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1. Project 7|2

1. Keli MDK & >> ARM 7|4t AH|C|E A|AEI0|A{2] O]O|X] X 2] (Image
Processing) % H 2 (Image Converting) 7|5 78 & sl 7| 52| 45 X3}
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= >> 7 7|8 0|0|X| &4 7|5 =

- 2. Y& 32bit RGBA O|O|X| & 24bit Negative RGB O|0|X| 2 H&tsl= LN2|F +H
- 3. Y%t Y= O|0|X| £ 16bit Grayscale O|O|X| 2 B2tst= Lng|EF
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= Subproject#1: Red Pixel Count

Input:
32bit-RGBA Image

\ 4

Initialize counter = 0

\ 4

For each pixel
In Image

X HEAI

3+ M1t block diagra

Extract Red channel

\ 4

Is R > 1287

¥ VES

Repeat
for 9600 pixels

\ 4

Output: Total count

NO

SKIP
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= Subproject#2: Image Negative

Input:
32bit-RGBA Image

\ 4

Remove
Alpha Channel

\ 4

Invert R, G, B
— 255 - R, 255 - G,
255 - B

\ 4

Output: 24-bit RGB
Negative Image
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= Subproject#3: Grayscale

Input: Scale to 16-bit
32bit-RGBA Image (0~65535)

Remove
Alpha Channel

Output: 16-bit
Grayscale Image

\ 4

Convert RGB
— Grayscale
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= Subproject#1: Assem.s

[] performancetest 1.sc¢t ] assem.s

1 AREXZ Reset, CODE, READONLY
2 EXPORT Red Pixel Count
3
4 Red Pixel Count
5 LDR r0, =0x40000036
& MOV rl, #9600 ;o= mg &
7 MOV r2, #0 ; count
8 MOV r3, #0 ;@ oga
9
10 1loop

i 11 CMP r3, rl ; 33 rl gz o= TE A4 ox O
12 BEQ done ; Toixjg loop z=
13
14 LDRB r4, [x0]; r4_ s mdge red g
15 CMP r4, #128; red go 128 ox ox o
16 BLT skip ; 128 poiojg count 7 go|] skipoz branch
17 ADD r2, r2, #1 ; xx oz A r2 g _count +1
18
19 skip
20 ADD r0, x0, #4 ; gg z4= oz RGBA=4B
21 ADD r3, r3, #1 ; o992 (g loop =4|)
22 B loop ; loop gz
23
24 done

|I 25 MOV rd, r2 ; countg rOg =i
26 BX ir ; mEE gsE =3
27
28 END




RO register 4f= red 4£0| 128 O|& Q! pixel2| ==

mﬁ]u 000000000 - Ox12C3=4803
~ RN 0= 00000000
R12 0w 00000000

~~R13(SP) 00000000
R1d (LR)
RIS (PC;
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= Subproject#1

Z3} o

A
B

x =2

rad

ot

Address: |(x41004B00

[E.]

0x41004B00:
0x41004B12:
0x41004B24:
0x41004B36:
0x41004B48:
0x41004B5SA:
0x41004B6C:
0x41004B7E:
0x41004B90:
0x41004BA2:
0x41004BB4:
0x41004BCé:
0x41004BD8:
0x41004BEA:
0x41004BFC:
0x41004COE:
0x41004C20:
0x41004C32
0x41004C44:
0x41004C56:
0x41004Ce8:
0x41004C7A:
0x41004C8C:
0x41004C9E:
0x41004CB0O

0x41004CC2:
0x41004CD4:
0x41004CE6:
0x41004CF8:
0x41004DOA:
0x41004D1C:
0x41004D2E:
0x41004D40:
0x41004D52:
0x41004D64:
0x41004D76:
0x41004D88
0x41004D9A:
0x41004DAC:
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9| memory map 8 &)

Address: [(x40000036
0x40000036:
0x40000050:
(0x4000006A: 32
(0x40000084: 86
(0x4000009E: 74
(0x400000B8: 14
(0x400000D2: 44
|0x400000EC: €D
(0x40000106: 0D
0x40000120: €B
0x4000013A:
0x40000154:
(0x4000016E: SD
0x40000188:
(0x400001A2: 4D
(0x400001BC: &3
0x400001D6:
(0x400001F0: 6F
0x4000020A:
0x40000224:
0x4000023E: BA
(0x40000258:
0x40000272: ES
0x4000028C: 75
0x400002A6:
0x400002C0: 38
0x400002DA:
0x400002F4: 4C
0x4000030E:
'0x40000328:
0x40000342:
0x4000035C: 8B
0x40000376:
0x40000390: 9A
0x400003AA: 3F
0x400003C4: SA
0x400003DE:
0x400003F8:
0x40000412: S8
0x4000042C:
0x40000446:
0x40000460:
0x4000047A:
0x40000494:
0x400004AE :

X,

3€
1F

3€

73
BS
c3
c7
D1
€0
34
8B
FO
1€
4€

2€

35

OF

16 C

58

CF
SE
72
71
B3
Fé

23

%Xl & red
M S HXAHYMBE X2 E
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b= r0 B X A0 Y JEfZ

19

74

B2
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= Subproject#2: Assem.s

W0 ;s Wi

WWWWwWwwowowwnonmnnR NN e e e e e e e
D@D OB WN - OWODOWEWNI-OWOD0MWN O

AREXA Reset, CODE, READONLY
ENTRY
EXPORT rgb_negative

rgb_negative

loop

LDR r0, =0x40000036 ; input image start address (RGBA)
LDR rl, =0x20000000 ; output image start address (RGB)
MOV r2, #%600 ;s total 9,600 pixels to process

; Read and invert R
LDRB r3, [x0], #1 : r3 =R, 0 += 1
RSBS £3; £3; #25§ ; r3 = 255 - R

; Read and invert G
LDRB r4, [x0], #1 ;x4 =G, r0 += 1
RSBS r4, r4,; #255 ; 4 = 255 - G

; Read and invert B
LDRB r5, [x0], #1 : r5=8, r0 += 1
RSBS z5; 5; ‘#3258 ; r5 = 255 - B

; Skip Alpha (just move pointer 1 byte forward)
ADD r0, xr0, #1

; Store inverted RGB values (3 bytes per pixel)

STRB 3, [x1],: #2 ; store R
STRB =4, ], #1 : store G
STRB £5; [x1], #% ; store B
; Loop control

SUBS =2, 22, 1

BNE loop

BX ir ; return
END



= Subproject#2: 21} 3 MY (g8 ™

9| memory map dE)

Memory 1

Address: |(x40000036

Address: |0x4000003¢| ul

0x40000036: 78 SE SC BD 77 73 23 59 92 EC 1B 29 21 08 B2 44 77 8F 58 71 67 EF BS 77 FF 7B DF 0x40000036: 73 S5E 5C BD 77 73 23 59 82 EC 1B 29 21 08 B2 44 77 8F 58 71 &7
0x40000051: FF F3 3C B3 B5 DD 9D 6D 59 82 02 40 AA 67 3F F7 08 80 B3 1C EB A9 2A 92 00 32 4F 0x4000004C: B5 77 FF 7B DF FF F3 3C B3 B5 DD 9D €D 59 82 02 40 AA €7 3F F7
0x4000006C: SE 13 C2 C3 C3 A3 F9 FO F1 B8 BS 7D 17 73 33 C5 D2 75 D1 Bé 6D 6C EB 35 86 BS 89 0x40000062: 20 B3 1C EB AG 23 92 00 32 4F 9E 13 C2 C3 C3 A3 F9 FO FlL B8 BS
0x40000087: DD DO C7 DC 4F D1 Fé 4D 34 SD 1B CD BA C5 D6 6C Bl B6é 5B FO BS 6D 5B 74 31 Cé DA 0x40000078: 17 73 33 C5 D2 75 D1 B6 €D 6C EE 35 86 BS 89 DD DO C7 DC 4F DL

0x400000A2: 2C D1 C7 1€ CD 32 C7 D2 AE Bl Bé SD B4 CD 18 6B DB 46 B4 E7 88 CB 14 D1 Bé 31 34 . .
0x400000BD: €D B4 BC 47 D7 Cé D4 €C 31 AD 4B C4 14 31 F4 BB D8 DA SS EF D7 44 17 SD D3 4é€ 34 0x4000008E: 4D 34 5D 1B CD BA C5 D6 &C Bl Bé 5B FG B5 6D SB 74 31 C6 DA 2C

0x400000D8: FE 37 EF 17 4D A3 CF 8B 6D 0B 3E 7A E5 OF 4D 13 EB BA 06 7F €D DB 26 BA 66 8B 79 0x400000A4: C7 16 CD 32 C7 D2 AE Bl B6 5D B4 CD 13 6B DB 46 B4 E7 83 CB 14
0x400000F3: E5 97 9A D8 A2 F5 F5 FO FB 03 BF Bl Cé Dé 74 31 4D 53 74 0D 9F DO 47 B3 FO CB 4D 0x400000BA: Be 31 34 €D B4 BC 47 D7 Ce D4 eC 31 AD 4B C4 14 31 Fr4 BB D8 DA
0x4000010E: CC BA DF 8E SF 89 79 SA A3 €9 9A 98 E7 59 7F AE 2B 3F 6B 22 86 46 F7 16 CD 18 FD 0x400000D0: EF D7 44 17 SD D3 46 34 FE 37 EF 17 4D A3 CF 8B €D OB 3E 7A ES
0x40000129: CA 05 6C 31 F3 DE 4D E3 F5 B8 2E S5A 9B Bl 3F 44 2C 73 CC 5B C4 DC 46 6C 7D 44 37 Ox400000EE: 4D 13 EE BA O 7F €D DE 26 B3 €6 88 76 ES ©7 o3 DS A2 F5 F5 FO

0x40000144: 37 D1 €D 11 4B 13 D1 2F SB CC CD 12 6B B7 45 D3 Fé Bl €C 8D 3E 87 7B ES E7 DB BC ) )
0x4000015F: C4 D8 36 Bl 2C AC €5 13 C3 30 C4 D6 4E D1 6C 9D &F 7F DA A2 E3 7A AF B3 9E 13 SF 0x400000FC: 03 BF Bl Cé D& 74 31 4D 53 74 0D SF DO 47 B3 FO CE 4D CC BAR DF

0x4000017A: D3 18 31 OE 6D CC F3 12 03 €B BB Bé SA 1F Dé 9A 35 9A FB 26 FA 76 8B 66 5C BS EE 0x40000112: SF 89 79 SA A3 €9 SR 98 E7 59 7F AE 2B 3F 6B 22 86 46 F7 16 CD 1

0x40000195: SB DF EA DF SD D7 FO 48 F4 55 EF DS OF 4D 6C €D C3 €A 45 D3 2C FA AC €5 19 74 23 0x40000128: FD CA 05 eC 31 F3 DE 4D E3 F5 B8 2E 5A 9B Bl 3F 44 2C 73 CC 5B
0x400001B0: EB 36 C7 DO 4E D1 Cé E€ E7 B2 €9 Bl 63 6D 87 DO 6E 60 3D S8 F9 Bé DS B3 D8 96 88 Ox4000013E: DC 46 6C 7D 44 37 37 D1 €D 11 4B 13 D1 2F 5B CC CD 12 B B7 45

