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Abstract

To achieve efficient code size reduction, this paper proposes a new compressed instruction set
architecture for the OpenRISC architecture. The new instructions and their corresponding formats
are designed by the profiling information of the existing instruction usage. New 16-bit instructions
and 32-bit instructions are proposed to compressed the existing 32-bit instructions and instruction
sequences, respectively. The proposed instructions can be classified into three types. The first is

the new 16-bit instructions for the frequent normal 32-bit instructions such as add, load, store,
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branch, and jump instructions. The second type is the new 32-bit instructions for the consecutive

two load instructions, two store instructions, and 32-bit data mov instructions. Finally, two new

32-bit instructions are proposed to compress function prolog and epilog code, respectively.

OpenRISC hardware decoder is extended to support the new instructions. Experiments show that

the efficiency of code size reduction improves by an average of 30.4% when compared to the

OR1200 instruction set architecture without loss of execution performance.

» Keywords : Instruction set design, Code size, Embedded processor, OpenRISC, OR1200
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Fig. 1. OpenRISC 1200 CPU block diagram
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Table 2. OpenRISC 1200 major instruction group
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Table 4. Function prolog code pattern

THE 1 T 2
(M BRIAEZE 17H) (X BRIAEZ} 137H)
l.addi  r1,r1,0xffffffcc

l.sw  Ox4(r1),r2

l.addi  r2,r1,0x34

l.sw  0x0(r1),r9

/) AEH TOIE| 4 Zin l.sw  0x8(r1),r10
l.addi r1,r1,0xfffffffc lsw  Oxc(r1),r12
// R2 xfz l.sw  0x10(r1),r14
I.sw 0x0(r1),r2 l.sw  0x14(r1),r16
// =2l Zole| =X l.sw  0x18(r1),r18
|.addi r2,r1,0x4 l.sw  0x1c(r1),r20
l.sw  0x20(r1),r22
l.sw  0x24(r1),r24
l.sw  0x28(r1),r26
l.sw  0x2c(r1),r28
l.sw  0x30(r1),r30
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011100 |T| pre—offset | post-offset |00ir21 reg.size

PROLOG (T=0) pre-offset, post-offset, reg list
EPILOG (T=1) pre-offset, post-offset, reg list

J% 4. M22 32H|E ZE2T/0fZ27 WA g4
Fig. 4. New 32-bit prolog/epilog instruction format
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Fig. b. The frequency of the instruction pair
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vzelellA yD2o& 77} HlolHE ZEgth X32.8W F
7qe] A&AR1 SWE on|git}, X32.2SW 11(rA), 2(rA),
D1, rD2¢ FEez FAHEW DIF D2

0, Ho

30

=3

2zt

rA+4T1 WA, rA+4'12 W9 dEel2 AAE)
X32.XMOV32& 7]& MOV B#Holg dixske MFSPR
(Move From Special-Purpose Register) ®#o]¢} ORI
BHgole] 23om T

31 26 22 18 14 7 0

011101 [ rDI [ rD2 [ rA | 11 [ 12

HEe TR X32.LWZ rD1,rD2,I1(rA),I2(rA)
"

orR12008] 3 & & o] Iﬁgé ig% i%*jiii;

31 26 22 18 14 7 0

011110 [ rB1 [ rB2 [ rA ] 11 [ 12

g0 7E

oR12003 T & o

X32.SW I1(xrA),I2(rA), rDl, rD2

SW I1*4(rA), rBl
SW I2*4 (rRA), rB2

31 26 21 16 0
011111 [ D
g '

