AHEET-F77F v 103-12
& & B B ok 69-12
(1993. 12. 17)

HEAV 7070ty KITEICLD
HETHBE DOEGIRE

RE BT HP R AR SELY

T NHTSERS: WML MAENR TSR
I TUNTERSE <4 7 B EHFL Y ¥ —

e ] L AR T ) 113 6804

sueyoshiQai.kyutech.ac.jp

H5F L HEM~A2070%yH KITE i, #8272 FPGA % 15H L THBENE b OF o, &£
3, BIRERE CIT) LS TEZMBRITHEMIEM TH L. FHTIE, KITERA 2070ty 5 5FH L%~
REEEH L LT, FEE34F4E 84 AR RBRIIT o 2280 RENI L A7 A 707 Uy P OBESERL, i
EOHEG 2 THHICERT 2 RN 22 E EROERHRICOVTRE TS, WECIBRLIZY 15%0%
EDPTESE, FEEROBYULRECH L Z LIMRATE. —F, BECTHBHETEAHBMICEB ISR
S, FABHATIZEEMEOAR LT, N—F oo 7RREEIC L 2BELFEEROBEL U TEGTES
TLERMRLL.

fIXF—7=F <A4rurokv¥, FPGA, CAD, WERE, N—F v 7ildEH ¥

Examples of Design Education Using
an Educational Microprocessor KITE

Toshinori Sueyoshi T 1 Koichiro Tanaka Morihiro Kuga ?

T Department of Artificial Intelligence
Kyushu Institute of Technology

i Center for Microelectronic Systems

Kyushu Institute of Technology
680-4 Kawazu, lizuka—shi, Fukuoka, 820 Japan

Abstract
Educational microprocessor KITE is a teaching material for LSI design education of students

using FPGA. This paper reports on the examples of designing KITE microprocessor parts performed by 84
students in our department. Results have confirmed that 75 percent of the students have finally completed
the design. Furthermore, this paper reports on the results of designing the whole KITE microprocessor by
other students who were only given the specifications and allowed to perform the experiments using schematic
editor or HDL. The results reveals that the students were able to complete the overall KITE microprocessor
design which confirm that design education can also be performed using schematic editor or HDL.
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Acc = Accumulator IR = Instruction Register
ALU = Arithmetic and Logic Unit IXR = Index Register

AR = Address Register PC = Program Counter
CGU = Clock Generator Unit SEQ = Sequencer

