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Example

Ghmprior 9 st ruat lone Langunge of the Macohl

a cgdussste Ty #8 ekl - -
Y, 'h!*”i gﬁtif h”'ﬂ‘}/ , .. _ S 7 i S Y sscnve % % | . g @
',ﬂ{k‘ ' for more registers with the designer’s desire to keep the clock cycle s,
grams (or more 7€ that registers play in hardware .

Chapters 5 and 6 show the central role at 1 e
i # | | ' bt s Yiint 4 i J€* 11667 ()] (4 1% 4 "ﬁr}_ (LY & -,f:e. -~ 1 | |
struction; as we shall see In this chapter, effective use of registers is ; key 1

program performance:

ana the designer must balance the craving ¢,
s cane, the aesig 2 Of or,

1t is the compiler’s job to associate program variables with registers 7.
(or instance, the C statement from our earlier example:

ey =i -
i

The variables f, g, h, 1, and j can be assigned to the registers 517, 3

|

é

|

. o

| f » (g *+h) = (1 + )

§

|

119, and 120, respectively, What is the compiled MIPS assembly code”

.

; The compiled program is

add $8,$17,418 ¥ register $8 contains g+h

add $9,$19,%20 ¥ register $9 contains i+j

Sub $16,9$8,4%9 if f gets $8-%$9. or (g+h)-(i+7j)

. Registers $8 and $9 correspond to t0 and t 1 in the earlier example.

me]; 1; ogt af““;‘“% ]anguages have simple variables that contain single data ele-
1ENIS as in these examples, but they also have more complex data structures

such - e
enfe:niss ?;;iyfl:\grge: :eczgiltzsdiant a::;:gﬁilres can contain many more data el-
and access such large structures? €. How can a computer represen
Recall the five i
picted on the se(;:cfxc:dm pgnent? (;;f‘ ° computer introduced in Chapter 1 and de-
only a small amdint (5’ dgeto* - _Chapter (page 93). The processor can store
lions of data elements Hf a,lg : SE ahars; but tOmputer memory contains mil-
ok exp]ajn@dlabové a;ﬂ;:c :’lta structl.}res, like arrays, are ke'pt in memory
thus MIPS muyst inélué@. ins‘t?utlF e erations occur only on registers in MIPS
registers, Such ixmtmctiﬂtmﬁ ;C lf)ns that transfer data between memory and
word in memory, the inﬂtruct'r ¢ called data transfer instructions. To access 4
ary onsiomal o VMUSt SUpply its address. Memory is really just

ke

resses start at (), For exa
BA glamani a9 ana ot REOxAamMPBle, In Figure 3.2 the addracc ~f sha thir

Ingle-dimensional : -
nal array, with the address acting as the index to that

Trend Micro, Inc.
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108

b aaa it on two key principles:
o taala A yuters ar bl

' 1ana are represented as numbers; and
1. Instructions are represe nted

stared in memory to be read
5. Programs can be stored in MemMOry | or

written just like numbers.

9 " » o a : - .' . * )m)l,l‘-d & ¢ L
This is the stored-program concept; 1ts invention let the computing ge

. aut of its bottle. Figure 3.7 shows the power of tl:m concept; specif-
el ' C code for an editor program, the

code, the text that the compiled pro-
ated the machine code.

.aally, memory can contain the
mn*éponding compiled machine cod
gram is using, and even the compiler that gener

: Accounting program :

(Machine code) ;
| r::::::::: ——————— .
| Editor program |
{' (Machine code) ;
e e e
1 { | C compiler ,~
1 (Machine code) .

| Payroll data :
L i
B
'|. Book text :

|
e ]
Rt et e e S N
| * |
| C code for editor program }
e e S R ]

Trend Micro, Inc.
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109

Recall from Cha -
e e it oin Chapter 1 that the
CEICAVGLCGE structions 18 called the

symbolic representation of in-

i assembly language of a cc tor. T
Software confusion between the symbolic and numerical forms

l of programs, we traditiona
8 B el ot 4 ALALO, AL l()nally
Interface TR machine executes the

tion from assembly language

call the numerical equivalent
machine language. The transla-
toO machine ']anguage is called

assembly, and tl}e program that translates is called an assem-

lates the assembly language program into machine 1an,guége, The program

that places the machine language program into
a loader (see section A.4 on page A-19).

