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CS 245 Computer Organization

Notes

Ho w to Lea rn an Assembly Language

Eac h pro cessor has its o wn arc hitecture and assem bly language. If y ou happ en to use assem bly

language in the future, c hances are y ou will use something other than the MIPS R2000. Th us it will

b e necessary for y ou to adapt the concepts y ou learned for the MIPS R2000 to another pro cessor.

The follo wing are the set of steps in v olv ed in learning a new assem bly language.

1. Study the Programming Mo del of the pro cessor, consisting of the hardw are features of a

pro cessor whic h are imp ortan t to the programmer, including:

� Num b er, size and t yp e of the r e gisters .

� The addr essing mo des that are a v ailable. The MIPS has a relativ ely small n um b er of

addressing mo des, t ypical of RISC pro cessors.

� Metho d for doing c onditional br anches . With MIPS, a comparison b et w een v alues in

registers is p erformed in the same instruction that do es the branc h. Another common

metho d is to sa v e the results of the last op eration in a Condition Co de (or Status)

register, and then pro vide a set of instructions that branc h based up on the v alues of the

condition co des.

� Memory or ganization , ho w addressed, little-endian or big-endian, an y reserv ed or re-

stricted areas.

� An y limitations imp osed b y the pro cessor organization. F or example, some addressing

mo des can only b e used with sp eci�c instructions.

2. Kno w the Programming Conventions used with the assem bler. These are rules and guidelines

that ha v e b een agreed to b y the programming comm unit y for this pro cessor. They are not

hardw are{enforced (i.e., part of the Pr o gr amming Mo del ), but they usually m ust b e follo w ed

if y our co de is to in terface and function prop erly with other co de (subroutines written b y

others, for example) that y ou ma y wish to use. These con v en tions include:

� The programming st yle used with the particular assem bler co de.

� An y guidelines used for assigning, using, or allo cating registers.

� The common metho ds used for passing parameters b et w een subroutines.

� An y programming \tric ks" that are commonly used with this particular assem bler.

3. Learn the most common instructions thoroughly . T ypically , 80% { 90% of an assem bly

language program uses only 20% of the instructions a v ailable in a pro cessor.

4. Learn the assem bler syn tax and the most common assem bler directiv es.

5. If p ossible, start with a w orking example program and mo dify it, rather than writing a

program from scratc h.

6. Ha v e a reference guide a v ailable for the pro cessor, in case y ou need to lo ok up the syn tax or

op eration of an uncommon instruction.
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CS 245 Computer Organization

Notes | MIPS R2000

Programming Mo del

The pr o gr amming mo del of a pro cessor is that information ab out the resources and organization

within a CPU that is needed b y the assem bly language programmer. It sp eci�es the n um b er of

registers, the t yp es of data they can hold, their size (width), function, and limitations on their use.

The programming mo del is a simpli�cation of the actual hardw are, and is not in tended to sho w

the implemen tation details of the pro cessor.

� Computer Blo ck Diagram

ALU - Arithmetic and Logic Unit.

IR - Instruction Register. Holds the instruction text while it is b eing executed.

PC - Program Coun ter. Con tains the address of the next instruction.

$0 - $31 - General Purp ose Registers. Hold 8, 16, or 32-bit data v alues or addresses.

MAR - Memory Address Register. Holds addr ess of item b eing read from/written to memory .

MDR - Memory Data Register. Holds value read from/written to memory .

4



� Programmer Accessible Registers

{ General Purp ose Registers:

F unction: temp orary , quic kly accessible lo cations for holding data and addresses

Sizes: w ord (32-bits)

halfw ord (16-bits)

b yte (8-bits)

Num b er: 32, sp eci�ed b y $0 - $31 , $0 alw a ys con tains the v alue 0, some of the

other registers are reserv ed for sp ecial purp oses b y c onvention ,

$8 - $25 are a v ailable for unrestricted use

{ HI and LO Registers (w e will not use these registers directly):

F unction: holds the (64 bit) result of a m ultiply instruction, and

the quotien t (LO) and remainder (HI) of a divide instruction

Size: one w ord (32-bits) eac h, sometimes treated as a single 64 bit register

{ Program Coun ter:

F unction: con tains address of next instruction to b e executed

Size: one w ord (32-bits)

� Data T yp es and Sizes

{ In teger

� 8-bit b yte - usually used for ASCI I c haracters

� 16-bit halfw ord - hold 2's complemen t ( -32K to +(32K-1) ) or unsigned ( 0 -

(64K-1) ) v alues

� 32-bit w ord - used for addr esses or larger 2's complemen t v alues ( � � 2 billion)

{ Floating P oin t - 32 bit represen tation of real v alues (w e will not use this t yp e)

� Sto rage Organization

When a w ord or halfw ord is stored in memory , the b ytes can b e stored in one of t w o w a ys:

Big{endian - the most signi�can t bits are stored at the lo w est address

Little{endian - the least signi�can t bits are stored at the lo w est address

F or example, if w e store 0x01234567 (hex) starting at lo cation 1000, b ytes 1000 - 1003 will

hold the v alues sho wn for eac h order:

Big { Endian Little { Endian

1000: 01 (hex) 1000: 67 (hex)

1001: 23 (hex) 1001: 45 (hex)

1002: 45 (hex) 1002: 23 (hex)

1003: 67 (hex) 1003: 01 (hex)

The MIPS can store the v alues in either order, and is determined b y system soft w are. The

SPIM sim ulator stores v alues in the same order as the host pro cessor. In general, this is of

little concern to the programmer, unless a �le is going to b e mo v ed from one t yp e of mac hine

to the other.
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� MIPS Addressing Mo des

The MIPS is a lo ad/stor e mac hine - all v alues m ust b e mo v ed in to the CPU from memory and

placed in to one of the general purp ose registers b efore it can b e used. The lo cation of a v alue,

as sp eci�ed b y the addressing mo de, is called its e�e ctive addr ess ( EA ). The table b elo w

summarizes the addressing mo des a v ailable in the MIPS pro cessor. The �rst t w o mo des are

used b y those instructions whic h p erform calculations or other data manipulation. The last

three are used to sp ecify memory addresses for the load/store instructions. The next section

sho ws pictorially ho w the op erand is determined for eac h addressing mo de.

