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ASM Design techniques

Algorithmic State Machine (ASM)

ASSEMBLY

INSTRUCTION

Simple
instructions

MOVS rd, rm

FLAGS

M A g8 rm HEY N and Z flags updated, C and V flags unchanged



MOVS rd, B, B—MaFahs #AimmAw] L 23bit
#imm Hin 7 7 rd
A7 B #imm
18, Fi{E45rd
MOVS#54: 8 i
HIE
LDR rd, e €/ 32 fifEH All flags unchanged
=0xZZZ77777 B, FHEZS BAE
LDR rd, =label 7#F#s rd
H 5 A rd 1B
Filabel
LDR{y$84: 32 iy
1B
Arithmetic
instructions
ADDS 1z, 1y, 1X  rz=ry+rx All flags updated
ADDS rz, 1y, rz=ry+57.B1%¢
#imm
SUBS rz,ry, rx  rZ,=ry-rx All flags updated
SUBS rz, ry, rz=rz-ry
#imm
RSBS rz, ry, #0 ry i {EHU, 4538 All flags updated
17 R4 1z
Reverse
Subtraction,
rz=0-ry
MULS rx, ry, rx 1y fl rx HH{EAH N and Z flags updated, C and V flags unchanged
e, FErx IR R T DRRETERE IR g5 Ak
Multiply with Sign  #MWr, M ASF=AEM R . Fik, muns 54
Multiplication AEAS CFlV bREN
ADCS rx, ry rx=rx+ry+value of C  All flags updated

flag



XA E1 26/ J BN B FAE 31

THA 2 H 32t iR AN . X A7 A BB P A o hk B CRIE4 0 HihE) XA
fEARbit b B BEAL 2R SN SR R LTS

MOVS rd, rm #1 MOVS rd, #imm:

BN — MER S 2] B nwrfras rd o SR IE SN A rm FPEUE, 5454
MSZ B imm PER(E. XMAAE S-SR N F Z hREhn, HASEUE C MV bR

C for unsigned V for signed (11 i 1F)

FEILHIE R, b (Label) Re—AMFIRARIESE GRS S ATR. FREBH I THRiD
FF S RIE T AT T BRI 2B B ) b 25

PRZE AT DL 9 — A5 8] N A7 Sk 48 5

ADCS rx, ryj|-Z&.carry I
R EABRER (A



LOGICAL

INSTRUCTIONS
ANDS ry, rx P IT 3k 3 N, Z and C flags updated, V flag
unchanged
ORRS ry, rx In#EskFE1 or 0 N, Z and C flags updated, V flag
unchanged

EORS ry, rx w DRI IR RL, OH183£0, 1 N, Zand C flags updated, V flag
H1, BPAFEBES unchanged

BICS ry, rx Wy e E s HAME ., ryfE L, N, Zand C flags updated, V flag
IXEER, rIxX& TR unchanged

Shift

instructions

LSLS rx, ry, Logical shift left¥ 5 /£ 5%, N, Z and C flags updated, V flag

#imm LSLSry,  FrAm 7 HE A% 5], unchanged

Iy, Iz J A FHOYE 78

LSRS rx, ry, logical shift right &4 N, Z and C flags updated, V flag

#imm G5 A unchanged

LSRS 1y, 1y, 1z ij i %k 5 f A OB 58

ASRS rx, ry, Aritemetic 5%, N,Z and C ([H#C/unsigned

#imm ASRS ry,  HHWERMIRE L ALMFFSAL 1) flags updated, V flag

ry, Iz B, kinsignf %k, &4 idx% 2 unchanged

L
RORSry,ry,rz  Rotatefd3 61, EKHEEH. N, Z and C flags updated, V flag
M — T DU B Sz BREGHE A T E unchanged

LSRS ry, ry, rz ;X PPl Rry=ryfii i rzf & dashift.

