COMP 520 - Compilers

Lecture 14 — PA4 Intro



PA3 Reminder

* |t is due this Friday at 11:59pm
* If you haven’t started, start immediately!

* Can be somewhat tricky when you reach QualRef
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Recall

* These assignments build on each other.

* By thinking ahead and preparing for PA4, you know
the goal of PA3
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Quick Review of PA3

Not just how to do it, but important notes related to PA4



ldentification

* |dea: Map each identifier to a Declaration
* A declaration is:

e Vardecl|
- LocalDecl
e ParameterDecl| |
e FieldDecl MemberDecl
e MethodDecl smberbec
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Ll_lﬂ,
ClassDecl “C” D
el
void fun Red Arrows:
MemberDecl “x” e s > IDTable goes from “String” to Declaration
thi 3
ifls?iue
VarDecl| “x” inty = 4
2+
class C
int x 1
void fun
int x
X = 2 Orange Arrows:
this.x 3
- if( t g
T e Identifier checks IDTable for
24 “wWhere am | declared?”
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ldentification Goal

1. Look up where the identifier is declared.

with: Identifier id
id.spelling =

“uyn”
X

“x” maps to... l

Scoped

ID

int Xx:

with: Identifier id
id.decl = findDecl(id.spelling,currentCtx);
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ldentification Goal

1. Look up where the identifier is declared.

with: Identifier id

ll 14

id.spelling = Scoped

“x” maps to...

1nt -

ID

2. Store it in my ldentifier AST's field “decl”

with: Identifier id
id.decl = findDecl(id.spelling,currentCtx);
3. Now Il don’t need the IDTable / SI
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ldentification

* All references, except ThisRef, contain an identifier.

* This means if every Identifier mapsto a
Declaration---

* If you take special care for “ThisRef,” then all
references also map to an Identifier, which maps to
a Declaration.
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QualRef Quick Review
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QualRef Definition

e Two Fields:

* Reference ref;
* |dentifier id;

e Grammar: (this|id)(.id)*

* The grammar is misleading.
The grammar is meant for parsing.
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In this example..

* Class A: contains member: B b;
* Class B: contains member: Cc;
* Class C: contains member: int X;

Where is a.b.c.x?
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Consider: a.b.c.x

QualRef: a.b.c.x

Reference ref = “a.b.c”
ldentifier id = “x”

Same as slide 81, Lec09
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Consider: a.b.c.x

Reference ref = “a.b.c”
ldentifier id = “x”

Strategy: Visit LHS, resolve RHS in context of LHS
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Consider: a.b.c.x

Strategy: Visit LHS, resolve RHS in context of LHS

Left-Hand-Side (ref) Right-Hand-Side (id)

a.b.c.x a.b.c (QualRef) X
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Consider: a.b.c.x

Strategy: Visit LHS, resolve RHS in context of LHS

Left-Hand-Side (ref) Right-Hand-Side (id)

a.b.c.x a.b.c (QualRef) X
VISIT
a.b.c a.b (QualRef) C

T\/ VISIT
a.b d (IdRef) VISIT b
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Consider: a.b.c.x

Strategy: Visit LHS, resolve RHS in context of LHS

Left-Hand-Side (ref) Right-Hand-Side (id)

a.b.c.x a.b.c (QualRef) X
a.b.c a.b (QualRef) C
a.b d (|dR€f) VISIT b

Context of “a” is class “A”, resolve “b” in ctx of “A”

17
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Consider: a.b.c.x

Strategy: Visit LHS, resolve RHS in context of LHS

Left-Hand-Side (ref) Right-Hand-Side (id)

a.b.c.x a.b.c (QualRef) X
a.b.c a.b (QualRef) C

a.b CTX: “A” VISIT b

Context of “a” is class “A”, resolve “b” in ctx of “A”

COMP 520: Compilers —S. Ali
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Consider: a.b.c.x

Strategy: Visit LHS, resolve RHS in context of LHS

Left-Hand-Side (ref) Right-Hand-Side (id)

a.b.c.x a.b.c (QualRef) X
a.b.c a.b (QualRef) C 4 g
a.b CTX: “A” E]S‘*t Ded g
Resolve “b” in ctx of “A” E
>

1

Vo]
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Consider: a.b.c.x

Strategy: Visit LHS, resolve RHS in context of LHS

Left-Hand-Side (ref) Right-Hand-Side (id)

a.b.c.x a.b.c (QualRef) X 4
a.b.c CTX: “B” \Set Decl
a.b CTX: “A” b

Resolve “c” in context of class “B”

1X31NOJ NdN13YH
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Consider: a.b.c.x

Strategy: Visit LHS, resolve RHS in context of LHS

Left-Hand-Side (ref) Right-Hand-Side (id)
a.b.C.X CTX ”C” \ serios Deilaratlon
CTX: “B” C

a.b.c

a.b CTX: “p” \ b

Resolve “x” in context of class “C”

1X31NOJ NdN13YH
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Special Considerations

* Take care for private variable access
* Plan first, code afterwards

COMP 520: Compilers —S. Ali
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Type-Checking

* Covered extensively in earlier lectures

* Recall: no type-casting in miniJava
* Recall: no automatic type-casting in miniJava

* Recall: declarations have a type associated with them.
Afterall, this is where they are declared.

Thus: if you know an identifier’s declaration, you
know what type it is.

23
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Type-Checking (2)

* Your goal is to implement type-checking, not only
suggestions in the assignment instructions

* At each visit method, ask yourself, “What am |
assuming about the types that | have?”

COMP 520: Compilers —S. Ali
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PA4 — Code Generation

What makes a compiler, a compiler!



About a month to do PA4

*PA4 Is 3 programming assignments:

1. Assembler (opcode generation)
Code generation (organizing your assembly)

3. ELF generation (packaging your code in a way that
it can be loaded by x86 64 linux)

26
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Dealing with Decision Paralysis

* If your compiler can generate Linux executable
binaries, and the output of that binary matches the
autograder, then you get points.

COMP 520: Compilers —S. Ali
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Dealing with Decision Paralysis

* This means you have a LOT of control over how you
organize your compiler.

* (Note, cannot use others code, or GitHub, etc., etc.)
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Optimization

* Your x86 64 code generation does not have to be
optimized.

* The thing you’re after: get it working
*You can add optimizations in PA5
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Optimization — Don’t bother vet

* Plan what you NEED, and FOCUS on those items. The
documentation covers everything, but you don’t need
everything that x86 has to offer.

30
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Useful Resources

1. ELF File Format:
https://en.wikipedia.org/wiki/Executable and Linkable Format

Online ELF Viewer:
http://www.sunshine2k.de/coding/javascript/onlineelfviewer/onlineelfviewer.html

N

w

Instruction Reference by opcode:
http://ref.x86asm.net/coder64.html

... sorted by name: http://ref.x86asm.net/coder64-abc.html
Instruction Descriptions: https://www.felixcloutier.com/x86/

Intel x86_64 documentation:
https://www.intel.com/content/www/us/en/developer/articles/technical/intel-sdm.html

Decoder/Encoder: https://defuse.ca/online-x86-
assembler.htm#tdisassembly2 (make sure to check x64)

N o un .k
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Testing PA4

* When PA4 assignment instructions release, additional
testing instructions will release.

*You will be able to remote into a machine where you
can use readel f and ob jdump binaries.

* You can upload your binaries and INPUT java files, but
not your project files.

* Handy for testing.

32
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readelf / objdump

* readelf: Helpful for making sure your ELF file can be
read properly

* objdump: Helpful for making sure your encoded
assembly is accurate

COMP 520: Compilers —S. Ali
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Let’s get started on x86 64



Target Architecture: x86 64

* The slides and instructions will use x64
* You can still do x86 binaries if you find it easier.
* Target is LITTLE ENDIAN (What is Java?)

* Lecture Goals: Target the more difficult x64

COMP 520: Compilers —S. Ali
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Suggested order

1. First do the assembler (convert “pop rax” to bytes)
* Use resources #3, #4, #5, #6

. Confirm the assembler is working fine (using #7)

. Do the code generator (visitor implementation)

. Confirm it is outputting the correct code (using #7)
. Create ELF scaffolding (using #1, #2)

o B W N

36
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Suggested order

1. First do the assembler (convert “pop rax” to bytes)
* Use resources #3, #4, #5, #6

. Confirm the assembler is working fine (using #7)

. Do the code generator (visitor implementation)

. Confirm it is outputting the correct code (using #7)
. Create ELF scaffolding (using #1, #2)

oUr B W N
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Code generation in RISC

e Often: fixed-length instructions
e Often: easy to understand, simple instructions
* MIPS example: add r8,r11,r23

COMP 520: Compilers —S. Ali
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Code generation in RISC

e Often: fixed-length instructions
e Often: easy to understand, simple instructions
* MIPS example: add r8,r11,r23

T

000000 01000 01010 10111 00000 100000
Opcode Regl Reg2 Reg3 FD Function

39
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*MIPS (and other RISC ISAs) is beautiful
*Fixed length operations
*|ntuitive to encode and decode
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RISC and CISC can’t be that different??

* Surely, most things should translate.

* Have an “opcode”
* Have register operands encoded by their index

* Have a “function” if the opcode is shared by several
instructions (add, sub, xor, or, cmp, etc.)

COMP 520: Compilers —S. Ali
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Our target architecture is CISC

* We get to use instructions like:
mov dword[rsi+rcx*4+0x0520],edx

Encoded as:
89 94 8E 20 05 00 00

COMP 520: Compilers —S. Ali
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In-class Exercise, Let’s encode!

* | want to encode: mov recx,rdx
* Pseudocode: rex := rdx;

COMP 520: Compilers —S. Ali
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MOV rcx, rdx

* Let’s say the opcode for this mov is 0x89
* We find 0x89, and it says: mov rm, r

* So registerl is called “rm”, and register2 is called
e ...for now

COMP 520: Compilers —S. Ali
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MOV rcx, rdx

* Let’s say the opcode for this mov is 0x89
* So far so good, write “Ox89” to our bytecode

* Go to the register encoding table:
http://ref.x86asm.net/coder64-abc.html#modrm byte 32 64

COMP 520: Compilers —S. Ali
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How do we read this?