Mo de Syn tax E�ectiv e Address

Register $ n Op erand = $ n

Immediate n um b er or ASYMB Op erand = o�set

Relativ e (or PC relativ e) RSYMB or RSYMB(PC) EA = [PC] + o�set

Register Indirect ($ n ) EA = [$ n ]

Base o�set($ n ) EA = [$ n ] + o�set

Notes: The follo wing sym b ols are used in the table ab o v e:

EA - E�ectiv e Address

$ n - General Purp ose Register n

PC - Program coun ter

[ ] - \con ten ts of "

ASYMB - absolute sym b ol - a n um b er (literal), or a sym b ol whose v alue is �xed

RSYMB - relo catable sym b ol - a sym b ol (suc h as a lab el) whose actual v alue will

b e determined during assem bly

o�set - v alue con tained in the lo w er 16 bits of the instruction

� MIPS Addressing Mo des - Picto rial View

Register

Immediate - used in immediate instructions
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Relativ e (or PC{Relativ e)

Register Indirect

Base
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� Memo ry Op erations - these sequences are used an ytime a memory op eration ( lo ad or

stor e ) is to b e p erformed:

� Memory Read (or F etc h, or Load)

1. Place addr ess of item to b e fetc hed in to MAR

2. P erform a memory read op eration. Item fetc hed is placed in to MDR

3. Mo v e con ten ts of MDR to destination

� Memory W rite (or Store)

1. Place addr ess where item is to b e written in to MAR

2. Mo v e value of item in to MDR

3. P erform a memory write op eration. Item to b e stored is placed in memory .

� Register-T ransfer Notation

Memory Read Memory W rite

M AR  addr ess M AR  addr ess

R =W  r ead R =W  w r ite

M D R  M em [ M AR ] M D R  data

dest  M D R M em [ M AR ]  M D R

� Instruction Execution Cycle

1. F etc h instruction from memory address (i.e., do a memory r e ad ) sp eci�ed b y PC , place

in IR .

2. Deco de Instruction

3. Execute instruction:

If instruction is a load/store:

{ Compute E �ectiv e A ddress ( EA ) according to the addressing mo de in instruction

{ Mo v e EA of item in to MAR

{ If instruction is a store, mo v e v alue to MDR

{ Do a memory r e ad (load) or write (store)

{ If instruction is a load, mo v e v alue from MDR to register

{ Incremen t PC b y 4 to p oin t to next instruction

If instruction is a branc h:

{ If branc h is conditional, p erform the comparision sp eci�ed b y instruction

{ If branc h is unconditional OR if branc h condition is met, replace PC with PC +

o�set (from instruction).

{ If condition is NOT met, incremen t PC b y 4 to p oin t to next instruction.

If instruction is arithmetic/logical:

{ P erform the op eration b et w een the t w o source registers

{ Place result in destination register

{ Incremen t PC b y 4 to p oin t to next instruction
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� Register-T ransfer Notation fo r the Instruction Execution Cycle (Se-

lected Instructions)

f etch : M AR  P C

M D R  M em [ M AR ]

I R  M D R

execute : if instr = Load

M AR  E A

M D R  M em [ M AR ]

$ r d  M D R

P C  P C + 4

if instr = S tor e

M AR  E A

M D R  $ r s

M em [ M AR ]  M D R

P C  P C + 4

if instr = b (branc h unconditional)

P C  P C + of f set

if instr = bcc (branc h conditional)

if $ r s cc $ r t P C  P C + of f set

el se P C  P C + 4

if instr = ar ith=l og ical

ALU

1

(temp orary ALU register)  $ r s

ALU

2

 $ r t

ALU

3

 ALU

1

op ALU

2

$ r d  ALU

3

P C  P C + 4

.

.

.

(all other instructions follo w)
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Notes | MIPS R2000

Instructions

� MIPS and RISC Architectures

The MIPS R2000 is a go o d example of a R educed I nstruction S et C omputer ( RISC ). RISC

is a design philosophy c haracterized b y:

{ Fixed length, �xed format instructions that are easy to deco de

{ Load/store arc hitecture, with a relativ ely small n um b er of addressing mo des

{ Simple instructions that can b e made to execute quic kly

An imp ortan t design maxim with RISC arc hitectures is to \make the c ommon c ase fast" .

The most commonly executed instructions should b e simple so that the hardw are necessary

to execute them can op erate v ery quic kly . This philosoph y manifests itself in man y of the

features of the MIPS arc hitecture. It is largely this philosoph y that has allo w ed to da y's

pro cessors to ac hiev e incredible p erformance gains o v er the more complicated, and m uc h

slo w er, pro cessors of a few y ears ago.

� MIPS Machine Language (Bina ry) Instruction F o rmats

In k eeping with the RISC philosoph y , the MIPS has only three t yp es of instructions. Since it

is the assem bler's job to translate assem bly instructions to their binary equiv alen t, it is not es-

sen tial that the assem bly language programmer kno w the exact instruction format. Ho w ev er,

some kno wledge of instruction formats is useful, as it helps the programmer to remem b er what

com binations of capabilities eac h instruction can ha v e { if an assembly language instruction

c annot b e c o de d into binary, it is il le gal.

All MIPS instructions are 32 bits in length. The R-typ e instructions are the most common;

they sp ecify an op co de, up to t w o source and one destination register, and (for the shift

instructions) a shift amoun t. The I-typ e format is used for immediate instructions. The

J-typ e is used for the unconditional jump instructions. The bit enco dings for eac h t yp e is:

The bit �elds in the instruction formats are de�ned as:

op c o de - (6 bits), sp eci�es the op eration the instruction is to p erform

rs - (5 bits), the n um b er of the �rst source register

rt - (5 bits), the n um b er of the second source register

r d - (5 bits), the n um b er of the destination register

shamt - (5 bits), shift amoun t (not used in most instructions)

funct - (6 bits), additional op co de bits for R-T yp e instructions

o�set/imme diate - (16 bits), the immediate v alue, or address o�set

jump addr ess - (26 bits), shifted left 2 bits, then used as the jump address
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� Pseudoinstructions

Some of the MIPS assem bler mnemonic co des are not translated directly in to unique mac hine

instructions, but rather are pseudoinstructions . These co des are translated in to a sequence of

one or more mac hine instructions whic h p erform an op eration equiv alen t to what the apparen t

\mac hine instruction" do es. Pseudoinstructions allo w the hardw are to remain simple (in

k eeping with the \ ke ep the c ommon c ase fast " philosoph y), y et pro vide the programmer with

a ric her and more understandable set of instructions to use. In the descriptions that follo w,

pseudoinstructions are mark ed with a dagger ( y ).

