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7. Thumb S&0] NIE

- ®H 2%

The Thumb Instruction set addresses the issue of code density.  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 set where necessary (for
instance, all exceptions automatically enter ARM mode),

Thumb is fully supported by ARM development tools, and an application can mix
ARM and Thumb subroutines flexibly to optimize performance or code density 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 power-afficiency,
save cost and anhance parformance all at once.
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7.1 CPSR &lXIAE 2] Thumb BIE

> ARM Z=MA= 32 B8l1E ARM 2202 16 BIE Thumb EE0HE Wi

HU

AlHS (ARM7TOMIZE 201 TOt Z&tE Z2MME Thumb EEHE &

=

02t

)
> S8 AMZ2ZH0AS BE0 2ZE= CPSR AlAAEHS THIEN 2ol 2&, T

BIEJIO0IH E2MA=E 20 2ES Thumb EE 0 S 2ol THIE

It 001H HE DEE ARM HHUHZ 2t=8!)

31 28 27 87654 0
NZCV unused IF|T| mode
> ARM a0 A0 A Thumb @& &l =H | M2 BX HEHE AIS

> Thumb B0 20 ARM 20 A2 M= Thumb BX & &

OLE Ol Xcloll 2ol dets, 02l FE=2 Et=Al ARM 2E0A XelE

-
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/7.2 Thumb programmer’s model

— Thumb dIA[AE AtS

.
shaded registers have
restricted access
Lo registers
-~
S
- rﬁ . wf AL o
SP (r13)
LR (r4)
PC (n5) -~

> 8IH2l Lo dIKIAH (r0-r7)2 2= EEHUMAM At2 JtSotXIEH r8-r12&=

S8set A0S AtE Jts, 113, r14, r1b= SP, LR, PCZ2 AIEE
(TECLCTECRETECR R ECRELE TR EC R EL PR TR R TR R TR CRECE LT EC R E LT E LT EC LR E PR LR P LR P LR ELEETEC TR LR TR P ERECRETECLRELRECRELRECLPELRELLRE R LAY
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(ILCTC RO LT ECP LR EL R EC LT E LR E LR E LR EREC PR PR LR EC LT E LR E LT E L PR R R LR R LR P EL LT E LT LT EC AR TR LR ERECRECECRECECTECRCRECPERECLA TR ELTEL

— Thumb @2 2 ARM HE(H Al&H H|lw
> Thumb H&E 20/= 16 HIEO| X ARM HE 2 20| load—store #E S
JtE 8 HIE, 16 BIE, 32 HIE HIOIH &= X&e

> ARM 280l L2452 2d8e = JAN2 HFE=2 Thumb E2E0HeE FX

ale
>
i
z
Qj
>
o
_|
0
(=
3
O
o
=
o
>
o
08
o
o

— Thumb 02| X |
> Ol 20 Z4otH ARM &ldl 252 M2totd ARM 2 188 SN A Gl 2
£ Xclg, et Zaist BANN ek CPSR T HIE= SPSROI M&EE
> 02 =IOt Thumb EEHO0IH =4 =242 offset ZH0| &t 0F oF Xl 2F
Thumb =X = ARM =7 offsettel X3 E /ol As2= ZF &I =0

s2Z¢c ARM =7 BE0HE AIS
(TECLCTECRETECR R ECRELE TR EC R EL PR TR R TR R TR CRECE LT EC R E LT E LT EC LR E PR LR P LR P LR ELEETEC TR LR TR P ERECRETECLRELRECRELRECLPELRELLRE R LAY
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7.3 Thumb 22| &

15 1211 8 7 0
1101 | cond 8-bit offset (1) B<cond> <label>
15 1110 0 Becond> <label> ; format 1 - Thumb target
11100 ‘ 11-bit offset I (2) B <label>
B ¢<labels ; format 2 - Thumb target
16 121110 0
1111 ‘H‘ 11-bit offset I (3) BL. <label>
BL <label> ; format 3 - Thumb target
15 1110 10
11101 10-bit offset 0 (3a) BLX <label>
BLX <label> ; format 3a - ARM target
15 87635 32 0
01000111 IL‘Hl Rm ‘ 000' (4) B{L}X Rm
B{L}X Rm ; 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.
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> Thumb Z& ] offset2 half-word0|22 1 HIE left shiftst S0 £ &
ot Al E