32/64-bit ModR/M Byte

REX.R=1
withont REX pre AL |cL [pn [BL [aE e [pm |BE
with any REX pre. AL |cL [pL [BL |SPL [BEL |SIL |[DIL |REB [R9B |[R10B |R11B [R12E [R13E [R14B [R15B
A cx |[px [ex |SF [BE |SI |DI |REW |ROW [R10W [R11W [RIZ2W [R13wW [R14W [R15W
ERX [ECX [EDX [EBX |ESP [EBP [ESI [EDI |RED [R9D [R10D |R11D |R12D [R13D |[R14D [R15D
(/x) REX [RCX [RDX [REX |RSP [REP |[RSI [RDI |RE [R® |R10 [R11 [R1Z [R13 |R14 |RIS
(/) MMO 41 (M2 [M043 [MME [MMS DAME 47 [MMO [MM1 MM2  [MM3  [MM4 MMS  MME  (MMT
xmm (/) X0 (X241 2 X004 35044 [ X005 |04 X0 T [ 93004100041 130001 2| %0061 3 (X204 4 X015
sreg ES [cs |ss [ps |FS [es |res.|res.|ES [cs |ss  [ps  [Fs  [B5  |res. |res.
eee CRO |invd|CR2 |CR3 |CR4 (invd|invd|invd|CR8 |invd|invd |invd |invd [invd (invd |invd
eee DRO [DR1 [DR2 [DR3 |pRal|pr5!|DRE |DR7 |invwd|linvd|invd [invd [invd [invd |invd |[invd
(In decimal) fdigit (Cpcode) 0 1 2 [l 4 5 [ 7 0 1 2 = 4 5 3 7
(In binary) REG = 000 |001 |010 [011 |100 |101 |110 |111 |000 |[001 (010 (011 |100 (101 110 |111
Effective Address Effective Address REX.B=1 ModR/M|Value of ModR/M Byte (in Hex) Value of ModR/M Byte (in Hex)
[REX/ERX] [RB/RED] 00 (000| Q0 (OB | 10 | 1B (20 ( 28 | 30 | 38 | DO | OB 10 ise 20 28 30 38
[RCX/ECX] [R9/RED] 001 01 (09 |11 |19 |21 (29 |31 (39 (01|08 11 19 21 29 348 39
[RDX/EDX] [R10/R10D] 0l0) 0z (o2 |12 | 1a |22 (2| 22 |32 (02|02 | 12 iz 22 2n 32 3n
[RBX/EBX] [R11/R11D] 011/ 03 (0B (13 | 1B |23 (2B | 33 | 38| 03 | OB 13 1B 23 2B 33 3B
[s [5ib] 100) 04 (Oc |14 | 1c |24 | 2c | 34 | 3c | 04 | OC 14 e 24 2c 34 HE
[RIE/EIP] +disp32 [RIB/EIP]+disp32 101| 05 (0D (15 | 1p | 25 2D | 35 | 3D | 05 | OD 15 ip 25 2D 35 3D
[RSI/ESI] [R14/R14D] 110| 06 | OE | 16 | 1IE | 26 [ 2E | 36 | 3E | 06 | OE 16 1E 26 2E 36 3E
[RDI/EDI] [R15/R15D] 111) 07 |OQF |17 | 1F | 27 [ 2F | 37 | 3F [ OF | O7 | 17 1iF 27 2F 37 3F
[REX/ERX] +disp8 [R8/RBD] +disp8 01 (000| 40 | 48 | 50 | 58 | 60 | 68 | 7O | 78 | 40 | 48 50 58 60 68 70 T8
[RCX/EDX] +disp8 [RO/RID] +disps 001 41 | 49 | 51 | 59 | 61 [ 69 | 71 | 79 [ 41 | 49 51 59 6l 69 71 79
[RDX/EDX] +disp8 [R10/R10D] +disp8 010 42 | 4B | 52 | 52 | 62 | 62 | 72 | 7A | 42 | 4 | 52 5m 62 (29 12 Tn
[RBX/EBX]+dispf [R11/R11D] +disp8 011| 43 |48 | 53 | 5B (63 [ 6B | 73 | 7B | 43 [ 4B | 53 5B 63 6B 73 7B
[sib] +disp8 [sib]+dispB 100 44 | 4C | 54 | 5C | €4 [ eC | 74 | 7C | 44 | 4C 54 5z 64 ec 74 Tc
[RBE/EBP] +dispB [R13/R13D] +disp8 101 45 | 4D | 55 [ 5D | 65 | 6D | 75 | 7D | 453 | 4D 55 5D 65 6D 15 T
[RSI/ESI]+dis [R14/R14D] +disp8 110| 46 | 4E | 56 E |66 | 6BE | Te | 7TE | 46 | 4E 56 SE 66 6E 16 TE
[RDI/EDI]+disp8 [R15/R15D] +disp8 111 47 | 4F | 57 | SF | 67 | 6F | 77 | 7F | 47 | 4F 57 SF 67 6F 77 7F
[REX/ERX]+disp32 [RB/RED] +disp32 10 (000| 80 (BB | 90 | 98 | RO | RE | BO | BE | BO | 8B a0 98 RO RE BO BB
[RCX/ECX]+disp32 [RO/ROD] +disp32 001 81 (B9 | 01 | 99 | A1 (RO | Bl ( BO [ B1 | B8 91 99 Rl RO Bl B9
[RDX/EDX]+disp32 [R10/R10D] +disp32 010| 82 | BR | 92 | GA | R2 | AR | B2 | BR | B2 | BB 92 om B2 RR B2 BA
[RBX/EBX]+disp32 [R11/R11D] +disp32 011) 83 (BB ([ 93 | 9B | A3 ( 2B | B3 | BB | B3 | 8B 93 98B B3 BB B3 BB
+disp32 [5ib] +disp32 100| 84 | Bc | 94 | %c | 24 [ 2c | B4 | BC | B4 | BC 94 9c B4 RC B4 BC
/EBE] +disp32 [R13/R13D] +disp32 101| 85 | BD | 95 | 9p | A5 | 2D | BS | BD | 85 | 8D as 9D BS D BS BD
/EST]+disp32 [R14/R14D] +disp32 110/ 86 | BE | 96 | 9E | B6 | AE | B6 | BE | B6 | BE 13 9E L6 AE B& BE
[R15/R15D] +disp32 111) 87 | BF | 97 | 9F | A7 | &F | B7 | BF | B7 | BF | &7 oF n7 LF B7 BF
[REB/REW/RBD/RE/STO/MMO/XMME 11 (000| cO (c8 | DO | DB | EO |EB | FO | FB | €0 | CB | DO DB EQ E8 FO FB
CL/CX/E ¢1/R9B/RIW/RID/RI/ST1/MM1 /XMMI 001 c1 ([c9 | Dl | D9 |E1|E9|F1|FO9|Cl|cO | Dl D9 El EQ F1 7O
DL/D¥/EDX/RDX/ST2/MM2/¥MM2(R10B/R10W/R10D/R10/5T2/MM2 /3011 0 010/ c2 | CA | D2 |DA | E2 | EA | F2 | FA | C2 | CA | D2 DA E2 EA | F2 FA
BL/BX/EBX T3/MM3/XMM3R11B/RIIW/R11D/R11/ST3 /MM3 /2011 011| c3 | cB (D3 |DB |E3 |EB (F3 |FB (C3 |CB| D3 | DB | E3 | EB | F3 | FB
RH/SE/ESE/RSE/ST4/MM4/XMM4([R12B/R12W/R12D/R12/ST4 /M4 /300412 100/ c4 |cc (D4 |DCc |E4 |EC (P4 |FC|c4 |cc| D4 | DC | E4 | EC | P4 | FC
CH/BP/EBP/RBP/STS/MM5/XMM5R13B/R13W/R13D/R13/5T5/MM5 /300413 101 c5 | cD (DS | DD |ES |ED (PS5 |FD (€5 |cD| DS | DD | ES | ED | F5 | FD
DH/SI/ESI/RSI/ST6/MM6/XMMERI4B/R14W/R14D/R14/ST6/1046/X00414 110/ C6 |CE | D6 |DE | E6 (EE [ F6 | FE [ C6 [CE | D6 | DE | E6 EE | F6 | FE
BH/DI/EDI/RDI/ST7/MM7/XMM7|R158/R15W/R15D/R15/5T7 /MM /xMM1 5 111| c7 | cF | D7 | DF | E7 | EF | F7 | FF | €7 [ CE | D7 DF | E7 EF | F7 FF
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How do we read this? (mov rcx,rdx

32/64-bit ModR/M Byte

withont REX pre 3 a2 |ca [pE |BE l( ”
with any REX pre. 3 SPL [BPL [SIL [R9E
) , SE [BE ST [ROW
) X |ECX |[EDX [EBX |ESE |[EBF [ESI |E [ROD
(/x) RSE |REP [RSI |F RS  |R10
(/) pae2 Ma 45 [ase padl [MO42
xmm (/) MM X144 [x0045 K146 17 9x0 10| L4
sreg ss |ps |Fs |es  |res. . cs |ss . . [ ]
see CR2 [CR3 |CR4 [invd|inwvd| invd|invd
eee R1 [DR2 [DR3 |pral|pr5!|DRE 7 invd|invd o
(In decimal) fdigit (Cpcode) 2 [l 4 5 [ 7 2 = 4
(In binary) REG = 010 (011 |100 J101 |110 010 011 |100
Effective Address Effective Address REX.B=1 v ModR/M Byte (in Hex) ModR/M Byte (in
[REX/ERX] [RB/RED] B -
[RCX/ECX] [R9/RED] g Ol (oo [ II[Io |21 [28 231|300l |08 11 19 21 29 il 39
[RDX/EDX] [R10/R10D] 0l0) 0z (o2 |12 | 1a |22 (2| 22 |32 (02|02 | 12 iz 22 2n 32 3n
[RBX/EBX] [R11/R11D] 011/ 03 (0B (13 | 1B |23 (2B | 33 | 38| 03 | OB 13 1B 23 2B 33 3B
[s [5ib] 100) 04 (Oc |14 | 1c |24 | 2c | 34 | 3c | 04 | OC 14 e 24 2c 34 HE
[RIE/EIP] +disp32 [RIB/EIP]+disp32 101| 05 (0D (15 | 1p | 25 2D | 35 | 3D | 05 | OD 15 ip 25 2D 35 3D
[RSI/ESI] [R14/R14D] 110| 06 | OE | 16 | 1IE | 26 [ 2E | 36 | 3E | 06 | OE 16 1E 26 2E 36 3E
[RDI/EDI] [R15/R15D] 111/ 07 |OF | 17 |1F | 27 [ 2F | 37 | 3F | OF | O7 | 17 1iF 27 2F 37 3F
[REX/ERX] +disp8 [R8/RBD] +disp8 01 (000| 40 | 48 | 50 | 58 | 60 | 68 | 7O | 78 | 40 | 48 50 58 60 68 70 T8
[RCX/EDX] +disp8 [RO/RID] +disps 001 41 | 49 | 51 | 59 | 61 [ 69 | 71 | 79 [ 41 | 49 51 59 6l 69 71 79
[RDX/EDX] +disp8 [R10/R10D] +disp8 010| 42 | 4B | 52 | 54 | 62 | & T2 | 7n | 42 | 4B | 52 5m 62 (29 12 Tn
[RBX/EBX]+dispf [R11/R11D] +disp8 011| 43 |48 | 53 | 5B (63 [ 6B | 73 | 7B | 43 [ 4B | 53 5B 63 6B 73 7B
[sib] +disp8 [ ]1+dispt 100| 44 | 4C | 54 [ SC | 64 | eC | 74 | 7C | 44 | 4C 54 5z 64 ec 74 Tc
[RBE/EBP] +dispB [R13/R13D] +disp8 101 45 | 4D | 55 [ 5D | 65 | 6D | 75 | 7D | 453 | 4D 55 5D 65 6D 15 T
[RSI/ESI]+dis [R14/R14D] +disp8 110| 46 | dE | D6 [ S3E | 66 | 6E | 76 | TE | 46 | 4E 56 SE 66 6E 16 TE
[RDI/EDI]+disp8 [R15/R15D] +disp8 111 47 | 4F | 57 | SF | 67 | 6F | 77 | 7F | 47 | 4F 57 SF 67 6F 77 7F
[REX/ERX]+disp32 [RB/RED] +disp32 10 (000| 80 (BB | 90 | 98 | RO | RE | BO | BE | BO | 8B a0 98 RO RE BO BB
[RCX/ECX]+disp32 [RO/ROD] +disp32 001 81 (B9 | 01 | 99 | A1 (RO | Bl ( BO [ B1 | B8 91 99 Rl RO Bl B9
[RDX/EDX]+disp32 [R10/R10D] +disp32 010| 82 | BR | 92 | GA | R2 | AR | B2 | BR | B2 | BB 92 om B2 RR B2 BA
[RBX/EBX]+disp32 [R11/R11D] +disp32 011) 83 (BB ([ 93 | 9B | A3 ( 2B | B3 | BB | B3 | 8B 93 98B B3 BB B3 BB
+disp32 [ ]1+disp32 100| 84 | Bc | 94 | %c | 24 [ 2c | B4 | BC | B4 | BC 94 9c B4 RC B4 BC
/EBE] +disp32 [R13/R13D] +disp32 101| 85 | BD | 95 | 9p | A5 | 2D | BS | BD | 85 | 8D as 9D BS D BS BD
/EST]+disp32 [R14/R14D] +disp32 110/ 86 | BE | 96 | 9E | B6 | AE | B6 | BE | B6 | BE 13 9E L6 AE B& BE
[R15/R15D] +disp32 111) 87 | BF | 97 | 9F | A7 | &F | B7 | BF | B7 | BF | &7 oF n7 LF B7 BF
[REB/REW/RBD/RE/STO/MMO/XMME 11 (000| cO (c8 | DO | DB | EO |EB | FO | FB | €0 | CB | DO DB EQ E8 FO FB
CL/CX/E ¢1/R9B/RIW/RID/RI/ST1/MM1 /XMMI 001 c1 ([c9 | Dl | D9 |E1|E9|F1|FO9|Cl|cO | Dl D9 El EQ F1 7O
DL/D¥/EDX/RDX/ST2/MM2/¥MM2(R10B/R10W/R10D/R10/5T2/MM2 /3011 0 010/ c2 | CA | D2 |DA | E2 | EA | F2 | FA | C2 | CA | D2 DA E2 EA | F2 FA
BL/BX/EBX T3/MM3/XMM3R11B/RIIW/R11D/R11/ST3 /MM3 /2011 011| c3 | cB (D3 |DB |E3 |EB (F3 |FB (C3 |CB| D3 | DB | E3 | EB | F3 | FB
RH/SE/ESE/RSE/ST4/MM4/XMM4([R12B/R12W/R12D/R12/ST4 /M4 /300412 100/ c4 |cc (D4 |DCc |E4 |EC (P4 |FC|c4 |cc| D4 | DC | E4 | EC | P4 | FC
CH/BP/EBP/RBP/STS/MM5/XMM5R13B/R13W/R13D/R13/5T5/MM5 /300413 101 c5 | cD (DS | DD |ES |ED (PS5 |FD (€5 |cD| DS | DD | ES | ED | F5 | FD
DH/SI/ESI/RSI/ST6/MM6/XMMERI4B/R14W/R14D/R14/ST6/1046/X00414 110/ C6 |CE | D6 |DE | E6 (EE [ F6 | FE [ C6 [CE | D6 | DE | E6 EE | F6 | FE
BH/DI/EDI/RDI/ST7/MM7/XMM7|R158/R15W/R15D/R15/5T7 /MM /xMM1 5 111| c7 | cF | D7 | DF | E7 | EF | F7 | FF | €7 [ CE | D7 DF | E7 EF | F7 FF
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How do we read this? (mov rcx,rdx

