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FIGURE 3.9 lllustratif)n of the options in the if statement above. The left box corresponds to
the “then” part of the if statement and the right box corresponds to the “else” part.

Here is a loop in C:

eop: g = g + A[1];
=l o+
e & = n) goto Loop;

Assume A is an array of 100 elements and that the compiler associates the
variables g, h, i, and j to the registers $17, $18, $19, and $20, respectively.
Let's assume that the array starts at Astart. Remember that byte addressing
means we will need to multiply the index i by 4 before we can use it in the
load instruction. Let’s assume that 4 has already been placed in register 510
and that the MIPS instruction mu1t (further described in Chapter 4), is avail-
able for multiplies. What is the MIPS assembly code corresponding to this

C segment?
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Elaboration: Readers A —
S Who might have heard about delayed branches, covered In
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Supporting Procedures in Computer Hardware

A procedure Or subroutine is one way that programmers structure programs,
both to make them easier to understand and to allow code to be reused. An
%nstmction set must provide a way to jump to a procedure and then return
from the procedure to the instruction just after the calling point. Programmers
must also have conventions governing how to pass parameters and how to
support the nesting of procedure calls.

First, let's look at the primitive operations that support procedures. MIPS
provides an instruction that jumps to an address and simultaneously saves the
address of the following instruction in register $31. The jump-and-link instruc-
tion (jal) is simply written

jal ProcedureAddress

The link portion of the name means that a link is formed to the calling site to
allow the procedure to return to the proper address. This link, stored in regis-

ter $31, is called the return address.
We already have an instruction to do the return jump:

TP $31

The Jump register instruction, useful in the switch statement, jumps to the
address stored in register $31—which is just what we want.

Implicit in the instruction set 1s the need to have a register to ho}d tl}e ad-
dress of the current instruction being executed. The jal instruction just incre-
ments this register to point to the next instruction before saving it in register

$31, and jr $31 simply copies $31 into that register. For historical reasons,

this register is almost always called the program counter, abbreviated PQ , al-

though a more sensible name would have been Instruction Address register.

MIPS follows tradition and calls it the PC. l
Suppose a procedure wanted to call another prgced}lre. Then 1511:=."prc)g3:anlxc-i
mer would need to save the old value of register $31, since the new jal wou -
clobber the old return address. This 1s an example of xw;hgrerxxfg need to spi
registers to memory, as mentioned In the Hardware Software Intertace on

page 102.
Since procedures can ¢
ideal data structure for spil

at call procedures, and so on, the

5 ocedures th
an call procedures t Gl
P tack—a last-in-first-out queue. A

ling registers1s a s
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Chapter 3 Instructions: Language of ho Machine

— )

stack needs a pointer to the top of t'l"!(& stack to show where 'the nex
should place the registers to be Spllled or where old register v, Car
found. The top of the stack is adjusted by the number‘ of registers 5., be
saved or restored. Stacks are soO popular that th‘ey have their owr Mevs.. Are
for transferring data to and from the stack:* Placing data onto the o oy
a push, and removing data from the stack is called a pop. alleg

¢ p'FOCQd ur
lueg %

Assume procedure A has invoked procedure B, that procedure B ;.
call procedure C, and that C calls no more procedures. Figure

> aﬂfr;-r;.;-_
AT % o
122 shows the steps we must perform. Before calling C, proced ;. gy
save its return address on the stack. The stack pointer, register $29 is ..
ed to point to the new top of stack. Procedure C is then called . .
instruction changes register $31 to contain C’s return address Aftsr

roT

dure C returns to procedure B, the old return address is restored from o

L
jL -‘."* |r- I“?"'ﬁ 1

stack into register $31. The stack pointer is then changed back to the TOm the

contains the pointer to the top of the stack and one register, say $24 : Ci
fflearitili Valtueljco ?d]ust the top of stack. Recall that the MIPS assembly cor
g axii g)lfzivatﬁels on :ﬁle left, indent the instruction to the right of the
/ €S€ with an opti u_;g .
symbol (#) ptional comment that starts with the shart
A:
jal
i Lo R return address
B2,
add $29, 529 504 ;’f UONERERd Y %o call (
| # ?Siuit St?Ck to make room
oW $31 00$29) 4 Saye i;(]t ttem
yai C R € return address
) $§1 L & Save return address
. 9, -' A, SR8 re B e
129,924 # adiye turn address...