> Branch and lin

;\_
]

z
r0
S
O

E

HAI S 16 HE Aoz BEaEol) HE
Il 20 Sst Aol = I HEUWHE AIE0lH EE (22 HIE half
word offset= AF23I0 +4M HIOIE O|LHS] Ol EHRIZE XIL)

> &4 31t 3a2 =) =42 S F=22 Al

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) & Oxfifffifc;

LR := oldPC + 3;

the Thumb bit is cleared.

> &al 49 HEO ! 2 r1401 (CHE Thumb S0 F4+1)01 NE S
(TECLCTECRETECR R ECRELE TR EC R EL PR TR R TR R TR CRECE LT EC R E LT E LT EC LR E PR LR P LR P LR ELEETEC TR LR TR P ERECRETECLRELRECRELRECLPELRELLRE R LAY
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> NERE 55 Y =7

Functions that are called only from the same instruction set can use the conven-
tional BL call and MOV pec, rl14 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 xN (in Thumb
code, PCP {...,rN}; BX rN).

ARM processors that support architecture v5T can also return with LDMFD sp!,
{...,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 22 E2(H LIHEE BEN

@ 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
modifying 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 HE N

15 109 8 6 5 3 2 1]
000110 |A| Rm | Rn | Rd (1) ADDISUB R4, Rn,Em
& 008 €5 32 0 <op> Rd, Rn, Rm : <op> = ADD|SUB
000111 |A#imm3 Rn Rd {2) ADD|SUB Rd, Rn, #imm3
8 13451110 @ 7 P <op>  Rd, Rn, #<#imm3> ; <op> = ADD|SUB
001 |Op|Rd/Bn #imm§ (3) <0p> RA/Rn, #imm8
<op>  RdAIRn, #<#immB> ; <op> = ADD|SUB|MOV|CMP
15 13121110 6 &5 3 2 1]
000 Up #sh Rn Rd {4}LSLILSRIA5H Rd,En, #shift
<op>  Rd, Rn, #<#sh> ; <op> = LSL|LSRIASR
15 10 9 6 5 a2 0
010000 Op R Rd/Rn (5) <Cp> RA/Rn, Rm/Rs
<op>  RdIRn, Rm|Rs ; <op> = MVN|CMP|CMN|..
15 098765 32 0 ; ..TST|ADC|SBC |NEG|MUL|LSL|LSR |ASR |ROR|AND| EOR | ORR | BIC
010001 |Dp|D|ﬂ Rm |Ftd1Hn. (6) ALD | CMP IMOV R4A/Rn, Rm
<0p> Rd|Rn, Rm ; <op> = ADD|CMP|MOV
15 121110 8 7 0 (i rega)
1010 [Fll Rd | #imm8a I (7) ApD R4, SPIEC, #imm8
ADD Rd, SP|PC, #<#imm8>
15 BTGB 1]
10110000 |A| #imm7 I (8) ADD|SUB SP, SP, #imm7
<op> SP, SP, #<#imm7> ; <op> = ADD|SUB
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(ILCTC RO LT ECP LR EL R EC LT E LR E LR E LR EREC PR PR LR EC LT E LR E LT E L PR R R LR R LR P EL LT E LT LT EC AR TR LR ERECRECECRECECTECRCRECPERECLA TR ELTEL