32/64-bit ModR/M Byte

withont REX pre 3 a2 |ca [pE |BE I( ,’
with any REX pre. 3 SPL [BPL [SIL [R9E
) , SE [BE ST [ROW
) X |ECX |[EDX [EBX |ESE |[EBF [ESI |E [ROD
(/x) RSE |REP [RSI |F RS  |R10
(/) Doz 43 M2 MMS [aME padl [MO42
xmm (/) M2 [0 3| X004 4 | X5 [ 17 9x0 10| L4
sreg ss |ps |Fs |es  |res. . cs |ss . . [ ]
see CR2 [CR3 |CR4 [invd|inwvd| invd|invd
eee R1 [DR2 [DR3 |pral|pr5!|DRE 7 invd|invd o
(In decimal) fdigit (Cpcode) 2 [l 4 5 [ 7 2 = 4
(In binary) REG = 010 (011 |100 J101 |110 010 011 |100
Effective Address Effective Address REX.B=1 v ModR/M Byte (in Hex) ModR/M Byte (in
[REX/ERX] [RB/RED] B -
[RCX/ECX] [R9/RED] g Ol (oo [ II[Io |21 [28 231|300l |08 11 19 21 29 il 39
[RDX/EDX] [R10/R10D] 0l0) 0z (o2 |12 | 1a |22 (2| 22 |32 (02|02 | 12 iz 22 2n 32 3n
[RBX/EBX] [R11/R11D] 011/ 03 (0B (13 | 1B |23 (2B | 33 | 38| 03 | OB 13 1B 23 2B 33 3B
5ib [5ib] 100) 04 (Oc |14 | 1c |24 | 2c | 34 | 3c | 04 | OC 14 e 24 2c 34 HE
[RIE/EIP] +disp32 [RIB/EIP]+disp32 101| 05 (0D (15 | 1p | 25 2D | 35 | 3D | 05 | OD 15 ip 25 2D 35 3D
[RSI/ESI] [R14/R14D] 110| 06 | OE | 16 | 1IE | 26 [ 2E | 36 | 3E | 06 | OE 16 1E 26 2E 36 3E
[RDI/EDI] [R15/R15D] 111/ 07 |OF | 17 |1F | 27 [ 2F | 37 | 3F | OF | O7 | 17 1iF 27 2F 37 3F
[REX/ERX] +disp8 [R8/RBD] +disp8 01 (000| 40 | 48 | 50 | 58 | 60 | 68 | 7O | 78 | 40 | 48 50 58 60 68 70 T8
[RCX/EDX] +disp8 [RO/RID] +disps 001 41 | 49 | 51 | 59 | 61 [ 69 | 71 | 79 [ 41 | 49 51 59 6l 69 71 79
[RDX/EDX] +disp8 [R10/R10D] +disp8 010 42 | 4B | 52 | 52 | 62 | 62 | 72 | 7A | 42 | 4 | 52 5m 62 (29 12 Tn
e e [RBX/EBX]+dispf [R11/R11D] +disp8 011| 43 |48 | 53 | 5B (63 [ 6B | 73 | 7B | 43 [ 4B | 53 5B 63 6B 73 7B
bl +dispB [ ]1+dispt 100| 44 | 4C | 54 [ SC | 64 | eC | 74 | 7C | 44 | 4C 54 5z 64 ec 74 Tc
a I I l re IS e rS [RBE/EBP] +dispB [R13/R13D] +disp8 101 45 | 4D | 55 [ 5D | 65 | 6D | 75 | 7D | 453 | 4D 55 5D 65 6D 15 T
[RSI/ESI]+dis [R14/R14D] +disp8 110| 46 | dE | D6 [ S3E | 66 | 6E | 76 | TE | 46 | 4E 56 SE 66 6E 16 TE
[RDI/EDI]+disp8 [R15/R15D] +disp8 111 47 | 4F | 57 | SF | 67 | 6F | 77 | 7F | 47 | 4F 57 SF 67 6F 77 7F
[REX/ERX]+disp32 [RB/RED] +disp32 10 (000| 80 (BB | 90 | 98 | RO | RE | BO | BE | BO | 8B a0 98 RO RE BO BB
[RCX/ECX]+disp32 [RO/ROD] +disp32 001 81 (B9 | 01 | 99 | A1 (RO | Bl ( BO [ B1 | B8 91 99 Rl RO Bl B9
II ” [RDX/EDX]+disp32 [R10/R10D] +disp32 010| 82 | BR | 92 | GA | R2 | AR | B2 | BR | B2 | BB 92 om B2 RR B2 BA
[RBX/EBX]+disp32 [R11/R11D] +disp32 011) 83 (BB ([ 93 | 9B | A3 ( 2B | B3 | BB | B3 | 8B 93 98B B3 BB B3 BB
+disp32 [ ]1+disp32 100| 84 | Bc | 94 | %c | 24 [ 2c | B4 | BC | B4 | BC 94 9c B4 RC B4 BC
E /EBE] +disp32 [R13/R13D] +disp32 101| 85 | BD | 95 | 9p | A5 | 2D | BS | BD | 85 | 8D as 9D BS D BS BD
/ESI]+disp32 [R14/R14D] +disp32 110/ 86 | BE | 96 | 9E | B6 | AE | B6 | BE | B6 | BE 13 9E L6 AE B& BE
87 | BF [ 97 | 9F |27 | AF | B7 |BF |87 |6F | 87 | 9F | &7 | 2F | B7 | BF
L ) ) [REB/REW/RBD/RE/STO/MMO/XMME c0 | c8 | DO | DB |EO|EB|FO|FB|cO|CB | DO DB EQ E8 FO FB
L CL/CH/ECK/R T1/1041 /%41 ROB/ROW/ROD/RO/ST1 /141 /304149 cl|co|Dpl|D9 | El|E9|F1|F9|cCl|cCO| Dl D9 El EQ F1 7O
DL/ D¥/EDX/] R10B/R10W/R10D/R10/ST2/MM2/XMM10 C2 | CA|D2 |DA|E2|EAR|F2|FR|C2|CR| D2 DA E2 EA | F2 FA
L BL/BX/EBX T3/MM3/XMM3R11B/RIIW/R11D/R11/ST3 /MM3 /2011 c3 |ce|D3|DB |E3|EB|F3 |FBE|(C3|CcB| D3 | DB | E3 | EB | F3 | FB
RH/SE/ESE/RSE/ST4/MM4/XMM4([R12B/R12W/R12D/R12/ST4 /M4 /300412 ct¢d|cc|Dp4|DCc|E4|EC|PF4|FC|c4|cc| D4 | DC | E4 | EC | F&2 | EC
CH/BP/EBP/RBP/STS/MM5/XMM5R13B/R13W/R13D/R13/5T5/MM5 /300413 cs|co|Ds|op|ES|ED|F5 | FD|(C5|cD| D5 | DD | ES | ED | F5 | FD
DH/SI/ESI/RSI/ST6/MM6/XMMERI4B/R14W/R14D/R14/ST6/1046/X00414 C6 |CE | D& |DE |E6 (EE (F6 | FE | C6 |CE | D6 | DE | E6 EE | F6 | FE
BH/DI/EDI/RDI/ST7/MM7/XMM7|R158/R15W/R15D/R15/5T7 /MM /xMM1 5 c7 |cF|D7 |DF | E7T | EF | F7 | FF [ €7 | cE | D7 DF | E7 EF | F7 FF
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How do we read this? (mov rcx,rdx

o 14

Operand “rm

Plain registers:
Find: RCX
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32/64-bit ModR/M Byte

r8(/r) without REX prefix DH E
r8(/r) with any REX prefix BL |SPL |BEL [SIL |DIL [REB [R9B [R108 [R113 [R12B |R13B [R148 [R15B
rlé(/z) BX |[SF BB [ST |pI [REW [ROW [R1OW [R1IW [R1ZW [R1SW [R14W [R1SW
r32(/1) EBX [ESP |[EBF [ESI |EDI [RED [R9D [R10D [R11D [R12D [R13D [R14D [R1SD
64 (/x) [REX |RSE [REP |[RSI [RDI |RE [R® |[R10 [R11 [R1Z |[R13 |R14 [RIS
mm (/) O43 MD44 45 [MME MO4T [MMO M1 (MM2 M2 M4 [MMS (MME  |MMT
xmm (/) palalis 9[xa10|
sreg res. . cs |ss .
see cR3 [CR4 |invd|invd|invd|cR8 |invdinvd |invd |invd |invd (invd |invd
eee DR3 |pr4l[pDR5![DRE |DR7 |invdlinvd|invd |invd |invd |invd |invd |invd
(In decimal) fdigit (Cpcode) [l 4 5 [ 7 0 1 2 = 4 5 3 7
(In binary) REG = 011 |100 (101 |110 |111 |[000 |001 |010 |011 |100
Effective Address Effective Address REX.B=1 ModR/M Byte (in
[REX/ERX] [RB/RED]
[RCX/ECK] [RE/RED]
[RDX/EDX] [R10/R10D]
[RBX/EBX] [R11/R11D]
[siB] [sib] 100| 04 | OC 1c | 24| 2c | 34| 3c | 04 | OC 14 e 24 2c 34 HE
[RIE/EIP] +disp32 [RIB/EIP]+disp32 101| 05 | OD ip | 25| 2D | 35 | 3D | 05 | OD 15 ip 25 2D 35 3D
[RSI/EST] [R14/R14D] 110| 06 | OE 1 | 26 | 2E | 36 | 3E | 06 | OE 16 1E 26 2E 36 3E
[RDI/EDI] [R15/R15D] 111 07 | OF iF | 27 | 2F | 37 | 3F | OF [ 07 | 17 1iF 27 2F 37 3F
[REX/ERX] +disp8 [R8/RBD] +disp8 01 (000| 40 | 48 58 | &0 | 68 | 7O | 78 | 40 | 48 50 58 60 68 70 T8
[RCX/EDX] +disp8 [RO/RID] +disps 001| 41 | 49 59 | g1 | &G [ 71 | 79 | 41 | 48 51 59 6l 69 71 79
[RDX/EDX] +disp8 [R10/R10D] +disp8 010| 42 | 4R S| 82 | GR |72 | 7A | 42 | 4B | 52 5m 62 (29 12 Tn
[RBX/EBX]+dispf [R11/R11D] +disp8 011 43 | 4B 58 |63 |68 |73 | 78| 43 | 4B | 53 5B 63 6B 73 7B
[5ib]+dispB [sib]+dispB 100| 44 | 4C SC |64 | 6C | T4 | 7C | 44 | 4C 54 5z 64 ec 74 Tc
[RBE/EBP] +dispB [R13/R13D] +disp8 101| 45 | 4D 5D | 65 | 6D | 7S | 7D | 45 | 4D 55 5D 65 6D 15 T
[RSI/ESI]+disp8 [R14/R14D] +disp8 110| 46 | 4E SE | 66 | GE | Te | 7TE | 46 | 4E 56 SE 66 6E 16 TE
[RDI/EDI]+disp8 [R15/R15D] +disp8 111| 47 | 4F S5F | &7 | 6F | 77 | 7F | 47 | 4F | 57 5F 67 6F 1TLA~TF
[REX/EEX]+disp32 [RB/RED] +disp32 10 (00O| 80 | B8 98 | RO | B8 | BO | BE | BO | BB a0 98 RO )S/,BO BB
[RCX/ECX]+disp32 [RO/ROD] +disp32 001 81 | B9 90 | 1 | ARG | B1 | BO | Bl | &8 91 99 )d/ RO Bl B9
[RDX/EDX]+disp32 [R10/R10D] +disp32 010| 82 | Ba R | B2 |RR | B2 | BA | B2 | 82 92 /D( B2 RR B2 BA
[RBX/EBX]+disp32 [R11/R11D] +disp32 011| 83 | BB 98 | 23 | 2B | B3 | BB | B3 | 8B 98B B3 BB B3 BB
[sib] +disp32 [5ib] +disp32 100| 84 | BC 9c | 24 | AC | B4 | BC '{ 94 9c B4 RC B4 BC
[RBE/EBE] +disp32 [R13/R13D] +disp32 101| 85 | 8D 9n | 25 | 2D | BS ,af B5 | 8D as 9D BS D BS BD
[RSI/ESI]+disp32 [R14/R14D] +disp32 9E | BE }p{ B |86 [BE| 96 | 9 | mé | 2E | B8 | BE
oF 2F (87 |BF [B7 | 6F | 97 | 9F | a7 | 2F | B7 | BF
[R8B/REW/RED/RE/STO/MMO/XMME 11 [y |t |20 |8 | F0 | F8 | cO |cB | DO | DB | 0 | =8 | F0 | FB
=y -, . e Dl | D9 (E1|(E9 | F1 | FO [ cl | cO D1 D9 El E9 F1 F9
DL/DX/EDX/RDX/ST2/MM2/¥MM2R108/R10W/R10D/R10/ST2 /MM2 /xMM10 D2 'ﬂr-ﬁ-_m_i FA | c2 | ca | D2 DR E2 EL 72 FL
BL/BX/EBX/RBX/ST3/MM3/¥MM3[R11B/R11W/R11D/R11/5T3/MM3 /20411 D3 | DB (E3 |EB |F3 | FB[~®8~tCB | D3 | DB | E3 | EB | F3 | FB
RH/SE/ESE/RSE/ST4/MM4/XMM4([R12B/R12W/R12D/R12/ST4 /M4 /300412 ct|cc|D4 |DC|E2|EC|F4|FC|C4|cc| Dd | Do—p—md | EC | F4 | EC
CH/BP/EBP/RBP/STS/MM5/XMM5R13B/R13W/R13D/R13/5T5/MM5 /300413 c5|co|ps|op|eS5|ep|®5 |Fp|c5|ep| oS | oo | 25 | =D | EE
DH/SI/ESI/RSI/ST6/MME/XMMER14B/R14W/R14D/R14/5T6/MM6/X00414 C6 |CE | D& |DE |E6 (EE (F6 | FE | C6 |CE | D6 | DE | E6 EE | F6 | FE
BH/DI/EDI/RDI/ST7/MM7/XMM7|R158/R15W/R15D/R15/5T7 /MM /xMM1 5 c7 |cr | D7 |DF | ET | EF | F7 | FF | €7 | CE | D7 DF | E7 EF | F7 FF

’)

Operand “r
Find: RDX
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MOV rcx, rdx

*So far:
* Opcode= 0x89
* Registers rcx,rdx: OxD1

* Let’s go to our handy-dandy tool: and plug in 89 D1
* https://defuse.ca/online-x86-assembler.htm#disassembly2

COMP 520: Compilers —S. Ali
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https://defuse.ca/online-x86-assembler.htm#disassembly2

Was the result: mov rcx, rdx?

Disassemble

Paste any hex string that encodes x86 instructions (e.g. a shellcode) below. Any "0x™s are removed from the
string and non-hex characters are skipped over, so you don't have to remove the double quotes or "\x" if you're
disassembling a C-style string literal or array!

_______________________________________________________________________________________________________________________________________

..................................................................................................................................

Architecture: x86 (® x64 | Disassemble
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Output was...

MoV ecx,edx
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We were very close

* If we want to use 64-bit registers, we need to use
something called the “REX” prefix.

