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ABSTRACT. In this project, | introduce the processor architecture that enables real-time processing in
embedded systems, and develop the new processor core that implements the architecture. The core is configurable
about the hardware elements, for example the size of a cache or the bit width of memory bus, according to
demands on speed, size of hardware and consumption of electricity. In addition, the core has fast
context-switching mechanisms with multiple contexts for trap processing and explicit cache-control instructions
for enabling data prefetching and fast DMA. The core aims to support research and development in embedded
systems by opening the source codes written in VHDL.
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Id [%g1], %I0
Id [%g1+4], %l1
add %I0, %I 1, %I0
Id [%g1+8], %I2
Id [%g1+12], %I3
3 add %I0, %I2, %I0
add %I0, %I3, %I0
Id [%g1+16], %I2
Id [%g1+20], %I3
(PSR) add %I0, %I12, %I0
(PC) SPARC Y add %I0, %I3, %I0
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Id [%g1+120], %l2
Id [%g1+124], %I3
add %I0, %12, %I0
add %I0, %I3, %I0
st %10, [%600]
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prefetch [%g1]
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Cycle Code sequence Bus utilization Cycle Code sequence Bus utilization
1 Id [%g1], %10 1 prefetch [%g1]
2 2 prefetch [%gl+16]
3 3 prefetch [%g1+32]
4 Id 4 prefetch [%g1+48]
5 [%g1] 5 Id [%g1], %l0 prefetch
6 6 [%g1]
7 7
8 Id [%6g1+4], %I1 8
9 add %0, %I1, %0 9 Id [%g1+4], %I1
10 Id [%g1+8], %I2 10  add %0, %I1, %l0
11 Id [%g1+12], %I3 11 Id [%g1+8], %12
12 add %0, %2, %0 2 Id [%g1+12], %I3 prefetch
13 add %0, %13, %0 13 add %0, %12, %0 [%6g1+16]
14 Id [%g1+16], %I2 14 add %0, %3, %0
15 5 Id [%g1+16], %I2
16 6 Id [%g1+20], %I3
17 Id 17 add  %l0, %I2, %0
18 [%g1+16] 18 add %0, %I3, %0
19 19 Id [%g1+24], %I2 prefetch
20 20 Id [%g1+28], %I3 [%691+32]
21 Id [%g1+20], %I3 21 add  %l0, %2, %I0
22 add %0, %12, %0 22 add %0, %13, %0
23 add  %l0, %3, %I0 23 1Id [%g1+32], %2
24 1Id [%g1+24], %2 24 1Id [9%g1+36], %I3
2% 1d [%g1+28], %I3 25 add %0, %2, %0
26 add %0, %12, %0 26 add %0, %13, %0 prefetch
27 add  %l0, %3, %I0 27 Id [%g1+40], %6l2 | [%0g1+48]
28 Id [%g1+32], %612 28 Id [%gl1+44], 9%I3
29 20 add  %I0, %I2, %I0
30 30 add  %l0, %3, %I0
31 Id 31 Id [%g1+48], %I2
) [%691+32] 32 Id [%g1+52], %I3
33 33 add %0, %2, %0
34 34 add %0, %3, %0
3B Id [%g1+36], %I3 3B Id [%g1+56], %I2
36 add %0, %2, %0 3% Id [%g1+60], %I3
37 add %0, %I3, %l0 37 add %0, %I2, %l0
38 Id [%g1+40], %I2 38 add %0, %3, %I0
39 Id [%6g1+44], %I3 o« %l0, [%600]
4  add %0, %2, %0
M add %0, %13, %0
42 Id [%g1+48], %l2
43
a4
46 [0/091+48]
47
48
49 Id [%g1+52], %3
50  add  %l0, %12, %I0
51 add %0, %I3, %l0
52 Id [%g1+56], %l2
53 Id [%g1+60], %13
54 add  %l0, %12, %I0
55 add  %l0, %3, %I0
56 s %0, [%00]
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DCPI: Data Cache Prefetch Instructions
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PILI: Processor Interrupt Level Instructions

SPARC Version 8
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64
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Entity Gate count

INSTRUCTION_BLOCK 1,508
ADDRESSB_LOCK 1,513
EXECUTE_BLOCK 31,495
PREFETCH/STORE_BUFFER 9,180
INSTRUCTION_CACHE_CONTROL 2,696
DATA_CACHE_CONTROL 4,997
OTHERS 1,414
REGISTER_FILES 17,037
INST_CACHE TAG MEMORY 17,663
DATA_CACHE TAG MEMORY 18,035
INST_CACHE DATA MEMORY 51,360
DATA_CACHE DATA MEMORY 51,360

Total 208,258
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LDSB(A) LDUB(A)
LDSH(A) LDUH(A)
LD(A) LDD(A)
LOAD/STORE STB(A) STH(A)
ST(A) STD(A)
LDSTUB(A) SWAP(A)
AND(CC) ANDN(CC)
LOGICAL OR(CC) ORN(CC)
XOR(CC) XNOR(CC)
ADD(CC) ADDX(CC)
SUB(CC) SUBX(CC)
ARITHMETIC/SHIFT UMUL(CC) SMUL(CC)
uDIV(CC) SDIV(CC)
SLL SRL/A
BICC(all)
CONTROL TRANSFER CALL JMPL
TICC(all) RETT
RD/WRY RD/WRPSR
READ/WRITE REG. RD/WRTER
SETHI NOP
OTHERS UNIMP
IRSI CLFI
SPE;;@ES:EET' SAVEGWRITE_PIL RESTORE_PIL
BTI DCPI
(Emulated by trap routine)
LD(D)F LD(D)C
LDFSR LDCSR
LOAD/STORE ST(D)F STFSR/DFQ
ST(D)C STCSR/DCQ
ARITHMETIC TADD/SUBCC(TV) MULSCC
BFCC BCCC
CONTROL TRANSFER SAVE RESTORE
READ/WRITE REG. RD/WRASR RD/WRWIM
STBAR FLUSH
OTHERS Floating-point Coprocessor
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