Most of the time, the programmer do es not need to w orry ab out whether a particular

mnemonic co de is a pseudoinstruction or not. Ho w ev er, the follo wing should b e k ept in

mind when using pseudoinstructions:

{ Man y pseudoinstructions translate in to more than one mac hine instruction; when de-

bugging or using a sim ulator, remem b er that there is not a one-to-one corresp ondence

b et w een the assem bly instruction and the generated mac hine instructions. (F or example,

\single stepping" through a program with the sim ulator will only execute the �rst ma-

chine instruction generated for a pseudoinstruction, NOT the en tire pseudoinstruction.

{ By con v en tion, register 1 ( $1 ) is used b y the assem bler to expand pseudoinstructions

in to a sequence of mac hine instructions. Therefore, y ou m ust b e careful when using $1

{ it is b est to a v oid using it.

{ It is sometimes p ossible to re-co de pseudoinstructions in to the same n um b er of \real"

instructions; the resulting sequence will execute faster, since few er mac hine instructions

will b e generated. This is generally only necessary when sp eed is the most critical factor.

� Assembler Syntax

Eac h instruction is placed on a separate line in the follo wing format:

label: mnemonic operands #comment

label: - (Optional) Must start with a letter, b e the �rst thing on a line, follo w ed b y

a colon (:). The colon is NOT part of the lab el. Must b e unique within

the assem bly language �le. Cannot b e an op co de.

mnemonic - Op co de for a MIPS instruction or pseudoinstruction

operands - Other information (registers, memory addresses, v alues, etc.) needed b y the

instruction

# comment - An ything after the # on a line is ignored b y the assem bler

The follo wing sections categorize and describ e the most commonly-used MIPS instructions

(and pseudoinstructions). In the follo wing descriptions:

rs and rt - sp ecify source registers

rd - sp eci�es the destination register

mem - sp eci�es a memory address

imm - is a constan t (an immediate op erand)

sa - is a constan t (a shift amoun t)

label -is a memory address, usually a lab el on an instruction.
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� Load/Sto re, Data Movement Instructions

Assem bler Syn tax:

Loads Sto res Data Movement Immediate

lw rd, mem sw rs, mem move rd, rs y la rd, mem y

lh rd, mem sh rs, mem li rd, imm y

lhu rd, mem sb rs, mem lui rd, imm

lb rd, mem

lbu rd, mem

Instruction format: I-t yp e

These instructions mo v e a v alue ( w - w ord, 32 bits, h - halfw ord, 16 bits, b - b yte, 8 bits),

b et w een a register and a memory lo cation. The lo ad instructions mo v e the v alue from memory

in to a register, while the stor e instructions mo v e the v alue from the register to memory . The

E �ectiv e A ddress of the memory lo cation (i.e., the mem �eld) is sp eci�ed b y an y of the three

memory addressing mo des. The lh and lb are signe d loads, meaning that the sign is extended

(i.e., replicated) to �ll the upp er bits of the 32 bit register. lhu and lbu are unsigne d - the

upp er bits of the register are �lled with zero es.

The la , li , lui , and move instructions are NOT really load instructions { that is, they do

not access memory . The la instruction computes the E �ectiv e A ddress in the instruction

and places the addr ess (NOT the con ten ts of the memory lo cation) in the register. The li

places the (16 bit) immediate v alue in to the lo w er half of the register, while lui places the

immediate v alue in to the upp er half of the register. The move instruction copies a v alue from

one register to another.

Examples:

lw $8, val1 # load value of memory location val1 into register 8

sw $10, 100($9) # store contents of R10 into location [R9] + 100

la $15, num # place ADDRESS of num into register 15

li $12, 4 # put constant value 4 into R12

move $8, $4 # copy contents of $4 into $8

� Arithmetic and Logical Instructions

Assem bler Syn tax:

Signed Arithmetic Instructions

add rd, rs, rt sub rd, rs, rt

mul rd, rs, rt y div rd, rs, rt y

rem rd, rs, rt y (remainder)

neg rd, rs y

Unsigned Arithmetic Instructions

addu rd, rs, rt subu rd, rs, rt

mulu rd, rs, rt y divu rd, rs, rt y

remu rd, rs, rt y

Logical Instructions

and rd, rs, rt or rd, rs, rt

nor rd, rs, rt xor rd, rs, rt (exclusive o r)

not rd, rs y

Instruction format: R-t yp e

The arithmetic instructions compute the 2's c omplement op eration b et w een the t w o source

registers ( rs and rt ), and place the result in the destination register rd . The unsigne d in-

structions ( addu , subu , etc.) treat the v alues as unsigned, rather than 2's complemen t {
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these instructions are usually used to compute addresses. The logical instructions compute

the bitwise op eration b et w een the source registers, placing the result in the destination reg-

ister. The t w o unary op erations, neg (\tak e the 2's complemen t") and not (\tak e the 1's

complemen t") p erform their function on the v alue in the source register and place the result

in the destination.

Examples:

add $10, $8, $9 # compute R10 = R8 + R9

or $16, $20, $9 # compute bitwise inclusive-OR R16 = R9 OR R20

neg $12, $13 # Take negative of value in R13, put into R12

add $14, $0, $0 # TRICK 1: clears R14. REMEMBER: R0 is always zero

addu $12, $13, $0 # TRICK 2: same as mov $12, $13

� Arithmetic/Logical Immediate Instructions

Assem bler Syn tax:

addi rd, rs, imm addiu rd, rs, imm

andi rd, rs, imm ori rd, rs, imm

xori rd, rs, imm

Instruction format: I-t yp e

Sev eral of the arithmetic/logical instructions also ha v e an immediate form. (Note that only

the symmetric op erations, those that compute the same v alue regardless of the op erand order,

ha v e immediate forms).

Example:

addi $10, $8, 9 # compute R10 = R8 + 9 Note the value 9, NOT R9

� Shift and Rotate Instructions

Assem bler Syn tax:

ror rd, rs, rt y rol rd, rs, rt y

srl rd, rs, sa srlv rd, rs, sa

sll rd, rs, rt sllv rd, rs, rt

sra rd, rs, sa srav rd, rs, rt

Instruction format: R-t yp e

The ror and rol instructions r otate the bits within rs righ t ( ro r ) or left ( ro l ) b y the n um b er

of p ositions sp eci�ed in rt , and place the result in rd . The logical shift instructions shift

the bits in rs the n um b er of p ositions in either the constan t sa (for srl and sll ), or b y a

variable amoun t sp eci�ed in register rt (for srl v and sll v ). With the arithmetic shifts ( sra

and srav ), the sign (MSB) is copied in to the shifted bit p ositions. These instructions are

often used for manipulating individual bits; the shift instructions are used to m ultiply and

divide b y p o w ers of 2.