Assembly language program

memory for execution is called

Machine language program

FIGURE 3_31 tansalo Iorarchy. A high-level language program s first

assembly language program and then assembled into
then places the machine code into the proper memory 10

compiled into an

a1 machine language program. The loader

cations for execution by the processor.
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| 110 Chapter 3 Instructions: l.anuao fﬂ Mh'"° _ .

; Assembly language is obviously a great improvement over Writin B

bers. In addition to replacing symbols with numbers, assemblers treat M-

mon variations of machine language instructions as if they were ingtructf)m--
vari . . tion

in their own right.
For example, the MIPS hardware makes sure that register $( alwa Y8 hac

value 0. That is, whenever register $0 is used, it supplies a 0, and the
mer cannot change the value of register $0. Register $0 is used to Create the .,
sembly language instruction move that copies the contents of one reo; gte o
another. Thus the MIIPP’S assembler accepts this instruction even thouy ghgii =
found in the MIPS architecture: )

move $8,$18 if register $8 gets register $18

S

'The assembler converts this assembly language instruction into th
chine language equivalent of the following instruction: N

gdd: 38,30, $18 # register %8 gevs @ + register $ 1

Ma-

_ 7l | : _.ZC‘h 114110 w
. pend Upon the gjoy, | | r Outine 1S to be followed. This choice
., ero Veing reckoned as plus for ma-
Structs >
Uction] (the conditional transfer

Trend Micro, Inc.
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il
This instruction means go to the stat
equals the value in register?.
ond instruction is

ement labeled L1 if the value in registerl
T'he mnemonic stands for branch equal. The sec-

bne registerl, ¥egister?2 lb

It means go to the statement labeled L1 if the value in register]l does not equal

the Vahfe In register2. The mnemonic stands for branch not equal. These two
instructions are called conditional branches.

In the following C code segment, f, g, h, i, and j are variables:

El== 7). goto L1:
+ N
.

1.
f =g
ey = f

Assuming that the five variables correspond to five registers $16 through
$20, what is the compiled MIPS code?

The compiled program is

beq $19,$20, L1 i aote 1 if i equals‘j | |
SRt ¢18 it f = g + h (skipped if 1 equals ])
e 1S $16. 819 # f=f - i (always executed).

Trend Micro, Inc.
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Instructions: Language of the Machine

112 Chapter 3

Instructions are stored in memory in stored-program COmputers: hence
mstructions must have memory addresses just like other words in memonf
Tl;e label L1 thus corresponds to the address of the subtract Instruction N

ice that the assembler relieves the compiler or the assembly language
tIL( t 14 - GlOL * : | | , _ e g - prf.;-.
grammer from the tedium of calculating branch addresses, Just as it dpe S fns
calculating data addresses for loads and stores (see section A .1 on Page A.»

in Appendix A or the example on page 106).

- & T, T e e e S W Sl & S e, o L ey
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[y e i g Ly - = 3 ""'-‘.v..‘r-'wr-- TR ] S S e A g ) v > "
¥ et - il = :.:-\_-.':-'-'a-'\.'.ula b Pt o e i Tl L Lol i 3 )
4 L A x R R O e [T Wiy ek )
b of ¥

Compilers frequently create branches and labels when the-,
do not appear in the programming language. Usipo the
same variables and registers from the previous example fhe

Software

Interface

£ — —

G == )= g + h: elso =g

\

bne $19,%$20,E1se IJOt0 Else if i » j

add 316 . $17 .3$18 #F f =g+ h SSRIpped if 1 - ;

J Gt # go to Exit |
EliSes  Sub $16,$17,%18 it — g - | CSKipped if i -

EXA T
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