HAEEHXZZE Department of Electrical and Computer Engineering
Fall 2012 Seoul National University

Computer Organization Assignment#1
MIPS ISS(Instruction Set Simulator)
Due : 23:59, Monday, October 8, 2012
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II. Theory
1. SPIMQ| At H
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lEl\e Simulator  Registers  Jext Segment Data Segment Window  Help
E 0 dS a# » o @ = @
4 ') Regs Int Regs [16] |4 Data Text
Pc & nt Regs [16] & x Data g x|
MIPS registres | =0 - \ \ .
EPC =0 Kernel datd\ segment [90000000]™\[90010000]
Cause =0 [34 1 45282 47065 £ £2 Exception . oc
BadVaddr = 0 [ uuuuulu]D iﬂz?saa 60 20 6488 sjggﬁﬁj_aﬁfsem curred and ignor
Statns = 3000£F10 [30000020] 26465 4Pp5p2020 726! 07572 ead. [Interrupt
[3000003 05d 4b545020 2 ory <" 1 TLB] . [TL
BT _— [‘[I[I[I[I[IQM ni@ d42  4p545p20 zmm 415620 B ] [TLB1 . [ad
Lo — [SDOTETST ws7i6e 1265207 o7 T2 e9lUcEed dress error in 1
[20000060] 2£74736= 61746164 74656620 205d6863 nst/data festchl
RO [r0] = 0 [20000070] 5b202000 72646441 20737365 6£727265 . [Address erro
Rl [at] = 0 [90000080] 62692072 6f747320 205d6572 5b202000 r in store] . [
R2 [v0] = 0 [20000090] 20646142 74736269 74637572 2062669 Bad instruction
RS [vi] = 0 [200000a0] 72646461 5d737365 20200020 6461425b addresas] . [Bad
R4 [a0] = 3 [200000b0] 74616420 64612061 73657264 00205473 data address] .
RS [al] = Tfifzsss [800000c0] 455b2020 7T26£7272 20626820 63737973 [Error in sysc
R6 [a2] = TEIfzsss =[| reo0000do] 5d6c6c6l 20200020 6572425b  6£706b61 2a11] . [Breakpo
RT [a3] =0 [900000e0] 5d746e63 20200020 7365525b 65767265 int] . [Reserxrve
RE [t0] = 0O [900000£0] 62692064 75727473 6£687463 00205d6e d instruction] .
RO [tl] = 0O [90000100] 5b202000 74687241 T4656d68 6£206369 [Arithmectic Q
R10 [t2] = O [90000110] 66726576 5d776efec 20200020 6172545k verflow] . [Tra
R11 [t3] = 0O [90000120] 00205470 5b202000 616£6c46 676263974 p1l - [Floating
R12 [t4] = O [90000130] 6396£7020 205d746e 20000000 &£435b20 poinct] P [Co
R13 [t5] = O [90000140] 636£7270 005d3220 20000000 444dSb20 proc 2] [MD
R14 [t6] = O [90000150] 005d584d 575b2020 68637461 2020005d MX] . [ .
R15 [t7] = O [90000160] 63614d5b 65626968 65686320 005deb63 [Ma n
R16 [s0] = O [90000170] 00000000 5b202000 68636143 00005d65
R17 [s1] = O [90000180] 90000024 90000033 9000003b 90000043
R18 [s2] = O [900001390] 9000004k 90000071 9000008d 900000aa
R19 [s3] = O [900001a0] 900000c0 900000dé 9000006 90000100
R20 [s4] = O [900001b0] 90000101 9000011a 90000124 90000125
R21 [s5] = O — || [900001c0] 900001398 9000013a 9000013b 90000148
R22 [s6] = O [900001d0] 90000148 9000014a 9000014b 90000154 =
R23 [s7] = O [900001e0] 9000015 90000170 90000171 90000172
R24 [t8] = 0 [900001£0] 90000173 90000174 90000175 9000017f%
R25 [t9] = O [90000200] .. [9000££££f] 00000000
R26 [k0] = O L3
R27 [k1] = O - -
[ SHIM Version 31,4 of Septernber 4, 2017 -
Copyright 1930-2010, James R, Larus,
Al Rights Reserved,
SPIM is distributed under a BSD license, o
See the file README for a full copyright notice, b

Figure 1 SPIM window layout
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SPIM example 1: add two numbers

# $t2 - used to hold the sum of the $t0 and $t1.

#$v0 - O] YX|AHE O system callg 3 AKX FHS L= IL=2 T UCH
# %$a0 - O] PX|AE = EH system callof A inputE 2= AL input parameter2 Ho|H QULCE.

text # 07| EE codeZ} A|&tSICH= directive

main: # 'main’ O|2}= label
li $vO, 4 # read number into $v0
la $a0, strl # strl label A2 $a00]| X%
syscall # strl print
li $v0, 5 # read number into $v0
syscall # make the syscall read_int
move $t0, $v0 # move the number read into $t0
li $v0, 4
la $a0, str2
syscall # str2 print
li $vO, 5 # read second number into $v0
syscall # make the syscall read_int

move $t1, $v0
add $t2, $t0, $t1

# move the number read into $t1

li $v0, 4

la $a0, str3

syscall # str3 print

move $a0, $t2 # move the number to print into $a0
li $vO, 1 # load syscall print_int into $v0
syscall # print $a0 to console

li $v0, 10 # syscall code 10 is for exit

syscall

.data

strl : .asciiz "Input 1 :"

str2 : .asciiz "Input 2 "
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str3 : .asciiz "Result
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- main: 2 label& L}EFHLCE jump S& & [ff labelS