Examples:

ror $10, $8, $9 # R10 = R8 rotated right by amount specified in R9

sll $16, $20, 9 # R16 = R20 shifted left 9 bits (multiply by 2^9)

sllv $16, $20, $9 # R16 = R20 shifted left by amount specified in R9

sra $14, $10, 1 # R14 = R10 shifted right 1 bit (signed divide by 2)

srl $14, $10, 1 # Unsigned divide by two
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� Compa rison Instructions

Assem bler Syn tax:

seq rd, rs, rt y sne rd, rs, rt y

slt rd, rs, rt sle rd, rs, rt y

sgt rd, rs, rt y sge rd, rs, rt y

sltu rd, rs, rt sleu rd, rs, rt y

sgtu rd, rs, rt y sgeu rd, rs, rt y

slti rd, rs, imm sltiu rd, rs, imm

Instruction format: R-t yp e, ( slti , sltiu are I-t yp e)

These instructions p erform a comparison rs op rt , where op is the comparison con tained in

the op-co de of the instruction ( eq - equal, ne - not equal, lt - less than, etc.), and sets the

v alue of rd to 1 if the comparison is TR UE, and to 0 if false. Most commonly , these are used

in conjunction with the conditional branc h instructions (describ ed b elo w) to mak e decisions.

� Branch/Jump Instructions

Assem bler Syn tax:

j label

b label y

beq rs, rt, label bne rs, rt, label

blt rs, rt, label y ble rs, rt, label y

bgt rs, rt, label y bge rs, rt, label y

bltu rs, rt, label y bleu rs, rt, label y

bgtu rs, rt, label y bgeu rs, rt, label y

beqz rs, label y bnez rs, label y

bltz rs, label blez rs, label

bgtz rs, label bgez rs, label

Instruction format: jump { J-t yp e; branc h { I-t yp e

The unconditional instructions ( j and b ) transfer con trol to the instruction at label when

executed. The conditional branc hes �rst p erform the indicated comparison, then branc h if

the result of the comparison is true. F or the instructions with t w o registers, the comparison

is p erformed b et w een the con ten ts of the t w o registers. The rt register can b e replaced

with a constan t instead of a register designation; this pro duces a \branc h immediate" t yp e

of pseudoinstruction. F or the \ z " instructions ( beqz , bltz , etc.), the register con ten ts are

compared with 0. Most of the conditional branc hes are pseudoinstructions, comp osed of a

\set" (comparison) instruction, follo w ed b y a beq or bne instruction.

Examples:

ex1: b down # skip instructions to label "down"

. .

. .

down: add .... # next instruction to execute after branch

ex2: slt $1, $8, $9 # Is R8 < R9? If so, set R10 = 1 and ...

bnez $1, less # ... branch to label "less" if true

ex3: blt $8, $9, less # The pseudoinstructio n equivalent of ex2
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� Miscellaneous Instructions

Assem bler Syn tax:

nop y

syscall code

Instruction format: R-t yp e

nop (\no-op eration") is the instruction that do es nothing! It is sometimes used to hold a place

for an instruction that ma y b e inserted later, or is sometimes used in debugging when an extra

instruction has b een found that needs to b e \tak en out." There are sev eral mac hine co des

that corresp ond to a no-op eration; the \o�cial" binary co de for nop is zero (i.e., 0x00000000),

whic h mak es it easy to remem b er.

syscall is used to in v ok e system subroutines. It is used instead of the jal instruction,

b ecause it pro vides a mec hanism that do es not require the programmer to kno w the exact

address of the subroutine b eing in v ok ed { the primary adv an tage of this is that the system

soft w are (and th us, the addresses of system routines) can b e c hanged without requiring all

programs that call system subroutines to c hange. The syscall instruction is used within the

SPIM sim ulator to in v ok e I/O routines, and to exit from a program.

� Sub routine Instructions

Assem bler Syn tax:

jal label

jr rs

Instruction format: jal - J-t yp e; jr - R-t yp e

The jal (\jump and link") instruction is similar to a jump, in that con trol is passed to

the lab el sp eci�ed in the instruction. Additionally , ho w ev er, the address of the instruction

follo wing the jump instruction is automatic al ly placed in to register $31 .

The jr instruction transfers con trol to the address con tained in rs . Th us, if a jr $31 in-

struction is executed at the end of a subroutine whic h w as in v ok ed b y a jal , con trol will

return to the instruction follo wing the jal .

Example:

jal sub # jump to subroutine sub, R31 = return addr

ret: ... # instruction that will be executed following the sub

.

.

sub: ... # first instruction of subroutine

.

.

jr $31 # last instruction of subroutine -- performs return
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Sub routines in Assembly Language

The high lev el language (C or F OR TRAN) programmer exp ects sev eral \features" or c harac-

teristics of subroutines:

1. A mec hanism for returning bac k to the calling p oin t after a subroutine is called.

2. Some means for passing argumen ts (v alues) to and from the routine.

3. V ariables that are declared within the subroutine are accessible only b y that routine

(i.e., lo c al v ariables).

With the MIPS, only the �rst feature is supp orted b y hardw are { the others are implemen ted

\b y con v en tion" { that is, an agreemen t among programmers that certain groups of registers

will b e used in certain w a ys. These con v en tions m ust b e follo w ed b y an y one wishing to

write subroutines that will b e used with other co de (including co de pro duced b y compilers)

{ ho w ev er, there is nothing inheren t within the MIPS arc hitecture that requires or enforces

the use of these con v en tions.

The follo wing table sho ws the 32 MIPS registers, their alternate names (con v en tional usage

names), and a brief description of the register usage. Either the n um b er or the alternate

name can b e used to sp ecify registers in assem bly language.

MIPS Register Usage Conventions

Name Register Description/Usage

$0 Hardwired constan t 0

$at $1 Reserv ed for expanding pseudoinstructions b y assem bler

$v0-$v1 $2-$3 Return results from functions

$a0-$a3 $4-$7 Used for argumen ts 1-4 of subroutine. An y additional argumen ts

are placed on the stac k

$t0-$t7 $8-$15 \T emp orary" - unrestricted use - BUT not sa v ed during a call

$s0-$s7 $16-$23 \Sa v ed" - will b e sa v ed across a call, BUT m ust b e sa v ed

(usually on stac k) b efore b eing used, restored b efore return

$t8-$t9 $24-$25 More temp orary

$k0-$k1 $26-$27 \Kernel" - reserv ed for OS use

$gp $28 P oin ter to global data area

$sp $29 Stac k P oin ter - con tains address of top of stac k

$fp $30 F rame p oin ter - con tains address of lo cal v ariable space

$ra $31 Return address of subroutine

The follo wing are the guidelines for using the temp or ary and save d registers, according to the

con v en tion:

1. If y our routine DOES NOT call an y other routines, then y ou can use the temp or ary

registers ( $t0-$t9 or $8-$15 , $24-$25 ) without an y restrictions.