*x86 64 requires you to use “prefix” bytes to
determine whether you’re using 32-bit registers or 64-
bit registers and operands

53
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Recall: New 64-bit registers

* Register Index from [0, 7]
RAX, RCX, RDX, RBX, RSP, RBP, RSI, RDI

* New registers use the same index [0,7]
R8, R9, R10, R11, R12, R13, R14, R15

COMP 520: Compilers —S. Ali
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)

=

REX Prefix: [regB+regX*8+520],reg\W

S i

Use new registers for displacement register

Use new registers for index register

o7
I

Use new registers for “r” (regW above)

S ™ X W

Extend operand (imm, or register “r”) to 64-bit
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Thus, prefix bytes control registers

* Which register gets used is done in the prefix.

* If no prefix is specified, x86 64 will assume 32-bit for
the most part

e Let’s try again with: Rex.W (0x48)
*48 89 D1
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Try again!

e Let’s try again with: Rex.W (0x48)
*48 89 D1

https://defuse.ca/online-x86-assembler.htmitdisassembly?2

Proper output: mov rcx,rdx

COMP 520: Compilers —S. Ali
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What about the rest of that table?

32/64-bit ModR/M Byte

REX.R=1
withont REX pre AL |cL [pn [BL [aE e [pm |BE

with any REX pre. AL |cL [pL [BL |SPL [BEL |SIL |[DIL |REB [R9B |[R10B |R11B [R12E [R13E [R14B [R15B

A cx |[px [ex |SF [BE |SI |DI |REW |ROW [R10W [R11W [RIZ2W [R13wW [R14W [R15W

ERX [ECX [EDX [EBX |ESP [EBP [ESI [EDI |RED [R9D [R10D |R11D |R12D [R13D |[R14D [R15D

(/x) REX [RCX [RDX [REX |RSP [REP |[RSI [RDI |RE [R® |R10 [R11 [R1Z [R13 |R14 |RIS
(/) MMO 41 (M2 [M043 [MME [MMS DAME 47 [MMO [MM1 MM2  [MM3  [MM4 MMS  MME  (MMT
xmm (/) X040 (X241 a2 X004 330044 [ X005 1048 X204 T [ 0lxa041 03041 130041 2|3X2041 3| X2041 420415
cs |ss [ps |Fs |65 |res.|res.|Es [cs |ss |ps  |[FS  [es  |res. |zes.

RO |invd|cR2 |cR3 [CR4 |invd|invd|invd|cRE |invdinvd |invd |invd |invd |invd [invd

RO [DR1 [DR2 |DR3 |pR4l|pR5![DRE [DR7 [invdlinvd|linvd |invd |invd |invd |invd |invd

1 2 [ & 5 |8 7 |8 |t |2 3 4 5 & 7
000 |001 [o10 |o11 |100 |101 |110 [111 [000 |00l |10 (o1l [100 (101 |110 |111
Effective Address Effective Address REX.B=1 alue of ModR/M Byte (in Hex) Value of ModR/M Byte (in Hex)

[REX/EEX] [RE/RED] 0o | o8 |10 |18 | 20| 28 |30 |38 |00 (08| 10 | 18 | 20 [ 28 | 30 | 38
[RCX/ECK] [RE/RED] 01 |09 |11 |19 |21 | 29|31 |39 |01l o8| 11 | 18 | 21 [ 29 | 31 | 39
[RDX/EDX] [R10/R10D] 02 |oa |12 [1a |22 |2n |32 |3a|02|o0n| 12 | 1a | 22 | 2a | 32 | 32
[RBX/EBX] [R11/R11D] 03 |oB |13 |18 |23 |28 |33 38|03 (08| 13 | 18 | 23 | 28 | 33 | 3B
[sib] [sib] 04 |oc |14 |1c |24 |2c| 34 |3c|o4|oc| 14 | 1c | 24 | 2c | 32 | 3C
[RIP/EIP]+disp32 [RIE/EIP]+disp32 05 |op |15 |1p| 25| 20|35 |3p|05|(op| 15 | 1p [ 25 | 2D | 35 | 3D
[RSI/ESI] [R14/R14D] 06 |0E |16 |12 |26 |22 | 36 |32 |06 [0E| 16 | 1E | 26 | 2E | 36 | 3E
[RDI/EDI] [R15/R15D] Q7 |0F |17 |1F | 27 | 2F | 37 | 3F | OF | 07 17 1iF 27 2F 37 3F
[REX/EEX]+disp8 [RE/RED] +disp8 40 |48 (50 (58 |60 |68 |70 |78 | 40|48 | 50 | 58 | 60 | 62 | 70 | 78
[RCX/EDX]+disp8 [R9/RID] +disp8 41 | 49 | 51 | 59| €1 | 69|71 | 79| 41 |48 | 51 | 58 | &1 [ &2 | 71 | 7%
[RDX/EDX] +disp8 [R10/R10D] +disp8 42 |4n |52 [5n |62 | 6n |72 |7a|42|4n| 52 | 52 | 62 | A | 72 | T
[RBX/EBX]+dispf [R11/R11D] +disp8 43 |48 | 53 | 5B |63 | 6B | 73 | 7B | 43 | 4B | 53 5B 63 6B 73 7B
[sib]+dispB [sib]+dispB 44 | 4c | 54 | Sc | &2 | 6Cc |74 | Tc| 44 |4c| 54 | 5c | &4 | ec | 74 | TC
[RBP/EBP] +disp8 [R13/R13D] +disp8 45 | 4D [ 55 | SD | 65| 6D |75 | 7D | 45 (4D | 55 | 5D | 65 | €D | 75 | 7D
[RSI/ESI]4dis [R14/R14D] +disp8 46 | 4E | 56 | SE | 66 | 62 |76 | TE | 46 |42 | 56 | 5E | 65 | €E | 76 | TE
[RDI/EDI]+disp8 [R15/R15D] +disp8 47 |4F | 57 | 5F | 67 | 6F |77 | 7F | 47 | 4F | 57 | 5F | &7 | 6F | 77 | TF
[REX/EEX]+disp32 [RE/RED] +disp32 g0 | 86 |90 (98 | RO | A8 |BO |B6 | BO (88 | 90 | 98 | mO [ m8 | BO | BB
[RCX/ECX]+disp32 [RO/ROD] +dizp32 g1 |8o |91 |99 | Rl |0 |31 |39 |8l |g8c| g1 | 98 [ Al [ RO | 31 | B9
[RDX/EDX]+disp32 [R10/R10D] +disp32 82 |Ba |92 |9n |22 |An|B2 |Ba |82 |8n| 92 | 92 | A2 | RA | B2 | BA
[RBX/EBX]+disp32 [R11/R11D] +disp32 83 |88 |93 |98 |23 |28 |B3 | B8 |83 (88| 93 | 98 | 23 | 28 | B3 | BB
+disp32 [sib]+disp32 g4 |8c| 94 |%c |24 |2c |34 |Bc|84|8c| 24 | oc | 24 | &2c | B4 | BC
/EBP]+disp32 [R13/R13D] +disp32 85 | 8D | 95 | 9p |25 |AD |B5 |BD |85 (8D | 95 | 90 [ &5 [ 2D | B5 | BD
/EST]+disp32 [R14/R14D] +disp32 86 | BE | 96 | 92 |26 |RE |36 | BE | 86 (BE | 96 | 9E | mé | RE | B | BE

/ [R15/R15D] +disp32 11| 87 | BE | 97 | 9F | 27 | &F | B7 | BF | B7 | 8F a7 oF n7 LF B7 BF
/REX/STO/MM0/XMM0REB/REW/RED/RE/STO/MMO / XMME 00| co |[c8 | DO | DB | EO | EB | FO | FR | €O | cB | DO DB EQ E8 FO FB

2 wetlenmis s =2 2 01 cl (c9 |pl (D9 |El |E9 |Fl (P9 |cl |(c8| D1l | D8 | E1 [ EQ | F1 | F9

- 10/ c2 |ca|p2 (Dn|E2 |EA|F2 |FR|c2 (ca| D2 | D2 | E2 | EA | F2 | F&

BL/BX/EBX/RBX/ST3/MM3/¥MM3[R11B/R11W/R11D/R11/5T3/MM3 /20411 011| c3 | cB (D3 |DB |E3 |EB (F3 |FB (C3 |CB| D3 | DB | E3 | EB | F3 | FB
RH/SE/ESE/RSE/ST4/MM4/XMM4([R12B/R12W/R12D/R12/ST4 /M4 /300412 100/ c4 |cc (D4 |DCc |E4 |EC (P4 |FC|c4 |cc| D4 | DC | E4 | EC | P4 | FC
CH/BP/EBP/RBP/STS/MM5/XMM5R13B/R13W/R13D/R13/5T5/MM5 /300413 101 c5 | cD (DS | DD |ES |ED (PS5 |FD (€5 |cD| DS | DD | ES | ED | F5 | FD
DH/SI/ESI/RSI/ST6/MM6/XMMERI4B/R14W/R14D/R14/ST6/1046/X00414 110/ C6 |CE | D6 |DE | E6 (EE [ F6 | FE [ C6 [CE | D6 | DE | E6 EE | F6 | FE
BH/DI/EDI/RDI/ST7/MM7/XMM7|R158/R15W/R15D/R15/5T7 /MM /xMM1 5 111| c7 | cF | D7 | DF | E7 | EF | F7 | FF | €7 [ CE | D7 DF | E7 EF | F7 FF
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Encoding: mov [rsi+rcx*4+0x520],rdx

e First: find RDX in the column like before

Effective Address Effective Address REX.B=1 ptodr/Mvalue of Modr/M Byte (in Hex) value of ModR/M Byte (in Hex)
[BAX/ERX] [R8/RED] 00|000| 00 | OB | 10 | 18 | 20 | 28 | 30 | 38 | 0D | 0B 10 18 20 28 30 38
[RCX/ECX] [RE/RED] 001l 01 (09 | 11 |16 (21 | 29| 31 ( 36 | 01 | 09 11 19 21 29 31 39
[RDX/EDX] [R10/R10D] 010[ 02 (Om | 12 |12 (22 | 22 | 32 [ 32 | 02 | 0& | 12 iz 22 28 32 3n
[RBX/EBX] [R11/R11D] 011 03 | 0B (13| 1B |23 | 2B |33 | 3B | 03 | 0B | 13 1B 23 2B 33 3B
[ 1 [s1B] 100/ 04 [OC | 14 | 1Cc |24 | 2C | 34 [ 3C | 04 | DOC 14 ic 24 2c 34 3c
[RIP/EIP] +disp32 [RIB/EIP]+disp32 101/ 03 (0D | 15 | 1D (25 | 2D | 35 | 3D | O5 | OD 135 iD 25 2D 35 3D
[RSI/ESI] [R14/R14D] 110/ 06 [OE | 16 | 1IE [ 26 | 2E | 36 | 3E | 06 | DE 16 U 26 2E 36 i,
[RDI 1] [R15/R15D] 111 07 [ OF | 17 | 1F [ 27 | 2F | 37 [ 3F | OF | O7 17 1F 27 2F 37 3F
[REX/ERX] +disp8 [RE8/REBD] +dispB 01|000] 40 | 48 | 50 | 58 | &0 | 6B [ 70 | 78 | 40 | 48 50 o8 60 13 70 T8
[RCX/EDX] +dispt [RO/ROD] +disp8 001 41 [ 49 | 51 | 58 (61 | 69 | 71 ( 79 | 41 | 49 51 59 6l 69 71 78
[R10/R10D]+disp8 010) 42 [ 4n | 52 | SR | 62 | 6R | 72 | T2 | 42 | 42 | 52 Sm 62 (3 72 Tm
[RBX/EBX] +dispd [R11/R11D]+disp8 011| 43 [ 4B | 53 | 5B [ 63 | 6B | 73 | 7B | 43 | 4B 53 5B 63 6B 73 B
[sib]+disp8 [sib]+disp8 100 44 [ 4Cc | 54 | 5Cc | 64 | 6c | T4 [ 7C | 44 | 4C 54 5c 64 ac 74 ic
[RBE/EBP] +disp8 [R13/R13D] +disp8 101l 45 [ 4D | 55 | 5D [ 65 | éD | 75 [ 7D | 45 | 4D 55 5D 65 am 75 1D
[RSI/ESI]+disp8 [R14/R14D]+dispB 110 46 | 4E | 56 E | 66 | 6E | 76 | TE | 46 | 4E [ 56 S| 66 6E T8 T
[RDI/EDI]+disp8 [R15/R15D] +dispB 111) 47 | 4F | 57 | SF | &7 | €F | 77 | 7F | 47 | 4F 57 SF 67 6F 77 TF
[RAX/EAX] +disp32 [R8/RBD] +disp32 10 |000 90 | 98 | A0 | 28 | BO | BE | B0 | BB 90 98 pi) RE BO BB
[RCK/ECX] +disp32 [R8/RID] +disp32 001 €1 (92 | Al (A9 | Bl (B9 | 81 [ BO 81 g9 al o Bl B9
[RDX/EDX] +disp32 [R10/R10D] +disp32 010| & 82 | %2 | R2 | 2R | B2 [ BR | B2 | BB 22 S R2 ER B2 BRh
[REX/EBX]+disp32 [R11/R11D]+disp32 011 &3 83 | 98 | A3 | 2B | B2 (BB | 83 | BB 93 t):] A3 LB B3 BB
[sib] +disp32 100 &4 G4 | O9C | 24 | RC | B4 | BC | 84 | BC 94 oc 24 AT B4 BC
[R13/R13D]+disp32 101 &5 85 | 90 | A5 | 2D | BS | BD | 85 | ED 95 it)s) A5 AD BS BD
[R14/R14D]+disp32 110| && 86 | 9E | B6 B& | BE | 86 | BE 96 iE EE RE B6 BE
[RDI/EDI]+disp32 [R15/R15D] +disp32 111| 87 | 8F | 97 | 9F | &7 | 2F | BT | BF | 87 | BF 97 9F a7 LF B7 BF
AL/BX/ERX/REX/ST0/1040/X0040[REB/REW/RED/RE/ ST0 /2040 /30848 11 (ooof co [ cB | DO | D8 FO | F8 | €0 | c&8 | DO D8 EQ ES 0] F8
CL/CX/ECX/RCX/5T1/MM1/XMM1(ROB/RIW/RID/RI/ ST/ MM1 /XMMI 001/ c1 | c8 | D1 | DS F1|F8 | €l |cd| Dl Da E1 EQ F1 F3
DL/DX/EDX/RDX/5T2/MM2/ XMM2[R10B/R10W/R10D/R10/ST2/MM2 /XMM1 0| 010/ c2 | c | D2 | DR FZ ([Fa | €2 | CA | D2 DA | E2 ER | F2 FR
BL/BX/EBX/RBX/S5T3/MM3/XMM3[R11B/RI1W/R11D/R11/ST3/MM3/XMM1 1| 011 c3 | cB | D3 | DB F3|(FB | €3 | CB | D3 DB E3 EB F3 FB
RH/SP/ESE/RSE/ST4/MM4/XM4|R12B/R12W/R12D/R12/5T4/ M4 /30041 21 100 c4 | cc | D4 | pC F4|FC|c4|cc| D4 | DC | E4 | EC | F4 | FC
CH/BE/EBF/RBE/ST5/MM5/XMM5|R13B/R13W/R13D/R13/ 5T5/MM5/XMM1 3 101) c5 | cp | DS | DD F5|FD|(C5|cD| D5 | DD | E5 | ED | F5 | FD
16|R14B/R14W/R14D/R14/5T6/MM6/XMM14 110| cé | cE | D6 | DE F& |FE | C6 |(CE| D6 | DE | E6 | EE | F§ | FE
BH/DI/EDI/RDI/ST7/MM7/XM7|R15B/R15W/R15D/R15/ ST7/MM7/X00415 111f ¢7 | cF | D7 | DF F7 |FF | €7 |CcE| D7 | DF | E7 | EF | F7 | EF
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Encoding: mov [rsi+rcx*4+0x520],rdx