AlSHH labelZ2 jump $HCH

§AO| OXl= $t0 oF $t10] SO 42 ABXRZRE consoleE2 Sof YUY oM 1 &2 &

2H5l= assemply codeO|Ct. 0§ 7| A .text, syscall, move, li & A& MIPS instruction0| = ZE%HE|X|

=
2 psudo code@t FAtSH JHESZ assemply YS E7 ot== 51 RUACE O[] Cfet 2¥s

ofzfof =Zotrt.

Otz o| Tablel2 SPIMO|A AFEE|= directives2A] assemply ZEHE & O ZQSICH AtE Ol&

examplelS EZSHCt

Table 1 SPIM directives

.data start data segment

.ascii str store the string str in memory without "\0'
.asciiz str idem, with "\0'

Jyte 3,4,16 store 3 byte values

.double 3.14, 2.72

store 2 doubles

float 3.14, 2.72

store 2 floats

.word 3,4,16 store 3 32-bit quantities
.space 100 reserve 100 bytes
text start text segment
Table 2 syscall services
Service HH INPUT =X MY
print_int $v0=1 $a0 = integer to print prints $a0 to standard output
print_float $v0=2 $f12 = float to print prints $f12 to standard output
print_double | $v0 =3 $f12 = double to print prints $f12 to standard output
. . _ _ . prints a character string to
print_string | $v0=4 $a0 = address of first character standard output
. _ integer read from standard input
read_int $v0=5 placed in $v0
_ float read from standard input
read_float $v0=6 placed in $0
_ double read from standard input
read_double | $v0=7 placed in $f0
. _ $a0 = address to place string, $al | reads standard input into
read_string 0 =8 = max string length address in $a0
$v0= address of allocated
sbrk $v0=9 $a0 = number of bytes required memory
Allocates memory from the heap
exit $v0 =10
print_char $v0 =11 $a0 = character (low 8 bits)
read_char S0 = 12 $v0 = character (no line feed)
echoed
. _ $a0 = full path (zero terminated e .
file_open $v0 =13 string with no line feed), $v0 = file descriptor
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$al = flags, $a2 = UNIX octal file
mode (0644 for rw-r--r--)
$a0 = file descriptor, $v0 = amount of data in buffer
file_read $v0 =14 $al = buffer address, from file
$a2 = amount to read in bytes (-1 = error, 0 = end of file)
$a0 = file descriptor, $v0 = amount of data in buffer to
file_write $v0 =15 $al = buffer address, file
$a2 = amount to write in bytes (-1 = error, 0 = end of file)
file_close $v0 =16 $a0 = file descriptor
Table 3 SPIM instruction
Instruction Meaning
li $t0, 44 register $t19| Z}S register $t00| = ASHCE.

AR 2 MIPS ISA0| ZX{3t= instructionO| OfL|E 2 ZHIYU247} Xf52
2 addi $t0, $0, 44 S22 H}ECH

la $vO, L1 ‘L1 O|2t= labelO| QUE [Mf, O label0] Y= F=AE v0O| E=Ct
move $t0, $t1 register $t19| Z+S register $t00] S A}SHCE.

AOU 7t AF52 2 addu $t0, $0, $t1 SO =2 HHECE
lui $t0, 0x4355 Set the upper 16 bits or register $t0 to the

value 0x4355.
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L2 IV. Implementation Details®| 2t = 0OpX|Gtg)|

IV. Implementation Details

1. SPIM simulation

UM AMIEH £ ExamplelS SPIMEZ E3|| A|E2|0|M 8} EXL
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| 7% examplel.tit (~WDesktop) - GVIM L

oaE #EE =0 SHE HEHE #F#W ES2H)
AERE 9 @ B RXRE SSATHa ?2 %
1 .text # 42| FH codel} A|LSHI}= directive -
2 main: # ‘main’ 0| 2}= label I
3 1i $vBd, 4 # read number into $uB
y la $a@, str1 # str1 label -~ Sa@ly| &
5 syscall # str1 print
i 1i 4vl, © # read number into %u@
7 syscall # make the syscall read_int
8 move 5t@, 3jvae # move the number read into $t@ E
o 1i $va, 4
1@ la §a@, str2
11 syscall # str2 print
12 1i $vB, © # read second number into 3v@
13 syscall # make the syscall read_int
14 move $t1, 3jvam # move the number read into $t1
15 add $tz, $te, $t1 W
16 1i $vl, 4
17 la §a@, str3
18 syscall # str3d print
10 move $a@, it2 # move the number to print into %a@
20 1i 5vl, 1 # load syscall print_int into %v@
21 syscall # print $a@ to console
22 1i %vBl, 18 # syscall code 18 is for exit
23 syscall
24
25 _data
26 str1 : .asciiz "Input 1 ="
27 str2 : .asciiz "Input 2 =
28 str3d : .asciiz "Result : -
28,26 [mp=

HZ2XO|Lt VIM 5 HAEHEEO examplell| assemply codeE = Atst M ZESICE.