2. If y our routine DOES call another routine, then y ou cannot assume that v alues in the

temp or ary registers will b e left in tact across the call (i.e., b y con v en tion, the called

routine has a righ t to use these registers). Therefore, for an y v alue stored in a temp or ary

register that needs to b e preserv ed across a call, y ou m ust either sa v e the register b efore

the call and restore the v alue afterw ards ( c al ler{save d register), or assign an y suc h v alues

to a save d register instead (but see b elo w).
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3. If y ou use an y of the save d registers ( $s0-$s7 or $16-$23 ), y ou m ust sa v e their con ten ts

b efore y ou use them ( c al le e{save d registers), and restore the v alues b efore returning.

Register v alues are usually sa v ed on the system stac k (i.e., the memory p oin ted to b y $sp ).

Since sa ving and restoring a register is a relativ ely exp ensiv e op eration, it is a goal of the

assem bly language programmer to design a register allo cation sc heme that minimizes the

n um b er of sa v e/restore op erations.
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CS 245 Computer Organization

Notes

Programming in Assembly Language

Both the adv an tage and the disadv an tage of assem bly language is the amoun t of 
exibilit y

the programmer has in co ding a program. An y assem bly language programmer can exploit this


exibilit y to write v ery fast, e�cien t co de. Ho w ev er, the suc c essful programmer will recognize the

v alue of the structured programming tec hniques that are built in to high lev el languages, and will

use discipline in c ho osing co ding practices in assem bly language whic h still adhere to the principles

of these structured tec hniques.

Structured p rogramming is a p rogramming philosophy , not a language feature!

� Assembly Programming Standa rds

{ Program Header : Include y our name, the assignmen t n um b er, a brief statemen t of pur-

p ose and a list of all registers used in the main program and ho w they are used. Enclose

the header b o x in stars.

{ Subprogram Header : Include the name of the subprogram, its purp ose, the input to and

output from the subprogram, and a list of registers used and ho w used. Enclose the

header b o x in stars.

{ Columns : The �rst exe cutable statemen t of y our program m ust ha v e a lab el of main ,

whic h also m ust b e declared global (with .globl ). All mnemonics, op erands, and com-

men ts are to b e aligned. T ab c haracters are often used to p erform this alignmen t. (See

example programs.)

{ Commen ts : Inline commen ts (commen ts on eac h source line) are more frequen tly used

than in high lev el languages lik e C++ or F ortran. Inline commen ts should b e included

as the program is t yp ed in, NOT as an afterthough t.

{ Program Blo c ks : Assem bly language do es not ha v e blo c k{structuring statemen ts lik e

high lev el languages, and the use of inden ting to emphasize program blo c ks is not com-

monly used, so the use of commen ts and blank lines b et w een program blo c ks are ev en

more imp ortan t than in high-lev el languages. The philosoph y of programming and com-

men ting is still the same { use commen ts to help emphasize the blo c k{structure of the

program.
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� Program Development

W riting a program in assem bly language is not m uc h di�eren t than writing in a high lev el

language { only the �nal expression of the design (in assem bly language rather than a high

lev el language) is di�eren t. The follo wing are the steps in v olv ed in the pro cess:

1. Dev elop the algorithm, or the sequence of steps, for the program. This is the \in tellec-

tual" part of the pro cess. This algorithm ma y b e expressed in some sort of pseudo co de,

or as a w ord description, or y ou can ev en use a high lev el language. Regardless of nota-

tion, the purp ose is to form a clear description of exactly what steps will b e required for

the program to ful�ll its purp ose. Y ou should use descriptiv e names for v alues, v ariables

and lab els that y ou use.

2. Divide y our program description in to small partitions, eac h of whic h will b ecome a

subprogram. Carefully determine what eac h subprogram requires as input, and what

will b e returned as a result. It tak es more statemen ts in assem bly language to p erform

an equiv alen t amoun t of w ork compared with a high lev el language; this means that

smaller program units will b e necessary to mak e the program understandable.

3. T ranslate y our algorithm in to assem bly language. P art of this pro cess in v olv es translat-

ing the program structures (data initializations, calculations, branc hes/decisions, lo ops,

subprograms, etc.) in y our algorithm in to assem bly language. The follo wing pages sho w

examples of the most common program con trol structures, written in C, along with the

assem bly language equiv alen ts. Simply �nd the prop er C sequence, then \plug in" the

equiv alen t assem bly co de sequence.

4. A more di�cult part of the translation pro cess in v olv es \pla ying compiler" { p erforming

the steps usually done b y the compiler in a high lev el language. Y ou m ust decide ho w

to assign v alues and v ariables to registers and/or memory lo cations, ho w to use the

primitiv e data t yp es to implemen t more complex structures, ho w to pass argumen ts

b et w een subroutines, etc. Be sure to follo w the programming con v en tions for register

usage { while in a \stand-alone" program the prop er con v en tional register usage do esn't

matter, an y program that p erforms a useful function ev en tually will b ecome a part of a

larger program, where the register con v en tions WILL mak e a di�erence.

Be careful that the registers and memory lo cations are correctly initialized in eac h sub-

program.

5. Ev en though there is no formal concept of \lo cal" and \global" v ariables in assem bly

(ev erything is actually glob al !), it is still an excellen t idea to enforce the idea in y our

programs. Iden tify the v alues whic h should b e lo cally accessible in eac h routine, and only

allo w that routine to access them. Mak e an y necessarily global data ob vious { iden tify

them as global, using commen ts. Consider setting up an argumen t passing mec hanism

for those v alues whic h m ust b e shared among routines.

Remem b er : the most di�cult bugs in a program are usually data corruption

errors, where one routine c hanges a v alue that another routine w asn't exp ecting

to b e c hanged.

6. Y ou can no w create a �le con taining y our program and either assem ble it or use the

sim ulator to execute it. Y ou will probably ha v e some syn tax errors to correct b efore it

will execute correctly .
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Assembly Language P atterns

The follo wing examples sho w a v ariet y of translations from short C co de sequences in to MIPS

assem bly language. Assume all v ariables are int s, represen ted as 32-bit w ords, unless otherwise

noted.

