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Abstract

In this paper, the extension of the addressing mode in the 16-bit Thumb instruction set architecture is
proposed to improve the performance of 16-bit Thumb code. The key idea of the proposed approach is the
introduction of new addressing modes for more frequent instructions by using the saved bits from the reduction
of the register fields in less frequently used instructions. The proposed approach adopts efficient addressing
modes from the 32-bit ARM architecture, which is the superset of the 16-bit Thumb architecture. To speed up
access to a data list, scaled register offset addressing mode and post-indexed addressing mode are introduced for
load and store instructions. Experiments show that the proposed approach improves performance by an average

of 8.5% when compared to the conventional approach.
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(shifted register offset addressing mode) 2} SA] AR oldl]l~
4 A1 W] (immediate post-indexed addressing mode) 7}
2re9o} A4 HEolo] =¥t A HIE(H|E 6)= A|ZEH
R 2E QA 4 A HA(A M E=0)2} AR Qe 3
& A% (A HE=1)S TR

WA Azed draE o T AF A Ak

°)
s

2l AMEXE AIZE AibE 2H|E % A|ZEZ A|3kelu
o] Fa A WS A hske WHARZ LDR (Load word)z}
STR (Store word)< A3k}, 1L H|E+= LDR (L HIE=1)2}
STR (L HIE=0) ®#o1E PR3t} v 49} 22 %3l
ARM T-ZoAM e vlo| B9} 9= dlo[E] Elgie] tiate o]
G AIZEH gA2E QA T4 A)F S AYE 32
HIE 9= wjge] 248 HIohs dlo 83 2HE 9%
A ZE7} 71 iiEi, o] A A Whale AR 2| 2H,
Hlo] 2~ HA2H, @A g 2~El] A Jie] FAAE T
Stk HIE 0ellA] 2, HIE 304 5, HIE 8el|A] 102 27 547
HA| 28, o]~ HH2H, QA HA2HS Qi)
T A SA AR el 24 2% Walolt) o] w4
3} Agsle] HlolE(byte), FEYE (halfword), U= (word)
tlele] Bfde] 2o} A% WEoE21 LDRB (Load byte),
LDRSB (Load signed byte), LDRH (Load halfword), LDRSH
(Load signed halfword), LDR (Load word), STRB (Store
byte), STRH (Store halfword), STR (Store word)7} =4
t}oo] 4 A WS wolx HRA|2E s SAIG
(immediate) ¥H 271719, 71 WiHg g5 1, 2, 42 &
Z}alo|E, slzeje, = efge] wldS H ek vl fré
gt o] T4 HI WA BAA gA]2H, o] #lA2~H
£ Q2 ot} BE 0FE 2, E 37E 5 717 F 79
A 2B E =G5k HE 8HE] 109] 3HEE AiHEEE 9
I3t ol A4t HlolE TR SAIG BFE WA

Iv. 45 gt

AAE Ee BE4E S4517] f1ste] FaCSim ARM
Al EHolE (23] el ARMITDMI Z2ANE ez A%
< g3t} A olHE A2 AMEX HHo] 73S A
d3l7] Y8 g} des Hrlkeb] g8, duitE Al
oA ] AMEE # 29 jpeg, mpeg, 164, susan, pegwit,
adpcm, blowfish Z2 18-S wlx|nlag2 ARGt} 2 227
o] el ARM Realview HoL 2= 16H]E Thumb ol
& Aot AAE ollEe] o] 4 Follx] AMEXS] 4
A3 Aoz WAE 4 e F= fES Fe A9 H oA
Zoljjo] M7} W7 A Thumb F=9} W7 & AMEX =
Z9] A%S FaCSim ARM AlEgo]Eol|lA 23t

719 6& 16HE Thumb BHo] A 329} vlwsie] A
AE 7ol AMEXS] A% B8-S HojEth T/le] six|ql=
Z2a) thef AAE A Thumb BH A 7z
v wate] Fqt 8.5%9] 4% 2 HolFth blowfish Z&
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O o A9 45(17.8%)°) 713 gt ol & Z=2a
glo] AMEXIME 9%z AJZER ADD (left-shifted
ADD) ##o] shuz 232 4 = LSL (Logical Shift
Left) 2} ADD B#Ho| %45 o] AHE3l7] wjiZo|ct.
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Fig. 6. Speed-up of AMEX compared to Thumb

16H]E Thumb BEE A Yshe BE Z2AA = 32HE
ARM REE §7 A gt} o] g Z2AAM M Lo T}
dd 2 z2 ooyl Ay 3= Uxe] 4SS ns)
o T HE ZF e Adeett webd A" e
Thumb BE9] AM- HIZo| Y245 45 71H J =7} A3t
Hr}. SR Thumb E=5 ARM RE9} Hlwslkd 3= =
717} 30% A& Azttt &, ol& B3l MR A e
ZEAIF714] 2BHEE Folue ARl SlojA(24) wlme]
717} AgA | AV AHE ARV} Z838 BafYo|u} 9l
t= AlzEe g ARETE 9 S0 drlke AR
(Gameboy) & A2 2 Thumb ZETHS ARESHH 29
XCode® HZER Thumb Rt oA}
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= =
2 7. TE T4 WAe| SF T

Fig. 7. The frequency of the introduced addressing modes

a7 78 AMEXe =€ A2 74 A% 2] ALg-
HES HojEtl 1sIAddE F WA dX|2E F34x7} 149]
Ey 2H|E %07 A|ZEH ADD WHolS ®APt)n 8t
2k IsiMeme 28| E 9150 2 A ZEH YR AH QA F4
2173 H#e] LDR# STR ##o], MemInc= LDRB, LDRSB,
LDRH, LDRSH, LDR, STRB, STRH, STR ®#cjol =31€
SA] AR QlElx 24 21 whAlolgtan sAL 1s1Add, 1sIMem,
MemlInc2 B8 02 247} 7)) A Alo]Ee] 1.8%, 2.1%,
3.9%% AR},

717 82 16M]E Thumb B3 33 ti¥] AMEXS] 45 &
& BoiErh o] WX ntaL 22 ae| s, HHoR
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2718 24874 748 o Thumbeld 2759 LSLo
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Fig. 8. The compression efficiency of AMEX compared to Thumb

V.2 B

B APoMs T4 AH Walo] A mxe dF T
E3lo] AMEX (Addressing Mode EXtension) 2} 82]+= 16H]
E Thumb 9#o] H3 722 /Asks A= Wo] et
T25 AARE 45220 16HE Thumb 29} ¥laslo]
AAR 7T Tt 8.5%9] e FAARITE AAE B4
< 16HE Thumb #WHo FIAFE =Eisk= A4
ARM7TDMI, ARM926EJ-S, ARM1136J-S 5] ARM Z=&
AMHEE #H4l9] Thumb-2 B3] J3 1329 Cortex-M3
59 ekt Z2AME] A S shesith
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