F -
Ly Open Assembly Code lEJM
- e e — - | m—
C IO TIEER N EEEEEE o]
22w N EG - 0 @
— [ TDEEH (| mEEH -
M EAX Wl
i Dropbox | mips simulator i Model Checking
8 CH2EE r og EH : | oz EH
L gt .
Sl PPy 7 Modelsim SPIM
| oY £H i r o¥ 4
| @ ao=aE F survey Visio
| B= | e s | mesg
i B o2 s
= Al BRUZ A temp MR
< 2 J o2 =g oY =g
M H=E f ??%HWC f ??EEE%H -
& zz023 ) te E£0 oeEH
= B2 023 (D)
== Modesty_storage 3 r A
— Transcend (F1 7 ¥
oY 0| E(N): ex? - [As&embly (*.5 *.asm) -
Assembly (%5 *.asm)
N - |
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SPIMQ| File & — LoadFile € Z22/5}0] mtY 0|2 Yol ZEEE Text files(*txt)2 HFD XZE

3l examplel.txt& £2{2LC}

File  Simulator Registers Text Segment Data Seg
& |4 a b=
' Regs Int Regs [16] IT|} Data
Int Regs [16] & X Test
BC =0 =~ sqme .. [004
EBC =0 §| [00400000] |8£240000 1w $4, 0($29) ; : Iv $30 O($sp
Canse =0 00400004 ] 27250004 addin §5, $29, 4 ; 184: addiv §al 5s]
Badvaddr = 0 [00400008] 24260004 addiu §6, $5, 4 : 185: addiu Sa2 Sa
Status = 3000£f10 [0040000c] 00041080 s11 $2, $4, 2 : 186: sll 5v0 $a0
[00400010] 00c23021 addu §6, §6, $2 ; 187: addu $aZ $az
HL =0 [00400014] 0c100009 Jjal Ox00400024 [main] : 188: jal main
Lo -0 [00400018] 00000000 nop : 189: nop
RO [r0] = O [0040001c] 34020002 ori §2, §0, 10 s 181 11 SvO 10
11 kel L F syosall 10 =
R1 [at] = 0
— [00400024] 34020004 ori $2, S0, 4 7 3: 1i Sv0, £ # read number into Sv0
R2 [v0] =0 i = s |
R [vi] = 0 [00400028] 3c011001 1lui $§1, 4097 [strl] ; 4: 1z $a0, strl # strl label Ad%0-I faoe; Audd
R4 [a0] = 1 [0040002c] 34240000 ori $4, $1, 0 [stri]
R5 [al] = T£fffdac [00400030] 0000000c syscall ; 5: syscall # stri print
RE [a2] = TEErfgbd =||j00400034] 34020005 ori $2, $0, 5 : &: 11 §v0, 5 # read number into 5v0
R7 [a3] = 0 [00400038] 0000000c syscall : 7: syscall # make the syscall read int
R& [t0] =0 [0040003c] 00024021 addm 58, §0, §2 : 8! move §t0, 5v0 # move the number read inte St0
R9 [tl] = O [00400040] 34020004 ori $2, $0, 4 ;7 9: 1i $vO, £
R10 [t2] = O [00400044] 3011001 lui §1, 4097 [str2] ; 10: 1a $a0, strz
R11 [t3] = O [00400048] 34240002 ori $4, $1, 10 [str2]
R12 [t4] = 0 [D040004c] 0000000c syscall : 11: syscall # strZ print
R13 [t3] =0 [00400050] 34020005 ori $2, $0, 5 : 12: 11 $v0, 5 # read second number inte 5v0
R14 [t6] = O [00400054] 000D000c syscall ; 13: syscall # make the syscall read int
R15 [t7] =0 [00400058] 00024821 addu §9, $0, §2 ; 14: move St1, $v0 # move the numbsr read inte Stl
E: [52' :g [0040005c] 01095020 add $10, §8, $9 : 15: add §tz, §to, Sti
Rig [521 _ o [00400060] 34020004 ori $2, $0, 4 ; 16: 11 §vo, £
Ris {:3: -5 [00400064] 3c011001 1lumi $§1, 4097 [str3] ; 17: 1a $ao, str3 I
R20 [s4] = O [00400068] 34240014 ori $4, $1, 20 [str3] |
_ —|§[0040006c] 0000000c syscall : 18: syscall # str3 print '
R21 [s5] = O
22 {56: =0 [DD400070] 00022021 adda $4, $0, $10 : 19: move 5a0, 5t2 # move the number to print into $af) |
R23 [s7] = 0 [00400074] 34020001 ori $2, §0, 1 : 20: 11 Sv0, 1 # load syscall print int into §v0
R24 [t8] = 0O [00400078] 0000000c syscall : 21: sysecall # print 5al to console
IR25 [t9] =0 [0040007c] 34020002 ori $2, §0, 10 : 22: 11 §v0, 10 # syscall code 10 is for exit
R26 [kO] = 0 [00400080] 0000000c syscall 7 23: syscall
R27 [k1] = O - -
SPIM Wersion 9.1,4 of Septernber 4, 2011 ~
Copyright 1990-2010, James R, Larus,
&ll Rights Reserved,
(| SPIM is distributed under a BSD license, L
See the file README for a full copyright notice, 2
= o o CH o =] =]
oS gdojE™ 7|CHet THE| a7t 22
=22 =2 [l = = HT
T Ox TEEFEEfE

assemply codet L= Z0| OfL|2t E&SHA
CtE instructionE0| HEQICt O]= OS7} gol=
console S AFE25}0 749 2 machine codeE