* Ask yourself: is our “displacement of 0x520” zero?
One byte? Four bytes?

Effective Address Effective Address REX.B=1 ptodr/Mvalue of Modr/M Byte (in Hex) value of ModR/M Byte (in Hex)
[BAX/ERX] [R8/RED] 00|000| 00 | OB | 10 | 18 | 20 | 28 | 30 | 38 | 0D | 0B 10 18 20 28 30 38
[RCX/ECX] [RE/RED] 001l 01 (09 | 11 |16 (21 | 29| 31 ( 36 | 01 | 09 11 19 21 29 31 39
[RDX/EDX] [R10/R10D] 010[ 02 (Om | 12 |12 (22 | 22 | 32 [ 32 | 02 | 0& | 12 iz 22 28 32 3n
[RBX/EBX] [R11/R11D] 011 03 | 0B (13| 1B |23 | 2B |33 | 3B | 03 | 0B | 13 1B 23 2B 33 3B
[ 1 [=. 100/ 04 [OC | 14 | 1Cc |24 | 2C | 34 [ 3C | 04 | DOC 14 ic 24 2c 34 3c
[RIP/EIP] +disp32 [RIB/EIP]+disp32 101/ 03 (0D | 15 | 1D (25 | 2D | 35 | 3D | O5 | OD 135 iD 25 2D 35 3D
[RSI/ESI] [R14/R14D] 110/ 06 [OE | 16 | 1IE [ 26 | 2E | 36 | 3E | 06 | DE 16 U 26 2E 36 i,
[RDI 1] [R15/R15D] 111 07 [ OF | 17 | 1F [ 27 | 2F | 37 [ 3F | OF | O7 17 1F 27 2F 37 3F
[REX/ERX] +disp8 [RE8/REBD] +dispB 01|000] 40 | 48 | 50 | 58 | &0 | 6B [ 70 | 78 | 40 | 48 50 o8 60 13 70 T8
[RCX/EDX] +dispt [RO/ROD] +disp8 001 41 [ 49 | 51 | 58 (61 | 69 | 71 ( 79 | 41 | 49 51 59 6l 69 71 78
[R10/R10D]+disp8 010 42 | 42 | 52 | 52 | &2 T2 | TR | 42 | 4B | 52 Sm 62 (3 72 Tm
[RBX/EBX] +dispd [R11/R11D]+disp8 011| 43 [ 4B | 53 | 5B [ 63 | 6B | 73 | 7B | 43 | 4B 53 5B 63 6B 73 B
[sib]+disp8 [sib]+disp8 100 44 [ 4Cc | 54 | 5Cc | 64 | 6c | T4 [ 7C | 44 | 4C 54 5c 64 ac 74 ic
[RBE/EBP] +disp8 [R13/R13D] +disp8 101l 45 [ 4D | 55 | 5D [ 65 | éD | 75 [ 7D | 45 | 4D 55 5D 65 am 75 1D
[RSI/ESI]+disp8 [R14/R14D]+dispB 110 46 | 4E | 56 E | 66 | 6E | 76 | TE | 46 | 4E [ 56 S| 66 6E T8 T
[RDI/EDI]+disp8 [R15/R15D] +dispB 111) 47 | 4F | 57 | SF | &7 | €F | 77 | 7F | 47 | 4F 57 SF 67 6F 77 TF
[RAX/EAX] +disp32 [R8/RBD] +disp32 10 |000 90 | 98 | A0 | 28 | BO | BE | B0 | BB 90 98 pi) RE BO BB
[RCK/ECX] +disp32 [R8/RID] +disp32 001 €1 (92 | Al (A9 | Bl (B9 | 81 [ BO 81 g9 al o Bl B9
[RDX/EDX] +disp32 [R10/R10D] +disp32 010| & 82 | %2 | R2 | 2R | B2 [ BR | B2 | BB 22 S R2 ER B2 BRh
[REX/EBX]+disp32 [R11/R11D]+disp32 011 &3 83 | 98 | A3 | 2B | B2 (BB | 83 | BB 93 t):] A3 LB B3 BB
[sib] +disp32 100 &4 G4 | O9C | 24 | RC | B4 | BC | 84 | BC 94 oc 24 AT B4 BC
[R13/R13D]+disp32 101 &5 85 | 90 | A5 | 2D | BS | BD | 85 | ED 95 it)s) A5 AD BS BD
[R14/R14D]+disp32 110| && 86 | 9E | B6 B& | BE | 86 | BE 96 iE EE RE B6 BE
[RDI/EDI]+disp32 [R15/R15D] +disp32 111| 87 | 8F | 97 | OF BT | BF | 87 | BF 97 9F a7 LF B7 BF
AL/BX/ERX/REX/ST0/1040/X0040[REB/REW/RED/RE/ ST0 /2040 /30848 11 (ooof co [ cB | DO | D8 FO | F8 | €0 | c&8 | DO D8 EQ ES 0] F8
CL/CX/ECX/RCX/5T1/MM1/XMM1(ROB/RIW/RID/RI/ ST/ MM1 /XMMI 001) c1 |c8 (Dl | DS |E E F1|F8 | €l |cd| Dl Da E1 EQ F1 F3
DL/DX/EDX/RDX/5T2/MM2/ XMM2[R10B/R10W/R10D/R10/ST2/MM2 /XMM1 0| 010/ c2 |Ch (D2 | DA (E2 | EA | F2 ( F2 | €2 | c& | D2 DA | E2 ER | F2 FR
BL/BX/EBX/RBX/S5T3/MM3/XMM3[R11B/RI1W/R11D/R11/ST3/MM3/XMM1 1| 011/ c3 |cB (D3 | DB (E3 |EB | F3 (FB | €3 | CB | D3 DB E3 EB F3 FB
RH/SP/ESE/RSE/ST4/MM4/XM4|R12B/R12W/R12D/R12/5T4/ M4 /30041 21 100 c4 |cc (D4 |(DCc |E4 |EC| P4 |FC|C4 (cc| D4 | DC | E4 | EC | F4 | FC
CH/BE/EBF/RBE/ST5/MM5/XMM5|R13B/R13W/R13D/R13/ 5T5/MM5/XMM1 3 101 cs|co (D5 (DD |(E5 |ED|FS|FD|C5 (cD| DS | DD | ES | ED | FS | FD
16|R14B/R14W/R14D/R14/5T6/MM6/XMM14 110 cé | CE (D6 | DE (E6 |EE | F6 | FE | C6 (CE | D6 | DE | E6 | EE | F6 | FE
BH/DI/EDI/RDI/ST7/MM7/XM7|R15B/R15W/R15D/R15/ ST7/MM7/X00415 111 ¢7 | cF | D7 | DF | E7 |EF | F7 | FF | c7 |C€E| D7 | DF | E7 | EF | F7 | EF
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Encoding: mov [rsi+rcx*4+0x520],rdx

* Ask yourself: is our “displacement of 0x520” zero?
ne byte? Four bytes?

(( Effective Zddress Effective Address REX.B=1 ptodr/Mvalue of Modr/M Byte (in Hex) value of ModR/M Byte (in Hex)
[BAX/ERX] [R8/RED] 00|000| 00 | OB | 10 | 18 | 20 | 28 | 30 | 38 | 0D | 0B 10 18 20 28 30 38
[RCX/ECX] [RE/RED] 001l 01 (09 | 11 |16 (21 | 29| 31 ( 36 | 01 | 09 11 19 21 29 31 39
[RDX/EDX] [R10/R10D] 010[ 02 (Om | 12 |12 (22 | 22 | 32 [ 32 | 02 | 0& | 12 iz 22 28 32 3n
e ro —_— [RBX/EBX] [R11/R11D] 011 03 | 0B (13| 1B |23 | 2B |33 | 3B | 03 | 0B | 13 1B 23 2B 33 3B
[ 1 [=. 100/ 04 [OC | 14 | 1Cc |24 | 2C | 34 [ 3C | 04 | DOC 14 ic 24 2c 34 3c
[RIP/EIP] +disp32 [RIB/EIP]+disp32 101/ 03 (0D | 15 | 1D (25 | 2D | 35 | 3D | O5 | OD 135 iD 25 2D 35 3D
[RSI/ESI] [R14/R14D] 110/ 06 [OE | 16 | 1IE [ 26 | 2E | 36 | 3E | 06 | DE 16 U 26 2E 36 i,
[RDI 1] [R15/R15D] 111 07 [ OF | 17 | 1F [ 27 | 2F | 37 [ 3F | OF | O7 17 1F 27 2F 37 3F
. [REX/ERX] +disp8 [RE8/REBD] +dispB 01|000] 40 | 48 | 50 | 58 | &0 | 6B [ 70 | 78 | 40 | 48 50 o8 60 13 70 T8
[RCX/EDX] +dispt [RO/ROD] +disp8 001 41 [ 49 | 51 | 58 (61 | 69 | 71 ( 79 | 41 | 49 51 59 6l 69 71 78
[R10/R10D]+disp8 010 42 | 42 | 52 | 52 | &2 T2 | TR | 42 | 4B | 52 Sm 62 (3 72 Tm
[RBX/EBX] +dispd [R11/R11D]+disp8 011| 43 [ 4B | 53 | 5B [ 63 | 6B | 73 | 7B | 43 | 4B 53 5B 63 6B 73 B
e - [sib]+disp8 [sib]+disp8 100 44 [ 4Cc | 54 | 5Cc | 64 | 6c | T4 [ 7C | 44 | 4C 54 5c 64 ac 74 ic
[RBE/EBP] +disp8 [R13/R13D] +disp8 101l 45 [ 4D | 55 | 5D [ 65 | éD | 75 [ 7D | 45 | 4D 55 5D 65 am 75 1D
[RSI/ESI]+disp8 [R14/R14D]+dispB 110 46 | 4E | 56 E | 66 | 6E | 76 | TE | 46 | 4E [ 56 S| 66 6E T8 T
[RDI/EDI]+disp8 [R15/R15D] +dispB 111) 47 | 4F | 57 | SF | &7 | €F | 77 | 7F | 47 | 4F 57 SF 67 6F 77 TF
[RAX/EAX] +disp32 [R8/RBD] +disp32 10 |000 90 | 98 | A0 | 28 | BO | BE | B0 | BB 90 98 pi) RE BO BB
[RCK/ECX] +disp32 [R8/RID] +disp32 001 €1 (92 | Al (A9 | Bl (B9 | 81 [ BO 81 g9 al o Bl B9
[RDX/EDX] +disp32 [R10/R10D] +disp32 010| & 82 | %2 | R2 | 2R | B2 [ BR | B2 | BB 22 S R2 ER B2 BRh
[REX/EBX]+disp32 [R11/R11D]+disp32 011 &3 83 | 98 | A3 | 2B | B2 (BB | 83 | BB 93 t):] A3 LB B3 BB
e S 3 [sib] +disp32 100 &4 G4 | O9C | 24 | RC | B4 | BC | 84 | BC 94 oc 24 AT B4 BC
[R13/R13D]+disp32 101 &5 85 | 90 | A5 | 2D | BS | BD | 85 | ED 95 it)s) A5 AD BS BD
3 [R14/R14D]+disp32 110| && 86 | 9E | B6 B& | BE | 86 | BE 96 iE EE RE B6 BE
[RDI/EDI]+disp32 [R15/R15D] +disp32 111| 87 | 8F | 97 | OF BT | BF | 87 | BF 97 9F a7 LF B7 BF
AL/BX/ERX/REX/ST0/1040/X0040[REB/REW/RED/RE/ ST0 /2040 /30848 11 (ooof co [ cB | DO | D8 FO | F8 | €0 | c&8 | DO D8 EQ ES 0] F8
CL/CX/ECX/RCX/5T1/MM1/XMM1(ROB/RIW/RID/RI/ ST/ MM1 /XMMI 001) c1 |c8 (Dl | DS |E E F1|F8 | €l |cd| Dl Da E1 EQ F1 F3
DL/DX/EDX/RDX/5T2/MM2/ XMM2[R10B/R10W/R10D/R10/ST2/MM2 /XMM1 0| 010/ c2 |Ch (D2 | DA (E2 | EA | F2 ( F2 | €2 | c& | D2 DA | E2 ER | F2 FR
BL/BX/EBX/RBX/S5T3/MM3/XMM3[R11B/RI1W/R11D/R11/ST3/MM3/XMM1 1| 011/ c3 |cB (D3 | DB (E3 |EB | F3 (FB | €3 | CB | D3 DB E3 EB F3 FB
RH/SP/ESE/RSE/ST4/MM4/XM4|R12B/R12W/R12D/R12/5T4/ M4 /30041 21 100 c4 |cc (D4 |(DCc |E4 |EC| P4 |FC|C4 (cc| D4 | DC | E4 | EC | F4 | FC
CH/BE/EBF/RBE/ST5/MM5/XMM5|R13B/R13W/R13D/R13/ 5T5/MM5/XMM1 3 101 cs|co (D5 (DD |(E5 |ED|FS|FD|C5 (cD| DS | DD | ES | ED | FS | FD
16|R14B/R14W/R14D/R14/5T6/MM6/XMM14 110 cé | CE (D6 | DE (E6 |EE | F6 | FE | C6 (CE | D6 | DE | E6 | EE | F6 | FE
BH/DI/EDI/RDI/ST7/MM7/XM7|R15B/R15W/R15D/R15/ ST7/MM7/X00415 111 ¢7 | cF | D7 | DF | E7 |EF | F7 | FF | c7 |C€E| D7 | DF | E7 | EF | F7 | EF
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Encoding: mov [rsi+rcx*4+0x520],rdx

