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7. Thumb &0 MIE

- ®A R

The Thumb Instruction set addresses the issue of code density. t may be viewed
as a compressed form of a subset of the ARM instruction set. Thumb instructions
map onto ARM instructions, and the Thumb programmer's model maps onto the
ARM programmer's model. Implementations of Thumb use dynamic decompres-
sion in an ARM instruction pipeline and then instructions execute as standard ARM
instructions within the processor,

Thumb is not a complete architecture; it is not anticipated that a processor
would execute Thumb instructions without also supporting the ARM instruction sat.
Therafore the Thumb instruction set need only support common application func-
tions, allowing recourse to the full ARM instruction sst where nacessary (for
instance, all exceptions automatically enter ARM mode).

Thumb is fully supported by ARM developmeant tools, and an application can mix
ARM and Thumb subroutines flexibly to optimize performance or code dansity on a
routina-by-routine basis.

This chapter covers the Thumb architecture and implamentation, and sugpgests
the characteristics of applications that are likely to benefit from using Thumb. In the

right application, use of the Thumb instruction set can improve powar-afficiency,
save cost and enhance performance all at once.
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7.1 CPSR dlXIAE2 Thumb HIE

e

> ARM Z=AMAM= 32 HIE ARM EE 02 16 HIE Thumb E&E N
AHS (ARM7TOMIZE 20| TOF Z&tE ZZ2 MM Thumb E &

IR
ANZHOIM Sl 20 RS CPSR MIXIAES THIEN Sloh ZZ

BIEJH10IH Z2MA= BEW ZESE Thumb EE 0 E 2t==0ot1] THIE

> =4

04
_|

JH00IH HEON DEE ARM BEUHZ 2H=F8)

876564 0

> ARM @3 A Thumb @83 AHOZO] ME2 BX @EUHE Al
(PHHME HKAEHS %5t HEIN 10|H THE= 10l &2 Thumb &Y
c

0f &g
> Thumb B0l ASH0IlM ARM S0l A8 O 29 MEES Thumb BX Z&

Lt Ol2l Xe2loll 2ol Met=E, K2l FE=2 BF=Al ARM 2ZE0A X2l
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7.2 Thumb programmer’s model

— Thumb 2l XIAE ALE

HEERENEE

> 842l Lo elKIAH (r0-r7)2 2= FE UM AtE JtSotXIE, 8-r12&=

S8et R0 2 AtE Jts, r13, r14, r15= SP, LR, PC= AIES
(LR LR LR E L LT E LR LR LR LR E LR LR LR LT L L E LR E R LR LR LT
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— Thumb E@E 2 ARM EHE 0 A& Hl W
> Thumb H&E  20/= 16 HIEO| X2 ARM HE 2 20| load-store #EX S
JtE, 8 HIE, 16 BIE, 32 HIE HIOIH &= X&e

> ARM 280l L4572 2dd8e = JAN2 HFE=2 Thumb EBE0H=E =

A

> ARM OI0IEH XMcl BE2 3 =45 AE0HKIR Thumb GI0IH XMl EE2
64 HIE s&8= Mot 2 =48 ME
> Thumb E& 0 €42 ARM EE 0 EM420L € #EEE

= Thumb 0|2l x el
> 020 LM ARM &8 @E= Mot ARM Z2 )& S A 02
£ Mealg, Mot st AN et CPSRE T HIE= SPSROI M&E
> 02l =4I Thumb EBE0NO0IEH =4 =22 offset 2&H0| &t 0F ot A BF
Thumb &= ARM 57 offsette £StE o A=s2=2 THED| 20

=Zet ARM =7 BEHE AIE
(LR LR LR E L LT E LR LR LR LR E LR LR LR LT L L E LR E R LR LR LT
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7.3 Thumb 22| &

