CSE 410 - Spring 2004

Homeworlk 1

due on Wednesday, April 7 at 9:30 AM, the beginning of class

42 points + 2 extra credit
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This homework is intended to help you get comfortable dealing with instructions and data
at the machine level: individual MIPS instructions and the raw hits of numeric
representations. Fecl free to use the SPIM simulator to try out the code that vou write for
these problems.

Tou can discuss these problems with others to get a better understanding of the material.
However, do not just copy the answers from someane clse — you won’t learn anything
and you will be cheating yoursell and your classmates, Ask questions instead!

1. {2pt} An example of an R-format instruction is Shift Lelt Lopical: 511
rd, rt, shamt. The shamt ficld in an R-format instroction is 3 bits wide. The
number that appears in the shamt field is used to control how far to shift (number of
bit positions), Given that the value is interpreted as an unsigned integer, what is the
maximum shift distance that can be specified by the shamt field? Why?

3L bids,  ecamse J7-L =30 s Hao o fages!
auwm g, ddiad will Af in S5 &K

2. An example of an [-format instruction is Load Werd: 1w rt, o (rx). This
instruction loads register rt with the value from the ward at location ¢ (rx), using

the sum of the immediate ¢ and the register Tx as the byte address. The offzet © is
stored in a 16-hit field.

a. {2pt) Assuming that ene bit of the offeet field is a sign bit, how many byvies can be
addressed for any single value of r=x? Why?

2%-37768, 5 el G5 530 . If yao.  “I& (A Fign bt amol affew
£ 0 w get 727048 + 32768 - [
Bl srn }I‘-ﬂ q L L o ey ﬂ'ruf

IF you wae 2's complewent= ne abow, you seb £5536 adduraca AXELY

b, (2pt) [f the field were reated as 2n unsigned 16-bit inteper instead of a siprme intr:gr:'[
as in part (a), how many bytes could be addressed for any single value of zx? Why?

9 “oisease
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3. MIPS instructions are 4 bytes long. All instructions are word-aligned in memory.
Every byte in memory has a unique address. The first instruction in a program is
often put at location 0x400000. {"0x"™ means that the following number is in base 16,
or hexadecimal )

a. (2pt) What is the address of the second instruetion in the program? Give the address
in binary (base 2} notation.

o0 odo soms0e p
& O Lo ls] DTa IEU:J'-::':L

= & 5 5 k& 5 4 g
. {2pt) What is the address of the fourth instruction in the progrim? Give the address
in hexadecimal (base 16) notation. e

Ox 40 oosc ;
.

e (2pt) Assume that this is a very large program with several thousand instructions.
What are the two low order binary digits of the byvte address of the 2019% instruction?
{You do not need to convert 2019 to binary in order to answer this question!}

&0,

=

4. A nibble is generally considered to be 4 bits (half of a byte). Although larger
machines like deskiop processors and mainframes usually don't operate an individual
nihhles, it is common for small embedded systems to use them.

a. {2pt) What 1s the largest unsigned integer value that can be stored in a nibble? Give
your answer in hexadecimal (base 16) notation.

li

b. (Ipth The value |000; fits exactly into one nibble. [T is copied from there to 2 one
byle register (ie, a register that is § bits wide) and is then shifted to the left by four
hits, what is the resulting value in the register? Assume that there is ne sign
extension during the copy, Give your answer in decimal {base 10) notation.

fooe oago, = L2 118,

o (d6d .= § ondl & % ld = s28,

&
! : . .
Vote: Tl sign endension iosng cdoton ¥ rafly matfec o

Preblest beramas oll Ha hish ovden bids get hiffed ouf
ahm_mﬁ He shaft left aperadim.



CSE 410 - Spring 2004 Homewark |

3. Hand coding assembly language control flow is similar to programming in higher
level languages like C or Java, However, the test conditions are a little more difficult
ta write and the lagic often needs to be inverted. In the space below, write the code 1o
implement the given expressions. You can use any of the $tn registers as required for
temporary storage. Comment your code so that we can follow your logic.

a. [3pth Assume that there is some value in register $t0, and some value in memory
location 1imit. Show any additional labels that you use in implementing this.

Implement: if (5t0 = limit)
St0 = limit;

fur #_'?U- ) .lr-"ml"JL k- Ell'-'g‘-[' ﬂu.ul-ll* v fue
ble $+ﬂ 3 $ Tl | Skflu =+t .fki"p .IL{: 1o o = f;”mr1+
Maue ;*+aj F41L +H o = Neafdf

El-ii”ﬁf".

b. (3ply Assume that there is a sipned integer value greater than or equal o 1 in memory
location Limit, Calculate the sum of the numbers 1. 1imit and accomulaie it in
register SE1.

Implement: £Ll = 0;
for [5t0=1; S5td<=limit; LO++)
St1 = 5ti o+ 5k0;

e FHL ¥ 2ero # o = 0
l-. i'ﬁﬂ : j—- L - ;ﬂ:ﬁgﬂ-‘?ﬁ = .III
m -#—r"l ; HMLH-’ o+ ppper .IIJ"r'-lHI"

loGp:.
ﬁﬁj a&cg_ .:,%'-]'J.j ﬁ'fij#ﬁﬂ - ar:.-;mﬂufﬂ*['a

i 35 1 #  crement -"rtg?;sa
Als :}fv.{-{:, a-i"if'l:, fﬂcﬂdﬂ # E‘EF&X‘I"
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6. For this problem, you will need the example progeam summ.s and the SPIM simulator,
Start SPIM running and loed the sum.s progeam. Run the program. You should get a

cansale display window that shows the number of elements in the array and their
suim.

a. (2pt) The first display pane in the SPIM window shows all the registers in the
machine. Notice that both the name and number are shown for cach register, along
with the current value, What is the value shown in register $t0 after the program
exccutes? Referring back to the sum_s source code, what is the meaning of this
valuc?