* Because we have a “scaled index” of rcx*4, and a
displacement of “rsi+0x520”, we pick [SIB]+disp32

— Effective Address Effective Rddress REX.B=1 Mod[R/M[Value of MEMR/M Byte (in Hex) Value of ModR/M Byte (in Hex)
[REX/ERX] [R8/RED] 00000 00 | OB 18 [ 20 | 28 | 30 | 38 | 00 | D8 10 18 20 28 30 38
[RCX/ECK] [RE/RED] 001 01 | 09 18 (21 | 20 | 31 ( 39 | 01 | 09 11 19 21 29 31 39
[RDX/EDX] [R10/R10D] 010 02 | O 1 (22 | 22| 32 (32 | 02 | oA | 12 iz 22 28 32 3n
e ro —_— [RBX/EBX] [R11/R11D] 011) 03 | 0B 1B |23 (28| 33|38 |03 | 0B 13 1B 23 2B 33 3B
[5ib] [s1B] 100 04 | OC lc |24 | 2Cc | 34 | 3C | 04 | OC 14 ic 24 2c 34 3c
[RIP/EIP] +disp32 [RIB/EIP]+disp32 101 05 | OD 1D (25| 2D | 33| 3D | 05 | OD 135 iD 25 2D 35 3D
[RSI/ESI] [R14/R14D] 110 06 | OE 1E | 26 | 2E | 36 | 3E | 06 | OE 16 U 26 2E 36 i,
[RDI/EDI] [R15/R15D] 111 07 | OF 1F |27 | 2F | 37 | 3F | OF | O7 17 1F 27 2F 37 3F
[REX/ERX] +disp8 [RE8/REBD] +dispB 01)000 40 | 48 58 | 60 | &8 | 70 [ 78 | 40 | 48 50 o8 60 13 70 T8
[RCX/EDX] +disp8 [RO/ROD] +disp8 001 41 | 49 58 [ 61 | 69 | 71 [ 79 | 41 | 49 51 59 6l 69 71 78
[RDX/EDX] +disp8 [R10/R10D]+disp8 010 42 | 42 Sh |62 | en| 727 | 42 | 42 | 52 Sm 62 (3 72 Tm
[RBX/EBX] +disp8 [R11/R11D]+disp8 011 43 | 4B 5B |63 | &B| 73| 7B | 43 | 4B 53 5B 63 6B 73 B
e - [sib]+disp8 [sib]+disp8 100 44 | 4C S5c |64 | ec | 74 | 7c | 44 | 4C 54 5c 64 ac 74 ic
[RBE/EBP] +disp8 [R13/R13D] +disp8 101 45 | 4D S5p |65 | én | 75 | 7D | 45 [ 4D 55 5D 65 am 75 1D
[RSI/ESI]+disp8 [R14/R14D]+dispB 110| 46 | 4E SE | 66 | 6E | 76 | TE | 46 | 4E [ 56 S| 66 6E T8 T
[RDI/EDI]+disp8 [R15/R15D] +dispB 111 47 | 4F SF | 67 | 6F | 77 | 7F | 47 | 4F 57 SF 67 6F 77 TF
[RAX/EAX] +disp32 [R8/RBD] +disp32 10 |000f BO | BB 98 | 20 | a8 | BO | BE | 80 | BB 90 98 pi) RE BO BB
[RCK/ECX] +disp32 [R8/RID] +disp32 001) B1 | 8% 99 (Al |9 | B1 | BS | 81 | BG 81 g9 al o Bl B9
[RDX/EDX] +disp32 [R10/R10D] +disp32 010 82 | BR S92 | RZ | RR | B2 | BR | 82 | BR 22 S R2 ER B2 BRh
[REX/EBX]+disp32 [R11/R11D]+disp32 011f &3 B 98 | A3 | AB | B3 | BB | 83 | BB 93 t):] A3 LB B3 BB
e S [sib]+disp32 ﬁ- G4 | 9C | R4 |2Cc | B4 [BC | 84 | BC | 94 oc ad pied B4 BC
[RBE/EBP] +disp32 [R13/R13D]+disp32 101| &5 D| 95| 9> | AS | 2D | B3 | BD | 85 | ED 95 it)s) A5 AD BS BD
[RSI/ESI]+disp32 [R14/R14D]+disp32 110| 86 | 8E | 96 | 9E | A6 | 2E | B& | BE | 86 | BE 96 iE EE RE B6 BE
[RDI/EDI]+disp32 [R15/R15D] +disp32 111| 87 | 8F | 97 | 9F | &7 | &F | BT | BF | 87 | BF 97 9F a7 LF B7 BF
AL/EX/EAX/RRX/ST0/M40/ XM0(REB/REW/RED/RE/ STO /M0 /048 11 (o000l cO | cB | DO | D8 | EQ |EE | PO [ FE [ cO | c8 | DO D8 EQ ES 0] F8
CL/CX/ECX/RCX/ST1/MM1/XMM1|RIB/RAW/RAD/RI/ ST1/MM1 / XMMS 001 c1 |ce | D1 (D8 |E1 | E9 | F1 | F9 (€l (c8 | Dl Da E1 EQ F1 F3
DL/DX/EDX/RDX/5T2/MM2/ XMM2[R10B/R10W/R10D/R10/ST2/MM2 /XMM1 0| 010 c2 | ck | D2 | DR |E2 | EA | F2 | FA | C2 | CA | D2 DA | E2 ER | F2 FR
BL/BX/EBX/RBX/S5T3/MM3/XMM3[R11B/RI1W/R11D/R11/ST3/MM3/XMM1 1| 011 c3 | cB | D3 | DB |E3 |EB | F3 | FB [ C3 ([ CB | D3 DB E3 EB F3 FB
RH/SP/ESE/RSE/ST4/MM4/XM4|R12B/R12W/R12D/R12/5T4/ M4 /30041 21 100/ c4 (cc | D4 | DC |E4 |EC|F4|(FCc|cd|cc| D4 | DC | E4 | EC | F4 | FC
CH/BE/EBF/RBE/ST5/MM5/XMM5|R13B/R13W/R13D/R13/ 5T5/MM5/XMM1 3 101l cS(cp | D5 | DD |E5 |ED|F5|(FD|C5|cD| DS | DD | E5 | ED | F5 | FD
DH/SI/ESI/RSI/ST6/MM6/XMME|R14B/R14W/R14D/R14/5T6/MM6/X1M1 4 110/ c6 (CE | D6 | DE |E6 |EE | F6 (FE |C6 ([CE | D6 | DE | E6 | EE | F& | EE
BH/DI/EDI/RDI/ST7/MM7/XMMT|R15B/R15W/R15D/R15/ ST7/MM7/XMM15 111| ¢7 (cF | D7 | DF |E7 |EF | F7 (FF | €7 |CcF | D7 | DE | E7 | EF | F1 | EF
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New table: SIB

* http://ref.x86asm.net/coder64-abc.htmlitsib _byte 32 64

REX.B3=1

&4 [REx|{RCX|RDX[R3X[RSE| ! [RSI|RDI|RE [RO [R10 [R11 [R12 |2 |R14 [R1S
Tz ELX|[EcK|[EDX|ERX[ESE| 1 |[ESI|EDI|RSD|ROD|R1OD[RIIDRL _2 |r14p[R15D
(In decimal) Base = a1 2 (3 4 |5 |8 [T [0 |1 |2 2 4 5 |& 7
(In binary) Base = 000|001|010(011|100|101|110(111|000|001{010 |011 (100 [101(110 [111
Scaled Indexz;l;ilhd“ss Tndex|{Value of 518 Byte (in Hex) [Value of SIS Byte (in Hex)
[REX/ERX] [RB/RED] Q0] 000 |00 (01|02|03|04|05|06|07|0D0O|01( 02 | 03 | 04 (05| D6 | 07
[RCX/ECX] [R9/RED] 001 (OB (09| 0A|OB|OC|OD|OE|OF|(08(00| 02 [ OB | OC |OD| OE | OF
[RDX/EDX] [R10/R10D] 010 (10|11 (12|13(14|15(16|17 (10|11 12 [ 13 | 14 |15 16 | 17
[EBX/EBX] [R11/R11D] 011 (18 (19|1a|1B|lc|ip|1E|1F|18(10| 12 [ 1B | 1c |1D| 1E | 1F
none [R12/R12D] 100 (20 (21)|22|23(24|25|26 |27 (20|21 22 [ 23 | 24 | 25| 26 | 27
[RBE/EBP] [R13/R13D] 101 (28 (29 |2»|2B(2C|2D|2E|2F (28 (20| 22 | 2B | 2C | 2D | 2E | 2F
[RSI/EST] [R14/R14D] 110 (30(31|32|33(34|35|36|37(30|31| 32 | 33 | 34 |35| 36 | 37
[RDI/EDI] [R15/R15D] 111 [3B|3%|3a|3B|3C|3D|3E|3F|36|39| 3a | 3B | 3C [3D| 3E | 3F
[REX/ERX*2] |[RE/RBD*2] 01 000 |40|41|42(43|44|45|46(47|40|41| 42 | 43 | 44 [45( d& | 47
[RCX/ECK*2] |[R9/ROD*2] 001 (4B (49 |4 |4B|4C|4D|4E|4F |48 (49| 42 | 4B | 4C | 4D | 4E | 4F
[RDX/EDX*2] |[R10/R10D%2] 010 (50 (51|52 |53(54|55|56|57(50(51| 52 | 53 | 54 | 55| 56 | 57
[RBX/EBX*2] ([R11/R11D*2] 011 (5B (59 |5A|SB|SC| 5D |SE|SF |58 (29| SA [ 5B | 5C | SD| SE | SF
none [R12/R12D*2] 100 |60 |6l |62 |63 |64|65|66|67|60|61| 62 | 63 | 64 |65 | 66 | 67
[RBE/EBP*2] ([R13/R13%2] 101 (6B (69 |6R|EB|6C|6D|6E | 6F (68|69 6R [ 6B | 6C | 6D | 6E | 6F
[RSI/ESI*2] ([R14/R14D*2] 110 (70|71 (72| 7374|775 (76| 77| TO| 71| 72 [ T3 | 74 | TS| 76 | 7T
[RDI/EDI*2] [[R15/R15D*2] 111 (78|78 |7a|7B|(Tc|7D|TE|T7F (78|79 7TAa [ 7B | 7 |7D| 7E | TF
[REX/ERX*4] ([RB/RBD*4] |10 B0 |E81|B2|B3|84|85|86|BT(BO(B1)| B2 | 83 | B4 |85 | B6 | B7
[RCX/ECX*4] [[R9/ROD*4] BB |89 |BA | EB|8C|ED|BE|BF(BE|80| BA | 8B | BC |8D| BE | 8F
[RDX/EDX*4] [[R10/R10D%4] 010 (90|91 (92|83|%4|95(96|07|80|81| 92 [ 83 | 84 |95 ( 86 | 97
[RBX/EBX*4] ([R11/E11D*4] 011 (98 (99|92 |9B|SC|9D|9E|9F (88|80 | 92 [ 9B | 8C |9D| SE | OF