� Sto rage Allo cation and Assignment

C Statements

int x, a = 27, b = 0x35, y;

void main()

{

x = 0;

y = a;

x += b;

MIPS Assembly Co de

.data # variables go in data seg

x: .space 4 # allocate 4 bytes for x

a: .word 27 # initialize a to 27

bee: .word 0x35 # note, 'b' is NOT legal ...

y: .space 4 # ... since it's an opcode!

.text # switch to text segment

.globl main # make main a global symbol

main: sw $0, x # Register $0 = 0

lw $8, a # Get 'a' from memory and ...

sw $8, y # ... put it into y

lw $8, bee # Get b ...

lw $9, x # ... and x from memory

add $9, $9, $8 # Compute x + b

sw $9, x # Put x back into memory

The ab o v e w as a direct translation of C co de in to assem bly , where the v alues of v ariables w ere

k ept in memory . With a Load/Store mac hine lik e the MIPS, it is m uc h easier and e�cien t to

k eep v ariables mostly in registers. In the follo wing sequence, the v ariables r , s , t and total

are allo cated to registers $10 - $13 instead of to memory .

int r=3, s=4, t=5, total;

total = r + s - t;

total += 10;

li $10, 3 # Load values for r, ...

li $11, 4 # ... s, and ...

li $12, 5 # ... t using load immediate

add $13,$10,$11 # compute total

sub $13,$13,$12

addi $13,$13, 10

� Decision Statements

The if-then Statement

There are no \program blo c ks" (i.e., the equiv alen t to C statemen ts enclosed in f g ) in

assem bly language { w e m ust use branc h statemen ts to jump around co de blo c ks w e don't

w an t to execute. Belo w are t w o v ersions of the if-then statemen t, and the assem bly language

implemen tations { the �rst v ersion is the direct translation from C, while the second is a

b etter implemen tation in assem bly language (Note that w e c hec k for the opp osite condition

in the second case.) Assume that the v ariables f , g , h , i , and j are in registers $16 - $20 ,

resp ectiv ely .
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C Statements

/* Version 1 */

if (i == j)

{

g += 5;

f = g + h;

}

f = f - i;

MIPS Assembly Co de

# Version 1

beq $19,$20,L1 # go to L1 if i equals j

b L2 # skip program block if not

L1: addi $17,$17,5 # add 5 to g

add $16,$17,$18 # f = g + h

L2: sub $16,$16,$19 # Both paths get here

/* Version 2 */

if (i != j) goto L2

g += 5;

f = g + h;

L2: f = f - i;

# Version 2

bne $19,$20,L2 # go to L1 if i equals j

addi $17,$17,5 # add 5 to g

add $16,$17,$18 # f = g + h

L2: sub $16,$16,$19 # Both paths get here

The if-then-else Statement

The if-then-else is implemen ted either (1) with the else p ortion immediately follo wing the

conditional branc h, or (2) b y c hec king for the opp osite condition in the branc h:

C Statements

if (i == j)

f = g + h;

else

f = g - h;

Ex. 1) else follo ws b ranch

beq $19,$20,then

else: sub $16,$17,$18

b endif

then: add $16,$17,$18

endif: ...

Ex. 2) then follo ws b ranch

bne $19,$20,else

then: add $16,$17,$18

b endif

else: sub $16,$17,$18

endif: ...

The switch-case Statement

The switch-case statemen t is e�cien tly implemen ted b y using a jump table . In the .data

section, a table con taining the addr esses of eac h case lab el is created. Then, the case v ariable

is used to select the prop er address in the table. In the follo wing co de, assume that v ariables

f - k are allo cated to registers $16 - $21 resp ectiv ely .

switch (k)

{

case 0: f = i + j;

break;

case 1: f = g + h;

break;

case 2: f = g - h;

break;

case 3: f = i - j;

}

li $10,4 # put 4 into R10

mul $9,$10,$21 # R9 = k * 4, Convert

# k to jump table offset

lw $8,Jmptbl($9) # Get address from table

jr $8 # Jump to proper place

k0: add $16,$19,$20 # case 0:

j endsw

k1: add $16,$17,$18 # case 1:

j endsw

k2: sub $16,$17,$18 # case 2:

j endsw

k3: sub $16,$19,$20 # case 3:

endsw: ... # done with case stmt

.data

Jmptbl: .word k0 # Jump table. Each word ...

.word k1 # ... contains the address ...

.word k2 # ... of one of the case ...

.word k3 # ... labels
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� Lo op Structures

Pre-T est Lo op

The follo wing co de sequences calculate the v alue r es = base

ctr

b y using successiv e m ultiplica-

tion. The lo op condition is c hec k ed b efor e executing the lo op eac h time through. The v ariable

base is in $10 , ctr is in $9 , and res is computed in $8 .

C Statements

res = 1;

ctr = exp;

while (ctr > 0) {

res = res * base;

ctr = ctr -1;

}

MIPS Assembly Co de

li $8,1

lw $9,exp

loop: blez $9,done

mul $8,$8,$10

addi $9,$9,-1

b loop

done: ...

P ost-T est Lo op

The follo wing co de inputs one c haracter at a time and ec hos it, un til a capital 'Z' is input. The

assem bly v ersion uses the SPIM sim ulator system routines to input and output c haracters.

char ch;

do {

read(ch);

write(ch);

} while (ch != 'Z');

.data

ch: .byte 0,0 # first position will hold ...

# ... char, second is null byte

.text

loop: li $5,2 # Tell read_str to read 1 char

la $4,ch # Address of character buffer

li $2,8 # Call code for read_str

syscall # call read_str

li $2,4 # Call code for print_str

syscall # call print_str

lb $8,ch # get character from memory

bne $8,'Z',loop # Is it 'Z'? No, loop

done: ... # Yes? Done.