orR120081F 3o

reserved K
X32.XMOV32 rD, K

MFSPR rD, r0, SP_GLB_ADDR
ORI _ rD, rD, K

T2l 6. X32 o] g4l
Fig. 6. X832 instruction format

A =g "ol g A9 wix
=2 OR12009] 32H|E =
HHoE =Yshs Aol ol
=9} X32 B0l 2 ¥ghd A& WHAES ALe ox
zoA 7 el B TE &
Wixse] WEo]5S HoFrh ORI, ADDI, LWZ, SW,
JAL, BF, NOP, BNF, J, SFNEI, SFEQI o9 5%
g 77t 13.7%, 13.6%. 10.2%, 8.4%, 8.0%,
6.4%. 5.0%, 4.0%. 3.3%, 3.0%, 2.3%°It}. ADD,
LWZ, SW, ¥7] % 21u=7], dA 2 7te] dlole] o] ¥
Hole dutdloz 713 del AME e WaolEeln(23),
ORI %#el= OpenRISCeIM = #ix|2Ezte] HlolH o]&
LR A 57 Wlert Eoh
I3 8¢ ANE 16ME 9 Hrjole] 34
OR1200%} 543l A2 Waole] dstaz=e] v
HIEL} 7z} wEole] 94k I=E OR12009) AHEEA] &
Ax=m=Z AMEITE ORI, ADDI, LWZ, SW, NOP, J,
JAL, BF, BNF, SFEQI, SFNEI ¥#ol& 7+t 0x3C,
0x3D, 0x3E, 0x3F, 0x15, 0x16, 0x17, 0x18, 0x19,
Ox1A, 0x1BE A3t 7} 9dka) H|E dige] digt 4
T B7Fe VA A3 7145tk ORI ¥Hole 7} #ix|
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AHo| FHIEZ g3ty ADDI W#Eole 7 gXAHd 4
HES g9slal SAoe 28 ES d98ln 135 9 Hio]

E o a3t} LWZ, SW Holo e A28 4=
o % 8H|ES} o] Y= Fi 2H|E FA] g A Ysk] 0,
4, 8, 12 W99l LWZ, SWE 16H|ER H3lylss g},
£7] 2 AuEy] gEode 7] 2249 HE £5 10
HER ARt e A% HEo]dx = Hx| e 9k SA]

o Z17} BHIEE i)

ZX
=

15

§88¥53 a5
<

T2 7. OR1200 HHo| &% 3¢
Fig. 7. The frequency of OR1200 instruction

Iv. 845 9ot

a8 9= AXE 71 HFH) d 7t 2dE B
b zERa/dERaY Y HEeES il AR
otz wdojg HAshd x%zﬂ AT A7)7} 14.9% FAg

W A A4 5 ROlE Shie S X3z 4

% 19.7%9 3= 277 2
YJ3hd F71= 10.7%,

SH5 285k -rﬂi 4.8/
o}, shEte R X16 Wl &
0.4%9 7= 3-7]7P Kdeati =
AN 7 s SR HEols APsk] SE
OpenRISC 1200 sh=sle] Tzt S4eke Zo] B ast
o ¥ 52 WEo] F7l me sh=glo] tave] A7) 7t
£ HojZr) Quartus 11 7.2 WAE E38 Cyclone TR}
22 ez e A} 8428709 22 Ao| 8833742
4.8% Z7¥ett. 249 tade AA Z2AM9 < 4.8%
AER Aoee 2203 F= I71E nes 2R el
AXE 7o E tREE Bab] s tzd @Al

o b 2 dd
i l%
il

w

=
=

< 25 WA 2 25 W F AR g ge
o] E5& Mo RN tag o Qg £ s} glo]
&0l fzgd s A3 dAE fREt
15 11 10 9 0
1[i]1]1]o]0] D rA
ORI rD, rA, 0
15 11 10 6 2 0
1[1[1]1Jo1] vD rA I
ADDI rD, rA, I
15 11 10 6 2 0
1[1]1]1]1Jo] [ rAa ]I
LWZ rD, zero-extend(I*4) (rA)

