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The KITE microprocessor

and its Development Support Environment
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This paper presents an educational microprocessor called KITE and its development support environ-
ment using reconfigurable FPGA where students can perform their own design, implement, and test its
operations. KITE is a 16-bit microprocessor comprising the basic computer components and students utilizes
schematic editor and/or hardware description languages as design methodologies. Furthermore, the develop-
ment support environment is completely provided with an evaluation board and cross software for students to
directly implement in LSI the completed design and confirm the operations of the designed microprocessor.

With KITE, students can debug and improve their designs for a number of times, and facilitate even those
with little logic circuit design experience.
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(1) Schematic Editor (2) ABEL-HDL (3) VHDL
" sequencer enlity SEQ1 is
State1_SEQ1, State0_SEQ1 node istype ‘reg’; port(
co,ak,dk,rst : in bit;
sbit_SEQt = [State1_SEQ1, State0_SEQ1 ); s10,511,512,513 s out bit );
end SEQ1
si0=[0,0}
sti=[0,1] architecture SEQ1_BODY of SEQ1 is
s2=[1,1] type STATE_TYPE is (50,61,52,53);
sB3=[1,0] " signal P_STATE : STATE_TYPE;
begin
sto * seq1 STATE_UPDATES : process(ck 5st)
equations begin
n sbit SEQI.CLK = dlk; it rst = '1" then P_STATE <=s!0;
sbil. SEQ1.AR = rst; end if;
T if cievent and clk = *1" then
SI0 = (sbit_SEQ1 == st0); case P_STATEis
st1 = (shit_SEQ1 == st1); when s0 =>
St2 = (sbit_SEQ == st2); if (ce ='1") then
S13 = (shit_SEQ1 == st3); P_STATE <=s1;
ce ak state_diagram sbit_SEQ1 end if;
r ] stale  si0: when s1 =>
if {ce) then st if (ak = '1') then
else si0; P_STATE <= s2;
when s2 =>
state  st1: P_STATE <= $3;
if (ak) then st2 when 53 =>
P_STATE <=s0;
state  st2: end case;
goto st3; end if;
end process;
state st3:
clk goto st0; OUTPUT_DESCRIPTION : process(P_STATE)
rst begin
S10 <="0"; stl <= "0 ; S12 <="0"; S13 <= "0";
case P_STATE s
when s0 => 510 <= '1";
when st =>sit <=1
when s2 => 512 <= ’1";
whens3 =>st3<="1";
end case;
end process;
end SEQ1;
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P?OZ‘::'SZ';‘:;V"" (1) Schematic Editor (2) ABEL-HDL *(3) VHDL
Ver 1.30 Single Bus  Three Buses Single Bus  Three Buses Single Bus  Three Buses

Input XNF Design Statistics
Number of Logic Symbols: 790 818 845 843 795 814
Number of Flip Flops: 134 101 135 102 131 97
Number of 3-State Buffers: 116 100 116 100 112 112
Number of IO Pads: 111 111 111 o1 111 111
Number of Hard Macros: 0 0 0 0 0 0
Number of Nets: 1123 1120 1161 1110 1095 1090
Number of Pins: 4083 3959 4410 4099 4064 4006
Equivalent "Gate Array" Gates: 3690 3470 4118 3744 3787 3664
- From Logic: 3690 3470 4118 3744 3787 3664
- From Random Access Memories: 0 0 0 0 0 0
- From Read Only Memories: 0 0 0 0 0 0
Partitioned Design Utilization Using Part 4005PG156-6
Occupied CLBs: 95% 93% 96% 94% 93% 9%6%
Packed CLBs: 75% 74% 84% 78% 2% 77%
Package Pins: 9% 9% 99% 99% 99% 9%
FG Function Generators: 75% 74% 84% 8% 72% 7%
H Function Generator: 43% 37% 31% 27% 23% 41%
Flip Flops: 21% 16% 21% 16% 21% . 15%
Memory Write Control: 0% 0% 0% 0% 0% 0%
3-State Buffer: 23% 19% 23% 19% 22% 22%
3-State Buffer Output Lines: 57% 57% 57% 57% 57% 57%
Address Decoder 0% 0% 0% 0% 0% 0%
Address Decoder Qutput Lines: 0% 0% 0% 0% 0% 0%
Routing Summary .
Number of unrouted connections: (1] 0 0 0 0 0
Number of pips used: 6181 5415 6036 5606 4947 4889
Number of local lines used: 2706 2305 2551 2441 2132 2025
Number of double lines used: 909 811 894 824 629 670
Number of long lines used: 383 363 371 359 325 315
Number of global lines: 18 20 20 17 22 16
Number of Decoder lines used: 0 0 0 0 0 0
Cpu Times
Netlist Preparation: 00:00:04 _ 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Partition/Placement; 00:00:41 00:00:35 00:00:35 00:00:31 00:00:36 00:00:36
Placement Improvement; 00:00:35 00:00:45 00:00:26 .00:00:33 00:00:22 00:00:29
Routing: 00:07:33 00:02:33 00:08:35 00:03:07 00:02:18 00:01:36
Total: 00:09:12 00:04:12 00:09:35 00:04:29 00:03:32 00:02:56

SPARC Station 10 Model 41 (Memory 128Mbyte)
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Software Computer Single Bus Three Buses

NEC PC-9801RA21
(1386DX 20Mhz)
Memory 10Mbytes

20:32:56 04:23:21
Patition, Place
and Route

Ver.1.10

NEC PC-9801RA21
(M486SX 16Mhz)
Memoary 12Mbytes

08:06:30 02:00:10

SUN SPARC Station 2
{SPARC 40MHz)
Memory 64Mbytes

00:23:21 00:06:25
Parthion, Place
and Route

Ver.1.30

SUN SPARC Station 10
(SUPER SPARC 40MHz)
Memory 128Mbytes.

00:08:12 00:04:12
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