0x400001CB: Al €D €2 DB Bl 9E 4B 2C D7 29 BA AE 8B €D 6B F4 7A 3D EB Cé F7 FA FE B9 2F EB A4 ] ]
: 77 7 1 1 0
0x400001E6: FS E7 7D F8 €F 99 F9 BD 56 FB 6F DE 96 58 63 89 86 ES EO SE A3 OF 3E 48 7B 76 F3 0x40000154: Fe Bl 6C 90 SE 2 S ES ET DB BC 08 DS 3€ BL 20 AC 65 19 09 90

0x40000201: 73 E1 96 78 SF BE C7 FE B8 F2 8A €D 8B 31 06 7D DF SF CB SE F2 B3 Fé FB D7 F7 79 Ox40000lea: De 4E D1 6C 5D 6F 7F DA A2 E3 7a AF B3 9E 13 SF D3 18 31 OE €D
0x4000021C: SE Al E7 ES 6B CD 7D BE FA 1E FA BE 8B A6 FS5 FS5 B2 75 EB 4B CF 30 CF 43 SD 0B DF 0x40000180: F3 12 03 €B BB Be S5A 1F D6 9A 35 9A FE 26 FA 76 3B €6 5C BS EE
0x40000237: E3 3D 16 36 42 SE D3 BA B2 87 58 B7 CD 7F €éE 5C E3 16 Bl AD Bl BS 87 68 A2 8D €9 0x400001%6: DF EA DF 5D D7 FO 48 F4 55 EF D5 OF 4D eC €D C3 6A 45 D3 2C FA
—|0x40000252: 99 A2 E3 D8 2C 3C A3 41 F7 CB 3D F2 99 6D BB 8F 75 F1 07 D7 FA Bl F7 BS BF BS Aé 0x400001AC: €5 19 74 23 EB 36 C7 DO 4E D1 Cé E6 E7 B2 €9 Bl 63 60 87 DO 6E

Ov4NNNN2EN: SF 87 RE FR 62 F& N1 AC_RE 06 &N 8R 75 8F 36 72 RF R1 &F AC 78 2N 23 37 N 46 D2
J & Call Stack = Locals | EJuarT#2 | [E Memory 1

ma Amand Tacmab Dacnd Clamcitadina 1. nARNAAAAN - as te rat ran anmas crnl Aun na

0x400001C2: 3D 58 F9 Be D5 B3 D8 96 88 Al 60 62 DB Bl SE 4B 2C D7 29 BA AE
0x400001D8: €0 6B F4 7A 3D EB Cé F7 FR FE B9 2F EB R4 F5 E7 7D F8 €F 99 F9
Ox400001EE: 5¢ FB €F DE 96 58 €3 89 86 ES5 EO SE A3 OF 3E 48 7B 76 F3 73 EL




= Subproject#2: A} U dH (g W M S

°] memory map HE&)

Address: [0xE20000000 E
0x20000000: 87 Al A3 88 8C DC &D 13 E4 DE F7 4D 88 70 A7 98 10 4A 00 84 20 0OC
0x20000016: C3 4C 22 62 92 7D FD BF 98 CO 08 7F 4C E3 56 D5 €D CD BO 61 3D 3C
0x2000002C: 3C 06 OF OE 4A 82 E8 CC 3A 2D 2E 49 92 14 CA 79 76 22 2F 2 BO 2
0x20000042: B2 CB A2 32 45 3A 93 4E 49 OF 4A 92 8B CE 39 D3 2E 38 32 CD 38 51
0x20000058: 4E 49 4B 32 E7 24 B9 4B 77 34 EB 49 CE CB 4B 43 8 39 2B 93 52 B4
0x2000006E: 3B CE OB 44 25 AA 10 BB E8 A2 B9 CB 01 10 E8 B2 30 74 92 C1 85 1a
0x20000084: B2 EC 14 F9 80 92 D9 45 99 86 1A ©8 27 5D 0OA OF 04 FC 4E 39 29 CE
0x2000009A: B2 AC F2 60 2F 4C OF 34 33 45 20 AO 76 86 5C 96 65 18 A6 80 D4 CoO
0x200000BO: 94 79 B9 08 32 E7 02 FA S3 CE 21 B2 1C 47 D1 AS 4E CO BB 8C 33 A4
0x200000C6: 23 B9 93 BB C8 C8 92 EE B4 2E DO A4 32 ED 94 BA 2C 09 93 72 C1 B4
0x200000DC: 1A 18 43 3B 27 4E D3 53 EC 3C CF 29 Bl 2E 62 90 80 5D 1C 85 4C 61
0x200000F2: EC 2C E7 CE 92 33 0OC FC 94 44 AS EO 29 CA 65 04 05 89 74 A3 4a 11
0x20000108: 20 15 20 28 OF B7 AA 10 2A B2 93 92 95 BA 2C 05 53 %A 8B DC 14 38
O0x2000011E: 2F Bl 39 19 18 96 4E SC 78 2F 91 C2 A7 06 2A 4C 27 77 S5E 92 24 4E
0x20000134: 61 D3 28 D6 51 74 92 0B 85 C2 39 08 05 46 DO 14 OA 18 82 90 66 06
0x2000014A: AS 04 S0 ©9 A7 9C 79 1A 1F 5C FO C1 84 89 0C 1 €9 87 41 38 01 OD
0x20000160: 75 92 CE F9 82 60 34 61 4C 09 04 08 86 61 18 1A 94 82 41 05 05 41
0x20000176: 74 0OA O 4D 14 B4 30 30 BC A2 20 1C C2 CS BD Al 45 4D 78 48 32 80
0x2000018C: A3 1C E9 52 4E 4A S7 5D 72 66 5D 1C D3 C3 5C 08 34 C2 66 92 44 s8A
0x200001A2: OE F8 05 4E 08 40 4A 59 78 49 14 1 FE 93 F9 62 77 71 C9 8D 4E 91

110x200001B8: 93 D2 DC C8 B9 2C 71 3B 5B 8A 78 77 E7 C7 E3 88 CO CB OE OF EB BO
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= Subproject#3: Assem.s

1 AREA Reset, CODE, READONLY

2 EXPORT gray_ scale ; 3*R + €*G +1*B

3

4 ENTRY

5

13

7

8 gray scale

9 LDR r0, start
10 LDR rl, pixel
K MOV r2, #9600
12
13 1loop
14 LDRB r3, [x0], #1 ; Ry
15 ADD r3, 3, 3 ; r3=2*R
16 ADD r3, 3, 3, LSR #1 ; T3I=3*R
17
18 LDRB r4, [x0], #1 ; Gz

19 LSL r4, r4, #2 ; r4=4*G
20 ADD r4, r4, r4, LSR #1 ; r4=6*G
21
22 LDRB r5, [x0], #2 ; Bz (A xg X)
23
24 ADD 8; 3, =4 ; Xé= 3*R + 6*G
25 ADD T, 6, TS ;s 7= 3*R + 6*G +B
26
27 STRH 7, [x1]),#2 ;> 7 g rlo x», 2 2B 3
28
29 SUBS 2, *2; ‘1

30

31 BNE loop

32 start DCD 0x4000003€ ; RGBA =4 golg A® 2

33 pixel DCD 0x20000000 ; Grayscale 3 xNB =2

34

35 END



3. 37tX| o|O| x| EH=t

|

=
ot

= Subproject#3: A1} O] memory map HE&)

Address: [6:20000000 Address: [0x40000000

0x20000000: 68 12 00 46 Ol O1 04 7C 21 3A 57 74 24 S5C 8C SA 22 7B €4 BB 0x40000000: 89 50 4E 47 OD OA 1A OA 00 00 OO0 OD 4% 48 44 52 00 00 03
0x20000014: EF C8 €D 75 7F 83 49 6A CE D3 45 A3 AB 9D D1 Al 74 Al A5 €7 0x40000014: 00 0O 02 80 08 06 00 00 00 53 F% 11 43 00 00 00 01 73 52
0x20000028: 83 71 CO 89 79 B7 72 749 8F €F 6C CA 99 8C SA BE 3C 89 78 BO Ox40000028: 42 00 AE CE 1C ES 00 00 20 00 45 44 41 54 78 SE S5C BD 77
0x2000003C: 78 B7 F2 61 83 40 8B 8C SF 7E BF 6C S4 86 81 92 D6 85 4F 5B 0x4000003C: 23 5% 92 EC 1B 29 21 08 B2 44 77 B8F 58 71 €7 EF B 77 FF
0x20000050: €0 54 72 94 7E Bl €2 D1 87 S5F 83 SE AC S€ 73 3D 7B 8A 85 S0 0x40000050: DF FF F3 3C B3 B5S DD 9D €D 5% 82 02 40 AA €7 3F F7 08 80
0x20000064: 73 A4 SE 9E 72 96 93 46 90 8F A8 75 5SS D7 BO SE 65 71 AF 54 94400000642 1C EB A9 2 92 00 32 4F SE 13 C2 C3 C3 AS F9 FO F1 BS BS
0x20000078: DB CC B3 A7 A€ 76 9F 5C B3 SE DB SE AE C2 E® C2 9C 8C CO B0 | 5x40000078: 17 73 33 C5 D2 75 DL B6 €D 6C EB 35 56 BS 89 DD DO C7 DC
px2o0gogac: 7¥ 1529 88 BY 6D 63 6L 01 §7 9C 97 98 90 D6 02 A6 62 01 .98 |g.4000000C: BB 9E A0 34 6018 G BS £ 56 05 H1 95 30 7055 8 B9 %6
O 00000DS. SF oF €2 50 ob B 53 b me 76 73 oE 93 Co BA 90 o¢ DF 5% oo [0x400000R0: C6 DA 2C D1 C7 16 CD 32 C7 D2 AE Bl B6 5D B4 CD 18 €B DB
lox200000C8: DD 93 C7 4D 40 62 96 8A 7B SE 99 C8 7E Bl BS AR 7C SC B6 Aa [0 00C00B4: B4 E7 88 CB 14 DL B6 31 34 €D B4 BC 47 D7 C6 D4 6C 3L AD
l0x200000DC: 7A C3 83 96 72 CB SE Bl 89 AD 7C AS 8B BD 56 6E SE 9B AS A3 g‘:ggggggg‘ i; ;: 3; :; zi Dg gg 3: :E B; :; i; :g g: i 3; Zg ;; fi
i . C 64 F7 SO A8 S8 01 00 OO0 OO0 00 OO0 00 OO0 &2 78 DS A 80 B x : c 0 < 4 e o€ g

:g:iggggggg; 2; ;; ;5 ié :g 7F BA SO 94 AB 70 ;; €S 44 3C 5; E; é; 54 75 0X400000F0: €6 8B 79 ES 97 SA D8 A2 FS FS FO FB 03 BF Bl Cé Dé 74 31
10!20000118: 88 7D 7% SE 71 SB 84 BA 7F 63 92 57 €A 74 AS D2 7A 47 5% BB 0x40000104: 53 74 OD 9F DO 47 B3 FO CB 4D CC BA DF BSE SF 89 79 S5A AS
l0x2000012C: 4F EC SF 8D 54 75 41 1D 71 6B 81 CC €3 8% €F CA E7 8C E0 AE |Ox40000118: SA S8 E7 55 7F AE 2B 3F €3 22 86 46 F7 16 CC 18 FD CA 05
10%20000140: 8C Al CE SF SF B& 86 87 7E 96 6D €C 41 3C 7A 72 7E 86 B9 AC O0x4000012C: 31 F3 DE 4D E3 F5 BS 2E SA 9B Bl 3F 44 2C 73 CC 5B C4 DC
10%20000154: 8D 72 C7 88 €6 99 8E A0 C5 6B 79 B2 C9 52 S6 SB SE D4 BO 88 Ox40000140: 6C 7D 44 37 37 D1 €D 11 4B 13 D1 2F SB CC CD 12 €B B7 45
Ox20000168: A4 CC 8F B4 SA 9D 7C 92 A0 7F 7D 7A %0 B4 AZ 8D BO 7B 9B AS 0x40000154: Fé Bl 6C 8D 3E 57 78 ES E7 DB BC C4 D8 36 Bl 2C AC 65 13
0x2000017C: A2 SE SC B7 A€ A€ 82 7A 75 A8 B7 91 75 9A A4 6C 6C B4 C9 oF |0x40000168: 30 C4 Dé 4E D1 &C 9D 6F 7F DA A2 E3 JA AF B3 9E 13 SF D3
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= Subproject#3: 21 8! 49F (g +9 H

ot

O] memory map @ &)