HAE 317 9ot 80|22 LYol ofsfe &

stack segment

2= ik
ot 22l FYo| Xsez  dHELCh
Figure52| Memory map0 LtEtH A X E text data segment
2 AT 0x00400000 F=AEH ZLE7F HAEHE 010010000
11, stack2 Ox7fffffffOl ] 5 E OfZHE Xigf= HA
o| =it} text segment

0=00400000

oxo0000000 | L 1S¥ET ]

Figure 2 SPIM memory map
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| File | Simulator Registers Text Segment Data Segment Window Help
B & H& a = @
Regs | Int Regs [16] Text
Int Regs [16] & X
BC =0 N User data segment [10000000 [10040000] -
EEC =0 [10000000] .. [1003£Lfff] 00000000
Cause =0
BadVAddr = 0
Status = 3000££10 User Stack [TE£f£984]..[80000000] L
[TELLL384] 00000003 T7ffffa3e TIfffa3g A - 3
HI =0 [TE£££990] TE£fffa2b 00000000 TEffffel TEffffbE8 . .
M Lo =0 [TELfff3a0] TLLEffe7 TLffffef TIfffif4b TELILL37 e«
fl [TE£££3k0] TELfff2a TEE£££12 TEEfff0a TEfffede =
RO [r0] =10 [TELLf£3cO] Tffffecs Tffffeae TIfffeal TIfffdlb f e e e e e e e e e e e
Rl [at] =0 [TE£££5d0] Tffffedd TEfffocc2 TEE£feTd TEfffcéb e T 4
R2 [v0] =0 [TELff3e0] TLfffc53 TLfffc38 TIffficla TILfifbd?3 5. . .8
R3 [w1] =0 [TEE££9£0] TE£fffbc2 TEfffbae TEE£fbOf TEfffbE89 C e e e
R4 [a0] = 3 [TEf£fa00] JEffEfb60 TEfffb38 TEEEffb00 Tifffaea R .
R5 [al] = TEEff9ss [FTE£££al10] TEffffadd TEfffabe TEf£ffa72 TEfffael T . -
R6 [a2] = TEEff9ss =| | [TEf£faz0] 00000000 00000000 65000000 7TO6d6178 P .o . .examnp
R7 [a3] =0 [TE£££a30] 652f656c T32e3278 646£6300 32430065 le/ex2 .3 .code.C:
RB [t0] = 0O [TEfffa40] 6573552f 4d2f7372 T365646f 442£7974 fUsers/Modescty /D
R9 [t1] =10 [TE£££a50] 746b7365 612f706f &d465737T3 00796cTO esktop/assemply.
RI1O [t2] = O [TEfffa60] 64626977 433d7269 €9575c3a TT6f646e windir=cC:\Window
R11 [t3] =0 [TE£££aT0] 53560073 4f£433039 4f544e4d 3d534c4f El VSE9O0COMNTOOCL S =
R12 [td4] = 0 [TEfffag0] 505c3a43 T2676£72 46206d61 T3656069 C:\V“Program Files
R13 [t5] = 0O [TE£££a90] 63694d5c  6£736£72 56207466 61757369 V“WMicrosoft Visua
R14 [t6] = O [TEfffaan] 7453206c 6£696475 30223920 6d6f435c 1 Studio 9.0\Com
R15 [t7] = 0O [TEfffab0] 376e6fed 6£f6£545c 005cT736c 52455355 mon7\%WToolsh\.US5ER
R16 [s0] = 0 [TEfffaco] 464£5250 3d454c49d 555c3a43 73726573 PROFILE=C:\Users
R17 [s1] = 0O [TE££fad0] 646f4d5c 79747365 45535500 4d4l4es2 V"“WModesty.USERNAM
R18 [s2] = 0 [TEfffaen] 6f4d3d45 74736564 53550079 4445245 E=Modesty.US5ERDO
R19 [s3] =0 [TE££faf0] 4e49414d 646£f4d3d T9747365 0043502d MAIN=Modesty-PC.
R20 [s4] = 0 [TEEf£Eb00] 52544055 4e4feddl  4edl4cSE 52494447 ULTRAMON _ LANGDIR
R21 [s5] = 0 || [7TE££Eb10] 5c3a433d 6T76£7250 206d6172 656c6946 =C:“"Program File
R22 [s6] = 0 [TEf£Eb20] 6c555c73  4d617274  525cée6f  TS6ET365 =\"UlctraMon\Resou
R23 [s7] = 0 [TE££fb30] 73656372 006f6b5c 3d504d54 555c3a4d3 receshNko.TMPEP=C:\NT
R24 [tB] = 0O [TEf£fb40] 73726573 646f4dSc T9747365 TOT0415c sers\Modesty\AppD
(|R25 [t8] = 0 [TE££fb50] 61746144 6&36f4c5c 545c6cel 00706de5 DatalVlLocal\WTemp .
R26 [kD] = O [TEE£EbED] 504d4554 5c3a433d 72657355 6£4dScT3 TEMP=C:\Users\Mo
R27 [k1] = 0O ~|| [TEE£EbT0] 74736564 T0415cT79 T4614470 6f4cScel destyhZappDataiLoao -
| SPIM Wersion Y9.7.4 of September 4, 2011 o
| Copyright 1990-2010, James R. Larus,
&/l Rightz Reserved,
|| SPIM is distributed under a BSD license, @
I See the file README for a full copyright notice, -
- — - =

