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Branch-handling Mechanisms in
the Extended VLIW Processor GIFT

AKIRA KOSEKI," HIDEAKI KOMATSUt and YOSHIAKI FUKAZAWA'

The pipelining techniques of processors have been improved, and the issue rate of instruc-
tions has also been increasing. In these architectures, branch prediction and instruction issue
become more and more important. We proposed an extension of VLIW processors to achieve a
high performance in executing various applications including non-numerical programs. How-
ever, there exist some serious problems with branch prediction and instruction issue to execute
non-numerical programs, because it is very difficult to improve following things simultaneously
on an architecture with high issue rate of instructions and a deep instruction pipeline: @ accu-
racy of branch prediction, @ efficiency of instruction issue when branch prediction is correct,
® efficiency of instruction issue when branch prediction is incorrect. In this paper, behaviors
of branches are categorized into two classes and two extensions of VLIW are proposed to solve
the problems respectively. At last, we evaluate the performance of our processor with the new
extensions.
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Table 1 Behaviors of branches in checker board puzzle.
Sk E T JiH Sl Ty vTEER | VY TEE | EHET | BENM-T
1} backward 128 112 16 - O
1 backward 16 14 2 - O
2 backward 10 9 1 - O
3 backward 64 56 8 - O
4 backward 8 7 1 - O
5 backward 13 12 1 - O
6 forward 1878245 1688505 189740 O -
7 forward 5764752 3793060 1971692 O -
8 forward 1971692 973154 998538 O -
9 forward 998538 547360 451178 O
10 forward 451178 190932 260246 O
11 forward 260246 91963 168283 O -
12 forward 168283 34218 134065 O -
13 forward 5764752 134065 5630687 X
14 forward 134065 2 134063 X
15 forward 407024 43952 363072 O -
16 backward 407024 272961 134063 - X
17 backward 5764752 5630688 134064 - @]
total - 23970790 13401070 10569720 - -
R2 8 74— SANOSMEIKE
Table 2 Behaviors of branches in 8 queen puzzle.
NEET | A | SGNE | Vv T EB | kUv o TOs | AAEL | Zev—T
0 forward 5888 736 5152 O -
1 backward 5888 5152 736 - @]
2 backward 736 644 92 - O
3 forward 46752 7196 39556 O -
4 forward 39556 6468 33088 O -
5 backward 33088 31040 2048 - O
6 forward 15720 2056 13664 O -
7 forward 2056 92 1964 X -
8 backward 15720 13755 1965 - O
total - 165404 67139 98265 - -
T UTETFVAOKFRIICESW T o7z, £/, HxZX ) (bee, TODIEANAROBE L -HOBEE

UTOREIZBIT AT =X, av 4 I05EK L7
- N IO ZEFT LAY V¥ EFHla—F
RHORASR, FWELZDDTH S,

9, K1, K21, Fayvh—F—-FRX)k 8§
7 A=AV OFE L SRR, Yy T, 3k
Yy T, AENHIEE Tho 1R, KHE
FILE o TREETINE I D, BIY, HabHkna
EThocHmBlE, ZONEPIREN—TEHHRLT
WEPEIERLE. /2, ®3, a2, ThE
NOFILIx T 5 3 F MO FRIREIEREZ R L2, &
ZT, taken 13TV ¥ 7952 &% Fifll, not taken
BI¥ T LenZezTHTsb0E LTS, £
72, —EE, “EEDb, cld, ThENK1IIRLA
EHREETO DL LT,

Xz, B9 2, o 2on7asy s siimie T,
IAy )=k, e—=FIU—k, YV —}, BDO

bY L), 77 AVEE - BT 0S5 A (geip,
gunzip), 7—F A7 ¥ — (wc), BET -1 ITE
WDETAT T 0L, EREFROFUHECEBIT
A TFROFERGFEL R L. [0 + %47
o TVAMIESHETITRTH L5 (2L 2
BF 2y A—F—F ANV TR, F1ICBOTEBEE
TOMHBOI L > TR B % SEHETHECLE
L, 2otosikz T0] oFETHEFH+Ts 2L
ERTDDE LT