rz a2 HarzAE0x(16 bit) s jm A HITHIOL T, e A-EE

5 0x00008008 X4~ & fEr51X M fERegister bank (i B F, i fEHI{EZ0x00008008, iX
MMEERERE32 bitfy . F-Eelan, MOVS r6, r5iX/vinstructionXf iz gy Machine codeZ16 bit
%), EARM MO+, W] U7 7E32bit iy tht [, 0 mT DLfE 177 32bit by kit 8 1Y
Register bankH {7 & |2



DL ] DAL T T2 Bridi e
gk B R SR gE AR R, Fedn-1.28e-2, -1.8H¢-2, 1.8Hul, 1.2

Bl. X a2 4h Sthe result is always rounded up

Load, Store and Endianness instructions

MBS, ABRG - 1abel, PR

LOAD, STORE
AND
ENDIANNESS
INSTRUCTIONS
LDR rd, [rn] LoaD Register All flags
LDR rd, [rn, #imm] 37 g1 Fp (R 42 (B2 0x00004000, i A 77 Hl: unchanged
LDR rd, [rn, rm] 0x00004000H {17 A% PR :0xF97D5EC5 . HR A4 -
LDR rd, PATHEALDR 13,[r1], HB2 214 HE0XFO7TDSECS N,
=0x12345678 B FAFARI3H

PATHEAMOV 13,11, JIB 262 42{E0x00004000 (EirlH

HIME) fN# B 7 a3

B E NI B B F A7

LDR rd, [rn, rm[; * %5 Rl 2@ it ¥ rm b (A2 (RN

b R RAFPEDR TR . AT BRG], B %

A 32 fifE, MAMULZ 2B ALTE 4 Y Ls.byte *,

N AT
LDRH rd, [rn] LoaD Register Half All flags
LDRH rd, [rn, Fi—K, FFSHCEOD unchanged
#imm)]

LDRH rd, [rn, rm]



LDRSH rd, [rn, rm] LoaD Register Sign Half

LDRB rd, [rn]
LDRB rd, [rn,

#imm)]

TJa—+, Asign
LoaD Register Byte
J58 bit

LDRB rd, [rn, rm]

LDRSB rd, [rn,rm] LoaD Register Sign Byte

STR rd, [rn]

STRyt2 N & . STRr, [r6[245R6%E T RIK S H 5

STR rd, [rn, #imm] [K{E

STR rd, [rn, rm]

STRH rd, [rn]

STore Register
STRHKFE 48 M\ 75 - 17t 21 N 77
TR PRI [a]

STore Register Half

STRH rd, [rn,

#imm)]

STRH rd, [rn, rm]

STRB rd, [rn]
STRB rd, [rn,

#imm)]

STore Register B
J58 bit

STRB rd, [rn, rm]

REV ry, rx

LDR
LDR
LDR
LDR
STR

Hoe— Frxf 75 Ary, 7Er0%|r7 low registers only

R1,=0xE0000000 ;R1=0xE000 0000

R1,0xE0000000 ;ISATEhitbitHoxE000000009NAENEIR]L
IEROFAYEIFTIE E RO A B EREIRL

R1, [RO]

rd, [rn, rm] A

rd, [rn, #imm] ;RERnPEVERS#immPriEERIHEUIRIASTEMEIRG

Little and big endian

All flags
unchanged

All flags
unchanged

All flags
unchanged

All flags
unchanged

All flags
unchanged

All flags
unchanged

All flags
unchanged



—0x00008000 0x00008001 0x00008002 0x00008003
Little endian 0x11 OxBB OxAA OxFF

]

[ STR 16, [r1] ] r1 = 0x00008000 and r6 = OxFF AA BB 11

[ STR 16, [r1] J r1 = 0x00008000 and r6 = OXFF AA BB 11

— 7\

Big endian OxFF 0xBB 0x11
L RRE A 6:33 / 22:08 : C é 0x07008003

Reversing byte order

The ARM Cortex MO processor has an instruction that switches
data in registers between big endian and little endian.