> Thumb 28 0= ALU s& Mt Xiel Ol =g& E80HE =

> Thumb 22 St ARM S &N

ARM instruction Thumb instructiocon

MOVS Rd, #<#imm8:> : MOV RA, #<#imm8>
MVNS Rd, Rm ; MV Rd, ERm

CMP Rn, #<#immB8> ; CMP Rn, #<#imm8>
CMP Rn, Rm ; CMP Rn, Rm

CMN R, R ; CMN En, Rm

TST Rni, Rm r TST Rn, Rm

ADDS Rd, Rn, #<#imm3> ; ADD Rd, Rn, #<#imm3>
ADDS Rd, Rd, #<#imm8> : ADD Rd, #<#imm8>
ADDS Rd, Rn, Em ; ADD Rd, Rn, Rm

ADCS Rd, Rd, Em ; ADC Rd, Rm

SUBS Rd, Rn, #<#imm3> ; SUB Rd, Rn, #<#imm3>
SUBS Rd, Rd, #<#imm8> ; SUB Rd, #<#immB8>
SUBS Rd, Rn, Rm : SUB Rd, Rn, Rm

SBCS Rd, Rd, Em ; SBC Rd, Rm

RSBS Rd, En, #0 : NEG Rd, ERn

MOV S R4, Rm, LSL #<#sh>; LSL Rd, Rm, #<#sh>
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ARM instruction Thumb instruction

MOV'S Rd, Rd, LSL Rd,
MOWS Rd, RERm, r LSRR RdA,
MOWVS Rd, RA4A, » LSE R4,
MOVS Rd, Rm, ASR
MOVS RA, R4, ASR
MOVS Rd, Rd, ;
Rli, : »  AND
Rd, ; EOR
Rd, ORR
Rd, ; BIC
MUL,

SEEEERGEREG

Thumb instruction

Rd, Rm (1/2 Hi regs)

Rri, Rm (1/2 Hi regs)

R4, Rm (1/2 Hi regs)
#<#immB8> - Rd, PC, #<#imm8>
SP, #<#imm8> Rd, SP, #<#imm8>
SP, #<#imm7> SP, SP, #<#imm7>
#<#imm7> SP, SP, #<#imm7>
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> UE=2 Thumb OIOIH Xcl 0= ‘Lo’ dIAABRHE AtEot) A 2

CHEW IS X2 ‘HI AINAHE AtEct= EEH=E CMP B82S

A
UIB

Mot A2 D= HIEN & Al &

> 1 or 2 Hi regs= ‘Hi” dIAIAEN Sot= 1, 208 HIXNAEHE JEHOF &

0ol
j0

7.6 Thumb &/2 dIXIAE HOIE Ols BE

15 13121110 65 32 0
011 |B|L| #off5 Rn Rd (1) LDRISTR{B)} Rd, [Rn, #0ff5]

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

15 121110 65 32 0
1000 |L| #offS Rn Rd (2) LDRH | STRH R4, [Rn, #0f£f5]

Rd, [Rn, #<#0ffbh>] ; <op> = LDRH|STRH

15 1211 98 6 5 32 0
0101 | Op | Rm Rn Rd (3) LDRISTR{S}{H|B} Rd, [Rn, Rm]

Rd, [Rn, Rm] 7 <0p> = ..
15 1nio 8 7 g ; .. LDR|LDRH|LDRSH | LDRB |LDRSB|STR | STRH| STRB
01001 Rd #off8 (4) LDR R4, [PC, #0f£8]
Rd, [PC, #<#off8>]
15 121110 8 7 0
1001 |L| Rd #0ff8 (B) LDRISTR Rd, [SP, #0f£f8]

Rd, [SP, #<#o0ff8>] ;:; <op> = LDR|STR
TR L L L L L L L T L L L L L L L L L L L L LT T LT R EELLLT AL
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> signed @I eH E = base plus dlXIAEH HEYH A S AF236H1D unsigned 2
IHeH E = base plus offset L= HIAIAEH HEHAS AIEE