T [R12/R12D%4] 100 (R0 |21 |R2 | A3 (R4 |AS|R6|AT|(A0|A1| B2 | 23 | 24 |AS | A6 | A7
[RBE/EBP*4] |[R13/R13D%4] 101 |AB |A9 (Aa|2B|ac|ZD|AE |AF (A8 |29| 22 | 2B | 2c (AD| 2E | 2F
[RSI/ESI*4] ([R14/R14D%4] 110 (B0 (Bl |B2|B3 (B4 |B5|B6|BT7(BO|B1| B2 | B3 | B4 |B5 | B6 | BY
[RDI/EDI*4] |[R15/R15D%4] 111 | BB |B9|Ba|BB|BC|BD|BE |BF|B8|B9| Ba [ BB | BC [BD| BE | BF
[REX/ERX*%8] [[R8/RBD*B] |11 000 |coO|cl|c2|c3|c4|c5|ce|cT|cO|cl|ec2 | c3 | c4 (c5| ce | €7
[RCX/ECX*E] |[RS/RED*B] 001 |cB|c9|ca|cB|cc|cp|cE|cF|cB|ca| ca | cB | cc |cp| cE | cF
[RDX/EDX*&] ([R10/R10D*8] 010 (DO |D1|(D2|D3|(D4|DS|D6|D7|(DO|D1| D2 (D3 | D4 |DS| D6 | DT
[RBX/EBX*6] |[R11/R11D%8] 011 |DE | D9 |Da|DB|DC|DD|DE|DF | D6 (D9| D | DB | DC |DD| DE | DF
nons [R12/R12D*8] 100 |EQ |El |E2 |E3|E4|ES |E6 |ET|EO|E1| E2 | E2 | E4 |ES| E6 | ET
[RBE/EBP*E] |[R13/R13D*E] 101 |EB |E9 |EA|EB|EC|ED|EE |EF [E8|E9| EA | EB | EC [ED| EE | EF
[RSI/ESI*8] ([R14/R14D*8] 110 (FO|F1|F2 |F3|(F4|F5|F6 |FT|(FO|F1| F2 | F3 | F4 |F5| F6 | E7
[RDI/EDI*E] |[R15/R15D*E] 111 |F8 |F9 |Fa|FB|FC|FD|FE |FF |F8|F9| E& | EB | FC [FD| EE | EF
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New table: SIB: [rsi+rcx*4+0x520],rdx

REX.EB=1
red Rex[rcx|RDX[RBX|[RSE| ! [RSI[RDI[RE [RO [R10 |R11 [R12 | .2 [R14 [R1S
r32 Exx|Ecx|EDx[EBX|ESE| .1 |[ESI[EDI|RED[RID|R10D|RIIDRIZD| -2 [R14DR15D
(In decimal) Base = 0 1 12 |3 4 |5 & [T [0 |1 |2 3 4 5 g 7
(In binary) Base = g00o[001)010{011j100{101|110{111|000[001|010 (011 (100 [1031(110 (111
Scaled Indexzz;%;illndexSS Index[Value of 5IB Byte (in Hex) |Value of SIB Byte (in Hex)
[REX/ERN] [RE/RED] Qgd) 000 |0O(01|02|03|04|05 |06 |07 |00|01| 02 | O3 ( 04 (05| 06 | OF
[RCX/ECK] [RO/RED] 001 |08 |08 |0 |O0B|OC|OD|OE|OF|0E|08 | O | OB | OC |OD| OE | OF
[RDX/EDX] [R10/R10D] 010 |10(11(12)|13|14(15(|1s|17|10|11| 12 | 13 ( 14 (15| 1s | 17
[REX/EBX] [R11/R11D] 011 | 18|18 |1n|18|1c|1D|1E|1F|16|18| 1a | 1B | 1c |1D| 1E | 1F
none [R12/R12D] 100 | 20|21 (22|23 |24 (25|26 27|20 21| 22 | 23 | 24 (25| 28 | 27
[REF/EBF] [R13/R13D] 101 | 2B |28 | 2L | 2B |2C|2D|2E|2F |28 | 28| 22 | 2B | 2C |2D| 2E | 2F
[RSI/ESI] [R14/R14D] 110 |30(31(32|33|34(|35(|36|37|20|231| 32 | 33 [ 24 (35| 36 | 37
[RDI/EDI] [R15/R15D] 111 | 38|39 |3L|3B|3C|3D|3E|3F|368|38| 32 | 3B | 3Cc |3D| 3E | 3F
[REx/ER¥*2] |[RE/RED*2] 01) 000 | 40|41 (42|43 |44 |45 | 45|47 (40| 41| 42 | 43 | 44 (45| 45 | 47
[RCX/ECK*2] |[RO/ROD*2] 001 | 48|48 |4n| 4B |4Cc|4D|4E|4F | 48| 48| 4 | 4B | 4C | 4D | 4E | 4F
[RDX/EDX*2] |[R10/R10D*2] 010 | 5051 (52|53 |54 |55|56|57|50|51| 52 | 53 [ 54 (55| 56 | 57
[REX/EBX*2] |[R11/R11D*2] 011 | 58|59 |5A|S5B|S5C|SD|SE|SF|SE| 58| 52 | 5B | 5C | SD| SE | SF
b none [R12/R12D%2] 100 |ed |8l |62 |63 |64 |65 |6a |67 |e0|el| 62 | &3 | &4 (65| &6 | &7
P I C t e [RER/EBF*2] |[R13/R13%2] 101 | 6B | &8 |6h| 6B |6C| 6D |6E|6F |6E |68 | 6A | 6B | 6C | 6D | BE | &F
[RSI/ESI*2] |[R14/R14D%*2] 110 | 7071|7273 |74 |75 |76 |77 |70|71| 72 | 73 | 74 (75| 76 | 77
[RDI/EDI*2] |[R15/R15D%*2] 111 | 78|79 | 74| 7B|7C|7D|TE|7F|78|789| 7Aa | 7B | 7€ |TD| TE | TF
[REX/ERN*4] |[RE/RED*4] 10| 000 |80 (B1|B2| B3 |B4|B5|Ec|B7|BO|B1| B2 | B3 | B4 [B5| 86 | B7
° * ﬁ [RCX/ECK*4] |[RO/RID*4] 001 |88 |es|ea|es|ec|ep|ee|er|aa|8a| 82 | &8 | &c [ep| eE | &F
I n eX RCX 4 [RDX/EDX*4] |[R10/R10D*4] 010 | 90|91 (92|93 |94 (095|086 | 07|00 |81 | 92 | @3 ( 94 (85| 9s | 97
[REX/EBX*4] |[R11/E11D*4] 011 |98 |99 |%A|9B|9C|S9D|%E|SF|86|0809| 82 | 8B | @C |8D| SE | SF
none [R12/R12D%4] 100 |20 |2l |22 |R3 |24 |5 |26 |27 |20 |21 | 22 | 23 | B4 (RS &5 | 27
[REE/EBE*4] [[R13/R13D%4] 101 |28 |20 |2n|2a8|ac|aD|2e|2F |28 |20 | 22 | 28 | ac |2D| 2E | 2F
[RSI/ESI*4] |[R14/R14D%4] 110 |BO|Bl1|B2|B3 |B4|BS |B6|B7|BO|B1| B2 | B3 | B4 [B5S| B6 | B7
[RDI/EDI*4] |[R15/R15D%4] 111 |B8|B0|B2|38|Bc|BD|BE|BF|B8|BA| B2 | BB | BC |BD| BE | BF
[REX/ERX*8] |[RE/RED*E] 11 000 |cO c2|lc3|c4|cS|ce|cT|(c0|cl| €2 [ E3 | c4 |E5| €6 | €F
[RCX/ECX*E] |[R9/RID*E] 001 |c8|co|ca|ca|cc|cp|ce|cr|cB|ca| ca | ca | cc |cn| cE | cF
[RDX/EDX*8] |[R10/R10D*8] 010 |p0|Dl |D2|D3 |D4|DS|D6|D7|DO|D1| D2 | D3 | D4 (DS| D6 | D7
[REX/EBX*E] [[R11/R11D*8] 011 |p8|p9 |p2|DB|DC|DD|DE|DF (DB | D2 | D2 | DB | DC |DD| DE | DF
nones [R12/R12D*8] 100 |EQ(E1 (E2 |E3 |E4|ES|E6|ET|EO|E1| E2 | E3 | E4 (ES| Eb | ET
[RBE/EBE*E] |[R13/R13D*8] 101 |8 |e9 |E2|EB |EC|ED|EE|EF |EB|EQ| ER | EB | EC |ED| EE | EF
[RSI/ESI*E] |[R14/R14D*8] 110 |FO|Fl1|F2|F3|F4|FS5 |Fe|F7|FO|F1l| F2 | F3 | F4 [F5| Fa | E7
[RDI/EDI*E] |[R15/R15D*8] 111 |#8|Fo |F2|FB|Fc|Fo|FE|FF|FB|F2| F2 | FB | FC |FD| EE | EF
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[rsi+rcex*4+0x520], rdx

[ ]
Pick the
red Rex[rcx|RDX[RBX|[RSE| ! [RSI[RDI[RE [RO [R10 |R11 [R12 | .2 [R14 [R1S
r32 Exx|Ecx|EDx[EBX|ESE| .1 |[ESI[EDI|RED[RID|R10D|RIIDRIZD| -2 [R14DR15D
(In decimal) Base = 0 1 12 |3 4 |5 & [T [0 |1 |2 3 4 5 g 7
(In binary) Base = g00o[001)010{011j100{101|110{111|000[001|010 (011 (100 [1031(110 (111 °
Scaled Indexzz;%;illndexSS Index[Value of 5IB Byte (in Hex) |Value of SIB Byte (in Hex) I S 3 a C e I I l e n t
[REX/ERN] [RE/RED] 00 000 (00|01 |02|03|04|05|06| 07|00 01| 02 [ O3 | O4 |O5| 06 | OF
[RCX/ECK] [RO/RED] 001 |08 |08 |0 |O0B|OC|OD|OE|OF|0E|08 | O | OB | OC |OD| OE | OF
[RDX/EDX] [R10/R10D] 010 |10(11(12)|13|14(15(|1s|17|10|11| 12 | 13 ( 14 (15| 1s | 17 o
[REX/EBX] [R11/R11D] 011 | 18|18 |1n|18|1c|1D|1E|1F|16|18| 1a | 1B | 1c |1D| 1E | 1F re I Ste r RS I
none [R12/R12D] 100 | 20|21 (22|23 |24 (25|26 27|20 21| 22 | 23 | 24 (25| 28 | 27 ’
[REF/EBF] [R13/R13D] 101 | 2B |28 | 2L | 2B |2C|2D|2E|2F |28 | 28| 22 | 2B | 2C |2D| 2E | 2F
[RSI/ESI] [R14/R14D] 110 |30(31(32|33|34(|35(|36|37|20|231| 32 | 33 [ 24 (35| 36 | 37
[RDI/EDI] [R15/R15D] 111 | 38|39 |3L|3B|3C|3D|3E|3F|368|38| 32 | 3B | 3Cc |3D| 3E | 3F
[REx/ER¥*2] |[RE/RED*2] 01| 000 (40|41 | 42| 43| 44|45 (46|47 (40|41 42 | 43 | 44 | 45| 45 | 47
[RCX/ECK*2] |[RO/ROD*2] 001 | 48|48 |4n| 4B |4Cc|4D|4E|4F | 48| 48| 4 | 4B | 4C | 4D | 4E | 4F
[RDX/EDX*2] |[R10/R10D*2] 010 | 5051 (52|53 |54 |55|56|57|50|51| 52 | 53 [ 54 (55| 56 | 57
[REX/EBX*2] |[R11/R11D*2] 011 | 58|59 |5A|S5B|S5C|SD|SE|SF|SE| 58| 52 | 5B | 5C | SD| SE | SF
b none [R12/R12D%2] 100 |ed |8l |62 |63 |64 |65 |6a |67 |e0|el| 62 | &3 | &4 (65| &6 | &7

P I C t e [RBE/EBE*2] |[R13/R13%2] 101 | 6B | &8 |6h| 6B |6C| 6D |6E|6F |6E |68 | 6A | 6B | 6C | 6D | BE | &F
[RSI/ESI*2] |[R14/R14D%*2] 110 | 7071|7273 |74 |75 |76 |77 |70|71| 72 | 73 | 74 (75| 76 | 77
[RDI/EDI*2] |[R15/R15D*2] 111 | 78|79 | 72|78 |7c|7D|7E|7F |78 |72 72 | 7B | 7C (7D| 7E | TF
[REX/ERN*4] |[RE/RED*4] 10( 000 |80 |81 |B2|B3|B4|B5|6B6|ET|BO|B1| B2 | B3 | B4 |BS| B | B7

. * ﬁ [RCX/ECX*4] |[RO/ROD*4] 001 |88|89|Ba|es|ac|ep|se|sF |88 (89| 8a | 8B | 8c [en| & | &E

I n eX RCX 4 [RDX/EDX*4] |[R10/R10D*4] 010 | 90|91 (92|93 |94 (095|086 | 07|00 |81 | 92 | @3 ( 94 (85| 9s | 97
[REX/EBX*4] |[R11/E11D*4] 011 |98 |99 |%A|9B|9C|S9D|%E|SF|86|0809| 82 | 8B | @C |8D| SE | SF
none [R12/R12D%4] 100 |20 (2l (A2 |A3 |24 (A5 |A6 |AT |20 |21 | 22 | 23 ( 24 (A5 | A6 | A7
[RBE/EBP*4] |[R13/R13D*4] 101 (28|29 (an |28 |ac|aD |2E|AF (2B |20 | 22 | 28 | AC (&D| R2E | 2F
[RSI/ESI*4] |[R14/R14D%4] 110 |BO|Bl1|B2|B3 |B4|BS |B6|B7|BO|B1| B2 | B3 | B4 [B5S| B6 | B7
[RDI/EDI*4] |[R15/R15D%4] 111 |28 |20 |Ba|BE|BCc|BD|BE|BF|(BE|BO| B2 | BB | BC |BD| BE | BF
[REX/ERX*8] |[RE/RED*E] 11 000 |cO|cl|c2|c3|c4|cS|ce|cT|cD|cl| c2 [ c3 | c4 |c5| ce | €F
[RCX/ECX*E] |[RO/RID*E] 001 |ce|c9|ca|ca|cc|cp|cE|cF|(cB|ca| ca | cB | cc (cp| cE | cF
[RDX/EDX*8] |[R10/R10D*8] 010 |p0|Dl |D2|D3 |D4|DS|D6|D7|DO|D1| D2 | D3 | D4 (DS| D6 | D7
[RBX/EBX*E] |[R11/R11D*8] 011 |p8| D9 |D2|DB|DC|DD|DE|DF|(DE|DS| D2 | DB | DC (DD| DE | DF
nones [R12/R12D*8] 100 |EQ(E1 (E2 |E3 |E4|ES|E6|ET|EO|E1| E2 | E3 | E4 (ES| Eb | ET
[RBE/EBE*E] |[R13/R13D*8] 101 |E6|E9 |EA|EB |EC|ED|EE|EF|EB|E9| EA | EB | EC |ED| EE | EF
[RSI/ESI*E] |[R14/R14D*8] 110 |FO|Fl1|F2|F3|F4|FS5 |Fe|F7|FO|F1l| F2 | F3 | F4 [F5| Fa | E7
[RDI/EDI*E] |[R15/R15D*8] 111 |F8|F9 |Fa|FB |FC|FD|FE|FF|FE|F9| F2 | FB | FC |FD| FE | FF