2 A2 Data tapg 226l ATES SHEDH MY 0| User data segmentzZtd ol A
load, store instruction =3 A| H|O|EHE HZ2|0| MESID 222 [ *= 022 FH0| HIZ

o17|7t =t
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File  Simulator | Registers _Tex‘tS‘ gment Data Segment Winl?ow Help
E & @S| a #]lr v @ = @

Regs Int Regs [16] |4 Data Text

Int Regs [16] & X Text & X
BC i} i User Text Segment [00400000]..[00440000] .
EPC =0 [00400000] £fa40000 1w $4, 0(§29) ; 183: 1w 5a0 0(§sp) # argc

Cause =0 [00400004] 27250004 addiu $5, 5§29, 4 ; 184: addiu $al §sp 4 # argv

BadvAddr = 0 [00400008] 24a60004 addiu $6, 55, 4 ; 185: addiu §32 §al 4 # envp

Status = 3000££10 [0040000c] 00041080 s11 §2, 54, 2 : 186: s11 Sv0o Sa0 2

[00400010] 00c23021 adda $6, §6, $2 ; 187: addu $a2 $az 5v0

HI =0 [00400014] 0c1000028 Jjal Dx00400024 [main] ; 188: jal main

Lo =0 [00400018] 00000000 nop ; 189: nop L
Wz tro1 = o [0040001c] 34020002 ori $2, $0, 10 ; 181: 11 §vo 10 1
RL [at] = 0 [00400020] 0000000c syscall ; 1892: syscall # syscall 10 (exit)

Rz [vO] = 0 [00400024] 34020005 ori $2, $0, 5 2 3: 11 5v0, 5 # read number inteo 5v0

R3 [vl] = 0 [00400028] 0000000c syscall ; 4: syscall # make the syscall reed_int

R4 [aD] = 3 [0040002c] 00024021 adda $§8, S0, $2 ; B: move St0, Sv0 # move the number read inteo St0
R5 [al] = TEEffass [00400030] 34020005 ori $2, §0, 5 ; &2 11 5v0, 5 # read second number into 5v0

RE [a2] = TEEffo9s =| [00400034] 0000000c syscall ; 7: syscall # make the syscall read int B
R7 [a3] = 0 [00400038] 00024821 adda §9, S0, $2 ; B: move Sti1, Sv0 # move the number read into Sti
RB [t0] = 0O [0040003c] 01085020 add $10, §8, $9 : 9:r add $tz, 5to, 5ti

RS [t1] =0 [00400040] 00022021 addu $4, $0, $10 ; 10: move Sal, $5tZ # move the number to print

R1D [t2] = 0O into Sa0

R11 [t3] = 0O [00400044] 34020001 ori §2, 50, 1 ; 11: 11 $vo, 1 # load syscall print _int inte 5v0
R12 [td] = 0O [00400048] 0000000c syscall ; 12: syscall # print 5a0 to consols

R13 [t5] = 0O [0040004c] 34020002 ori §2, $0, 10 ; 13: 11 5v0, 10 # syscall code 10 is for exit

Ei: :zs} :g [00400050] 0000000c syscall : 14: syscall

Eis [551 - g Rernel Text Segment [80000000]..[80010000]

s [521 . [80000180] 0001de21 adda $27, $0, §1 ; 80: move SkI fat # Save fat

=2] =

RS :53} - [B0000184] 3c019000 1umi $1, -28672 ; 92: sv SvO 51 # Not re-sntrant and we can't

R20 [s4] = 0 trust Ssp

Ro1 [s5] = O —| [80000188] ac220200 sw §2, 512(§1)

R22 [s6] = O [B000018c] 3c019000 1mi §1, -28672 83: sw $a0 sZ # But we need to use these

R23 [s7] = 0O registers

R24 [t8] = 0 [80000190] ac240204 sw $4, 516(51)

R25 [t9] = © [B0000194] 40126800 mfed §26, $13 ; 95: mfel® Sk0 513 # Cause register

R26 [kD] = 0O [B0000198] 001a2082 srl 54, §26, 2 ; 96: srl Sa0 5k0 Z # Extract ExcCode Fiesld

R27 [k1] = O .| [B000019c] 3084001f andi $4, $4, 31 97: andi 5a0 520 Oxif <
SHIM Yersion 47,4 of September 4. 2UT1 o
Copyright 1990-2010, James R. Larus,

&/l Rightz Reserved,

SPIM is distributed under a BSD license, A
See the file README for a full copyright notice, -