Counting Lo op

The follo wing co de coun ts and then outputs the n um b er of bits in a w ord of memory . A lo op

whic h executes 32 times is used for the coun ting.

int i, count;

unsigned val = 0x2a49b175;

count = 0;

for(i = 0; i < 32; i++)

{

if(val & 0x1 == 1)

count++;

val = val >> 1;

}

.data

val: .word 0x2a49b175

.text

li $8,val # get value

li $9,0 # count = 0

li $10,0 # i = 0

loop: bge $10,32,fin # Done? If so, leave

andi $11,$8,1 # isolate LSB

beqz $11,skip # if LSB = 0, skip count

addi $9,$9,1 # count++

skip: srl $8,$8,1 # shift word right

addi $10,$10,1 # i++

b loop

fin: ...
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� Arra y Op erations - Example using Subscripts

The follo wing is a complete program whic h computes and outputs the sum of an arra y . This

�rst v ersion uses subscripts to access the arra y elemen ts.

int array[10] =

{10, 5, 30, 8, 7,

14, 22, 31, 3, 6};

int i, sum;

void main() {

i = 0;

sum = 0;

while (i < 10)

{

sum += array[i];

i++;

}

print("The sum is ");

print(sum);

}

.data

array: .word 10, 5, 30, 8, 7, 14, 22, 31, 3, 6

bye: .asciiz "The sum is "

.text

.globl main

main:

li $8, 0 # i = 0

li $9, 0 # sum = 0

loop: bge $8,10,done

sll $11,$8,2 #compute i*4

lw $12,array($11) # get a[i]

add $9,$9,$12 # add element to sum

addi $8,$8,1 # i++

b loop

done: li $2,4 # Call code for print_str

la $4,bye # Addr of output string

syscall # call print_str

li $2,1 # Call code for print_int

move $4,$9 # move ans to $4 to print

syscall # call print_int

jr $31 # return

� Arra y Op erations - Example using P ointers

The follo wing program p erforms the same arra y op eration as the previous example, except

that it uses p oin ters (instead of subscripts) to access the arra y elemen ts.

int array[10] =

{10, 5, 30, 8, 7,

14, 22, 31, 3, 6};

int *p, sum;

void main() {

sum = 0;

p = array;

while (p < array+10)

{

sum += *p;

p++;

}

print("The sum is ");

print(sum);

}

.data

array: .word 10, 5, 30, 8, 7, 14, 22, 31, 3, 6

arrend:

bye: .asciiz "The sum is "

.text

.globl main

main:

li $9,0 # sum = 0

la $8,array # p = array

la $10,arrend # addr of end of array

loop: bgeu $8,$10,done # compare ptr w/ end addr

lw $12,($8) # get a[i]

add $9,$9,$12 # add element to sum

addi $8,$8,4 # p++ (increments by 4)

b loop

done: li $2,4 # Call code for print_str

la $4,bye # Addr of output string

syscall # call print_str

li $2,1 # Call code for print_int

move $4,$9 # move ans to $4 to print

syscall # call print_int

jr $31 # return
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� Sub routine Call Example

.text

#

# This routine returns (via the standard calling convention, using $2) the

# larger of the two values passed as arguments (in $4 and $5)

#

.globl max

max: bge $4, $5, xisit

yisit: move $2, $5

b return

xisit: move $2, $4

return: jr $31

#

# The main program prompts the user for first one number, than a second,

# and prints out the larger of the two. It calls a routine called max, and

# both uses and expects standard register calling conventions.

#

.globl main

main:

# Save away our return address so that $31 can be used as return

# address for subroutine call

sw $31, retaddr # save away our return address

# Prompt for first number, input it, and put it into $5

li $2, 4 # print_str

la $4, str1

syscall

li $2, 5 # read_int x

syscall

move $5, $2 # put input value into $5 (NOTE: 2nd

# argument position is used to avoid

# conflict with $4 !!)

# Get second number, put it into $4

li $2, 4 # print_str

la $4, str2

syscall

li $2, 5 # read_int y

syscall

move $4, $2 # put value into 1st arg position

# Call the subroutine: $8 = max(y,x)

jal max # call max function

move $8, $2 # put answer in a safe place

# Print results

li $2, 4 # print_str

la $4, str3

syscall

move $4, $8 # print_int

li $2, 1

syscall

li $2, 4 # print_str

la $4, str4

syscall
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lw $31, retaddr # restore return address

jr $31 # return

.data

retaddr:.space 4

str1: .asciiz "Enter a value for x: "

str2: .asciiz "Now enter a y value: "

str3: .asciiz "The larger number is "

str4: .asciiz "\n"

.end

� The \Hello, W o rld" Program

#

# Printing the message "Hello, World" is usually everybody's

# first program in a new language!

# (This program is used as the example in the SPIM handout)

#

.data

msg: .ascii "Hello, World"

.byte '\n',0

#

# The above can more easily done with:

# .asciiz "Hello, World\n"

.text

.globl main

main: li $2, 4 # system call code for "print string"

la $4, msg # addr of string into $a0

syscall

# use the "exit" syscall to terminate this time

li $2, 10 # call code for exit

syscall
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Notes | MIPS R2000

Assembly Directives

An assem bly directiv e is an assem bly language statemen t that do es not directly generate a mac hine

op eration, but do es tell the assem bler to p erform some action. Most of the directiv es tell the assem bler ho w

to set up data v alues in memory .

.text

Sp eci�es that the co de that follo ws it is to b e treated as mac hine instructions (placed in to the text program

segmen t). If there is more than one text segmen t in a program, they are all app ended together in to a single

con tiguous segmen t.

NOTE: The w o rd \text" might imply something that is readable b y humans. In fact, text here

means the bina ry co de fo r the machine p rogram, which is de�nitely NOT readable!

.data

Sp eci�es that the co de that follo ws is to b e treated as data (placed in to the data program segmen t. This

is con v en tionally placed at the end of the assem bly language program, but do es not need to b e. If there is

more than one data segmen t in a program, they are all app ended together in to a single con tiguous segmen t.

.globl name

Sp eci�es that the sp eci�ed name should b e global, and therefore can b e referenced from other �les. In

particular, the sym b ol main should b e the lab el on the start of an y stand-alone program, and should b e

made global.

Example - T ypical program structure:

.text

.globl main

main: ..... # program code starts here

.

.

.data

a: .word 0 # variables (data) for the program

b: .word 1

c: .word 10
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.space n

Reserv es an area of b ytes of (uninitialized) memory . Must b e in the data segmen t. Used to allo cate

uninitialized v ariable and arra y space.

Example:

arr: .space 400 # Allocate 400 bytes (100 words) of memory, at the

# address known symbolically as "arr"

.word val1 , val2 , ...

.half val1 , val2 , ...

.byte val1 , val2 , ...

Reserv es a w ord (32 bits), halfw ord (16 bits), or b yte (8 bits) of storage for eac h v alue listed.

Example:

wvals: .word 10, 20, 30 # Allocate three words of memory with...

# ...the values 10, 20, and 30 in them

hvals: .half 0x10, 0x20 # Allocate two halfwords, values specified in hex

arr: .word 1,2,3,4,5,6,7,8 ,9, 10 # Ten element array, initialized with values

str: .byte 65, 66, 67,0 # Allocates space for the string "ABC"

# (for a better way, see below)

.ascii " string "

.asciiz " string "

Allo cates storage for the ASCI I string, enclosed in double quotes, that follo ws the directiv e. .asciiz sp eci�es

that the string is to b e terminated with a zero b yte, as in C. Sp ecial c haracters can b e sp eci�ed C-st yle ( '\n'

- newline, '\t' - tab, '\0' - NULL b yte, etc.)