65
COMP 520: Compilers —S. Ali



=X THE UNIVERSITY

) NORTH CAROLINA
i

E. o af CHAPEL HILL

i\t

s |

[rsi+rcx*4+0x520], rdx

°
a4 Pick the
r&d Rey|RCX(RO¥(RBX[RSE| ! [FMI|RDI[RE |RO [R10 |R11 |R12 |_2|R14 [R1S
r32 ER¥|ECK|EDX|EBX|ESE| L1 I|EDI|RED|ROD|RIOD[RIID[R12D| 2 [R14D|R15D
(In decimal) Base = 0 1 |2 [3 |4 [5 |[<@[7 |@ [2 |2 3 4 5 |& 7
(In binary) Base = 00o{oo1|01o0{o11|100(101|1@0(111|000(001|010 (011 (100 |101f110 |111 °
Scaled Indexi;;liillndexss Index|Value of SIB Byte (injHex) [Value of SIB Byte (in Hex) I S 3 a C e | I | e n t
[RAX/ELX] [RE/RED] 00 000 |00|01|02]|03|04]|05 07|00|01| 02 [ 03 | 04 |05| 06 | OF
[RCX/ECX] [RS/ROD] 001 |08|09|0a|02|0C|OD OF |0B|09| O | OB | OC |OD| OE | OF
[RDX/EDX] [R10/R10D] 010 |10)11|12|13|14|15 17|10|11| 12 | 13 | 14 |15]| 16 | 17 o
[RBX/EBX] [R11/R11D] 011 |18]19|1a|1B|1c|1D 1F|18|19| 1a | 1B | 1c |1p| 1E | 1F re Iste r RSI
none [R12/R12D] 100 |20)21|22|23|24|25 27|20|21| 22 | 23 | 24 | 25| 26 | 27 ’
[RBE/EBP] [R13/R13D] 101 | 28|29 |2a|28|2c|2D 2F|28|29| 2& | 2B | 2c |2D| 2E | 2F
[RSI/ESI] [R14/R14D] 110 | 303132333435 37|30|31| 32 | 33 | 34 |35]| 36 | 37
[RDI/EDI] [R15/R15D] 111 |38|39|3a|32|3c|3D 3F|38|39| 32 | 3B | 3c |3D| 3E | 3F
[REX/ERX*2] |[RE/RED*2] (01| 000 |40|41|42|43|44]|45 47|40 41| 42 | 43 | 44 | 45| 48 | 47
[RCX/ECX*2] |[RG/RID*2] 001 | 48|49 |4n|42|4c|4D 4F | 48| 40| 42 | 4B | 4C |4D| 4E | 4F
[ROX/EDX*2] |[R10/R10D*2] 010 |50)51|52|53|54|55 57|50|51| 52 | 53 | 54 |55| 56 | 57
[RBX/EBX*2] |[R11/R11D*2] 011 | 58|59 |5a|58|5c|5D 5F|58|59| 5& | 58 | 5C |5D| 5E | 5F
b none [R12/R12D%2] 100 | 60| 61| 62| 63|64 |65 E7|60|61| 62 | 63 | €4 (65| 66 | &7

P I C t e [RBE/EBP*2] |[R13/R13%2] 101 | 68| 69 | 6n| 6B | 6C| 6D EF|6B| 69| 62 | 6B | 6C |6D| 6E | &6F
[RSI/ESI*2] |[R14/R14D*2] 110 | 70| 71|72|73|74|75 77|70|71| 72 [ 73 | 74 | 75| 7€ | 77
[RDI/EDI*2] |[R15/R15D*2] 111 | 78|79 |7a|78|7c| D 7F|78|79| 72 [ 7B | 7c |7D| TE | TF
[RaX/EAX*4] |[RE/RED*4] (10| 000 |80 |81 |B2|83|84|85 g7|80|81| 82 | 83 | 84 |B5| 86 | B7

L4 * _——————-ﬁbm gr|es|eg| 8z | 88 | 8c |ED| 2E | &F

I n eX RCX 4 [ROX/EDX*4] |[R10/R10D*4] 010 |90|91|92|93|94|095|06| 97|90 91| 82 | 93 | 94 |95| 96 | 87
[RBX/EBX*4] |[R11/E11D*4] 011 | 98|99 |9a|92|9C|9D|QE|OF|Q8 |08 | S& | 9B | 9C |9D| 9 | OF
none [R12/R12D%4] 100 |A0| &l |22 |A3 |24 |AS5|A6|A7|A0|R1| 22 ( A3 | 24 |A5| &6 | &7
[EBE/EBP*4] |[R13/R13D*4] 101 |8 |A9 (AR |2AB|AC|AD|ZAE |AF (A8 |RAO| AR | 2B | AC (2D| 2E | &F
[RSI/ESI*4] |[R14/R14D*4] 110 |B0|Bl|B2|B3|B4|B5|26|B7|B0|B1| B2 | B2 | B4 |B5| BE | BT
[RDI/EDI*4] |[R15/R15D*4] 111 |28 |B9 |Ba|BB|BC|BD|BE|BF|BE|BO| BA | BB | BC |BD| BE | BF
[ReX/ERX*E] |[RE/RED*B] (11| 000 |cO0|cl|c2|c3|c4|c5|c6|c7|cO|cl|c2 [c3 | c4 |c5]| c6 | cT
[RCX/ECX*E] |[RE9/RID*E] 001 |c8|c9|ca|cB|cc|cD|cE|cF|cB|co| ca ([ cB | cc |cD| cE | cF
[ROX/EDX*E] |[R10/R10D*E] 010 |D0|D1l|D2|D3|D4|D5|D6|D7|D0|D1| D2 ( D3 | D4 |D5| D6 | DT
[RBX/EBX*E] |[R11/R11D*8] 011 |D&|D9 |Da|DB|DC|DD|DE|DF|DE|DS| DA ( DB | DC |DD| DE | DF
none [R12/R12D*E] 100 |EO|El|E2|E3|E4|ES|E6|E7|EO|E1| E2 ( E3 | E4 |E5| E6 | ET
[RBE/EBE*E] |[R13/R13D*E] 101 |EE|E9 |EA|EB|EC|ED|EE|EF |EB|E9| EA | EB | EC |ED| EE | EF
[RSI/ESI*E] |[R14/R14D*8] 110 |FO|Fl|F2|F3|F4|F5|F6|F7|E0|F1| F2 | F3 | F4 |E5| F6 | ET
[RDI/EDI*E] |[R15/R15D*8] 111 |FE|F9 |Fa|FB|FC|FD|FE|FF|EB|F9| FA | FB | FC |ED| FE | EF
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mov [rsi+rcx*4+0x520],rdx

* Prefix: 48

* Opcode: 89

* Operand RDX with SIB: 94

* Index RCX, Displacement RSI: 8E

* Anything missing?

67
COMP 520: Compilers —S. Ali



mov [rsi+rcx™4+0x520], rdx

* Prefix: 48

* Opcode: 89

* Operand RDX with SIB: 0x94

* Index RCX, Displacement RSI: Ox8E

* Last step: encode 0x0520, we specifically are using
“disp32” (4 bytes)
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mov [rsi+rcx*4+0x520],rdx

 End Result:

48 89 94 8E 20 05 00 00

VNN T

REX,
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MOV, RDX, RSI+RCX*4, 0x520
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What about: mov rdx, [rsi+rcx*4+0x520}

* We want to read from memory and store it in RDX

* From what you have learned from previous ISAs, what
would you think happens?

70
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What about: mov rdx,[rsi+rcx*4+0x520]

* We want to read from memory and store it in RDX

* Intuitively, one could assume it just flips the order of
the bytes.

/\Can we just do this?
48 89 94 8E 20 05 00 00

VN T

REX, MOV, RDX, RSI+RCX*4, 0x520
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mov rdx,[rsi+rcx™4+0x520]

*If we try: 48 89 8E 94 20 05 00 00
* The output we get is:

mov [rsi+0x52094],rcx

Uh oh...
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Register “RM” vs Register “R”

* “RM” — registers and memory operations can happen
when your operand is “RM”

* “R” — only registers

* The opcode 0x89 is: MOV T, I
* The opcode 0x8B is: MOV I, Il
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oT
oT

ne order of operands is determined by the opcode!

ne type of operands is determined by the opcode!

* |f we look at ADD: https://www.felixcloutier.com/x86/add

T
o T
o T

nere are r/m8: AL, CL, DL, BL, AH, CH, DH, BH
nere are r/m32: EAX, ECX, EDX, EBX, ESP, EBP, ESI, EDI

nere are r/m64: [prefix needed] RAX, RCX, RDX,...
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)

=

Second Look: [regB+regX*8+520],regW

S i

Use new registers for displacement register

Use new registers for index register

o7
I

Use new registers for “r” (regW above)

S ™ X W

Extend operand (imm, or register “r”) to 64-bit
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Second Look: [rax+rcx*8+520],rdx

S i

Use new registers for displacement register

Use new registers for index register

o7
I

Use new registers for (regW above)

S X X W

Extend operand (imm, or register “r”) to 64-bit
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Second Look: [rax+rcx*8+520],r10

S i

Use new registers for displacement register

Use new registers for index register

o7
r

Use new registers for “r” (regW above)

S X X W

Extend operand (imm, or register “r”) to 64-bit
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=

Second Look: [r11+rcx*8+520],r10

S i

Use new registers for displacement register

Use new registers for index register

o7
r

Use new registers for “r” (regW above)

S X X W

Extend new (imm, or register “r”) to 64-bit
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=

Second Look: [rax+r8*8+520],edx

S i

Use new registers for displacement register

Use new registers for index register

o7
I

Use new registers for (regW above)

S ™ X W

Extend operand (imm, or register “r”) to 64-bit
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Overview

* Registers are encoded with one register being “rm”
that allows displacement and indexing a memory read

o._7
r

* Another register can be “r” which is always a plain
register that resolves to some value

* Some trickier operations coming up: “push X” only
takes one operand, so which is it? RM? R?
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Shared Opcodes



Just like in MIPS

¢ Reca” https://www.cs.unc.edu/~montek/teaching/Comp541-Fall23/Lab8/MIPS Green Sheet.pdf

*In MIPS: ADD, JMP, NOR, OR, SLT, SHR, SHL...
* All used opcode 0x00

*x86 does something similar.
* Open: http://ref.x86asm.net/coder64.html##x81
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Immediate Operands

* ADD, OR, ADC, SBB, AND, SUB, XOR, CMP all use 0x81:
* instruction r/m64, imm32

* Similarly, 0x83 is: r/m64,imm8
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Immediate Operands

* |f you see: 0x81 /0, 0x81 /1, 0x81 /2, etc...
* [t means your “r/m” field is your desination

* |t means use register index “r” of 0 for /0, 1 for /1, ...
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Immediate Operands

Example: SUB is 0x81 /5

This means that if my register “r” is index 5 (RBP),
that means the operation is “subtract immediate”
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sub r10,0x520




sub r10,0x520

* Opcode: 0x81 (4 byte immediate)
* RegisterR: RBP (5)
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sub r10,0x520

* Opcode: 0x81 (4 byte immediate)
* RegisterR: RBP (5)
* RegisterRM: R10 (index 2, REX.B=1)
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sub r10,0x520

* Opcode: 0x81 (4 byte immediate)
* RegisterR: RBP (5)
* RegisterRM: R10 (index 2, REX.B=1)

* Encode: 0x49 (REX W+B)
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sub r10,0x520

* Opcode: 0x81 (4 byte immediate)
* RegisterR: RBP (5)
* RegisterRM: R10 (index 2, REX.B=1)

* Encode: 0x49 (REX W+B)
* Opcode: 0x81
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sub r10,0x520

* Opcode: 0x81 (4 byte immediate)
* RegisterR: RBP (5)
* RegisterRM: R10 (index 2, REX.B=1)

* Encode: 0x49 (REX W+B)
* Opcode: 0x81
* Registers: OXEA (rm= R10, r=RBP)
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sub r10,0x520

* Opcode: 0x81 (4 byte immediate)
* RegisterR: RBP (5)
* RegisterRM: R10 (index 2, REX.B=1)

* Encode: 0x49 (REX W+B)

* Opcode: 0x81

* Registers: OXEA (rm= R10, r=RBP)
* Immediate: 0x0520 (20 05 00 00)
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Result of: sub r10,0x0520

49 81 EA 20 05 00 00



What's Left:

* We did some simple instruction encoding

* Coming up:
* Encoding more difficult instructions (and patching)
e System calls

* Organizing the visitor model, stack framing, and “where is
my variable in memory?”

 Setting up the ELF header
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Final notes

* We will be doing position-independent code (like a
shared object)

* You do not have to do this

* So long as your compiler outputs a binary that | can
run like “./a.out” then that is what matters.

* (And of course, output must be correct)
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Final notes (2)

* We will be doing position-independent code (like a
shared object)

* You do not have to do this

* So long as your compiler outputs a binary that | can
run like “./a.out” then that is what matters.

* (And of course, output must be correct)
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PA3 Due Tomorrow!

* Have a great weekend!
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End
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