Trend Micro, Inc.
EX1008-11



of these factors wit]
ory hierarchy. BNificantly affecting other critical factors in the mem
: , X N 9 A O ¢ AL LIS L1ie i § i

.. . asystem has been devised t, make th

grammer as a single level ¢ core drum combination appear to the pro-

store, the reaiiiqite 1/ '
e, the requisite transfers taking place automatically.

Kilburn et al., One-level storage system, 1962

In the previous secti

biicy aCI(::)ess i rece;ttllon’ we saw bow caches served as a method for providing

B o y used portions of a program’s code and data. Similarly,
y can act as a “cache” for the secondary storage, usually

%r?lplemented Wlth magn-etic‘ disks. This technique is called virtual memory.
ere are two major motivations for virtual memory: to allow efficient shar-

ing of memory among multiple programs and to remove the programming
burdens of a small, limited amount of main memory.

Consider a collection of programs running at once on a machine. The total
memory required by all the programs may be much larger than the amount of
physical memory available on the machine, but only a fraction of this memory
is actively being used at any point in time. Main memory need contain only the
active portions of the programs, just as a cache contains only the active porfion
of one program. This allows us to efficiently share the processor as well as the

main memory.
A second motivation is to allow user programs to exceed the size of primary

memory. Formerly, it a program became too large for .
up to the programmer to make it fit. Programmers divided programs nto

pieces and then identified the pieces that were mutually exclusive. These over-
lays were loaded or nloaded under user program control during execution,

with the programmer ensuring that the program nevet tried to access an Over-
lay that was not loaded and that the overlays loaded never exceeded the total

size of the memory. As one can well imagine, this respensibfdit?: wisiat :ub:-im?;

tial burden on programmers. Virtua! memo'y. i Vfafhl?\; tit?ygl:;ftthe

memory hierarchy represented b}}; Tlal?or?:’ﬁil zv ?ﬁth\:: tth ph;‘sic;ﬁl{enlo-
| | * P Al 11 VLS kW -

. Of course, we Camrlr?st 5:;(3;: \,V:L t:corfpils them. In fact, the programs sharing
:}{ew;glyg;(}:;elrr];lle?fg?y ‘c an even change dyna .mieal lyl \\{ h‘:le )tl:tl | E l‘it;%;ﬂ;tlgsoit i
running. Because of this, we WO uld like to compﬂllel e..j.lu,t}l E& : };u £y 1only .
address space, that 18, @ separate range of MEMOryY 10CRR S A -

T3 .o o cincle phvsical memo-
thi Because multiple user programs share a single physice
fbtogram. Because IR ™ ,
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FIGURE 7.14 In virtual memory, pages are mapped from one set of 2
tual addresses, to another set called physical addresses. The proc

addresses while the memory is accessed using physical addresses. Both ¢
the physical memory are broken into pages, so that a virtu

page. Of course, it is also possible for a virtual page to be absent from

ddr -
933‘33’ Called 4,

ol -
i -4 [
-

=

he 'ﬂ/irt{laf - i f
al page is really mapped o
ysical pages can he

allow two different programs to share data or code.

anslation of each progrfm;f addres
ed by virtual memory. Space from other programs are provc

h—

ca ' | erminc
Wflll'ed A page fault. With Virtual ed a page, and a virtual memory miss -
Vhich jg translateq by a comb; memory, the CPU produces a virtual i

rdware and software toa /!

Hlain memory. Figure 7.14 shoW> ™

ol ) €d to physical memor)
evels Contr()lledp § OFaddress trapglay

% 12
1"1_r | LA

ion. Today, the two meme.

971~
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|
| Y

of a bobk ind aUr libl‘ary . Sory are DRAMs and magnetic

"5Y: We can think of g virtual address a5t af
the location of that book in the ibrat
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