15 11 10 6 2 0
i1 1[1[1] B [ a1
SW zero-extend (I*4) (rA),rB
15 11 10 9 0

oJ1]oJ1]o]1] reserved
NOP
15 11 10 9 0
o[1]oJ1]1]0] offset
J offset
15 11 10 9 0
o[ 1JoJ1]1]1] offset
JAL offset
15 11 10 9 0
o[1[1JoJo]0] offset
BF offset
15 11 10 9 0
o[1[1]JoJo]1] offset
BNF offset
15 11 10 9 0
o[1[1]o]1]0] rA [ I
SFEQI rA, I
15 11 10 9 0
of1]1Jol1]1] rA i
SFNEI rA, I

O2l 8. X16 HHo| g4
Fig. 8. X16 instruction format
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Table 5. Hardware size increase
OR1200 2PE OR1200
2E| M 8428 (100%) 8833(104.8%)
1. MAlE 32H|E H@HEof Ao e M5 gt
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HIERE 11HEZ7K] W8P o] o] 12+ 11%E 322 ¥
FEY 128 102 7 HE @79 A Bt XF9
T 22 7 4] =2k A WA LWZ HEole] SA] Z=d
2P MESE, T o S T ol gels] @ v
ESE oujsitt AdAw} 113} [29] 2k THIEXR 235}

A &g ) 71 ;% A AR 57.7%] W] B&
shtel MZg 558 4 sk
R e s—z;%}f oA Wk AvEal A&
= 99 el 113} 12 skl 7
A T oRA 2 wElefo] WY g [2% AA gt
2ol 27w ole] ‘:B_ 19}4 Apol¢l 12-1102 FHdh= 7
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9 AN F Hd?%ﬁ ﬁé%ou 27 Wl el 127 WA"

)
o,

F
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ta 7HEgeial A Bk el 119 ¢ vE o
12-11¢] ¥E 45 WAs A A48S et oy 112
I 23S HojFt) 110 HIE, rell1(12)9] SHIES &
& A7 Y 2L ANS HolFn 58.4%9] WHols
X32.2LWZE W7 4 giet. o]= 129 @& A7 7=
& 39 109 23} 3ol 57.7%E0} Ak £} A
o] WdME 'X32.2LWZ'E H/W H#e] gzg gl
A 5 A LWZ Eole] Wel ghs relll1(12) +1122 A
gar] 91k 119 HIE ynle| sjdahe 9H|E Q7|7
7FHeg Fasitt olgfg F7HARl H/W F7hs vl st
A g3 AR 11, 128 71sshs AT 4% Aelrt wln|gt
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Fig. 10. The ratio of the conversion from sequential
memory instructions to a new compressed instruction
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Fig. 11. The ratio of the conversion from sequential
memory instructions to a new compressed instruction



20 Journal of The Korea Society of Computer and Information October 2012

E=E]
o

2. A= 16H|IE H =

OpenRISCY] 32H|E @ H#Ho|5 16H|ER Y=k
AAE o B oo w2 H%S Hrkitt 326 E
LWZ/SW ®&ofellA SA] gt F3.8} ghol7lel| ko] 3t}
29 % RES AP £ vk Y 128 F HHoldM =
Al kel BIEE HoFr)h SA] ghol o<l
7S AR go| 5%

-0,

297} g54
gtk wEbA LWZ, SWel 16H]

e |m

ok WHoldAE F4 %E Foi HNEY BE
# ZdET ¥ B2 32HE LWZ, SW HHo]E 16HIER
WRE 5 STk FA) SIUKIE = Fh oNES BH
W0, 4, 8, 12 ¥%l9] LWZ, SWE ¥3 4= gIA €t
50
BLWZ
40 Osw
;\7;30
o
= 20
10
o ML som.. .|

S v @ v ¥y © Y
"

!

T8 12, LWZ, SW Haoje| EA| 7t ST el
Fig. 12. The frequency of LZW, SW immediate value
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Fig. 13. The conversion ratio for the LZW/SW instruction
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Fig. 15. The conversion ratio for ADDI instruction
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Fig. 16. The conversion ratio for SFNEI, SFEQI instructions
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