OlMl AlZefojds A of EAt ¢ A8 HwE ArESIE /=0, MAEHES =20 2=
instruction0] 25 3|0 HZ|EE IZHEES #EY = gtk d2iM 71 EE 0wl
single stepg ZE/SIH(EE= CH=7| F10) 0x004000005E{ PCZfO| 4% ZE7FHA instructionf]
AXE Zt2|7|2, S instructionO] HTME|HA BHSEL= register®| Zr0|2t=X| Data Y|

memoryQ| Bzl S5 #ET = QUCL

oF B simulation2 M35t LIH registeret H22| 4f, PC 52 E5 Z7|35t0 CHA| A[ZHs|
OF sl2 2 SPIMO| File H|f+ — Reinitialize and LoadFile & Z&!5l0] CtA| examplel.ixtE =i
QFA ML O|H0j= Simulator H|F — Run/Continue (tt=7| F5) 2 &5t AHast

console®Of =Xt <enter>, =XIUH <enter> S}H F YATH =Xl 0| ZHECL
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[_L,— Console - (Ll [l =) I_ﬂi-l‘

Input 1 :4
Input 2 112
Result 1§

Figure 3 examplel9| ==g}H

Requirement #1

HESH example2, 3, 4, 58 /2| examplelOjA X & SPIMZ &dff =t A0E EAM0| &
Fol=]

otch E9F BE instruction0f Lot AF S FMo2 FHOrM E0MO| HEo| 2t

2. Instruction

ADD ADDU ADDI ADDIU SUB SUBU
SLT SLTU SLTI SLTIU AND ANDI
OR ORI XOR XORI NOR SRL
SRA SLL SRLV SRAV SLLV Lw
SW BEQ BNE BLTZ BLEZ BGTZ
BGEZ LUI J JAL JR

2|9| 357 instruction2 EZME2HE Jag MIPSOIAM X|SHAH Z Instruction EZ0|C} Of
instruction=0f L3t datapathE F3St2{ ™ instruction®| format, 7|5 S8 EFot0 Y=g &
T Qlojof BCH IYK| OB ZRME 201M eS| DMSHA T HOICh R-type/l-type/)-type

OS2 Rt ZZS orafel oAl oM MY Z2|stot.

Of| Al
R-type
1. ADD
Description Adds two registers and stores the result in a register
Operation $d = §s + §t
Syntax add $d, $s, $t
Encoding 0000 00ss ssst tttt dddd d000 0010 0000
I-type
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1. ADDI

Description Adds a .register and a sign-extended immediate value and stores the result

In a register

Operation $t = $s + imm

Syntax addi $t, $s, imm

Encoding 0010 0O0ss ssst tttt 1iii i1iii iiii iiii
J-type

1. )

Description Jumps to the calculated address

Operation PC = (PC & 0xf0000000) | (target << 2)

Syntax j target

Encoding 0000 10ii iiii iidii 4ididi 414441 iiidi iiii

Requirement #2

35749| instruction0f CHolf R-type/l-type/)-typeL 2 EESt1 2|9
5to] E Mo HEotct 80| FestHA 2010 Yote7| & St A0l S5t

3. Assembly coding

X|S27HX] 3l SPIMO| AtEH 1t InstructionOf CHPE O|sE HIEH S Z AlF assembly coding= dif

2Lt of2fe] CREO| CHESt= assembly ZEE AMSt0 SPIME ALESIO HIAE Sff ZLCt

#include <stdio.h>

void main () {
int a[7] = {-36, 20,
int n = 7;
int i;
int npos=0;
int nneg=0;

-27, 15, 1, -62, -41};

printf (“Computer Organization, Fall 2011\n”);

printf (“SPIM simulation\n”);

printf (“Athor 2010|8, StudentNum : SH\n”);
for (1 = 0; i < n; i++){
if(af[1] > 0)
npos++;

else
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nneg++;
}
printf (“Number of pos %$d\n”, npos);
printf (“Number of neg $d\n”, nnegq);
}
Requirement #3
o] CREN #3St= assembly IEE A5t FAZ o HAMO| HEoot Adet ZE
oHY Eoh mp2 RS SHL
Additional Requirement
s OfLX[EH Fo| A +AdStH JHbEE #HE 5= RUCEH Requirement#20f| A ZEALSH 35712
instructionZ Z(CHot B2 =5 &S0 XA{FFHE assembly ZEE 4 of 2C T2
S$ES MTRID Thd| instructiong AFBTH £7F HS4E T WIS WLt
V. Submission
M= 3|
1. E3AMO|H YLDt hardcopy E5 A=)
@ Requirement#1
example2~5 simulation ZD} 4N ME FAM o2l AE Y2 EA0 HE
@ Requirement#2
35719 instruction ™2|gt LI HE

® Requirement#3
=20l0| 243t Assembly codelf| FAM ZOtA EHIAO| HE, simulation Z1at HE
2. Requirement #30{A £90I0| M3t assemply code I (0|H Y M=)
HEUy
1. =1 oMY modesty@sdgroup.snu.ackr 2 E1A, IEMAS =310 X =.
2. =M Hardcopys A S28jA 108 9 A7 Mo HZ
X oY =2 10/8Y HRY MY 114 592 7HX| MEE0 -0 Y =& AlZH 7|F)
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APPENDIX A Background knowledge

