Computer Architecture, Networks, and

E Operating Systems (CANQOS)

Lecture 16:
X86 (part 2)
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" Project 2 due Friday @ 11:59pm
" Remote class on Friday

Announcements



L

mov [200h], 5h
mov cX, [200h]
mov ax, 1h
mov dx, Oh
Mult:

mul cx

loop mult

mov [300h], ax
mov [301h], dx

8086 Instruction Example
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" Download Emu8086
= https://emu8086.en.lo4d.com/windows

" Write pseudocode for each line of Example 1.
" Use the following reference to help you:

= https.//eecs.wsu.edu/~ee314/handouts/x86re
f.pdf

Exercise



https://emu8086.en.lo4d.com/windows
https://eecs.wsu.edu/~ee314/handouts/x86ref.pdf
https://eecs.wsu.edu/~ee314/handouts/x86ref.pdf
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8086 Instruction Encoding

One byte Instruction  implied operands

[ Opcode i

One byte insfruction register mode

| Dpcodei Reg]

Register to register

|  Opcode | 11 Reg|R/M

Register to/ from memary with no displacement

} Opcode | Ill."k:ldr Reg | R/ |

Register to/ from memory with displacement { 8-bit )

| Opcode | [Mod|Reg|RiM| | Disp |

Register to/ from memory with displacement ( 16-bit )

8086 Opcode map

ITigh-nrder disp

[ Opcode | |Mod|Reg|Rim] | Low-order disp |

Immediate operand to register { 8-bit )
i Opeode | HﬂpcndeI Rm-ij | Operand |

Immediate operand to register ( 16-bit )

J Opcode I L‘I 1 fOpmdef R l Ii.nw«udﬂar ﬂpﬂmndl

|Highﬂdal uperandl

Immediate operand to memory with 16-bit displacement

} Opeode | Fmgdlﬂpcuﬁnlﬂfml !Lﬂw{:rdﬂr Disi)] legh-OrdBr D]spl |EIZI‘I"|I'-WdEI‘ upafﬂnd} [High.-urder upﬂranﬂ

Fig. 6.8 Sample 8086 instruction formats


http://mlsite.net/8086/#addr_E
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8086 Instruction Encoding

J Addressing mode byte: specifies addressing mode

7 6 5 4 3 z 1 0
I I I I I
MOD EEG E/M
I | | | |
Page 17
AMOD Meaning
00 Register indirect addressing mode or SIB with no displacement (when
R/M = 100) or Dusplacement only addressing mode (when R/M = 101).
01 | One-byte signed displacement follows addressing mode byte(s).
10 | Four-byte signed displacement follows addressing mode byte(s).
11 | Register addressing mode.

Source



http://www.c-jump.com/CIS77/CPU/x86/lecture.html#X77_0050_add_opcode
http://aturing.umcs.maine.edu/~meadow/courses/cos335/8086-instformat.pdf

