC operations, no

overflow occurs, although they are not valid values and should be ignored.

library ieee;
library work;

use ieee.std_logic_1164.all,
work. tlns_types.all,
work. numeric_bit . all;

entity data_memory is
generic ( data.memory_size : positive := 1024);
port ( clk : in std_logic;
mem.a : in mem_bus_addr;
mem_d_in : in tlns_bus.word;
mem_d_out : out tlns_bus_word;
mem_write_en : in std_logic;
mem-_enable : in std_logic);
end entity data_memory;

architecture behavior of data_memory is

begin
data_memory_behavior : process is
constant high_address : natural := data.memory_size — 1;

type data.memory._array is array ( natural range <> ) of
tlns_bus_word;

variable row_.address : natural;

variable write_access : boolean;

variable data.memory : data_memory_array(0 to high_address)
;= ( others => X”000000” );

—— The filterbank input data are loaded into memory
procedure load is

constant data : data_memory.array
:= ( B”000000000000000000000000” —
B”000000000000000000000000” —
B”0006000000000000000000000” —
B”000000000000000000000000” —
B”010000010100010000010100” S

W D
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B”010000010100010000010100" — &

B”010000010100010000010100” , ~—— 6

B”010000010100010000010100” — 7

B”010000010100010000010100”, — 8

B”010000010100010000010100” , — 9

B”010000010100010000010100” — a

B”010000010100010000010100” , — b

B”010000010100010000010100” — ¢

B”010000010100010000010100” , — d

B”010000010100010000010100” , — e

B”010000010100010000010100” — f

B”010000010100010000010100” — 10
B”010000010100010000010100” , — 11
B”010000010100010000010100” , — 12
B”010000010100010000010100” , — 13
B”010000010100010000010100” , — 14
B”010000010100010000010100” , -— 15
B”010000010100010000010100” , — 16
B”010000010100010000010100” , — 17
B”010000010100010000010100” , — 18
B”010000010100010000010100” , — 19
B”010000010100010000010100” , — la
B”010000010100010000010100” , — 1b
B”010000010100010000010100” , — lc
B”010000010100010000010100” , — 1d
B”010000010100010000010100” , — le
B”0100000101000100000101007 , — 1f
B”010000010100010000010100” , -— 20
B”010000010100010000010100” — 21
B”010000010100010000010100” , — 22
B”010000010100010000010100” , — 28
B”010000010100010000010100” , — 24
B”010000010100010000010100” , — 25
B”010000010100010000010100”, — 26
B”010000010100010000010100” , — 27
B”010000010100010000010100” , — 28
B”010000010100010000010100”, — 29
B”010000010100010000010100” , -~ 2a
B”010000010100010000010100”, — 2b
B”010000010100010000010100” , — Zc
B”010000010100010000010100” , — 2d
B”010000010100010000010100” , — 2e
B”010000010100010000010100” — 2f
B"010000010100010000010100” , - 30
B”010000010100010000010100” , — 31
B”010000010100010000010100” , - 82
B”010000010100010000010100” , — 38
B”010000010100010000010100” , — 34
B”010000010100010000010100” , ~— 35
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B”010000010100010000010100” , - 36
B”010000010100010000010100” , — 37
B”010000010100010000010100” , — 38
B”010000010100010000010100” , — 39

B”010000010100010000010100” —— 3a

B”010000010100010000010100” , — 3b
B”010000010100010000010100", — 3¢
B”010000010100010000010100” , — 3d
B”010000010100010000010100” , —~— Je
B”010000010100010000010100” — 3f
B”010000010100010000010100” , — 40
B”010000010100010000010100” , — 41
B”010000010100010000010100” — 42
B”010000010100010000010100” — 43
B”010000010100010000010100” , — 44
B”010000010100010000010100” , — 45
B”010000010100010000010100” — 46
B”010000010100010000010100” — 47
B”010000010100010000010100” — 48
B”010000010100010000010100” , — 49
B”0100000101000106000010100” , — ja
B”010000010100010000010100” , — 4b
B”010000010100010000010100" — 4c
B”010000010100010000010100” — 4d
)
begin
data_memory (data 'range) := data;
end load;
begin
load;

— initialize output
mem._d.out <= disabled_tlns_word;

—— process memory cycles
loop
— wait for a lw or sw instruction, valid on leading edge of clk
wait on clk until rising_edge(clk);
— decode address and perform command if selected
row_address := to_integer (unsigned(to_bitvector (mem.a)));
write_access := mem._write_.en = ’17;
if row_address <= high_address then
if (mem_enable = ’1’) then
if write_access then
—— write cycle

data_memory (row_address) := mem_d.in ;
mem_d_out <= disabled_tlns_word;
else

— read cycle
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mem._d_out <= data_.memory(row_address);
end if;
else
mem-_d_out <= disabled_tlns_word;
end if;
end if;
end loop;

end process data.memory.behavior;

end architecture behavior;

A.3.5 The Test Bench Input Data Reader

This module reads the input data for the filterbank application from a file.

library ieee;

use ieee.std_logic_1164.all,
ieee.std_logic_textio.all,
work. tlns_types.all,
work. numeric_bit . all;

use std.textio.all;

entity input_gen is
port ( clk : in std_logic;
data_in : out external.data;
out.en : in std_logic);
end entity input_gen;

architecture behavior of input_gen is

begin
—— this process reads the input from a file
read_input : process(clk) is
file input.file : text open read.mode is ”filter_input?”;
variable line_in : line;

variable data : external.data;

begin
if rising_edge(clk) then
— reads input when an output is completed
if out_en = ’1’ then
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readline (input_-file , line.in);
read (line_in , data);
data.in <= data;
if endfile(input_file) then
assert false report ”"Simulation.is.complete. . End.of.Stimulus.
File?”
severity note;

end if;

end if;

end if;

end process read_input;

end architecture behavior;
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