1. Assembly & machine language
Colojz Z=2AcfYIEES Agotn HutUstn HALMES ZS0] applications +&dt= &
Mot Ad=d, 4 HEEQ
AtE38l0 QL = ISA(Instruction Set

Architecture) 7}t Intel targetO|2tH O| ISAO|A X|&StE instruction@ 2 AAALCTF AHOY =L

= =

dol Zzisd d™e = U= Aotk o7|0f=
le) [

mjn Q
i
>
&

PCH M AtESID QU= Processor= Intel architecture

= HE 22|7} AFEID Q= ALy = 5| USHH InterQ| x86 ISAE instructionS A9}
0 CZEE x86 ISA7} €052 = U&= machine language2 HAS| == & 0|2t & = QUCH
O] AOtYUHE SEof Lt2 AMOtU2 Intel processorOf| A2t Adl T7-=535ICE A KN MIPS ISAE
2eiz CEES Hut 5t HdAStH HZX & B|ELYO|2t= AIX| 7} LE2CF.
CHAl Zel | AATEE 2|7t A= MIPS ISAE EZICZE HAESH| sihs HME
MIPS ISAE X|®5t= cross-compiler?7} ZQ3st1, EME ADY =l machine codeE A3l 3t
MIPS T2 M| A7} ZQ3}Ct

gcce GNUOIM Bh= HmAa| O|Ch GNUO| CHSiAM= ZAF Xf2ZEAE 8f EA|Z BRZICE gee
£ AH8% Hugad2 orfet &L

fuj

Test.c
C code

collect2 &3

Figure 1 gcc Zat npd?!

A
=

—

AlM| 2 mipsel-linux-gcc 2h= MIPS ISA EtZUQ| cross-compilerE MAX[stn Hupst At
HEX}E ofefe] BFH

i

S 3T v M0 o3 HEY HO| B0 ST, —-save-temps
SHO| ofsf ALY MM LM F7H LAS(tests, testi S)0] RE MEECH MHZ

AE S = ZtTHSE ¢ sourcedf| CHsll machine language code MMHIPHZ 4

o

St Chai 22

ZuE = + At

AT UABl5A TEOY 4 SE2|E| @ vi, make, geg, gdb, cvs, rpm;, SHEL O] C|0&),1999, p.164.
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*HE 0] : mipsel-linux-gcc —v —-save-temps —o run test.c

[modesty@bunjee ~/mips_test]§ mipsel-linux-gcc -v --save-temps -0 run test.c
Reading specs from /home/modesty/usr/bin/../lib/gcc/mipsel-linux/3.4.4/specs
Configured with: ./configure --target=mipsel-linux --prefix=/usr --program-prefix=mipsel-linux- --with-headers=/project/toolchain mips_le/kernel-
2.6-x/fedora-core-x/linux/include --enable-languages=c,c++ : (reconfigured) ./configure --target=mipsel-linux --prefix=/usr --enable-languages=c
--without-headers --with-gnu-ld --with-gnu-as --disable-shared --disable-threads : (recenfigured) ./configure --target=mipsel-linux --prefix=/usr
--program-prefix=mipsel-linux- --with-headers=/project/tcolchain mips le/kernel-2.&-x/fedora-core-x/linux/include --enable-languages=c,c++
Thread model: posix
gec version 3.4.4
/home/modesty/usr/bin/../libexec/gcc/mipsel-linux/3.4.4/ccl ~-E -quiet -v -iprefix /home/modesty/usr/bin/../lib/gcc/mipsel-linux/3.4.4/ test.c -o
test.i
ignoring nonexistent directory "/usr/lib/gcc/mipsel-linux/3.4.4/include”
#include "..." search starts here:
#include <...> search starts here:
/home/modesty/usr/bin/../lib/gcc/mipsel-linux/3.4.4/include
/home/modesty/usr/bin/../lib/gcc/mipsel-linux/3.4.4/../../../../mipsel-linux/sys-include
/home/modesty/usxr/bin/../lib/gcc/mipsel-linux/3.4.4/../../../../mipsel-linux/include
/usr/lib/gce/../../mipsel-linux/sys-include
/usr/lib/gce/../../mipsel-linux/include
End of search list.
/home/modesty/usr/bin/../libexec/gcc/mipsel-linux/3.4.4/ccl -fpreprocessed test.i -quiet -dumpbase test.c -auxbase test -version -o test.s
GNU C version 3.4.4 (mipsel-linux)
compiled by GNU C version 3.4.2 20041017 (Red Hat 3.4.2-6.fc3).
GGC heuristics: --param ggc-min-expand=100 --param ggc-min-heapsize=131072
test.c: In function ‘"main':
test.c:1: warning: return type of 'main' is not “int'
/home/modesty/usr/bin/../lib/gcc/mipsel-linux/3.4.4/../../../../mipsel-linux/bin/as -EL -no-mdebug -32 -v -KPIC -0 test.o test.s
GNU assembler version 2.16.1 (mipsel-linux) using BFD version 2.16.1
/home/modesty/usr/bin/../libexec/gcc/mipsel-linux/3.4.4/collect2 --eh-frame-hdr -EL -dynamic-linker /lib/ld.sc.l -o run /home/modesty/usr/bin/..
/lib/gcc/mipsel-linux/3.4.4/../../../../mipsel-linux/1ib/crtl.o /home/modesty/usr/bin/../lib/gcc/mipsel-linux/3.4.4/../../../../mipsel-linux/1ib/
crti.o /home/modesty/usr/bin/../lib/gcc/mipsel-linux/3.4.4/crtbegin.o -L/home/modesty/usr/bin/../lib/gcc/mipsel-linux/3.4.4 -L/home/modesty/usr/b
in/../1ib/gcc -L/home/modesty/usr/bin/../lib/gcc/mipsel-linux/3.4.4/../../../../mipsel-linux/1ib -L/usr/lib/gcc/../../mipsel-1linux/1ib test.o -lg
cc --as-needed -lgcc_s --no-as-needed -rpath-link /lib:/usr/lib -lc -lgcc --as-needed -lgcc s --no-as-needed /home/modesty/usr/bin/../lib/gcc/mip
sel-linux/3.4.4/crtend.o /home/modesty/usr/bin/../lib/gcc/mipsel-linux/3.4.4/../../../../mipsel-linux/1lib/cren.o