FR = Flag Register SP = Stack Pointer

IDC = Instruction Decoder
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1. 74ty b
kbl = HATRIEAN S YT M
LD Load ADD Add LSL  Logical Shift Left
ST Store SUB  Subtract LSR  Logical Shift Right
MV Move INC  iIncrement ASL  Arithmetic Shift Left
DEC Decrement ASR  Arithmetic Shift Right
OR  Inclusive OR %’ﬁ xmo |I.;nht
ECR  Exclusive OR e Hig
Kl AND AND SWP  Byte Swap
JP Jump always NOT NOT AHHBS
JPC. Jump on Carry IN 1:npul
JPV  Jump on Overflow OUT  Output
JPZ  Jump on Zero PO TN s
JPS  Jump on Sign VI PESN e
CALL Call Subroutine PUSH Push down NOP  No Operation
RET  Return from Subroutine  POP  Pop up HALT Halt
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ATIWN-T .
EE [ 201 | a0z | a03 | a04 | a05 | a06 | a07 | a08
Input XNF Design Statistics
Number of Logic Symbols 796 832 895 815 764 884 840 773
Number of Flip Flops 133 134 133 134 133 133 133 134
Number of 3-State Buffers 116 116 116 116 116 116 116 116
Equivalent " Gate Array” Gates 3612 | 3929 | 3783 | 3776 | 3578 | 3732 3818 | 3765
Partitioned Design Utilization
Occupied CLBs [Utility (%)] 100 98 98 100 95 99 100 98
Packed CLBs [Utility (%)] 83 83 84 86 76 87 86 83
Flip Flops [Utility (%)] 21 21 21 21 21 21 21 21
3-State Buffers [Utility (%)] 23 23 23 23 23 23 23 23
Routing Summary
Number of Total lines used ] 4350 [ 4134 | 3507 | 3781 | 3628 | 4368 | 4171 | 3661
Cpu Times
Total (min:sec) [ 09:56 [ 07:55 | 04:00 | 11:52 | 04:42 | 20:30 [ 08:37 | 04:22
BIN-F
X3  po1 | b02 [ b0o3 | bo4 | bos5 | bo6 | bo7 | bo8 | bo9 [ bio
Input XNF Design Statistics
Number of Logic Symbols 821 772 870 822 803 896 875 800 864 | 1021
Number of Flip Flops 133 134 133 138 138 133 138 133 134 134
Number of 3-State Buffers 116 116 116 116 116 116 116 116 116 116
Equivalent ” Gate Array” Gates 3628 3669 3907 3807 3639 3866 3933 3655 3804 4206
Partitioned Design Utilization
Occupied CLBs [Utility (%)] 95 95 97 100 95 95 93 92 97 94
Packed CLBs [Utility (%)] 82 76 81 78 77 88 78 80 85 79
Flip Flops [Utility (%)] 21 21 21 22 22 21 22 21 21 21
3-State Buffers [Utility (%)] 23 23 23 23 23 23 23 23 23 23
Routing Summary
Number of Total lines used [ 3374 | 4097 | 3721 | 4202 | 3173 | 3260 | 3166 | 3294 | 3290 | 3363
Cpu Times
Total (min:sec) [[ 06:13 ] 09:34 | 04:50 | 15:25 | 06:38 | 06:50 | 09:51 | 03:52 [ 06:40 [ 06:33
cin-=7
EE3 c01 | c02 | c03 | c04 | c05 | c06 | co7 | co8
Input XNF Design Statistics
Number of Logic Symbols 777 886 | 1045 769 775 879 822 900
Number of Flip Flops 133 133 133 133 133 133 133 133
Number of 3-State Buffers 116 116 116 116 116 116 116 116
Equivalent " Gate Array” Gates 3750 3974 4143 3542 3699 3784 3907 3914
Partitioned Design Utilization
Occupied CLBs [Utility (%)] 95 96 96 90 96 100 97 95
Packed CLBs [Utility (%)] 80 87 80 72 79 85 83 84
Flip Flops [Utility (%)] 21 21 21 21 21 21 21 21
3-State Buffers [Utility (%)] 23 23 23 23 23 23 23 23
Routing Summary
Number of Total lines used [ 3424 | 3581 | 3614 | 3444 | 3797 | 4251 | 3906 | 3306
Cpu Times
Total (minsec) [[06:38 [ 07:16 | 05:13 | 06:25 | 08:00 | 14:58 | 08:31 | 03:32
D Jn=-7
K [ doi | doz | do3 | do4 | dos | doe
Input XNF Design Statistics
Number of Logic Symbols 872 829 814 873 834 833
Number of Flip Flops 133 133 133 134 134 133
Number of 3-State Buffers 116 116 116 116 116 116
Bquivalent ”Gate Array” Gates 3784 3569 | 3654 | 3896 | 3688 | 3645
Partitioned Design Utilization
Occupied CLBs [Utility (%)] 98 94 93 97 97 97
Packed CLBs [Utility (%)] ER) 75 74 82 82 82
Flip Flops [Utility (%)] 21 21 21 21 21 21
3-State Buffers [Utility (%)] 23 23 23 23 23 23
Routing Summary
Number of Total lines used [ 3972 ] 3438 | 3591 | 3932 | 3915 | 4228
Cpu Times
Total (min:sec) [] 05:08 | 03:49 | 07:54 | 06:20 | 13:15 | 10:33




F 4 FEERI (HBE) OEHER
[FE TA T B [ €T DJEJF ]G] H ]I
IAWS: 157 1l AV [2 73X EPAVS
Input XNF Design Stafistics
Number of Logic Symbols 977 938 826 804 739 1184 733 799 953
Number of Flip Flops 135 148 134 135 118 101 102 103 101
Number of 3-State Buffers 116 116 116 116 100 100 116 100 100
Equivalent ” Gate Array” Gates 4052 3962 3629 3584 3318 4271 3252 3218 3712
Partitioned Design Utilization
Occupied CLBs [Utility (%)] 99 100 99 95 90 99 88 89 96
Packed TLBs [Utility (%)] 92 92 85 83 73 89 75 72 89
Flip Flops [Utility (%)] 21 24 21 21 19 16 20 6 16
3-State Buffers [Utility (%)] 23 23 23 23 19 19 23 19 19
Routing Summary
Number of Total lines used [[ 4260 | 4201 | 4029 | 3876 | 3413 | 3690 [ 3326 | 3130 [ 3503
Cpu Times
Total (min:sec) [l 07:21 [ 10:19 [ 06:59 ] 05:50 [ 06:36 | 05:07 | 03:41 | 05:59 | 04:02
KITE Performance
Clock cycle Per Instruction 551 [ 5386 | 6.16 | 7.16 | 5.12 | 484 | 4.89 | 4.84 | 4.84
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ZET 364 gzs? 224 (28) [ 198 (19) [ 253 (27) | 237 (25) | 214 (25) | 167 (21) | 210 (30) | 210 (23)
7| , =721,
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E, HBREOARLS X THMICRENT 2 AR 34 E
B (B, N—Fv = 7R E5E) of sHEEIzonT
ERRE RARE Lz, WiE0oREERTIE, BRMGI0IT
#) TORDFEENER & &, EEHIM % RISy E
BOBYLREECTHH I LDMATES, 72, BED
FHEERTISEVHFE CEL2HMAICERK S ¢, Bk
BANIZEZREDOR L LT, N—F 7 = 7B EEIC
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&6 FHEERI(VIDL) OFEEHER