RiZ, ®B I, W ohDTUT 5 LDLEHRAE
ST 5, REN—T MR L RVl oEEk s
ETEHBOEE, BLY, BRENV—T 2K T 550K
&, B L RWAlED, Z2REFNRORFRIC L 5 5E
FRRDIFE LR L. /2, T®6 12, TUTTFLDE
M E ST 5, EHETETDRVAEOEE
EETOBOEE, BLY, FEBETLITbEVIE
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Table 3 Prediction accuracy in checker board puzzle.
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
taken 88% | 88% | 90% | 88% | 88% | 92% | 90% | 66% | 49% | 55% | 42% | 35% | 20% | 2% | 0% |11% |67% | 98%
not taken | 12% | 12% | 10% | 12% | 12% | 8% | 10% | 44% | 51% | 45% | 58% | 65% | 80% | 98% | 100% | 91% | 33% | 2%
TR 75% | 75% | 80% | 5% | 75% | 85% | 84% | 84% | 61% | 58% | 55% | 56% | 69% | 95% | 100% | 79% | 55% | 95%
TR c | 86% | 75% | T0% | 86% | 5% | TT% | 10% | 58% | 59% | 59% | 56% | 60% | 74% | 98% | 100% | 89% | 67% | 98%
“BEDL |86% | 75% | 70% | 86% | 75% | 85% | 83% | 56% | 56% | 50% | 49% | 42% | 30% | 87% | 100% | 89% | 67% | 98%
®a 84— AN BIT B FREAE
Table 4 Prediction accuracy in 8 queen puzzle.
0 1 2 3 4 5 6 7 8
taken 13% | 88% | 88% | 15% | 16% | 94% | 13% 4% 88%
not taken 87% 12% 13% 85% 84% 6% 87% 96% 12%
—IEEE 75% | 5% | 1% | 73% | 70% | 88% | 7% | 91% | 78%
B 87% 87% 75% 70% 81% 94% 87% 91% 83%
ZBE¥Db 87% | 87% | 5% | 85% | 84% | 95% | 87% | 91% | 86%
B checker
O 8 queen
M@ quick sort
M heap sort
B shell sort
Cbee
Bgzip
[ gunzip
1 HIN BHE N ‘ Nwec
taken ~ —BE @B —HEEL —EE+% —EE.+ —@EEb+ BT
H®IT  EHRIT FHRfT |Baverage
Ho ST
Fig.9 Prediction accuracy.
x5 R®BINEDOFEDOGHE
Table 5 Classification of backward branches.
8 queen | checker | quick sort heap sort shell sort bee gzip
REN—T LS [E1%% 0% 7% 23% 0% 0% 0% 3%
el & DI 1HE 0% 13% 33% 0% 0% 6% 15%
REN—T DFIEO TR BTy 83% 95% 81% 85% 85% 100% | 99%
Z NP OGO F R R - 55% 66% - - 60% 49%
DFIEFRRIEE R L7 DA B. TN, BEEOT Y TR, VT
B2, @102, £7 077 A5 2BF0F BTAEONETH L Z LNE L, SlEHHEIRAIKG
BRI L R L. THRELTWALILERLTVAE, LzdsT, 0

BB, KRBT 2, B EOFENIEEN—T
PHRT A0 TH S0 L) pOHEL, SE05E
BIEAMBEIICE A L) BRANT =552 o2rHE
L, 0 L—AERPS, V-7 PERT LI %
FENS 5% EFEASTh N2 ) BTl 7.

F1, R2LES, £4 Ly, SEHFAFERNEO
bOWEL TR, BV THEFHATESL L

IR T e RETHE, ThETOTFRFE
THIHENT =<V ARBLIENTELE VRS,
BELXFBL-FHTE, ZF0EVIEH5300,
BEOEWY) HiZhhrboTBVWHEENIELRLTEY
B EOFIETIE, BEICESWLSETFHIERT
HDHIENTNS.
SHUTHART, BIMEOFIK T, EOFETHRE
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Table 6 Classification of forward branches.

8 queen | checker | quick sort heap sort shell sort bee gzip
FEMES | BE 15% 42% 83% 28% 25% 62% | 7%
&S | B 20% 20% 60% 71% 5% 42% | 78%
ST T R 95% 91% 92% 94% 100% 98% | 95%
100
90
80
70
E taken
60 W —ERE
50 0= fEEc
40 B _EEDb
30
20
10
Y .
checker 8 quick heap shell gzip gunzip we fft
queen sort sort sort

10 TFHigEoaHN

Effectiveness of predection mechanisms.

Fig. 10
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