4'6]{{.: qu Fte is Hy spm T‘.f.:i}j‘]{gd_

b. (Zpt) What is the value shown in register $t3 afier the program executes? Referring
back to the sum.s source code, what is the meaning of this valus?

En last value in Ha ﬂ”‘g

c. (2pt} The second display pane shows the pragram code stored in the text sepment.
What is the addreess of the fiest instruction in the text seement?

v, &840 ocoo

d. (2pt) The first little bit of code is supplied as part of SPIM. Our program starts at
location (x00400024. You can see that the source ling is number 17, and the original
gource code is shown over on the right hand side. Scroll down to where line 37 is
shown. What is the hexadecimal value of the instruction word assoeiated with this
line?

Ow /[ 2a doog

e. (2pt) What is the value of the least significant 4 hexadecimal digits of the instruction
word in (d)? How is this value used when the instruction is executed?

Ooas T+ 75 gy offsel wn  weords

é}ﬁg-;w

o

xp“"

JL 4
& @MH}}& o

ﬂ_

b

,-,‘-_w

[&hﬁ +o  dlg Sl’-'.fd:] fabel I dbu  branch

Lw calcolote Lo cation ? the  nerf
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{2pt) The third display pane shows the program data stored in the data sepment.
scrolling through the data in this section, you should be able te identify the val array
from the sum.s program. At what address does the val amay start?

Ox a0l codd

{2pt) Given what you can see about the val array in the data display pane and

referring back to the sum.s source code, what would you expect the address of label
endiag 1o ba?

Oy 102( coss

- {2pt) Relerring back to the sum.s source code, identify the two registers that should

contain the value given in {g) when the program finishes exccuting, What are they?
Verify that the register display agrees with your answer,

:ff,f_} ¥t

Page 6 of 7



CSE 410 - Spring 2004 Homework |

7. (Extra credit, 2 points) Assume that memory location etx is the first byte of an asciiz
text string (ie, it is a string ol churecter bytes followed by a byte with the value 0.)
Assume that memory location hista is the beginning of 2 block of 256 words.
Assume that the hista block has already been initialized to 0 in esch word. Look at
cach character in the string and increment the appropriate word in the histo areay to
recard how many times each character oceurs in the text string. Note that this code
records the U character that terminates the string, The character codes for A to Z arc
65g through 90yq, and the character cades for a to z are 975 through 1224,

[mplement: id = 0;
de |
¢ = strl[idx];
histole] +#+;
=N b
} while {cl=0)

Enter your code into the skeleton histo,s and check that it works. Submit the source
file electronically.

Jy s
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This program doss a histogram on tEhe charaster string str.
This file was written in the Context editor with smart tabs
turned off [Opticns -> Eavirenment -» Bditor -> Smart Tabs) .

afr db =it

-data ¥ The follewing esnkries go in the data segment

BErSpRCE:
.aggiiz "
aerNHewlins:
.azciiz "ot
gEr:
.ascidz 'EAEEEEGGIIKKHHDDDDSEHEWW??Ehﬂdefghijklmnngqrstuvwxyz"
.align 2 ¢ sneurs table is word aligned
hiskto:
.space 1034 E 206 wards
. baxt # Tha foallewing ankrias go in the text (program ceoda) sagmank
mE1r:
1i Gvd, d ¥ load print_string code
la Sal.str £ leoad address of the string to primt
gyacall i mslk the system to print the string
1l Zwd, 4 { load print_string code
1a tal,.strifewline § load address of the string to print
gyasall I agk the dSydtem to print the string
it Zaro ociut thes histogram block
1= 2t . histo ¥ gbtart address
addd ARl 580, 1024 ! msnd addraco
initLoop:
1] czara, PISEDl) I gstore zaro
addl Ltd, 50, 4 # increament addresse palntear
Ble SED, Stl, inithoop i loop if more to do
# implement problem | ocods hars
e LED, Smara Il %0 = character index = 0
la L“tl, Btr # el = address{str]
la 22, hicta F 52 = pddresrihisto]
histoLaap:
addq k3, SR1, SED f address of next character
L1ku Std, DISES) # 5td = nexk character
#11 Sh4, SRALZ i comvert to word offpet
add LE5, 5E2, Std # addroess of histe ankry
Iwr SEE, D SES) I load the histogram entry
addi e, i lncrement it
aw SEE, O{5ES) il store it back in memozyr
addi b, 5th, 1 # lncremeank tha aharaster index
bnaz Std , histalaap i loop if not at end
# prink the aontentz of the histogoam
la “tD, higtao # 2ed = address of the £iret word af the histo
ArTay
addi 5l 50, L0E4 f %tl = address of word fallewing the histo arrzay
BEora LRI, Szara b 22 = index = 0
PEintLogp:
1i Sawrd, 1 # load print_integer coda
mOvE Lab, 5u2 f put ehe index in Sal for printing
Bysaall it ask tha syatam to prink the integer

1i Gwd, d # load print_ptring code



1la
ayscall

11
1w
ayscall

1i
1m
syvscall

addi

addi
boa

ir

-

a0, strsSpace

£
Gvwd, 1 ¥
7a0,0(580) E

ES
v, 4 £
al,atrNewline ¥

£
St0,5t0,.4 &
-4 e S e | £
SE0, 5El,printloop

Gra i

laad addrase of tha string to print
agk the syatem to primt the string

load print_integer aode

put the histogram value in Zad for priating
ask the syetem to print the integer

load print_string aods
load address of the string te primt
ask Ehe ayeEtam to print the string

Sed addrass (naxt antzy)
K index{next antry)
U lesp if more to do

AN