Figure 2 compile 1’d

1 void main(){
2

1 main: 3 int i = 0;

2 addin s3p,s3p,-24 4 int § = 0;

3 3w &fp,la({s3p) 5

4 move  &Ip,5ap & for(i = 0; i < 10; i+4+)

5 aw  50,8(5fp) 7 § 4= i:

& aw  50,12(%Lp) 81

; $L2:EH ForB ) (@ test.c (c source file)

9 1w £2,8(sfp) 1 00100111101111011111111111101000
10 alt £2,£2,10 2 10101111101111100000000000010000
11 beq £2,80,5L1 3 00000011101000001111000000100001
12 1w $3,12 ($£p) 4 10101111110000000000000000001000
13 1w £2,8(5fp) 5 10101111110000000000000000001100
14 addu  £2,83,52 6 10101111110000000000000000001000
15 aw 2,12 (s£p) 7 10001111110000100000000000001000
15 1w £2,8(5fp) £ 00101000010000100000000000001010
17 addin = £2,82,1 9 00010000010000000000000000001000
18 aw  £2,8(fp) 10 10001111110000110000000000001100
19 b £1.7 11 10001111110000100000000000001000
20 sL1: 12 00000000011000100001000000100001
21 S— sap, $fp 13 10101111110000100000000000001100
22 1w &fp,16(sap) 14 10001111110000100000000000001000
23 addiu  &ap, $ap, 24 15 00100100010000100000000000000001
24 i £31 16 10101111110000100000000000001000

17 00010000000000001111121111114101

18 00000011110000001110100000100001

15 10001111101111160060000000010000

20 00100111101111010000000000011000

21 00000011111000000000000000001000
@ tests (assembly language code) ® machine language code

Figure 3 MIPS machine code /d 1}



HAEEHXZZE Department of Electrical and Computer Engineering
Fall 2012 Seoul National University

2. ISS(Instruction Set Simulator)

AAACE 28|71 A ISt= MIPS ISAE EtZHOZE HAESH| {6 AR ZE cross-compiler, &
M2 HAODY =l machine codeE AW & MIPS Z2MAMZF ZQSICtD QWL O8h 2= XS
MIPS =2 M AZF Q7| 20| MIPS instruction@ 2 ZHItQ =l machine codeZ} 0= AHES
= F7b Gith O| mj ISS7t Eeot Aolth. dMZ2s Z2EMME AT M MAN ISSE 25
= 0| =AO|Ct. ALSIH StEQofz Z2MME HAMS M O A0| Mtz SXdt=X =

oIst7| I8l Hlwsor & CH&ol EaotHl Hrz ISS7F Hlw Cido| ElCt ACEIt Verilog AlE2
O[EfZ 0|830] 3|20 EXS olste HS £EJF H2E L2k dA ISSE FE
HDL(Hardware Description Language)?t Oftl C, C++ 2| &% 20 Z2 REES= A0 ESO|
Ct. Otz L2 IDEC newsletter0ff KAIST HiH= HrALH(donny.ics.kaistac.kr)/iIA A X|SHAI 'OFO|
SAzz=z MM 24 FAE mEtstrlof 2l Weel YFo|ot.

[E"E + soarce cm:]

‘ Compiler

Ir 1L

Instruction Set Simulator Microprocessor

Figure 4 Microprocessor 7'Z 24

CREE MAASIXt St processor EfZA O 2 AHLIYUSIY %|F object codeZtX| =0 X|H O]

=
A2 AA T Microprocessor?t C0| S22 DEEZ &l ISSO| SA|0 20 & Z4IE HusteZ
M HAHTH Microprocessor7t M2 SE5t=X| A3 = ULCH

o mEMEO|ME COlo] 58 AFOH0] SSB SIS 23 MIPSgoE 0| AgEHE

SPIMO| 2= ISSE AFE26lY Instruction2 testdtd assemply coding® 7% & Z2Ct.