15 1211 8 7
1101 | cond 8-bit offset (1) B<cond> <label>

15 1110 0 B<cond> <label> ; format 1 - Thumb target

11100 ‘ 11-bit offset I (2) B <label>

B ¢label> ; format 2 - Thumb target
16 121110 0

1111 |H‘ 11-bit offset I (3) BL <labels>

BL <label> ; format 3 - Thumb target
15 1110 10

11101‘ 10-bit offset ‘ol (3a) BLX <label>

BLX <label> ; format 3a - ARM target
15 8765 32 0

01000111 ‘LIH‘ Rm \ooul (4) B{L)X Rm

B{L}X Fm ; format 4 - ARM or Thumb target
1. short conditional branches to control (for example) loop exit;
2. medium-range unconditional branches to ‘goto’ sections of code;

3. long-range subroutine calls.




> Thumb E &3 offset2 half-wordO|2 & 1 HIE left shiftst 0| 25 &
ot AtEE
> Branch and link & 4l2 0ls &%J
Il H=20ll sLst Aol S o] BEUHE ALE6tH & (22 HIE half
word offsetS AFE56t0 +4M BIOIE 0ILIS OIS EHIE X&)
> &4 30t 328 20| =42 S =42 A4t
1. (H=0) LR := PC + (sign-extended offset shifted left 12 places),

2. (H=1) PC :=LR + (offset shifted left 1 place),
LR := oldPC + 3.

1. (BL, H=0) LR :=PC + (sign-extended offset shifted left 12 places);
2. (BLX) PC :=LR + (offset shifted left 1 place) & Oxfffffifc;

LR :=o0ldPC + 3;

the Thumb bit is cleared.

> A 49 BE0Q 2 140 (OS Thumb @80 =2+1)0l N&E



7
LR LR LR E LR L L LT L L LR LR LR LR L L LR LR LR E R LR LR LR LR LT LU

> NERE 55 Y =27

Functions that are called only from the same instruction set can use the conven-
tional BL call and MOV pc, rl4 or LDMFD sp!,{..,pc} (in Thumb code,
POP {...,pc})return sequences.

Functions that can be called from the opposite instruction set or from either
instruction set can return with BX 1r or LDMFD sp!, {...,rN}; BX rN (in Thumb

code, POP {...,rN}; BX rN).

ARM processors that support architecture v5T can also return with LDMFD gp!,
{...,pc) (in Thumb code, POP {...,pc}) as these instructions use the bottom bit
of the loaded PC value to update the Thumb bit, but this is not supported in architec-
tures earlier than v5T.

7.4 Thumb 2ZER N CIEHEE BEN

e The address of the next Thumb instruction is saved in r14_svc.
@ The CPSR is saved in SPSR_sve. SWI <B-bit immediate>

® The processor disables IRQ, clears the Thumb bit and enters supervisor mode by
modlfymg the relevant bits in the CPSR. 15 8 7 0

® The PC is forced to address 0x08. | 11011111 | 8-bit immediate I
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7.5 Thumb GIOIH X2l H&ENH

15 1098 65 32 O
000110 |A| Rm | Rn | Rd (1) abDiISUB R4, Rn,Rm

15 098 65 32 0 <op> Rd, Rn, Rm i <op> = ADD|SUB

000111 |A#imm3 Rn | Rd (2) ADDISUB R4, Rn, #imm3
<op>  Rd, Rn, #<#imm3> ; <op> = ADD|SUB

15 13121110 8 7
001 |Op|Rd/Bn #imm& (3) <0p> RA/Rn, #imms
<op>  Rd|Rn, #<#imm8> ; <op> = ADD|SUB|MOV|CMP

15 13121110 65 32 0

000]|0Op #sh Rn Rd (4) LSLILSR|ASR Rd,Rn, #shift

<cp>  Rd, Rn, #<#sh> ; <op> = LSL|LSR|ASR
15 10 9 65 32 0

010000 Op Rd/Rn (5) <Op> RA/Rn,Rm/Rs
<op>  Rd|Rn, Rm|Rs ; '<op> = MVN|CMP|CMN]|..

1088765 ; ..TST|ADC|SBC|NEG|MUL|LSL|LSR |ASR |ROR|AND| EOR | ORR | BIC

010001 mgmmm (6) ADD | CMP MOV Rd/Rn, Bn

<op> R4|Rn, Rm ; <op> = ADD|CMP|MOV
15 121110 B8 7 (Hi regs)