Amhsxlmzansnw IP Hegh&n IVaMe
=  Current
0x200257A0: BC €B 24 64 59 BA B7 43 S - - <<= <=
0x200257A8: 7A 73 SA 5B 8B E7 9D SO
0x200257B0: C9 60 74 CC 9B AS 9A 83
0x200257B8: 84 4D 76 70 Ceé 7B 3C 94
0x200257C0: 94 81 98 3D 81 7E 95 8D | | AR e O N N X
0x200257C8: 82 DC 6F 3C B7 84 7E 77
0x200257D0: €3 B7 80 6C 89 A6 33 7F
0x200257D8: €9 AD 8A B4 2A 7E B2 72
0x200257E0: 4B SE 91 45 6A 60 %2 7D
0x200257E8: 4B A2 77 80 7E BO 84 D
0x200257F0: AB A2 AE 94 81 92 95 49
0x200257F8: 2E SF 8E 94 B3 1C 4A €A
0x20025800: 00 00 00 00 00 00 00 00 3
Aw2NN2C8QAR. AN AN AN AN AN AN AN AN >

. RGB(A) &40 T4 [ 0|H{E o2 ot 2t TMo| 34X S A 2 0220 K
. Z MO R, G B ATAR 74, 0| SAZS ABSIX| Y1R, G, B 2D 28

2 HZ0| CHol M= et 54 3 551H7| REHSH| 6 &917| G Hot7[ B HE



OIE{2|HE Al AN KLS 3 TM CHO|2 1202 XZBHE WA
-> 022 20| AN & CHEE2| CIASY 0| MKt =&tHE
-> but 22 22| hard

 O|0|X| hex LY = alpha |2 H|AH = Hz2|of xjufX] >> o]O|X] HSt et+F S A|7| DX} &
-RGB XY QIE{2|EE wAl0R TYHiX|SHE SO|HO| A2
- Alpha 2= XA 2 AHZ|EE HAOZ relocation

-> 2t =Mool F7|7t 4byte -> 3byte 2 B =/ E
> but AAO| Het O = G X, et Hs 7H)\1 Ojofgt
(ARM architecture2 4byte2| align access& S5t 2, 3byte T2 H 22 Al HZ2] 20 M| penalty?t £ 7ts)

- &H| 2 RGBE QUEZ|EE HAloz M 2|0 X{ujX|ot] HY AT Huf >> H5 7/ XMZ &
QE WM S5 [M2lA ARM A E X|X35l0] SHS 5 M 22| MUl 25 E 2o 2 TS



1
2
3
4
5
6
7
8

w

10
11
12
13
14
15
16
17
18
18
20
21
22
23
24
25
26
27
28
=
30

A

start

relocate

loop_rel

= Subproject#1: Assem.s

AREA Reset, CODE, READONLY

EXPORT start

BL relocate
BL Red Pixel Count Re

LDR r0, =0x4000003¢€
LDR rl, =0x41000000
LDR r2, =0x41002580
LDR r3, =0x41004B00
MoV r4, #9€00

ocate

LDRB r5, [z0], #1
STRB r5, [zl], #1

LDRB r5, [z0], #1
S5TRB r5, [r2], #1

LDRB r5, [r0], #1
STRB r5, [r3], #1

ADD r0, 0, #1
SUBS r4, r4, #1

BNE loop relocate
BX 1r ; mxy 2

LTI TR T T

s W s ws

LT

xrQ
rl
r2
r3
r4

= zyg

= RGBA gojs
2EXx

SEX

Rz
l','l-

Bz

2 X
o o o3
oot o

al

+

b kot

4 41

2EI

34
35
36
37
38
35
40
41
42
43
44
45
46
47
48
45
S0
51
52
53
54
<i=]
56
57
S8

LDR
MOV
MoV
MOV

MOV
BX

END

Red_Pixel Count_Re

r0, =0x41000000

rl, #9600 :
r2, #0 H
r3, #0 :

r3, rl
done

r4, [x0]
r4, #1238
skip

r2, r2, #1

r0o, ro, #1
r3, r3, #1
loop



= Subproject#1: A1}

P

BB 0x00000000
Fe On 00000000 : 0x12C3=4803

-

A1 0% 00000000 30| Al Alttst 20t 232 & 5= QUL
~RI2 0% 00000000

A13 (SP) 0% 00000000

Rl ) 000000008

#

SPSA DxEIJEIJIIIIII

RO register 2= red 2f0| 128 O] & 2! pixel2| %=



= Subproject#1: An U 4F (& +9 H

ot
lo
3
D
3
o
<
3
Q
©
o4
I

Address: [:&1000000 B s [5G350 B
gx41000000) -190./00 00 00 00 0010V 000000, 00,0000::00,100.:.00.00 00 09 90 00/ 00,:40:00.00/:00 0x41000000: 78 77 52 21 77 67 FF F3 DD 82 67 80 AS 32 C2 FS BS 33 DL EB 85 DC 4D CD 6C FO
0x4100001A: 00 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 OxA100001R, 74 20 Cn AE B4 DR 55 Be B4 Ce AD 91 DA 44 4e Er cr 4k 40 0f o6 78 DR B0 BL a1
oxf000021 100,00 B0 00 00 40,00 :90,:00), 000056009190, 00.00,:00. 04 0 £10 100 00,:06; 00:.00,00 0x41000034: 0D B3 CC SF A3 E7 2B 86 CD 05 DE BS Bl 73 DC 44 €D D1 CD 45 C 7B BC Bl 13 Dé
0x4100004E: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 Ox4100004E: 5D AZ B3 D3 €D 03 SA 35 FA SC DF D7 55 4D 6A FA 74 C7 C6é €% 87 3D DS 88 DB 2C
0x41000068: 00 00 00 00 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 OO0 00 00 00 e
0x41000082: 00 00 00 00 00 00 00 00 00 00 0C 00 0O 00 00 00 00 00 00 00 00 Q0 00 00 00 00 0x41000082< BA B? SC AD 63 99 2C F7 99 75 FA BF 87 ES 06 BE Bl 2D 46 C4 87 38 SF FO OF CS
0x4100009C: 60 00 00 00 00 0000 09 00:00:00.00 0000 0000 00 00 09 00 000060 00:00::00 0x4100008C: FE BB FB 33 1A 3F 8A DO FB E1 6B 51 91 FB 35 58 35 61 AS AF 1A CF E7 88 BC D8
0x410000B6: 00 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 0x410000B6: F3 37 F1 98 DD C7 A7 97 OF 1C 8C DO 43 CB SD 3C A3 DC F8 EA 78 3B 43 DD E7 79
0x410000D0: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0x410000D0: F& SD €A 66 DA A3 B6 5D AF Dé 73 2D AS 3F 75 7E BS BD D& 7A 2F E6 AC SE CB SF
Ox410000EA: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0x410000EA: 96 B7 AD SB Cé S0 Dé EE FO BE 1F 74 96 58 4D SE BS OB A2 EC 7D 98 EB 1C D7 74
0x41000104: 00 00 00 00 00 00 00 OO 00 OO 00 0O 00 00 00 00 0O 00 00 00 00 00 OO0 00 00 00 0x41000104: 0S 1€ 53 EB 73 FE€ OC 11 E1 DE FB 11 2F DS o7 16 26 BE 74 36 10 SB CE 16 1D &C
0x4100011E: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0x4100011F: 7 4D FE FE 24 AS Bl 13 23 7B BG 71 F3 69 6B €2 D7 F6 FE CB 7D C2 F4 AF EE OF
0x41000138: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0x41000138: C1 7D 6D 1B 4D SF BD €0 2C 37 03 25 3E DB FC BS 4B ED 14 08 Fé CD AD SD 7C DB
0x41000152: 00 00 00 00 00 00 00 0O 00 OO 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 OO 00 0x41000152: DA FA 2A 3D E3 D¢ FC €5 BS 6B FB FB ED SF 81 C2 4B C5 EL DB CE ED CA 6A 40 E7
0x4100016C: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0x4100016C: C4 3D D1 E2 27 3C %5 S5 79 €D 06 €D E3 86 3A CE C1 E8 %6 7B 8E D8 SB SE SE SD
0x41000186: 00 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0x41000186: 6A D8 74 S5 63 FC D% ES 7E €0 7A 74 3F 22 §5 5F FS &C 7C 2F BD 4E 3E 75 05 &8
0x410001A0: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 0x410001A0: OE 27 98 ES BO D% A% AB 21 88 BC 21 F9 Fo DS 6D A6 Bé D& 4D D8 3C Bé BD B3 C7
0x410001BA: 00 00 00 00 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 00 00 00 00 0x410001BA: 3% 97 BF €A 76 SE DS 10 DS 36 EB F4 3A 83 D2 8¢ 33 31 AE 74 87 6E 7D 3F E7 2C
0x410001D4: 00 00 00 00 00 00 00 0O 00 0O 00 0O 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0x410001D4: 52 E4 SC €7 8D BS F3 Bé 13 F1 87 8F 1C 4E 7B €B E8 OB DS DC 73 6F FE SF SF DF
0x410001EE: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 OC 00 00 00 00 00 00 00 00 00 00 0x410001EE: 3A D3 16 C5 S1 EB SA 38 8D FC DO 38 7D 60 9E Bé 1F 3E EB DD 78 3B 52 D8 1C 31
0x41000208: 00 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0x41000208: 74 B7 AD 50 20 1E &5 1C 82 CA 25 AC 3A 1C 99 74 SF 48 8F 58 80 12 DB FB Cl A2
0x41000222: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0O 0O 00 00 00 00 00 00 00 00 00 0x41000222: FS 7F @A 22 0C C9% 13 €8 BE 31 6C 31 6B 04 11 D FB 75 CD F4 4E EA B3 48 5A 00
0x4100023C: 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0x4100023C: F7 4A FE EF 39 Al SA 32 40 EB E1 E4 45 BA B3 10 F7 25 F0 32 2D 05 27 BB 0B 08
0x41000256: 00 00 00 00 OO0 ©OO 00 00 00 00 OO0 OO0 OO 00 00 OO0 0O 00 00 00 00 00 00 00 00 0O 0x41000256: 56 35 31 7F 77 SF OD FO OE OF 3C 4F 38 D3 FB 36 71 70 78 2% 01 04 44 DO FD 8B
0x41000270: 00 00 00 00 00 00 00 00 00 00 00 OO0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 Ox41000270: 73 88 OB €2 1B 53 AS F3 15 E7 BE 05 4D DB BD 1A B6 06 C7 E2 C7 38 C7 D7 85 E2
0x4100028A: 00 00 00 00 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 Q0 00 00 00 00 0x4100028A: SC FEé OC BS BS 01 20 €F 86 CB CO E4 08 4A B8 57 1B F3 F6 BF EO 4E 6C 13 €7 12
0x410002R4: 00 00 00 00 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 00 00 00 00 0x410002A4: 71 BC F3 EB 77 C2 DE SC DS C1 4% Bl D4 FC €6 35 1D 58 SD 88 4F 37 €A 2F 83 B8
0x410002BE: 00 00 00 00 00 00 00 00 00 0O 0OC 00 00 OO 00 0O 00O OO 0O OO 00 00 0O 00 00 00 Ox410002BE: 3C €B 12 C3 E6 1C 7E 5C DC SA 1D 10 AR 45 DO C2 D% CA 44 55 33 B3 A 7B Fl1 €A
0x410002D8: 00 00 00 00 00 00 00 00 00 00 00 00 00 0O 00 00 0O 00 00 00 00 00 00 00 00 00 0x410002D8: BC AF 57 74 AD 70 SF 41 00 82 42 78 84 15 E6 53 SC CF B7 C5 3C D7 FB DF 7A 80
0x410002F2: 00 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 0x410002F2: E4 D6 1B 55 51 00 6B BS FF 45 21 00 94 SA 70 96 C1 A2 OF 4C EC 72 DC 00 6B BF
0x4100030C: 00 00 00 00 00 00 00 00 00 00 00 00 OO 00 0O 00 00 00 00 00 00 00 00 00 00 00 0x4100030C: B8 BE 37 C@ 8B 00 71 E3 0D 5D OE 7F EC C4 BS &7 31 D7 20 94 26 5E &8 5C B3 BB
0x41000326: 00 00 00 00 00 00 00 00 00 00 00 00 GO 00 00 0O 0O 00 00 00 00 00 00 00 00 0O Ox41000328: 15 72 SR 6C ES 27 SF FC 45 78 6C E2 E0 DC AZ BS CC 5C F3 F7 40 ES F2 00 42 De
0x41000340: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0x41000340: D7 78 4E 36 DD €9 24 DB EE 2B 8F 57 ©F 94 8A 85 7B 27 B3 CD 4C €7 &7 DF 2D 23
0x4100035A: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 BESLOUGSSA= AC HOIB0 S 35 FS AL DR =7 00 CC £F DT Sk 50056 1L AR U5 58 03 Sk S5 DE b EE
0x41000374: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0x41000374: 92 ED 93 Bl 2D S0 4F DS SA 12 30 AF 18 76 0D CO FD 81 Cé F7 $2 4C 00 04 C5 C3
R 1000810010000 00 00 501000000/ 0050766 700 00000000 00100 0. 001160 00/:00. 60,00 0x4100038E: A7 EG FF FF 72 B9 oC FO D@ 4B F1 BE BF BE E7 FC Bé A3 A7 OC D5 12 4B AC Fé Bl
0x410003A8: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 Ox310003A%: 32 S0 €7 A% B0 A2 B2 €3 50 CF BF SR SR O3 AR 03 37 DA AT 34 DE £7 AR 78 12 74
0x410003C2: 00 00 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 e L e e
0x410003DC: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 e e e e