REV ry, rx

Bytes 0, 1, 2 and 3 of register rx are copied into bytes 3, 2, 1 and
0 of register ry in that order.

rx, byte 3 rx, byte 2 rx, byte 1 —
\”””mm/

ry, byte 3 ry, byte 2 ry, byte 1 ry, byte O

© LIVERPOOL




Indirect Addressing - Example

Register bank
r0 0x00000000
r1 0x00004000
r2 0x00000000
r3 0x00000000 %
ro
r1
r2
r3
BRANCH
INSTRUCTIONS
B

<target_address|label>

B

<target_address|label>

BL

BX rz

Memory .
0x00004000 |/0xF9 |
0x00004001 | Ox7D
0x00004002 | Ox5E

@ 0x00004003 [\0xC5/]
LDR r3, [r1]

0x00000000

0x00004000

0x00000000

OxF97D5SECS5
All flags
unchanged

Conditional execution All flags
unchanged

The common ones are:
* EQ: ‘equal’, it is executed only if the zero flag (2) is set
* NE: ‘not equal’, it is executed if the zero flag (Z) is clear
» CS: ‘carry set, it is executed if the carry flag (C) is set
» CC: ‘carry clear’, it is executed if the carry flag (C) is clear
* MI: ‘minus’, it is executed only if the negative flag (N) is set
» PL: ‘plus’ or ‘positive’, executed only if the negative flag (N) is clear
* VS: ‘overflow’, executed if V is set
* VC: ‘no overflow’, executed if V is clear

» AL: ‘always’, execute always unconditionally (default if no condition field
is specified.

7] DLfdi flabel, {HXjtarget address£5 R
<target_address|label> a 32 bit instruction (#f7528LLJEPC&hn4)
branch with link, which uses a target address or

label to know where to branch to

ranch and exchange

All flags
unchanged

All flags



BLX rz
Stack-related

instructions

PUSH {<register(s)>}

POP {<register(s)>}

OOl

» E.g., if the values pushed onto a stack where 0x00FF, OxFFOQO,
OxAAAA in that order then they would be popped from the stack

in the reverse order

unchanged

branch, link and exchange All flags
ANAT LAt Flabel , 7% 24 F SE R ) ik unchanged
Register bank All flags
ro 0XFEDCBA98 unchanged
b ey PUSH {r0-r2, Ir}
r2 0x00112233 @
r14 () | 0x0000000A
r15 (pc) | 0x00000108 Full stack
0x0000000A | Ir
0x00112233 | r2
OXCCDDEEFF | r1
0XFEDCBA98 | r0
Full stack All flags
—> | POP{r0-2,pc} | unchanged
0x0000000A | I @
0x00112233 | r2 Register bank Full stack
OxCCDDEEFF | 1
r0 OxFEDCBA98
OxFEDCBA98 ro
1 0xCCDDEEFF
r2 0x00112233
r14.(Ir) | 0000XXXX
r15 (pc) | 0x0000000A

Correct, the pc is loaded with the return
address previously held in the Ir

O0X00FF

O0X00FF 0XxFF0O0 0XO0FF
OXO0FF O0XFFO0 OXAAAA OXFF00 O0X00FF
OXFF00 ,I\OXAAAA /T\ ¢OxAAAA OXFF00
OXAAAA VoxaAAA
PUSH PUSH PUSH POP POP




BL BX BLX (IR ¥&AfERE)

Q: Could you clarify how the BL, BX and BLX instructions differ and how these can
be used to create an Assembly program?

A: FERZEZHT, AERATEC—T, FRAT0T DUl A 545 4 BkE: 7 & (memory address
containing an instruction) [ branch or a label. =2 X 512, W54 AL, AT

(BFR) DAMGEIRRSFHENGT R RAE, MRS HRL, ILHEFREE TS
WA HLbE R b4 memory address. &icfE . trgslabeln] D2 AT A5 B B 1ie 4 Bkik 4L
FIF, GINFE (loop) . 4k%: (continue) . F—4> (next) %.