Example:

str1: .ascii "this is a string" # non NULL terminated string

.byte 0 # NULL byte added explicitly

str2: .asciiz "this is a string" # does the same as the two previous lines

.align n

T ells the assem bler to start the next �eld on a 2

n

b yte b oundary . V alue of n should b e 1, 2, or 3. Used

to insure that v alues are lined up in memory prop erly . This is esp ecially useful to insure prop er alignmem t

after c haracter data { MIPS r e quir es that v alues start on a m ultiple of the size of the data item.

Example:

str: .asciiz "Odd string" # allocates 11 bytes (incl. NULL), an odd number

.align 2 # insure next value is on a word boundary

val: .word 27 # allocate one word on word boundary
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Floating P oint Instructions

The MIPS pro cessor implemen ts 
oating p oin t op erations using a c opr o c essor called the FPU. It op erates

indep enden tly from, but in synergy with, the CPU. The FPU (in some places referred to as \Copro cessor 1")

has its o wn set of registers. Instructions whic h sp ecify 
oating p oin t op erations are passed b y the CPU to

the copro cessor for execution. The instructions use the same binary formats as \regular" MIPS instructions

(the J-typ e format is not used.)

� MIPS Floating P oint Pro cesso r - Programmer's Mo del

The FPU con tains 16 registers, eac h of whic h is 64 bits (double) wide. They are n um b ered as if they

w ere organized as 32 registers of 32 bits eac h { in fact only the ev en n um b ered registers can b e sp eci�ed

in most instructions. They are sp eci�ed as $f0 , $f2 , etc.

Lik e the CPU, the FPU is a load/store arc hitecture. One di�erence is the presence of a Con trol/Status

register { the result of a compare instruction is k ept in this register instead of in a general purp ose

register. T o p erform a \branc h on condition" op eration, y ou �rst do a compare instruction, then use

either a BC1T or BC1F (Branc h on Copro cessor 1 T rue/F alse) instruction.

� Assembler/Instruction Syntax

The FPU instructions follo w the same form as other MIPS instructions. The follo wing additional

abbreviations are used in the instruction descriptions b elo w:

fs , ft , fd - represen ts FPU source/destination registers

fmt - sp eci�es the data format:

s - single precision Floating pt

d - double precision Floating pt

w - in teger (con v ert instructions only)
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� Load/Sto re, Data Movement Instructions

Assem bler Syn tax:

Loads Sto res Data Movement

lwc1 fd, mem swc1 fs, mem mov .fmt fd, fs

ldc1 fd, mem sdc1 fs, mem mtc1 rd, fs

l .fmt fd, mem y s .fmt fs, mem y mfc1 rt, fd

Instruction format: Load/stores: I-t yp e, Mo v es: R-t yp e

These instructions mo v e 
oating p oin t v alues from memory to/from FPU registers, and b et w een

registers. The l .fmt and s .fmt are pseudoinstructions whic h pro vide a syn tax for load/store similar

to other FPU instructions. The mov .fmt instruction mo v es data b et w een FPU registers, while mtc1

and mfc1 mo v e v alues b et w een the CPU and FPU registers. Note that when a memory lo cation is

sp eci�ed using b ase addressing (of the form offset(reg) ), a CPU register ( NOT an FPU register)

is used in the address op eration.

Examples:

lwc1 $f8, val1 # load value of memory location val1 into FPU register 8

l.s $f8, val1 # pseudoinstruction version of above

s.s $f10, 100($9) # store single precision fp value at [R9] + 100

mov.s $f8, $f4 # copy between two FPU registers

mtci $8, $f6 # copy from CPU reg 8 to FPU reg 6

� Arithmetic and Conversion Instructions

Assem bler Syn tax:

add .fmt fd, fs, ft sub .fmt fd, fs, ft

mul .fmt fd, fs, ft div .fmt fd, fs, ft

neg .fmt fd, fs

cvt .fmt.fmt fd, fs

Instruction format: R-t yp e

The arithmetic instructions p erform the indicated op eration b et w een 
oating p oin t v alues. Note that

there is no problem with mul and div with op erand sizes, as there is with in tegers { the result is simply

re-normalized (exp onen t adjusted) to accommo date an y c hange in magnitude. The cvt instructions

p erform a con v ersion to the �rst fmt from the second fmt . Note that either fmt can b e w , indicating

a con v ersion to/from in teger (w ord).

Examples:

add.s $f10, $f8, $f6 # compute F10 = F8 + F6 (single precision)

neg.d $f12, $f10 # F12 = - F10 (double precision)

cvt.d.s $f18, $f16 # F18 = (double precision) F16

cvt.s.w $f20, $f24 # convert INTEGER in F24 to single...

# ... precision floating pt in F20
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� Compa rison and Branch Instructions

Assem bler Syn tax:

c.eq .fmt fs, ft

c.lt .fmt fs, ft

c.le .fmt fs, ft

bc1t label

bc1f label

Instruction format: Compares: R-t yp e, Branc hes: I-t yp e

The compare instructions set the Condition bit in the FPU Contr ol/Status Register, based on the

results of the sp eci�ed comparison. The branc h instructions p erform a branc h dep ending if the result

of the last 
oating p oin t comparison w as TRUE (for bc1t ) or FALSE (for bc1f ).

Examples:

c.eq.s $f8, $f10 # Is F8 == F10? If so, set Condition bit = 1

bc1t equl # if so, then branch to label equl

c.le.s $f12, $f14 # This sequence implements a "branch if ...

bc1f greater # ... greater than" operation

� Additional Assembler Directives

Assem bler Syn tax:

.float val1, val2, ...

.double val1, val2, ...

These assem bler directiv es allo cate 4 and 8 b ytes, resp ectiv ely , for eac h v alue in the list.

� FPU Register Conventions

As with the CPU registers, a set of con v en tions has b een established for using the FPU registers. The

table b elo w summarizes these con v en tions.

MIPS FPU Register Usage Conventions

Register Description/Usage

$f0-$f2 Return results from functions

$f4-$f10 \T emp orary" - unrestricted use - not sa v ed during a call

$f12-$f14 Used to pass the �rst t w o 
oating p oin t argumen ts to a function

$f16-$f18 More temp orary

$f20-$f30 \Sa v ed" - will b e sa v ed across a call, BUT m ust b e sa v ed

(usually on stac k) b efore b eing used, restored b efore return
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