= Subproject#2: Assem.s

1 AREL Reset, CODE, READONLY 30 zre rgb negative

2 EXPORT start 31 ~ 7 LDR r0, =0x41000000

3 32 LDR rl, =0x41002580

4 starc 33 LDR r2, =0x41004B00

N L relocate 34 LDR r3, =0x20000000

g BL re_rgb negative 35 MOV r4, #9600

8 relocate i i

g LDR r0, =0x40000036 B loop negative ) )

10 LDR ri, =0x41000000 - LDRB xS, [x0], #1

11 LDR r2, =0x41002580 39 RSBS rs, x5, #255

12 LDR r3, =0x41004B00 40 STRE r5, [z3], #1

13 MOV r4, #9600 41

14 42 LDRB ré, [rl], #1

15 1loop_relocate 43 RSBS ré, re, #255

16 LDRB rs, [z0], #1 44 STRB ré, [r3], #1

17 STRB rs, [rl], #1 45

18 46 LDRB r7, [z2], #1

— LDRB £S5, [z0], #1 47 RSBS r7, r7, #255

zg STRB IE—, [r?.']; #l 48 STRB I'T, [I3], *l
49

- LDRB =5, [z0], &1 50 SUBS ra, r4, #1

z‘: STRS £5, [=31, #1 51 ENE loop_negative

25 ADD r0, r0, #1 52

26 SUBS r4, r4, #1 53 BX lr

27 ENE loop_relocate 54

28 BX ir £5 END

29



= Subproject#2:

N
i}
=
nx
oR
nok
>
>
o
A
ot
lo
3
()
3
o
<
3
Q
©
(02l
T

1 Memory 1

b

E Memory1

Address: (xE40000100]

=118

Address: |mE4(mmm

0x40000100:
0x40000116:
Ox4000012C:
0x40000142:
0x40000158:
0x4000016E:
0x40000184:
0x4000019A:
0x400001B0:
0x400001C6:
0x400001DC:
0x400001F2:
0x40000208:
0x4000021E:
0x40000234:

AwdNAONTA4R -

Dé
A3
31
44
3E
D
BB

74
€9
F3
37
87
EF
B6
FO
36
B3
EB
58
B8
ES
0B

=1

2l gtAl- RGBA O|O|X| 22| & ™
X 2|ot= H

31
on
DE
37
7B
TF
Sh
48
c7
D8
ce
€3
F2
€B
DF

Re

4D
a8
4D
Dl
ES
DA
1F
F4
Do
=13
F7
g8
8h
CD
E3

a7

53 74 0D 9F DO 47 B3 FO CB 4D CC BA DF S8E SF 89 79 5A 0x40000100: DE 74 31 4D 53 74 0D
E7 59 7F AE 2B 3F €B 22 86 46 F7 1€ CD 18 FD CA 05 &C 0x40000116: A3 €9 93 68 E7 56 7F
E3 F5 B8 2E 5A 9B Bl 3F 44 2C 73 CC 5B C4 DC 46 €C 7D 0x4000012C: 31 F3 DE 4D E3 FS B2
6D 11 4B 13 D1 2F 5B CC CD 12 €B B7 45 D3 Fé Bl &C 8D 0x40000142: 44 37 37 D1 €D 11 48
E7 DB BC C4 D8 36 Bl 2C AC €5 13 C3 30 C4 Dé 4E D1 eC 0x40000158: 3E 87 7B ES5 E7 DB BC
A2 E3 7TA AF B3 9E 13 SF D3 18 31 OE €D CC F3 12 03 €B 0x4000016E: 9D €F 7F DA A2 E3 72
DEé 9A 35 SA FB 26 FA 76 8B €6 SC BS5 EE SB DF EA DF 5D 0X40000184: B8 B€ SA LF DE SB 35
55 EF DS OF 4D 6C €D C3 €A 45 D3 2C FA AC €5 19 74 23 0xX400001%A: D7 FO 48 F4 55 EF DS
4E D1 Cé E€ E7 B2 €9 Bl 63 €D 87 DO 6E €0 3D 58 F9 Bé 0x400001B0: EB 36 C7 DO 4E D1 Cé
88 Al €D €2 DB Bl %E 4B 2C D7 29 BA AE 8B €D €B F4 7A 0x400001Cé: D5 B3 D8 96 88 Al €D
FA FE B9 2F EB A4 F5 E7 7D F8 €F 9% F9 BD 56 FB &F DE Ox400001DC: 3D EB Cé F7 FA FE BS
8€ E5 EQ S5E A3 OF 3E 48 7B 7¢6¢ F3 73 E1 %96 78 SF BE C7 Ox400001F2: %6 58 €3 BY 86 ES EO
6D 8B 31 06 7D DF 9F CB SE F2 B3 Fe FB D7 F7 79 SE Al I 0x40000208: FE B8 F2 8A €D 8B 31
7D BE FA 1E FA BE 8B A6 F5 F5 B2 75 EB 4B CF 30 CF 43 0x4000021E: E7 E5 €B CD 7D BE FA
3D 16 36 42 SE D3 BA B2 87 58 B7 CD 7F €E 5C E3 1€ Bl — . 0x40000234: 5D 0B DF E3 3D 16 3¢
£f A9 AN £G GG A% F2 NR 297 23+ A% 41 7 MR 2N FY GG &N Nx4N0NN24A: AT R1 RS RT &R B2 AN

A K 41

2FMOoZ M

(Z2H StLE, =% H2) YA

Relocation Bf4l: oF HH RGBAE 2111, R/IG/BE [IE NM&SI&=

>> 12

R,G,B3%s 44 S2H 2= dot0 22X

0e

Do

47
3F
9B

-
&

36
SE
26

eC

7 B2

El
n4
oF
DFE
BE
D3

FoO

22 8

3F
cc

P
L

SF

76 8

c3
Bl
4B
E7
48

Le

-
<

na

SIHAM R->G->B->A &

4D
4€
2C

12

€5 1

€€
45
€D
D7
Fg
7€
F2
F5
58
ac

SF H

—

(Memory copy)

BA
1€

LI

B7
c3
OE
BS
2C
Do
=]

73

75

7 CD

41

—

0

DF

CD 1

5B
45
30
€D
EE
FA
€E

Fo
El
FB
EB
TE

FT C

Of

58

79
0s
ecC
ecC
D1
03
DF
74
Fs
F4
EF
BE
SE
CF
16

SR

=
€C
7D
8D
ecC
€B
sD

4 23

Bé
TA
DE
Al
43
Bl
&N



= Subproject#2: A1t 3 4Y (&% =¥ H £ memory map HE)

Registers L x |

Address: |(«20000000 i

Register | Value |

= Cu 0x20000000: 87 Rl A3 88 8C DC 6D 13 E4 DE F7 4D 88 70 A7 98 10 4A 00 84 20 OC C3 4C 22 &2
0x2000001A: 92 7D FD BF 98 CO 08 7F 4C E3 56 D5 6D CD BO 61 3D 3C 3C 06 OF OE 4A 82 E8 CC
0x20000034: 2D 2E 49 92 14 CA 79 76 22 2F 23 BO 2E B2 CB A2 32 45 34 93 4E 49 OF 44 92
0x2000004E: CE 39 D3 2E 38 32 CD 38 51 4E 4% 4B 32 E7 24 B9 4B 77 34 EB 49 CE CB 4B 43
0x20000068: 39 2B 93 52 B4 3B CE 0B 44 25 AR 10 EB 22 B9 CB Ol 10 E8 B2 30 74 92 C1
0x20000082: 1A B2 EC 14 F9 80 92 D9 45 99 86 1A &8 27 5D OA OF 04 FC 4E 39 29 CE B2 AC
0x2000009C: 60 2F 4C OF 34 33 45 20 A0 76 86 5C 96 65 18 A6 80 D4 CO 94 79 BS 08 32 E7
0x200000B6: FA 93 CE 21 B2 1C 47 D1 A5 4E CO BB 8C 33 A4 23 B9 93 BB C8 C8 92 EE B4 2F