R EHOAE,
BLAIBLX

HFERY EOHAFRER) Ry (BRETRER) XMW MG R i
ey (r14sle) |, RREbERAFE R (SORM 7R W, FFEBNERE s
(r15) Mg TR (MRETRERF) F— KIS NEMENE. MBXIE4SHT TR
(BURETRF) WHRRE R ERF EHHFRER) -

Let's see two practical examples:

e Using BL and BX:

Address Main program Address

Subroutine

0x00008000 BL subl | 0x00004000 subl SUBS
r0, r4, #1

0x00008004 ADDS r3, r2, #2 | 0x00004002 BX 1lr

the BL instruction uses the label subl to identify the memory location of the first
instruction in the subroutine (SUBS).

The Assembler will convert sub1 into 0x00004000 automatically.

BL will update the link register lr with the value 0x00008004 and the program counter
with the value 0x00004000, whereas the BX instruction uses the value of 'Ir' to branch
back to the main program,



16 FIBLIT145 Bf, PC 0x00004000 LRAM 0x00008000 | 0x00008004 , X H A ABLZ32bit
HIFg 4 T A4, 1E% 16bitfiF5 4 n2

{8 FIBXi% [1] I5f,PC 000008004 &2 RjLR{F7£H) 000008004

e Using BLX and BX:

Address Main program Address

Subroutine

0x00009002 IDR rl, =0x00004000 |

0x00009004 BLX rl | 0x00004000 SUBS
r0, rd, #1

0x00009006 ADDS r3, r2, #2 | 0x00004002 BX 1r

As you can see from the example, the BLX instruction uses the value in register r1 to
identify the memory location of the first instruction in the subroutine (SUBS). Please note
that I used the LDR pseudo-instruction to load the value in register r1, and we, as
programmers, must know this value in advance; the Assembler is using it directly (no
labels). Please also note that the BLX instruction will update the link register with the
value 0x00009006 and the program counter with the value 0x00004000, whereas the BX
instruction uses the value of 'Ir' to branch back to the main program.

15 FIBXLFF45 if, PC 0x00004000 A A3XZsubroutineff) F— /bl LRM 0x00009004
% 0x00009006 , X HL P yBXLZ 16bitH#i54 N2

{8 FIBXi% [0] i), PCAS i, 0x00009006 22 HjLR{#LER 0x00009006

BX ¥4 45477 /74 (link register) [{E (RP0x00009006) B )7 it 4045
(program counter) FJ{E

e Using BL, BLX, and BX:



Address Main program | Address Calling

Subroutine Address Nested subroutine

0x00009002 ILDR rl, =0x00004000 | 0x00004000 PUSH
{1r} |

0x00009004 BLX rl | 0x00004002 BL
nested | 0x00002000 nested SUBS r0, r4, #1
0x00009006 ADDS r3, r2, #2 | 0x00004006 POP
{pc} | 0x00002002 BX 1r

LDR R1,=0xE0000000 ;R1=0xE000 0000

IDR R1, 0xXE0000000 ; Load the contents of the memory address
0xE0000000 into R1

ILDR R1, [RO] ;Transfer the contents of the address specified by the
number in RO to Rl

IDR rd, [rn, rm] ; 2272

STR rd, [rn, #imm] ;Transfer the content of the register specified

by the number offset #imm in Rn to Rd

163 B Re bR

2B 16 X 5_16=
(2x10+11)x5=31x5=155
155+=9(144)......11

-B9 16

21316 X 516 = (1)



Tk
VOLL6RE B 2BIRDLS ., FAIFEBOMIT . SRS A5 45 AR -

B (11) *5=55 (-+3E#) . HTAHERIFRR AT BTEESRONMIEL, A3, 2%5=
A (F3EHD . A SEERER A, KA NS, 152D, KBDEFESE R0 .
Frbl, 2Bx5=D7,

ik
Hs L6 ISP LOBERISE . AR HEATTRIEIZIE, B 14-45 Rk telol 161

R 163k i 4 45 10k 44 -

2B (o pkHl) =2%16M1 +11%16°0=32+11 =43 (+3Hl)
A 103 il B A7 TR is 5 -

43 (i) x5=215 (F2Eiil)

