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Processor Architecture with Program Controlled Instruction Fetching

SHUSUKE OKAMOTO! and MASAHIRO SOWAt

This paper describes a program controlled instruction fetching mechanism, which is called
the Fetch Instruction Method. In this mechanism, the special instructions to control instruc-
tion fetching are inserted into programs. They are processed in parallel with the other types
of instructions. The results of performance evaluations show that many of branches are pro-
cessed in parallel, and the performance is more improved by only increasing the number of

fetched instructions per clock cycle.
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Fig. 1 Basic fetch instructions.
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Fig. 2 A pipeline structure.

E:Execution
M:Memory access
W:Write back
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start: FEQZ r3,target,5,3,7

addi rl,r0,#3

addi r2,r0,#2

addi r5,r0,#5

sgt r3,r2,rl,*
fall: F end,?2

sle r3,r2,rl

and r4,r3,rl
target: F end,2

slt r6,r2,rl

subi r3,r5,2

and r4,r3,rl

sle r3,r2,rl
end: F end,0

add r1,r0,r0
———————————————————— (a)

clk| FC | nl| q|F]| B D IEMWi

1| 0l 5| OIF| l

I
ADDI| |

]
2| 8| 31 o] |
31 161 1] 1]*] | ADDIla |
4| 201 ol 1I£fI | ADDIlaa |
51 20f ol oltl | SGTlaail
6l 20f ol ol | | laa2}
71 201 Ol Ol IFEQZ | | a5l
8| 40l 31 o=l | sLTI 3I
9] 48] 1| 1|*|F | SUBIla |
10| 52} 2} 1|F} | AND|aa |
11| 60l of 1| |F | SLE|aa6]
12| 521 of ol | | ADDlaa3|
13| 52| 0 ol | | laad|
14| 52| ol ol | ] | a3|
15| 52| 0l ol | | Y|

- (b)
H3 TurysaplieZobl—2
Fig. 3 Program examplel and its trace.
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start: FAL func,6 ;3 Call to ‘‘_func?’
lhi ri14, ((memSize-4)>>16)&0xffff
addui r14, ri4, ((memSize-4)&0xffff)
sub rild,ri14,#4
addi r3,r0,#10
sw 0(ri14),r3

return: F exit,1
add ri4,ri14,#4

func: FR r31,2 ;; Return
sw -4(r14),xr2
1w r2,0(x14)
addi r1,r0,#3
add ri,rl,r2
1w r2,-4(r14)

exit: F exit,0

(a)
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ot b—d + -t
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5| 40) 4| 2{*]| | ADDIlaaE|
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8l 32| o] 4] |IF | LWltt3|
9l 56| 1| 3|F| | ADDI|tt |
101 60| 0] 2| |IF | ADD|at |
11] 561 O 1] | | LWlaa2]|
121 56| 0] 0] | | ADDI|tal]
13} 56| ol of | | lat1]
14| 56| 0f ol | | | a2|
15| 56{ ol ol | | | EIl
16| 56| ol ol | | | |
(b)

B4 Tourssapl2arenrl—2
Fig. 4 Program example2 and its trace.
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Table 1 Number of instructions.

btree | eval | tayl3
db 1180 535 408
pnt, pss 1050 465 349
f1, flp, f2, f2p 1101 510 360

Ehs, BEGT v FHRVEIIBEVHS.
6.2 AV L-HAX

K1, IROOTUTFL - FAXET YT
HHDETRY. pnt & pss iEFA—D I3 —FE#EITL,
7 2y FRHEFREITY SOy TR —a - F
PEITTD. CORPL, ThOHDRYFI—I1IB
W, 7y FHEFREOT 0 54813, BESE
Bo7uarz 55X baf888 e Lot sb
6.3 E TR

B5 iRV F—2 - Tl 5 LADOEFTREBE 7
Oy Z7HTRY. 3200707 FAIC3#BELT2p &
pss AL D b Z a0y JEAP R, 2D 2D tayld
KBWTRHE—Z7ay Z7#THEITL, btree & eval T
B3 1% & pss DH B Loy FHTEFTLT
w5,

$ 72, btree & eval iICBIF 5 flp L 24°f1 X h D
r0y 7BEFBLTNAIEDS, T T7xvFB
FU2HBEE T v FHRELLLMENHLEEZ LN
B, FREFUHLIKEEL LD S tayld TiE, 7Y
7 xy FHIEE ALTFbRR WD, fl L flp, 2
L Rp BMEREFNIBERBZO 70y 7HTH 5.

f1 12 X 5 btree & eval DEFFIZBWT, 70y 7
PEYVEL o TWwAERL LTUIRD I EHEL
bhd. fl TERERTIEONEFITo/2RD 7Ty 7
BV, 87 ay 7072y FaPDAY T v F
L, FORD 7 G v 7 CHEE LR EOEST SEE T Ly
FL, é%k/}(0)7ﬂ/7f%®¥ TS DT a—F
PEET L. COREROT 2y F ORIED, ERE
LT, ETEEZHEMIETNA.

6.4 HSHDALSIME

X6~8 D777, 7 9 FHEEB L ORIk
BEILI, DMES TNy A IV T BIUE
OHEERT. &7 5 73S V=TT ERT
Wb, F(J) 3EEMT7 2y F (5%) &4, FAL(JAL)
BERXFUHRLBO7 2vF (FF) &4, FR(JR)
BERXDPOLDVF—VBOT7 29 F (FK) &4,
FNEQ(BNEQ) B &7kt un & 215K ¥ 5 4%
%7 2y F (5I%) &4, FEQZ(BEQZ) 3 &MH03¥
UDL XICHETAEET v F (D) 5%, %
NEFWRY. 797 Oftii{aaoRE S h-BE
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clock(x1000)
90

80 |—
70
60
50
40
30
20
10

0

Ef2p Sf2 @flp Af1 Mdb Mpnt IpssL

btree eval tayi3
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Fig. 5 Execution time for benchmark programs.
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F2 FEfTrav s BHIBE
Table 2 Reduced clock ratio.

btree eval tayl3
db pnt pss db pnt pss db | pnt pss
f2p | 11% 8% -1% 9% 13% —-1% | 9% | 9% 0%
2 4% 1% —9% 5% 8% —7% | 9% 9% 0%
flp 6% 3% —7% | —1% 3% | —13% | 6% 6% | —3%
fl —6% | —9% | —21% | —6% | —2% | —19% | 6% 6% | —4%
®£3 FEREOY A3 vTOHE
Table 3 Timing ratio of branch processing.
btree eval tayl3
Zero | One | Over One | Zero | One | Over One Zero { One | Over One
f2p 38% 60% 2% 66% 31% 3% 100% 0% 0%
f2 37% 3% 60% | 61% | 10% 29% | 100% 0% 0%
fip 12% 66% 22% 20% 56% 24% 57% 43% 0%
f1 12% 24% 64% 17% 47% 36% 54% 46% 0%
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