8086 Instruction Encoding

Table 2-1. 16-Bit Addressing Forms with the ModR/M Byte

r8 fr} AL L DL BL AH CH DH BH
r16(/r Second operand AX X DX BX Sp BpP! N DI
r32(/r ~ registers EAX ECX EDX EBX €SP EBP €S £DI
mm{/r if an instruction requires one MMO |MM1 |[MM2 |MM3 |[MM4 |[MM5 |MM6 |MM7
xmm(/r XMMO | XMM1 |XMM2 | XMM3 |XMM4 |[XMM5 |XMM6 | XMM7
N aecimal) 7aigi (Upcode) 8 Reg/Opcode U I P 3 ¥ 2 5] 7
In binary) REG = <4— (DecimaliBinary) | 000 001 010 011 100 101 110 111
Effective Address Mod R/M Value of ModR/M Byte (in Hexadecimal)
[BX+S1] 00 000 00 08 10 18 20 28 30 38
[BX+DI] 8 001 01 09 11 19 21 29 31 39
[BP+SI] 24 010 02 0A 12 1A 22 2A 32 3A
[BP+DI] | RM o171 03 0B 13 1B 23 28 33 3B
[SI] Addressing \ 100 04 0C 14 1C 24 2C 34 3C
[DI] . mode 101 05 0D 15 1D 25 2D 35 3D
disp162 4 110 06 0E 16 1E 26 2E 36 3E
[BX] 111 07 OF 17 1F 27 2F 37 3F
[BX+SI+disp83 01 000 40 48 50 58 60 68 70 78
[BX+DI]+disp8 001 41 49 51 59 61 69 71 79
[BP+SI]+disp8 e 010 42 4A 52 SA 62 6A 72 7A
[BP-+DI}+disp8 =3 011 43 4B 53 6B 73 7B
[S]+disp8 = 100 44 4c 54 256 ModR/M | 6C 74 7C
[DI}+disp8 < 101 45 4D 55 possible |[6D 75 7D
[BP]+disp8 110 46 4€ 56 values 6E 76 7€
[BX}+disp8 111 47 4F 57 6F 77 7F
[BX+Sl}+disp16 10 000 80 88 90 98 AO A8 BO B8
[BX+DI]+disp16 001 81 89 91 99 Al A9 B1 B9
[BP+SI]+disp16 010 82 B8A 92 9A A2 AA B2 BA
[BP+Dil+disp16 011 83 8B 93 9B A3 AB B3 BB
[SI]+disp16 100 84 8C 94 9C A4 AC B4 BC
[Di}+disp16 101 85 8D 95 9D A5 AD B5 BD
[BP]+disp16 110 86 8E 9 9 A6 AE B6 BE
[BX}+disp16 111 87 8F 97 9F A7 AF B7 BF
EAX/AX/AL/MMO/XMMO 11 000 0 8 DO D8 €0 =] FO ]
ECX/CX/CL/MMT/XMM1 + | 001 C1 9 D1 D9 E1 £9 F1 F9
EDX/DX/DL/MM2/XMM2 010 c2 CA D2 DA €2 EA F2 FA
EBX/BX/BL/MM3/XMM3 | 011 3 (B D3 DB €3 B F3 e
ESP/SP/AHMMA4/XMM4 100 4 cC D4 DC €4 EC F4 FC
EBP/BP/CH/MM5/XMM5 101 5 D D5 DD €5 €D FS FD
ESI/S/DH/MME/XMME | ¢ radikters | 110 6 CE D6 DE €6 EE F6 r
EDI/DI/BH/MM7Z/XMM7 9 F 111 7 CF D7 DF €7 EF F7 FF

Source: datacademia



https://datacadamia.com/lang/assembly/intel/modrm
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8086 High-Level Architecture
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Later x86 (Pentium)

Bus Interface Unit

Data
TLB |cache | | C0de Cache | o, o BTB
T SKB

Prefetch Buffer .
Hicrocode
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Pipeline




L

Later x86 (Pentium)

Pre-fetch Instruction

v

Decode Instraction and
generate control wiord

v

Cenerate control word
CGrenerate data remory address

v

v

enerate control word
CGrenerate data memory address

&ccess data cache
Calculate AT 1T result

v

v

&rocess data cache
Calculate AT1T result

Wite back result

v

I

T Pipe

Write back result

'

W Pipe

Pentium Pipeline Stages
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EAX
EBX
ECX
EIX
ERP
ESFP
EIX]

ESI

EIF
EFLACS

Later x86 (Pentium)

a1 LG 1S

CSs

e
s

E.5
F5
a5

|

=l#crk Polnier

Code Segmient
Sitack Segment
Liata s gment
Linia s&gmeeant

Dawiw semend
Diwis sezmient

Instruction Poinier
Conditdon Codey
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Later x86 (Pentium)

_ Byte8 Byte7 Byte6

64-bit

32-bit

16-bit

8-bit

Byte 5 | Byte 4

RAX

Byte 3

Byte 2

Byte 1
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d Loop instructions

8086 Instructions

d Factorial program

d 8086 Hello World

d Interrupts

d ASCII Codes
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https://www.electronicsmind.com/loop-instructions-of-8086-microprocessor/
https://www.geeksforgeeks.org/8086-program-find-factorial-number/
https://github.com/AhmadNaserTurnkeySolutions/emu8086/blob/master/examples/HelloWorld.asm
https://yassinebridi.github.io/asm-docs/8086_bios_and_dos_interrupts.html
https://www.freecodecamp.org/news/ascii-table-hex-to-ascii-value-character-code-chart-2/
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d Intel 8086 Instruction Summary

Further Reading

[ X86 Instruction Reference

1 8086 Instruction Set Opcodes

d Comparison of 80x86 and MIPS Architectures

d A Hacker’s Tour of the x86 CPU Architecture
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https://eecs.wsu.edu/~ee314/handouts/x86ref.pdf
https://www.felixcloutier.com/x86/
https://csiflabs.cs.ucdavis.edu/~ssdavis/50/8086%20Opcodes.pdf
https://cs.csub.edu/~eddie/cmps2240/doc/mips-v-8086.txt
https://www.secureideas.com/blog/2021/04/a-hackers-tour-of-the-x86-cpu-architecture.html
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