FE 1T VI W I X T Y T z
APS: 5 1 AR | 3NA
Input XNF Design Statistics

Number of Logic Symbols 759 838 881 805 977
Number of TTip Flops 125 146 148 97 132
Number of 3-5tate Buffers 116 152 144 124 96
Equivalent 7 Gate Array” Gates 3725 | 4057 1 4346 | 3711 | 4432

Partitioned Design Ufilization

Occupied CLBs [Utility {%)] 90 97 97 92 100
Packed CLBs [Ctility (%] 66 76 82 75 91
Flip Flops [Utility (%)] 20 23 24 15 21
3-State ers [Utility (%)] 23 30 28 24 19
Routing Summary
Number of Total lines used [ 2702 | 3883 ] 3661 | 3339 | 4082
Cpu Times
Total (min:sec) [ 02:50 T 06:50 [ 05:25 | 04:20 | 11:26
| KITE Performance
Clock cycle Per Instruction [ 588 ] 588 | 5.78 | 5.04 | 4.92

7. FAEEERI(VADL) o5 SHI

[FE \Y W T X Y I Z
AL T°X 3K
E 5 13 ( 3) 12 ( 3) 12 ( 3) 18 ( 3) 12 ( 2)
FRT 21 ( 4) 23 ( 4) 32 (5) 79 (10) | 120 (13)
Bl MR 3 4 2 4 12
VIRY kv b 2 3 2 3 3
K B 12 12 23 52 80
ﬁﬁ:;_#ﬁ&: 4 4 5 20 25
FIy 17 (3) 16 ( 3 W0 (1) 22 ( 3) 22 ( 2)
ST A R L [ B 2 2( ) 2 1 2(
VYRS kv b 1 3 2 1 1
780 [0 B 14 11 36 20 21
3 60 ( 7) 80 ( 8) 65 ( 8) 48 (8) 38 ( 6)
SEf 111 (17) | 131 (18) | 149 (23) | 167 (22) | 204 (25)
TR, L,

L, ERON—F 7 7ERTHBRLZZ L D%V (3] K, Hrh, M, IR, HH: FRTHL LSI %
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78, KITER A 7u7atySoRstyr—sru
AVT I 2TIRYV—Aa—FR2EDTEIRTARBLT
BY, v{ruroby2EHLTIREEE Y ER
ENDLBOBENZNTENTH 5.

[4] K, Hb, %0 BERTIELHE LSI # v
HERYA 7070ty % KITE, 1EHLEF SR
FeHEr 92-ARC-96-15, 1992.

{5] Hw, /NAM, AR, £E: BEFRA7u070xy

Ei i ¥ KITE & ZORBEIBHRE, HHLE ST
EEHHMMPENIZIH ST, KITEXA 70 7uty # 93-ARC-100-8, 1993.

F ORBENT RBUTHREE L T < iz ARG T Rk

TR DR A R 5. (6] KITE ~ A 7979 >% - Y RF AR —a¥

Yo — & OBERE— Version 1.0, 1993.

[ KITExAZ7u7akyd - J77L VX -<=a
=
& E | 7 IV Version 1.0, 1993.

[1] EFEE: KZEIIBIT S LSIEE#EE 2y b
v Aruar¥a—¥- BFEHEEFSEE, Vol
75, No.5, pp. 530 — 533, 1992.

[2] #hIE, & STEBEER <~ /U7 oy b OR%E
EZOIEH -HEEREAR LR L 2R EE
B, AL LEE, Vol. 33, No.2, pp. 118 - 127, [10]) IEEE: IEEE Standard VHDL Language Reference
1992. Manual, 1988.

[8] KITE= A Z7ua7aty¥ - F— FEIRFHE Ver-
sion 1.0, 1993.

9 KITE®A 7070ty - JOAV T T27T -
Y= a TV Version 1.0, 1993.