000000000 0x200000D0: A4 32 ED 94 BA 2C 93 72 Cl1 84 1A 18 43 3B 27 4E D3 53 EC 3C CF 29 Bl
RID 0%00000000 0x200000ER: 62 90 80 5D 5 4ac E 92 33 0C 94 44 AS EO 29 CA €5 04 05 89
AN (%00000000 0x20000104: 74 A3 4A 11 20 15 20 10 2A B2 93 92 95 BA 2C 05 53 9A 8B DC 14 38
gﬁ%ﬁ%g 0x2000011E: EE ?_ 3f _z' _: .e 4E C2 A7 06 2A 4C 27 77 SE 92 24 4E €1 D3 28 Dé
ke 0x20000138: 51 74 92 0B 85 C2 39 14 OR 18 82 90 66 06 A9 04 90 €9 A7 9C 79 1A
0x20000152: 1F 5C FO Cl 84 8% OC 8 01 75 92 CE F9 82 60 34 61 4C 09 04 08
e ] 0x£00000D3 0x2000016C: 86 61 18 1A 94 82 41 0A OA 14 B4 30 BC A2 20 1C C2 C9 BD Al
@ SPSR (0000000 0x20000186: 45 4D 78 48 32 80 A3 4n 97 5D 72 €6 5D C3 5C 08 34 C2 €6 92
& E::{ﬁ&:f:g;? 0x20000120: 44 8A OE F8 05 4E 08 40 4 78 49 14 1A 93 F9 71 C9 8D 4E 91 93 D2
% Interrupt 0x200001BA: DC C8 B9 2C 71 3B 5B 84 78 77 E7 C7 E3 88 CB OE BO FO 4E CO 3L 9E C3
+ - Supervisor 0x200001D4: 01 SE ES 44 CE E1 04 E7 Bl C7 13 FO E5 61 1D CO 3A 8E C7 2F 72 25 04 09
- Abort Ox200001EE: Dé 1E E5 A2 94 00 8A AE 84 90 6E 84 76 04 CA BO CA A€ 30 EE CA 49 €7 9E
- Undefined 0x20000208: 06 A4 5A 2E 46 50 AC B3 E5 68 96 30 28 C% 18 Cl 61 45 43 OE 63 27 €9 D1
- "_T‘_'?g‘g"i 000000064 0x20000222: OC 2A 08 C8 8E 21 OE 8D 86 67 38 67 22 74 0C 38 8E 38 38 €8 EO FO BO
Mode Supervisor 0x2000023C: FO E3 44 87 73 EE A2 2F 84 2E BC B3 D4 34 Cl L4 A2 C3 4C 49 DE 23
. Siates 403273 0x20000256: 44 94 07 86 19 15 5C 74 87 2F 41 C4 10 BO BC 3C 46 sD 18 37 E0 13
Sec 0,00672038 0x20000270: 0% 24 55 A2 19 BA 95 72 D1 99 6A 52 25 DE 5D 5C E4 Cs 65 72 50 49

e YRIAEO| HEE =A ZFF I 22| 0x200000000] MAt=l A

=
M
ofm
of
(09
=
O
no
ro
1IN

k=l
Ul
ne
Ojo



= Subproject#3: Assem.s

1 AREA Reset, CODE, READONLY 3c re_grayscale

2 EXPORT stact 31 LDR =0, =0x41000000 : R

g a2 LR rl, =0x4100258¢C ;: 6

4 stast 332 LDR =2, =0x41004300 : B

5 BL zelocate 24 LDR r2, =0x20000000 : Grayscale HT T2
3 BL re_gzayscale as MOV s, #5600 g =
7 36

e relocate 37 loocp_gzay

[ LDR =0, =0x4000003& 28 LDRB £5, [=01, #1 : R

10 LDR rl, =0x41000000 2s LDRB =€, [zl], #1 : 6

11 LDR 2, =0x41002580 40 LIR= =y, 2. 8 : B

12 LDR =3, =0=x41004300 41

13 MOV =4, #5600 42 ; gzayscale = (3B + 6C + B) >> 2

13 43 ADD =8, =5, =6, LSL §1

15 loop_zelocate EL ADD =8, =B, zE, LSL $1

1€ LDRE £S5, [=0), #1 45 ADD =8, =8, =7

17 STRB =5, [z1], #1 4€

18 47 STRH =8, [=2]1, #2 : 1E0|EE MT
1s LDR2 S, [=0], #1 42

20 STRB =5, [=2], #1 4c SUBS =4, =4, 81

21 S0 BNE loop_gray

22 LIRE 5, [=0], #1 51

a3 STRB =S, [=2], #1 s2 END

24

25 ADD =0, =0, #1 : B BRA

26 SUBS =4, =4, 21

27 BEE loop_relocate

28 BX 1z

2s



ot

= Subproject#3:

Address [0x40000000

: 8% 50 4E 47 OD OA

1A OA 00 00 00

lLETEres mrr
DD SD €D 5% 82
13C2C3c3 as
85 DD DO C7 DC

7F €D DB 2¢ BA
BF Bl C6 Dé 74 3
B3 FO CB 4D CC BA
2B 37 €8 22 8¢ 16 CD 18 FD CA 05 ¢C
73CCsBCeDC
CD 12 68 B7 45 D3
36 Bl 2C AC 65
D €F 7F DA A2 E3 7A AF B) SE
03 €8 BB Bé SA 1F Dé
S8 DF EA DF SD D7
: 6D CY €A 45 D3 2C FA AC €5
€3 €D 27 DO ¢E

t 30 C4 Dé 4E DL &C
35 A FB 26 FA 6
S5 EF DS OF 4D &C
36 C7 DO 4E D1 Cé
€0 3D S8 F9 Bé DS B3 D2

+
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=
%

)

» O

0x20000000:
0x20000008:
0x20000010:
0x20000018:
0x20000020:
0x20000028:
0x20000030:
0x20000038:
0x20000040:
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Grayscale
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Grayscale O|O|X| 2

7o
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3. Function#1 - Red pixel

1
2
3
4
5
6
7
8
=

L T N O o T o S =
OWm-DO U WNHOWD=-DaWEWwN O

3
-

AREL Reset,
EXPORT start
startc
BL relocate
BL Red Pixel
relocate
LDR ro,
LDR rl,
LDR r2;
LDR r3,
MOV r4,
loop relocate
LDRB rs,
STRB £5;
LDRB rs,
STRB £5;
LDRB rs,
STRB £5;
ADD rd,
SUBS r4,
ENE loop_
BX 1r

CODE, READONLY

Count_Re

=0x41002580
=(x41004B00
#9600

L
L

[z0],
[zl],

L
L

[z0],
[z2],

L
L

[xO],
[z3],
ro, #1
#1

rd,

relocate
HEHE B

count [7|E I E]
34 Red Pixel Count Re
= = LDR r0, =0x41000000
36 MOV rl, #9600
37 MOV r2, #0
3s8 MOV r3, #0

_ 39

; 0 = RGBA goje AR & 40 100p

; Tl = Ry x@@ 23x 2 4 cMP r3, rl

; r2 = Gg n3w 22X T2 42 BEQ done

; 3 = By mEy 2Er za 43

7 Te = mg = 44 LDRB r4, [r0]
4] CMP r4, #128
46 BLT skip

s 47 ADD r2, r2, ¥l

;: R my 48
49 skip

. S0 ADD ro, ro, #1

: G ny S1 ADD r3, r3, #1
a2 B loop

. 53

; B xz 54 done

= <141 MOV ro, r2
. 56 BX 1r

r B2 57

58 END



3. Function#1 — Red pixel count [%]

1
2
3
4
5
6
7
8
=)
.0
1
2
i |
L
L
.6
7
.8
L

AREL
EXPORT
ENTRY

RelocateAndCount,
relocate_and count_red

relocate_and count_red

PUSH {R4-
MOov R1,
LDR R2,
LDR R3,
LDR R4,
LDR RS,
; == [1??] RGBA ->
relocate_loop
CcMP R1,
BGE
LDRB RE,
LDRB R7,
LDRB RE,
STRB R&,
STRB R7,
STRB RE,
ADD R2,
ADD R1,

RS9, LR}

#0

=0x40000036
=0x50000000
=0x50002580
=0x50004B00

RRR. ..

#9600

count_start

[R2]
[R2, #1]
[R2, #2]

[R3], #1
[R4], #1
[R5], #1

R2, #4
R1, #1

B relocate loop

GGG. ..

CODE, READONLY

BBB. ..

279

r
r

r

RGBaA 727
R 722
G 22?2

B 777

o m

R 27?2

279

Gl

279

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
Sl
52
53
54
55
1
57
58
59
€0
61
€2
€3
€4

=0x50000000

e e
I‘lg o —LC
-1 e S B —
count_start
MOV RO, #0
MOV R1, #1600
LDR R3,
count_loop

LDRB Ré, [R3],
CMP 6, #128
ADDGE RO, RO, #1
LDRB Reé, [R3],
CMP Re, #128
ADDGE RO, RO, #1
LDRB Re, [R3],
CMP 6, #128
ADDGE RO, RO, #1
LDRB R, [R3],
CMP Re, #128
ADDGE RO, RO, #1
LDRB Ré, [R3],
CMP Re, #128
ADDGE RO, RO, #1
LDRB Ré, [R3],
CMP RE, $#128
ADDGE RO, RO, #1
SUBS Rl, R1, -#1
BNE count_loop

1

£

£

t 31

66
67
68
69
70

done

POP

END

{R4-R9,

EC}



5. X|H9| ARM 2 E EA

3. Function#1 — Red pixel count [X| &2} £ A E]

L

= relocate_loopZtA| Z&5HA 0x5000000001 AH2f Xj

2== MHUiX| & 128H[E 0|49

| = & =Z 1H}O|EX T Z2SH0 A A

= 128H|E I E HAZ M= IEHOAM BHO == =0|7| &5l ADDGEE &

 X|X3} 0|7 BEO A= O] HE skip ot &+E ME B0 27|51X| &
ADDGEE &of of H0f| =24

» W AIZFZ E0|7| QoM B AEYZ H

» 468N B AZEE 35 S2{7IHM Y >> BT HAEE 245 245 A|7LH0
=71 WX FAEFQ ZEQ| V5 52 1ot =T 2+£= 622 X|H



3. Function#1 — Red pixel count [X| &2} £ A E]

Registers L x| Registers Lo x |
Register | Value | _Heg'i:ster [ value |
- Current 5] .l.Jergnt

A2 0x40009636
R3 (x50002580
-~ R4 0x50004B00
RS 050007080
- AB (1x00000020
R7? (x000000B4 o -
RY 0:00000000 = 0x00000000
- R10 0: 00000000 000000000
R 0:00000000 000000000
RI2 0:00000000 ] ) 0xFFFFFFE4
R13 (SP) 0xFFFFFFE4
~R14 (LR) (00000000
- CPSR 0x600000D3 1
+ 5PSR 0x00000000 ;--Usgr/System
#-- User/Systemn :”rast\nterrunt
+ - Fast Interrupt & Interrupt.
# - Interrupt ¥ Supervisor
R Supervisor f Ggggﬁned
f ﬁ?ggﬁned =1 Internal
S Internal ;Cf gxuuuuquaa
= ode upervisor
Mode Supereor Sttes izl
States 265622 st ‘
-~ Sec 0,00442703
E Project ERegistersl
e N e
[ AL C
[ZI1 X2 I E FH A2 [Z|X$ = MA H=22] X{EiX] A|ZH

o FUA|ZFCIEL J|Z=O| Q2 1ms ELF 12ms SO E ~slA|7HS A



5. %] 9] ARM 2 E

4. Function#2 - Image negative [7|& 3 E]

1 AREL Reset, CODE, READONLY 30 re rgb negative

2 EXPORT start 31 LDR r0, =0x41000000
3 32 LDR rl, =0x41002580
4 start 33 LDR r2, =0x41004B00
Z 5L relocate _ 34 LDR r3, =0x20000000
g BL re_rgb negative 35 MOV ra, $9600

