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Instruction Set Architecture (ISA)

* TheIZA i an abszactics layer betwoesa bardware and softaare
- Zoffware doas mot need to koo howr the processar i

implemented
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* An IBA cmables processor issovation witeont changing software
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* Before I3As, software was re-writtes're-compaled for cach mew
machi=s
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Steps to Starting a Program

Running a program

Emporfobie =och kg pgimi: o cux

Compiler
* Inpui: High-Level Lansuass Cods
(a.z C mch as foo.C)
* Ouipnat: Azzembly Lansuage Code
(e.z foo.s for MIPS)
* Mote: Cutpuat may contain preudoinstructions
* Posudoinstruchons: metrootions that assembler
understands but not m machine (last lactura) For
example:
* mov $21 522 = or 5:1,550 Szero




Assembler

* Inpui: Azzembly Lansuaze Code
(e.g., foo.= for MIPS)
* Output Object Coda (2.2, foo o for MIPS)
— Faeads and uses dirwctivas
— Raplace Psswdoinstrocticns
— Produoce Maching Lamgaage
— Cruate Object Fila

Assembler Directives

* Give directions to aszemblar, bt do not produce
Nine i i
taxt: Bubseguant ftams put In ussr taxt seEmant (Eacking
code)

.data: Juksequoent itemss put in weer data segmant (hmary rap
of data in somrca fils)

.globl sym- declare: global symbel and can be reforunced
from pthar files

.ascliz sir: 2tore tho sirmg ofr In memsory 2nd null-terminate it

woed wll..wme Store the = 52-bit quantitias i successive
mamory words

Pseudoinstruction Replacement

* Problsm:

= whan bruaking wp 2 psswdoinstruction, the assamblar may
naad to WS an Gxira registar

= [f & wsas any repular registar, it will overwrite whatewer the
propram has pat Into K

Pseudo: Real:
bs S0, 100, loop sitl Sat, 580, 104
bne Sat, 20, loap

= Sohrton:
* Raszerve z ropkster (51 called Sat for “assamblar tamporary™)

|

Producing Machine Language (1/3)

* "Forward Fafarence™ problam
— Branch instructions can nafar to labgls that ame “foroerd ™ = the
peogT

ar Srd, 8, 80
s £EAS

i fai 521,74
[3: bl Sui Sl Sut

— Sobmd by taking I passes ovar the progras
» Forml g comemibers pestion. of Iebeds
= Seoond pem wao el posbiorn e poreTeis code

Producing Machine Language (1,/3)
* Simpls Casa

— Aritemgtic, Logical, 2hifts, and 5o om

— All npcassary mfo ic withim the imctroction already.
* TWhat about Branches?

— PC-Relative

— Z0 once pseudomstructions are replaced by rezl onas, ww
Jmowr by howr sy isstroctioss to branch.

* S0 thesa can be handlad.

Producing Machine Language (3/3)
* What about jumps (j and jal)?
- Immps require absolute address.
- 50, forward or not, sl can't gunorate machime
Lmstruction without eowieg the position of lstrusiioms
L= EEmoTY.
* What abot refarences to data?
— la getx hrokon up inte i and ord
— Thess will require the full 32-bit address of the data

* Thez2 can’t be determined vet, 20 we reate two
tables. ..




Symbol Table

® List of “items™ in this file that may be usad by other
filez.

® TWhat are they?
— Lak: fumction calling

— Dafa- amything is the .data seciion; vanables widch may be
accasaed across Bles

Relocation Table

* List of “meme=" this file needs the address of Later.
* TWhat are they?
— Amy label jampged fo: j or jal
= izl
- uzmel fircluding liz Slza
— Amy piece of data that ruferemces am addrass

= mxchza ths b mssochon

Object File Format

* object fil= header: zize and posttion of the othar
pisces of the object fils
* text segment: the machime code

* data zegment: binary representation of the data in the
spurce fils

* relocation infonmation: identifies lines of code that
need 10 be “handled™

* svmbol table: st of this file's labslz and data that
can ba referencad

* debugging information

Linker

* Input: Object Codea files, information tables (2.2,
foo.o libc.o for BIIPS)

* Otput: Executable Code
(=.2., a.out for MIPS)
* Combmes several object (o) files info a sinzle
executable (linking ")
* Enable zeparate compilation of files
— Chaages o one file do not reguaire recompilation of
whols program

Where Are We Now?

= praggeann e

Faramitabils dmane b bara ey o eeod

The purpose of a linker
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* Tha limicer ix 2 program that takes one or mors object Al and
miembles tham into 2 singls exocatable program.

* The linker resolhves refureaces to undefined symbels by Ending out
which other ohjoct dafings the symbal i guestion, and roplacss
placsioldars with tise symbol's addngss.