1010 |[R| Rd #imma (7) ApD R4, SPIPC, #imm8
ADD Rd, SP|PC, #<#imm8>

15 B 76 0

10110000 lAl #imm?7 ' (8) AbD|sUB SP, SP, #imm7
= ADD|SUB

<op> SP, SP, #<#imm7> ; <op> =
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> Thumb 28 0= ALU S& Mt Xiel Olss =g& E80HE =
> Thumb E& 2 St ARM S &N

ARM instruction Thumb instruction

#<#¥immB8>
Rm
#<#immB8>

MOV
MV

MOVS Rd, #<#imm8>
MVNS Rm
#<#immB>

LT - - LT -y LT gy Ty -y
- - - - - - - L] -

-

-

Rm
Rm
#0
LSL #<#sh> ;

-

1] ik LT LT LT) -
-

-

Rd
RdA
Rn
Rn
Rn
Rn
Rd
Rd
R4,
Rd
Rd
R4
RdA
Rd
R4
RA

Rm, #<#sh>

-
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ARM instruction

MOVS Rd,
Rd,
R4,
R4,
R4,
Rd,
Rd,
Rd,
R4,
Rd,

#<Fimm8>
#<#immB>
#<#imm7 >
#<#imm7>

Thumb instruction

LSL
LSR
LSRR
ASE
ASR
ROR
AND
EOR
ORE
BIC
MUL

] bt ] =8 L1 LT

, H<#sh>

, #H<#sh>

§EFEEGREREG

Thumb instruction

Rd, Rm (1/2 Hi regs)
Rn, Rm (1/2 Hi regs)
R4, Rm (1/2 Hi regs)
Rd, PC, #<#imm8>
Rd, SP, #<#imm8>
SP, SP, #<#imm7>
SP, SP, #<#imm7>
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> 22l Thumb CIOIE! X2l HHOE= ‘Lo’ AINIAEHE AFZ5tD X214 2

CHEW IS X2 ‘HI AINAHE AtEdt= EE0H= CMP 382

e
0[0

i
A

Helotd 224 2E HIEW g€ N

> 1 or 2 Hiregse ‘Hi” dlAIAEO Hot= 1, 208 AIXABHE JLMOF S

7.6 Thumb &2 dIXAH HOIH 0l EE O

16 13121110 66 32 0
011 |B|L| #offS Rn Rd (1) LDRISTR(B} Rd, [Rn, #0ff5]

Rd, [Rn, f#<hoff5>]; <op> = LDR|LDRB|STR|STRB

15 121110 6 5 3 2 0
1000 |L| #off5 Rn Rd (2) LDRH| STRH R4, [Rn, #0f£5]

Rd, [Rn, #<#0ffbh>] ; <op> = LDRH|STRH
15 1211 S 8 6 5 32 0

0101 | Op | Rm Rn Rd (3) LDRISTR{S}{H|B} Rd, [Rn, Rm]

Rdr IRIL RII.'I] H '{Op} " .,
15 1110 8 7 o : .. LDR|LDRH|LDRSH|LDRE|LDRSB|STR | STRH| STRB
01001 Rd #off8 (4) LDR R4, [PC, #0f£8]
Rd, [PC, #<#off8>]
15 121110 8 7 0
1001 |L| Rd #off8 (B) LDRISTR Rd, [SP, #0f£f8]

Rd, [SP, #<#o0ff8>)] ;: <op> = LDR|STR
T e I I I I O OO
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> sighed QI E= base plus A AEH HEHA S AFEZ0HD unsigned 2
IHeH & = base plus offset £ = dIXAAH HEHAZS AIEE
> 5 HIE offset2 load/store byte/half word/word & W Al 32, 64, 128 d}