8 relocate - )

g LDR r0, =0x40000036 37 loop_negative

10 LDR rl, =0x41000000 38 LDRB r5, [z0], #1
11 LDR r2, =0x41002580 39 RSBS S, £S5, #255
12 LDR r3, =0x41004B00 40 STRE rs, [z3], #1
13 MOV r4, #9600 41

14 42 LDRB ré, [zl], #1
15 loop_relocate 43 RSBS ré, ré, #255
L LDRE 5 (=01, #1 44 STRB 6, [r3], #1
17 STRB s, [z1], #1 a5

i: LDRB s, [z0], #1 - LDRE £7, [x2], #1
20 STRB ©reny. £ 47 RSBS r7, r7, #255
21 4z STRB 7, [z3], #1
22 LDRB rs, [z0], #1 49

23 STRE rs, [r3]1, #1 S0 SUBS r4, r4, ¥l

24 =1 BNE loop negatiwve
25 ADD ro, ro, #1 52 -

26 SUBS r4, r4, #1 53 BX 1r

27 BHE loop_relocate 54

28 BX 1r 5c TND



5. %] 9] ARM 2 E

4. Function#2 - Image negative [£|&H3} & I E]

[
O W =], W=

= e
oW R e

15
16
17
18
1%
20
21
22
23
24
25
26
27
28
29

start

relocate

loop rel

LREL Reset,
EXPORT starc

EL relocate
BL re_rgb ne

CODE, READONLY

gative

LDR r0, =0x40000036
LDR rl, =0x41000000
LDR r2, =0x41002580
LDR r3, =0x41004B00
MOV r4, #%€00

ocate

LDRB r5, [z0], #1
STRB rs, [rl], #1
LDRB rs, [x0], #1
STRBE rs, [r2], #1
LDRB r5, [x0], #1
STRB r5, [x3], #1
ADD r0, 0, #1

SUBS r4, r4, #1

BHE loop_relocate
BX 1r

30
3l
32
a3
34
35
36
37
38
39
40
4l
42
43
- -
45
i€
47
4g
49
50
51
52

]

re_rgb negative

LDR
LDR
LDR
LDR
MOV

loop _negative
LDRB
RSB

LDRB
RSB

LDRB

STRB
STRB
STRB

rad,

-
-

rl3,

"
L4,

H O M

=
-

=0x41000000
=0x41002580
=0x41004B00
=0x20000000
gLe00

[z0], 41
5, #255

[x1], #1
6, #255

[x2], #1
T, #255

[x2], £#1
[£3], #1
[£2], #1

34
35
56
37
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
7=
74
75
76
77
78
79
80
81
82
83
84

nE

LDRB
RSB

LDRB
RSB

LDRB
RSB

STRB
STREB
STRB

LDRB
RSB

LDRB
RSB

LDRB
RSB

STRB
STRB
STREB

r5, [x0], #1
r5, r5, #255

rée, [rl], #1
ré, r6, #255

r7, [x2], #1
r7, r7, #255

r5, [x3], #1
ré, [rx3], #1
r7, [x3], %1

r5, [z0], $1
$255

rs, rs,

ré, [rl], #1
$255

re, re,

r7, [x2], #1
7 $255

r1, 7,

rs, [r3], #1
re, [x3], #1
r7, [z32]1, #1



4. Function#2 - Image negative [£|&H3} & I E]

86 LDRB x5, [x0], #1 118 LDRB rs, [z0], #1
: RSB =5, x5, #2359 119 RSB rS, r5, #255
89 120

a0 LDRB ré, [rl], #1 121

o RSB =6, =6, #2859 122 LDRB ré, [rl], #1
- 123 RSB ré, re, #255
94 LDRB r7, [x2], #1 124

a5 RSB r7, r7, #255 125

- 126 LDRB r7, [r2], £1
ag STRB rs, [r3], #1 127 RSB :T' :T, #255
a9 STRB ré, [r3], #1 128

100 5TRB r7, [x3], #1 129

101 _ .

102 LDRB rs, [zo0], #1 130 STRE = [‘:’]' #1
103 RSB r5, rs, #255 131 STRB re, [x3], #1
104 132 STRB r7, [x3], #1
— ) 133

106 LDRB ré, [xl], #1 i i

107 RSB ré, ré, #255 134 SUB3 r4, r4, #1
108 135 BNE loop negative
109 136

110 LDRB r7, [z2], #1

111 RSB r7, r7, #255 137 2X 1r

112 138

113 135 END

114 STRE r5, [z3], #1

115 STRE ré, [z3], #1

116 STIRE r7, [z3], #1

117



4. Function#2 - Image negative [£|&H3} & I E]

86 LDRB x5, [x0], #1 118 LDRB rs, [z0], #1
: RSB =5, x5, #2359 119 RSB rS, r5, #255
89 120

a0 LDRB ré, [rl], #1 121

o RSB =6, =6, #2859 122 LDRB ré, [rl], #1
- 123 RSB ré, re, #255
94 LDRB r7, [x2], #1 124

a5 RSB r7, r7, #255 125

- 126 LDRB r7, [r2], £1
ag STRB rs, [r3], #1 127 RSB :T' :T, #255
a9 STRB ré, [r3], #1 128

100 5TRB r7, [x3], #1 129

101 _ .

102 LDRB rs, [zo0], #1 130 STRE = [‘:’]' #1
103 RSB r5, rs, #255 131 STRB re, [x3], #1
104 132 STRB r7, [x3], #1
— ) 133

106 LDRB ré, [xl], #1 i i

107 RSB ré, ré, #255 134 SUB3 r4, r4, #1
108 135 BNE loop negative
109 136

110 LDRB r7, [z2], #1

111 RSB r7, r7, #255 137 2X 1r

112 138

113 135 END

114 STRE r5, [z3], #1

115 STRE ré, [z3], #1

116 STIRE r7, [z3], #1

117



4. Function#2 — Image negative [HH| =3 A|ZH

= Registers 1 B x | Registers {1 O x |
Address: [0:20000000 ' i
0x20000000: 57 Rl A3 53 8C DC €D 13 E4 DE F7 4D 88 70 A7 98 10 4 0 0C C3 4C ) FD Register I Value | _Heglmr I Value |
0x2000001E: 98 0 08 4C E3 56 DS & 0 61 3 3C 3 06 0 0 8 C 3A 2 14 CBA S = |
0x2000003C:
0x2000005A: 4
0x20000078: B
0x20000096: 4
0x200000B4: 3
0x200000D2: 3
0x200000F0: 4C 7
e Ox00000000
S e
. bt
0x200001A4+ ¢ 0:00000000 i 0x00000000
0%200001C2: R4 0x00000000 R10 000000000
x300001E0: K5 61 1D CO 34 16 R10 0x00000000 R 0x00000000
0%2000021C: 43 OF &3 27 A1l 0x00000000 R12 0x00000000
0x2000023A: R12 0x00000000 HIS(SP) DHDI]DI]DI]DI]
e 000000000
0x20000294: SA 13 CO CO 8 C 8 8 i] S 8 85 S
0x200002B2: 53 D4 80 Al 8 6 34 4E 60 D3 49 € B 48 26 A% 52 OC 93 R4 CB €3 39 84 0 R * LHFo
PROONIIN LR e # E 00000000
ﬂ:’?f’lf’lﬂﬂ”lﬁ'ﬁ'- £ 9 ¥ 3 ¥ 3 8 an g L, F2 £ 1 a an T + USEr{'System
+ User/Systern B Fast Interrupt
x_|x A"'HA 7t E THH x A 7t + - Fast Interrupt = Isnterrupt_
° o =+ Interrupt +Supervisor
S SUAZE - 22 G A2
= O|D|X| EQF_I- _I_%) | - = 00029867856C :_,_Abm- = Internal
- Undefined ~PC $ 000000044
= Internal Mode Supervisor
SLA ASHAIZEO OF ChelE Deomonniss - States 182015
o ode upervisor
o O|O|X| Bzt ah =BHA|7H2 QF 3 5msOf| A ~Mode  Supen Sec 000320027
= S 0,00618705 = Regi |
OI: 2 98mSE O SmS IC-)IE I:I_l-:'TEIZII ec = Project Registers

(X XS I E FA| A ZH [Z| M2t = HA| M2 XHEHX] AlZh

[



4. Function#3 - Grayscale [7| & I E]

1 AREX Reset, CODE, READONLY ; vt
: = X 21 LIR 0, =0x41000000 s R
3 32 LDR rl, =0x41002S80 : G
: =1 1 33 LDR =2, =0x41004200 : B
p o o o 24 LDR =2, =0x20000000C ;: Grayscale HMT =2
. ze_gzayscale 25 Mo =4, $5600 ;B4 =
e relocate o
s LDR £0, =0x40000036 #7 leep gy )
> ae LDRE =5, [=0], #1 : R
10 LDR =l, =0x41000000 & 3
ac LIRS €, [z1)], #1 : &
11 LDR =2, =0x41002520 = e S e =
12 LDR 2, =0x41004300 . e e '
MOV o .00
i: e A 4z ; grayscale = (IR + 66 + B) >> 2
1S 1 A P 42 ADD B, =5, =6, LSL $1
B ADD =8, =8, =8, LSL #1
1€ LDRE =S, [=0], #1 :; i e el S #
17 STRE S, [=1], #1 oo i =
ie »
47 STRH B, [z3], #$2 IS0|EE HT
- O
= e Sl B s
= Sl 2t o0t 4c SUBS x4, x4, #1
’ Se BRE loocp_gzay
22 LDRE =5, [=0), 81 51
24
25 ADD =0, =0, 21 : B B4
Z2€ SUBS =4, =4, 21
7 BEE loop_xelocate
=2 BX T



4. Function#3 - Grayscale [X| 82} £ A E]

1 AREA Reset, CODE, READONLY 33  re grayscale

- EXPORT start [ T LDR r0, =0x41000000 ;R

3 35 LDR rl, =0x41002580 ; G

4 starc 3€ LDR r2, =0x41004B00 ; B

5 BL relocate 37 LDR r3, =0x20000000 ; Grayscale 22

: S 2N GERYSCRLE 38 MOV r4, #$1€00 ; 22 2

38
lo end

: = B loop end ; 22 22 = locp_gzay

10 - 41 LDRB r5, [z0]1, #1 : R

| P 42 LDRE €, [r11, 81 ; G

12 LDR r0, =0x40000034 13 LoRe =7, [=2), %l P B

13 LDR rl, =0x41000000 14

14 LDR r2, =0x41002580 45 ; grayscale = (3R + €G + B) >> 3

15 LDR r3, =0x41004B00 4€ ADD 8, »3, r€, L3L 2l

1€ MOV r4, $9€00 47 ADD re, re, re, LSL $1

17 42 ADD ra, r8, 7

182 loop_relocate 435

19 LDRE rs, (0], $1 50 STRH 8, [z3], %2 ; 12222 22

20 STRE rs, [zl1, 81 51

21 52 LDRB r5, [x01, %1 i R

22 LDRE rs, [z01, 81 53 LDRE ré, [rl], $1 ; G

23 STRE rs, [x2], $1 54 LDRE 7, [z2], $1 ; B

24 55

28 LDRB rs, (0], #1 5E ; grayscale = (3R + €G + B) =>> 3

2€ STRE =5, [z31, 81 57 ADD r8, r5, r€é, LSL $1

27 r8, r8, 8

28 ADD ro, o, $1 ; A 22 zg Eﬁ -8 =8 27 BER

2% SUBS rd4, r4, $l €0 ’ !