R R 45 JEl 16,358 ) -

215 (+@E#l) =13*16"1+7*16"0=D *16"1 +7 * 160
Bk, 215 (i) =D7 (F7Nikiil)

Fit, 2Bx5=D7,

Limitation of immediate addressing

The limitation of immediate addressing arises when using a processor like ARM, where
the instruction code is 16 bits (sometimes 32 bits) long. This code must include
information about the type of instruction (e.g., ADDS, MOVS, etc.), the destination
register, and the immediate value. Due to this limitation, a 32-bit value cannot be put into
a 32-bit register using immediate addressing and MOVS.

WEE AT DL Bk T 32bit {5 B using immediate addressing and MOVSixX 26454, %} T —
AN B2 AR AL R A R 15 o

M T T RIXANBRE, Ffi 10T LLf#E B LDR pseudo-instruction(f4354), ‘€ H 32 fiiimmediate
value to load —AN%:174%. filfm, 454 LDR r3,=0x10000000 ¥ r3 Hfh{E 4% &
0x10000000.



The restrictions on immediate values

immediate values# R il 45 E oI EL, #un 3. 5. 7 B¢ 8 bits

X B AR Z 74 R R 25 77 2 [R] FIMOV S5 4 FIADDS/SUBS 5 4+, A ¥r8Mift. 8 fifEf st
VPRt 0 2] 255 (85) .

E.g. ADDS 16, 16, #99
e Add 991 from value in r6
e Machine code is 0x3663 or 0011 0110011000115,

StF B bR g 5 IR 1% A [ ADDS il SUBS $54, Fuif(di i 3 (i z B4k, 3 RifEmd
RVFEERTEH 02 7 (&) .

E.g. SUBS 13,11, #5
e Subtract 519 from value in r1 and put the difference in r3 .

e Machine code is 0x1F4B or 0001 1111 01001 0114

Indirect Addressing [q]£:5-4E

address using a value in a register to identify a memory address

IDR rd, [rn]

o rd RENHHIFAT A MG, He BIErdHF e hiE.

o [mn] FR/RIEFER A FF 14y rn T 6 SHO(ENE D9 A 77 Hicht 354 42 A BB 3 i 17 B 3
77, B Rrnid RS R fEmemory FRACE, AR AR BB A AF R L

example
IDR r3, [rl]
TEXPPEM T, 1l f{EE 0x00004000, X2 — AP fERENE.  Hitilk A 000004000 Ff) P 7L

BIRTPE OxFITDSECS,  [Hitt, HEHAT LDR 450, A7 e 17 ok
(OXF97D5ECS) H{E AN F 13,



HATZIG A5, 13 404 (5 OXFITDSECS,

MOV r3, rl

XFARASMERR S HAS 1 i ER 3B % 74 3 17,
FERXAPMEOLT . rl f{ESRE 000004000, YRHFTMOVIELI, B KrlhrAEiErI(E
(0x00004000) HEH#EEIER| 3,

PATEIRL R, 13 K& {E 000004000,

Cache operation / behaviour

The ratio of number of hits to total accesses is the HIT RATIO, h.

The ratio of number of misses to total accesses is the MISS
RATIO, m.

h=(1-m) and m=(1-h)

HIT ratios over 0.95:1 (95% hits) can be obtained by good cache
design.

h will depend upon the program running.



Mean access time

Simple approach (ignoring cache controller overheads) analysis
suggests for many accesses with a cache access time of f,, and a
main memory access time of t,, the mean access time will be

tgwe =hXt.+mxt,=hxt.+(1—h)xt,

In practice the cache control and routing circuits will add an extra
time delay of a.

OL

tave = hXt. + mXt,, + a =

hxt.+(1—h)Xxt,+a

Mean access time
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h, hit ratio

t.=15nsec, t, =70 nsec
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