OlE B E LIEIY, auto—indexingO| A& 0| ¢t

7.7 Thumb Ct= el KIAH GIO0IH 0ls EE

15 121110 8 7 0

1100 |L| Rn | reg list I (1) LDMIA|ISTMIA Rn!,
{<reg list>}

15 1211109 8 7 0

1011 |L|1 OIFII reg list I (2) POP| PUSH {<reg list>{,R}}

<reg list> is a list of registers and register ranges from 10 to r7.

LDMIA Rn!, {<reg list:»}
STMIA Rrni!, {<reg list>}
POP {<reg list>{, pc}}
PUSH {<reg list>{, lr}}
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> =25 A= LOMIA, STMIA HEdA B0 AFEZ 6 OF oF 2] HIOl A 2l X
AHQ HKAH &20= ‘Lo’ dIKIAE (rO-r7)2F AFE &0 0F &
> AEH HEY A full descending 250+ XIRE 1D PUSH, POP & Al

> write—back (auto—index)0| X EJ| THE20 HIOlA HIXAEIF H X AH

Rn!, {<reg list>}
En!, {<reg list>)}

SP!, {<reg list>{, pcl}

STMFD SP!, {<reg list>(, 1lr}}

o

> VvhT XU A= E|)E = PC2 xote BIEJHT HIEW As2 =2 updated
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7.9 Thumb ®#&

Z i S

A.FIM instruction
I immediate fields I decoder
select ARM w”’ﬁ
Thumb stream .

1
data in from memory
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> Decompressor @ &2 HEH N decoderet A& HAZAL 1) decode AO|

QI =20l =I0FH 2l

St

22| phase 10l 2 HE decomressings &€

AL

T

A O]
T A

02
w
i

OOl £ ctel AFOI= 8101 Thumb HE O E 4

> Thumb @& O ‘ADD Rd, #imm8’=2 ARM E & ‘ADDS Rd, Rd, #imm8&’

Z 2] mapping I+&

15 13121110 8 7 0

|001|10| Rd | #imm8 I

\ 3 U i N\ 4

l

destination zarn

7 7

register

\
31 25 212019 1615 1211
1110|00|11 01001 0 Rd | 0 Rd 0000
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> &£ &2e Thumb EE0He &)1 EEHE AL2= ARM S0 = BHEE

[ =H2 ‘always’= &8 &
> 2 FTA A2 3 FTAHAOZ HEE O &

/.10 Thumb applications
> Thumb ZE2F ARM Z = H| 1

® The Thumb code requires 70% of the space of the ARM code.

® The Thumb code uses 40% more instructions than the ARM code.

e With 32-bit memory, the ARM code is 40% faster than the Thumb code.
e With 16-bit memory, the Thumb code is 45% faster than the ARM code.

® Thumb code uses 30% less external memory power than ARM code.

OF &
(LR LR LR E L LT E LR LR LR LR E LR LR LR LT L L E LR E R LR LR LT
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/.11 Example and exercises

AREA HelloW,CODE, READONLY AREA HelloW_Thumb, CODE, READONLY
SWI_WriteC EQU &0 SWI_WriteC EQU &0
SWI_Exit EQU &11 SWI_Exit EQU &11
ENTRY ENTRY
START ADR rl, TEXT CODE32
LOOP 0, [rl], #1 , ADR
r0, #0 EX r0
SWI_WriteC
LOOP
SWI_Exit
“Hello World”,&0a,&0d,0

ADR rl, TEXT
LDRB  r0, [rl]
ADD rl, rl, #1
CMP r0, #0
BEQ DONE
SWI_WriteC
LOOF
S0 67 + CIOIE 14 HIOIE ONE SWI_Exit

=6*4 + 14 =38 0IOIE

*Hello World~®, &0a,&0d, &00