> 5 HIE offset2 load/store byte/half word/word E &0 A 32, 64, 128 b}

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

7.7 Thumb Ct= el XIAH GIO0IH 0ls EE

15 121110 8 7 0
1100 |[L|{ Rn reg list (1) LDMIA|ISTMIA Rn!,
{<reg list>}
15 1211109 8 7 0
1011 |L|10|R reg list (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 Rn!, {<reg list>}
POP {<reg list>={. pc}}
PUSH {<reg list>{, 1lx}}
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A= LDMIA, STMIA HEdI& 2 EBt AF=0t{ OF ot 11 HIO0IA &I Xl

Sk

= /] /M
(]

AHS AXAH &=20= ‘Lo’ el AIAH (r0-r7)2F AHE E O OF
A1) PUSH, POP & AIE

—

DEEE

CobX

—

> A8 HEH A2 full descending 2
> write—back (auto—index)0| X EJ| TH20 B0l A HIXAEIF K AH

o =

- O

x
rir

& Of

17
o

0o

=0

> SJtEel ARM 2 &

00

v

Block copy:
LDMIA Rn!,
STMIA Rn!,

{«<reg list>)}
{<reg list>}

Pop:
{<reg list>{, pcl}

LDMFD SPl.

Push:
ilr}}

STMFD SP!, {<reg list=>{(,

= PC2 =5t HIEJIT BIEW XAIs=2 2 update&

o

> voT 2R llME =&
(TECLCTECRETECR R ECRELE TR EC R EL PR TR R TR R TR CRECE LT EC R E LT E LT EC LR E PR LR P LR P LR ELEETEC TR LR TR P ERECRETECLRELRECRELRECLPELRELLRE R LAY
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7.9 Thumb ##&

> Thumb @8 &&= 2o MO =210 Thumb HEXHE ARM 28 H=Z
H A6l == decompressorJt &t & HOF &

PN B operand bus _~. :/\:
ARM instruction

| data in I | immediate fields I decoder

salect ARM or
Thumb stream

select high or
low hatf-word —™———____|

instruction
pipeline

| |
data in from memory
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L e e
> Decompressor &

NS 024
T oo

O decoder®?t =22 HA2Z T 1D decode ALO|
=2°| phase 10lAl @& HE decomressing=2

g = | =0l =042l
Ol 2kl AFOI2 8L0l Thumb HEHE &2dE = US

> Thumb @& ‘ADD Rd, #imm8’=2 ARM ¥ & ‘ADDS Rd, Rd, #imm8’
= 2| mapping &

15 13121110 8 7 0
|0'U'1 |1'U'| Rd I #imm8 '
mnd‘lﬁm \ J""\., l 1’""-.. f\-. !/
major opcode, - T
format 3: wov, | [Tanoropcodel  |destination zor0 | |immediate
CMP/ADD/SUR o VEIIIE
with immediate & set register
T A B
31 2827262524 = 212019 1615 1211 v 0
1110|00|110100)]1] 0 Rd | 0 Rd 0000 #imm8
e e Ry
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> &2 2€ Thumb 0= &)1 e AL2= ARM S0 = BHEE

[ =H2 ‘always’= &8 &

\V4
N
1
=
ook
Jz
0
w
it
gt
Jz
0

=

rto

E[ O Ok

0

/.10 Thumb applications
> Thumb Z =2 ARM Z &= H| W

® 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.

> 450l Set 2R 32 HIE N2 AIAE I ARM 2Z=5 AtEot] HIE 1t
A AP0 SRt AR 16 HIE HEZ2l AIAZ 0 Thumb 252 AFE06HH
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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 g11 SWI_Exit EQU &11
ENTRY ENTRY
START ADR rl, TEXT CODE32
LOOP LDRB r0, [rl], #1 : ADR
CMP r0, #0 BX r0
SWI_WriteC
BNE LOOP
SWI SWI_Exit - iy
= “Hello World~”,&0a,&0d,0 CMP r0, #0

END DONE
SWI_WriteC
LOOP
C:9Ha0 6J1 + GIOIE 14 HIOIE ] SWI_Exit

ADR rl,
LDRB r0,

6*4 + 14 = 38 HIOIE
: H&0 89 + GIOIH 14 BIOIE

nE

*Hello World~, &0a,&0d,&00