=9 i =HOp RO €1 STRH re, [z2], #2 ; 12222 22
BX 1r —

LW
=

N ]



e~

4. Function#3 — Grayscale [X| &3} & 3 E]

Registers L x| Registers

Register Value I Register

= Currnl ) - = Current

8”83838383
i
A - FB 000000000 -
- - © N AT - D2 KA A
o i g grayscale 12+ AIZF = 0.00234678sec
DXDUDUDUDU Dx DUUUUU
0 5L LA AS o
- - O|0|X| H=t oh= =HA[ZE2 F 3.5msOf A

:---U Syst :---U S OI: I‘I C KEI
: b ; Uaeryse % 2.98ms= 0.5ms &= EH=E
B-- Interrupt_ + Interru pl_
; E;I;J:IWSUI = E;p:wlsm
B % Abo
+ lLlndefir;ed + - Undefined

TPC s oxomoonioc T 0x00000048

- Mode Supervisor -~ Mode Supervisor

States 332823 States 192016
-~ Sec 0. 00554705 - Sac 0.00320027
m = Registers |

[(X|X3} AC MA| £HA|7H [(Z| X3t I E FH 22| X{HIXK] AlZH



4. Function#3 - Grayscale [X| &2} £ I E

0]

M 7|

. 7

=0

QIZ &|M start’} b2 == Z{0| ofL|EZ |r0f] HA
UOE MIESI= B4 >> loop endE F7}H O._jc f

Memory 1

Address: |(x20000000

0x20000000:
0x2000003B:
0x20000076:
0x200000B1
0x200000EC:
0x20000127:
0x20000162:
0x2000019D:
0x200001D8:
0x20000213
0x2000024E:
0x20000289:
0x200002C4:
0x200002FF:
0x2000033A:
0x20000375:
0x200003B0:
O0x200003EB
0x20000426:
0x20000461:
0x2000049C:
0x200004D7:
0x20000512:

'y

iy
o m

W oW

abom
o
ao

a

Vs
B

a
=l

R R R

b

—_—

OF 2 9mMsO| £=HMA|ZHHIAM & 23msE 2 0.6ms2| =MA|Zt Et=

é
rm
ki
>
\d
£Q
kU
In
i
ko
4n



6. 3tH1l} 49| AlO|2] ARM R E

= Subproject#1: ‘d& H| 10| Performance analyzerg &3 &= =& A7t AFE

Performance Analyzer o

| Reset | Show: |Modules |
Module/Function ] Calls l Time({Sec) I Time(2%)
i+ performance_test_I [ 2. 160 ms [T00%

[Bhpisassembly | E Performance Analyzer [

[ performancetest_1sct ] assem.s v
4 Red_Pixel Count
5 LDR r0, =0x40000036
[ MOV rl, #9600 1
7 MOV r2, #0 ; count
8 MoV r3, #0 ;oY 2Ea
g
10 1loop
11 CMP r3, rl ; r33 rl wz_gs T4 A4 oy =Y
12 BEQ done ; goms loop g
13
14 LDRB r4, [z0]; r4_ wm Tge red 3
15 CMP r4, #128; red ol 128 o om =P
lé BLT skip ; 128 pgoojg count g7} go| skipez branch
17 ADD r2, r2, #1 ; =3 wg 4 X2 gr_count +1
18
1% skip
20 ADD r0, r0, #4 ; og u4= os_RGBA=4B
21 ADD r3, r3, #1 ; sw~ golceg loop zu)
22 B loop ; loop gis
23
24 done
25 MoV r0, r2 ; countg rOo =
2€ =X R ;=8 geE =d
27
28 END

M 22| XjEfE ™ : 2.160 [ms]



=

= Subproject#1: ‘d& H| 10| Performance analyzerg &3 &= =& A7t AFE

]kﬂomunuhnﬂuu
| Reset | Show: | Modules ]
Module/Function Calls | Time(Sec)
+ - performance test_2 | 2. 160 ms

[@ Dicassembly | E- Performance Analyzer |

] assems [ ] NMann&l

43

44 LDRB 4, [z0]
45 CMP r4, #128
46 BLT skip

47 ADD r2, r2, #1
48

49 skip

50 ADD o, 0, #1
51 LDD r3, r3, #1
52 B loop

a4

54 done

55 MOV r0o, r2

56 BX 1lx

H 22| XjHE = : 2.160 [ms]



6. 31} 48HO| A}O|9] ARM R E M= Xlo|] &AM

= Subproject#1

H 22| X uf Sat 7HA| =&/
- 7|& T+&: RGBA7} 4HIO|E EHR|2 &KX ME
-> CPU 7HA|9| spatial localityS MICHZ 3*35”“ =&

- MEE O|2: R G, B 44 A5 22 SF0| =2 1%

-> S o XH'-* E1|0IE101I IiHOF "'% (S 7|'o
- 0|2 7|}

-> 0= 7tso D22 B2 WEH2Z o TH =& Al

- 2N 2 AlZh 7fd 2 D[0StALL 58 S7tsth 5

-0 & A2l g5 XO|7t HF &oF £F0| 035 or H{2EH AL +
x| M=t 21 OjghH

-2E dc ddE flo 830 = =F, B X I[Nt 5 Ft HEY



6. 3tH1} 4tHO| AlO|°] ARM 2 E M5

= Subproject#2: 4 HuE

d= A& b 2| 2H 0[N HhAl
2o 1 (9600%]) 1(96003))
FHO =/ A °F 7 °f 12~14
ez 82 /84 7 (4 read + 3 write) 13 (6 read + 7 write)
S 3 2 & f 67,200 F 124,800 0|
IE XX Cha 2E3L MAFE 7t
WAl 22 == (8% 83 <2 (22l D)
HEd /=2 Yd A= ==




6. 3tH1} 48H 0| AlO|2] ARM A

= Subproject#2: 4 HuE

. A S A2 -

=l Internal

Mode
- States

Sec

=l Internal

Maode
- States

Sec

= Internal
~PC %

Mode
- States
Sec

[HI2Z] XHuiX] = Hx

RHHHK| A|ZF =

C A=
— OO

[HI22] XHuix] H

| 2E A2

Ato] =4

TZAIZH

Dx0000003C
Supervisor

220sm

0, 00368002

000000084
Supervisar
403223

0, 00672038

000000044
Supervisar
192016

0, 00320027

O[O X| Rt gt Al ALt =

& MU X2 Sh=H 22 A7

0.00352011 sec



6. 3t} 49| AlO|2] ARM

= Subproject#3:

Registers g8 Registers g8 ‘Registers @
Register | Value |

12

(000000000

A (000000000

(0% 00000000 | A8 (00000000

(000000000 000000000 A9 000000000

R10 000000000 R10 (100000000 R10 0x00000000
A1t (0x00000000 R11 (0%00000000 A1 (0x00000000
R12 (0x 00000000 R1Z 000000000 R12 (100000000

R13(SP)  0x00000000

EIxI]JI]JI]JI]J
Flld (LA)  0x00000000

000000000

+| [+

+| [

I
: User/Syﬁlem + User/ss;ﬁtem : USE[/SVﬁtElTI
- Fast Interrupt % Fast Interrupt +1- Fast Interrupt
#- Interrupt =+ Interrupt + Interrupt,
;---gll;gr?rwsnr +- Supervisor 1_---2I;1p:rvlsnr
[+ 3 [+ 0
# Undefined B ﬁﬁggﬁned - Undefined
= Intelrjngl 000000044 = Internal = Internal
WM d$ SX ! PC § 000000084 ~PC § le]]l]]l;l]ld
Stgtaes 2'DJIDB%[.’“SN Mode Supervisor Mode Supervisor
- States 364875 -~ States 192016
Sec EI.E[ISSEEIIZ Sec ulmmqu Sec 0,00320027
[HI 22| XHEHE ] [HHZAE +dAZH [l 22| X{EfX] =HA[ZH

A2 = 0.00336012sec

o O O|AAY Hat A[ZF = M| =HA|ZF - M 22| XEjX] = A|ZF = 0.00288015sec



= Subproject#1:

1 AREA  RelocateAndCount, CODE, READONLY [ Oony_statt - g iR done )
2 EXPORT relocate_and count_red g: :gz iﬁ" :U 600 67 POP {R4-R9, PC}
3 ENTRY 35 LDR RB: =0x50000000 ©e
4 2 €9 END
5 relocate_and count_red 37 count_loop o
€ PUSH {R4-RS, LR} 33 ~ LDRB RE, [R3], #1

7 39 cMP R6, #128

8 MOV R1, #0 40 ADDGE RO, RO, #1

9 LDR R2, =0x40000036 ; RGBA 27 27 2 i :

0 LDR  R3, =0x50000000 ;R 222 = = e ™

1 LDR R4, =0x50002580 ;G 222 %3 ADDGE RO, RO, #1

2 LDR R5, =0x50004B00 : B 2?72 45

= 46 LDRB RE, [R3], #1

4 ; === [1??] RGBA -> RRR... GGG... BBB... 2? ?? === 47 cMP Ré, #128

.5 relocate_loop :g ADDGE RO, RO, #1

. R1, '

g E;E countggggrt 58 gt e [Relg 19

i - 51 cMP Ré, #128

8 52 ADDGE RO, RO, #1

.8 LDRB R6, [R2] ; R 53

!0 LDEB R7, [R2, #1)] H e 54 LDRB R6, [R3], #1

11 LDRB R8, [R2, #2] : B 55 CMP Re, #128

12 56 ADDGE RO, RO, #1

4 - - -y 57

:2 ggg ;:, :;2:' :i ’ g . 58 LDRB Ré, [R3], #1

i ' ' : - 59 cMP RE, #128

!5 STRB R, [R5], #1 ; B 22 & ADDGE RO, RO, #1

6 61

'7 ADD R2, R2, #4 €2

'8 ADD R1, R1, #1 €3 SUBS R1, R1, #1

‘G B relocate loop 64 BHE count_loop



= Subproject#2:

W =] & s Wk

LEREL Reset,

EXPORT start

BL relocate

CODE, READONLY

BL re_rgb _negative

start

relocate
LDR
LDR
LDR
LDR
MOV

loop_relocate
LDRB
STRB

LDRB
5TRB

LDRB
S5TRB

ADD
SUBS
BNE
BX

Iy
rl,
r2,
r3,
r4,

rQ,
r4,

=0x40000036€
=0x41000000
=0x41002580
=0x41004B00
#9600

(x0], #1
[r1], #1

(x0], #1
(r2], #1

(x0], #1
(r3], #1

r0o, #1
r4, #1

loop_relocate

1r

3l
32
33
34
35
36
37
38
s
40
4l
42
43
44
45
i€
47
48
45
50
51
52

-

re_rgb negative

LDR
LDR
LDR
LDR
MOV

loop_negative
LORE
ESB

LDRB

LCRB

rd, =0x41000000
rl, =0x41002580
r2, =0x41004B00
r3, =0x20000000
rd4, #1€00

r5, [z0], #1
5, ©5, #255

ré, [rl], #1
€, ré, $255

r7, [z2], 41
7, r7, #255

5, [z3], 41
€, [r3], 41
T, [£3], #1

L5 T s s



= Subproject#2:

54
55
56
57
58
59
60
6l
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

LDRB
RSB

LDRB
RSB

LDRB
RSB

STRBE
STRB
STRBE

LDRB
RSB

LDRB
RSB

LDRE
RSB

STRB
STRBE
STRB

x5, [z0], #1
r5, r5, #255

re, [x11, %1
ré, ré, $255

r7, [x2], #1
r7, r7, $#255

r5, [x3], #1
ré, [xz3], #1
x7, [x3]1, #1

r5, [z0]1, #1
r5, r5, $255

ré, [r1l], #1
ré, re, #255

7, [x2], #1
r7, r7, #255

r5, [x3], #1
re, [x3], #1
xr7, [x3], #1

118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

LDRB
RSB

LDRE
RSB

LDRE
R5B

STREB
STREB
STREB

SUBS
BNE

END

rs5, [x3], #1
reé, [x3], #1
r7, [x3], #1

r4, r4, #1
loop negative

1lr



= Subproject#3:

-
= OWo-dmme N -

(WWNR RN RN RN RN b e b e e e
(O WD MmN R W O WD MmN W

AREA Reset, CODE, READONLY
EXPORT start

start
BL relocate
BL re_grayscale
loop_end
B loop_end ; 22 22
relocate
LDR r0, =0x40000034
LDR rl, =0x41000000
LDR r2, =0x41002580
LDR r3, =0x41004B00
MOV r4, $9€00

LDRE 6, [0}, ‘31
STRE 25, [=1}, 31
LDRB £S5, [z0); 31
STRB x6; [x2), 8L
LDRBE r5, [x0], $1
STRE zS, [z3), 31
ADD r0, =0, %1
SUBS r4, r4, %1
ENE loop_relocate
BX 1z

33
24
35
3€
37
32
35
40
41
42
43
44
45
4€
47
43
45
50
51
52
53
54
55
5¢
57
58
ES
€0
€l

re_grayscale

[
.

(4]

H oM HHH
-

whn

un
P

M H M

=1

grayscale

H HH
00 0x 00
-

H

o oo
-

H HH
1 i
-

grayscale

-

H H M

oy 00 0o

-

H
[ )

=0x41000000
=0x41002580
=0x41004B0O0
=0220000000
$1le00

[z0], 21
[zll, 21
(2], #1

[]
W
HoHoH D

+

~
1 0
~

5

H HH
-

o o on

L]
3]
L5]
—
-
L]
[

(=01, #1
. 2l
(=21, #1

L]
"
=

—

-

M H K

&G + B)
LSL 21
LSL #1

(3R + &G + B)

w @ i

HoHN

J 0 M
[

"
N ]

rayscale 72?7
7?2



= Subproject#3:

€3
€4
€5
€€
€7
€8
€35
70
71
72
73
74
75
7€
77
78
75
80
81
82
83
84
85

LA I & )
J o n
. -%

-~

; grayscale

ADD 8,
ADD 8,
ADD 8,
STRH r8,
LDRB =8,
LDRB xre,
LDRE 7

-

; grayscale

ADD 8,
ADD -
ADD r8,
STRH r8

(x0], 81 ; R
Ez1); 31 i G
[z2], #1 ; B

= (3R + €G + B) >> 3

x5, r€é, LSL §1

r8, r8, LSL %l

£8, X7

(31, #$2 ; 12222 22
[z0], 81 ; R
(223, $3 i G
z2}, 3k ; B

(3R + €G + B) >> 3
, LSL $1
, LSL 81

-~

@« m

-

o L B, |
H N
~J 0 m

-~

(=31, #2

87
a8
es
50
Sl
52
53
94
S5
S5¢
97
S8
55
100
10l
loz2
lo3
104
105
10e
107
los
109
110
111
112
113
114

7 grayscale

o
5

bE]

4]
HHH

1

5

7 grayscale

(=01, %1
1], &1
[=2], $1

(3R + €z + B)
€, LSL #l1

r

2, LSL $1

H H H
o w
= % %

H oMM

-
5]
Lok

[

, 82
[z0], #1
[£1], #1
[=2], #1

= (3R + &G + B)

ADD rg, r5, r€, LSL #1
ADD rg, r8, rad, LSL $1
ADD ré, r8, 7

STRH rz, [k3]1, 22

SUBS r4, r4, $1

BNE loop_gray

B loop_end

END

Gy W

[£8]

o W



0|8 X8 a8y gt E x| 2X|
2IQx} +8UE
-D2HE i =2
-4 UE HE 2
1): £|2X|-Function], 30| CHE ZE =M, Function] 2304 EHd
5/15 | 2): @X|@-Function20] Cig A Zt4, Function2 E1A ZH4,
ppt H|=}
3): Z4E-Function3 20 M =M @ E, S8R =M
4): Y E-70Q, EXE 2 Y, 0N Fg
-assembly @10{ 27-bit RGB, 16-bit grayscale,
5/99 pixel number &= ZHd
-assembly ¢10{ relocation &< ZH4
-relocation 2} 37}X| function Z2HE J1AH
5/31 24X} A DM BR, TS § FE
6/4 -%|Z 2 10M, ppt H|E
_ KA
6/7 oI o2 &y

-2 E g =35




9. Troubleshooting

= Subproject#1

RTE =3

. EIQl startup.o Lt 2| _ scatterload &7}
bss, .data & OtL|2} hex LtYZE M2 2|0 EE3F RGBA O|0|X| H|O|H7FX| =7|=tat
0x40000410: OO ©OO OO OO OO OO QO QO OO OO QO OO OO OO OO OO OO OO QOO0 QOO OO OO OO OO OO0 0Oc
0x4000042A: 00 OO OO OO QOO OO QO QO OO OO OO OO OO OO OO OO QO QOO QOO QOO QO 0DOO OO OO 0O
Gx400004%4: 90 50 G0 GO 09 03 99 90 %0 GO GO 09 09 99 90 %0 U0 GO 09 09 99 90 90 U G

0x4000045E:

F4

I

DA

TR

)
0x40000478: 0OC 0 00 00 00 00 00 00 ( 0C B oF
0x400004%92: 36 F8 31 DS 10 1lE Al F7 5B DB CE 57 1% De 7C 13 7C &C AB
O0x400004AC: DF C3 97 CA 2E 71 40 EC DA DB 48 Bl 2B F6 24 7B A5 C7 36 BS
0x400004Ce6: Bl oE o6F 3E 13 43 17 1C 23 1lé 7B EF B9 BD Ceé 3C FC F3 B2
0x0000015C E24FE018 SUB R14,PC, $#0x00000018 . READOMLY
0x00000160 E3130001 TST R3, #0x00000001
0x00000164 1047F003 SUBNE PC,R7,R3
0x00000168 E12FFF13 BX R3
0x0000016C 00000588 (222)EQ
0x00000170 000005C8 ANDEQ RO,RO,R8,ASR #11
__scatterload_zeroinit:
0x00000174 E3B03000 MOVS R3, #0x00000000 .
0x00000178 E3B04000 MOVS R4, $0x00000000 JE]__mﬂlﬂ
0x0000017C E3B05000 MOVS RS, #0x00000000 main
0x00000180 E3B06000 MOVS RE, $0x00000000
0x00000184 E2522010 SUBS R2,R2, #0x00000010
0x00000188 28A10078 STMCSIA  R1!, {R3-Ré}
0x0000018C SAFFFFFC BHI 0x00000184
0x00000190 E1BO2E82 MOVS R2,R2,LSL #29
0x00000194 28A10030 STMCSIA  R1!, {R4-RS}
0x00000198 45813000 STRMI R3, [R1]




9. Troubleshooting

= Subproject#1

= 24 olilEdS et = =
- XX LHE: KeilQ| 7| & st artupo IEE XAHSHD
main &=t @ E0t= X|A0te| X7|3t X2 HEF
- MZ22 22X 24 init_serial() &57F S &L X %Of UART E:'Ol M5 SESHX| &
- @9l 7| & startup.o W =7|3 & El=

) mainc | ] assems | startups || ] baseh AREA RESET, CODE, READOMLY
- AREA RESET, CODE, READONLY ENTRY
e i EXPORT __main
: IMPORT main
oo mee IMPORT init_ser ial

H__main
BL init_serial
BL main
E




ol b B
H ol
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R .wo 0 = K
o B o = Ko
SH . rRr 2 ndol
%._oo ~ m .rﬂ_AH _U_W_N_HE._O
._L_A_I _A_n_lr ﬂ.....El
0 K BRI R
Smow | 0 & & T
BOITg |3 SR
e I ol - 304 gy N
53 T 5 g W X
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9. Troubleshooting

= Subproject#1

0| F Soll 8

stst

|

[ B

23}

ZFO

HA

-

ol & 2R 2£ ¢

Register

= Cu

ATl

- R12

A13 (SP)

~R14 (LR)

0= 00000000
(0x00000000
0= 00000000
0x00000000
0= 00000000
0x00000000
0= 00000000
0x00000000
0= 00000008

[+ [+]

~CPSH

SPSR

0x6000000 3
(0x00000000




9. Troubleshooting

= Subproject#2

 error: L6235E: More than one section matches selector - cannot all be FIRST/LAST

- X #Q:QEEZ| EQAE FE

- T2 MEO0| assem.s 2|0|| = startup.o, serial.o S0| @3 LY E ZTE| 0 U/UZ
>> 0| It S & LTIt 00| RESET, +First 52| AEZ| ZQAEE FOst UAS

o X =X
>> 1 20t A UGS 35 N 5= 2

- =N olld: ZIUdE Heteol S 22 oY N A
- assem.s LHE 0| A ENTRY, EXPORT H3H O3t H=tg| X| ™
- SAO| ZEHME MO A startup.o, serial.o Tt 2T S| K| 7
-SEQEZ ZQE XNH -> BH = =X o2 2=

-



9. Troubleshooting

= Subproject#3

« g 78 P8 - C -> Assembly T
- 7| A E: 32-bit RGBA -> 16-bit Grayscale Hgt &5 C Q02 3
-> A=Ze0]d 8¢ 5 21j
- &X|: &8 Assembly A2 =+
-> Maztst Anf Gl ot A 3He

L-O =

- XNzt *IE ARM *I"*EP gk C2 7£. 2L s =H Y



9. Troubleshooting

= Subproject#3

» =7} X M3} A|E - Thumb RE AlA
- Thumb BCE AlS 2X. 3 C 37| MZH Ol Al 59 SFA
. —EX1|§:Thumb-1 HHO| Ml Xk RO~R7BF A
> FZH AL X2 X F
-> E|H17' s T2 HEY B8, FZ W SCHHE
. AEQO| O|_|-7(-|)k-| ‘||- I-II-M gI-E O-| %
> X|Z™Mo =z ARM B E 7|Ht XX 3t2 022

oo
N
olr

- HE2 W AY EX52olfE
- X7| 2H|: KeilO| A+E3SI= '—H—'T'— I:'1|EE|

e & RGBA O|O|X| 4
- BH WA AR CIHA O 22 @9 o, A =

H[OI& 7t O1I7|7<|

- off 2 ek AAEoH| = %“E'.EE d=to| 22| 5
-> sct Tt 0 A READWRITE 2ot HA| -> HEN C|HZ 2t 75
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