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Abstract: Wireless sensor network simulation programs provide representation for an actual system, without needing to
deploy real testbed which is highly constrained by the available budget, and the direct operations inside physical layer in
most of these programs are hidden and work implicitly. This is what motivated us to build a kernel for a virtual simulation
platform to be able to simulate protocol operations and algorithms at the node processing unit level, The proposed system
aims to observe the execution of operations at the low level of the wireless sensor physical infrastructure with the ability to
modify at this level. That give the improvers of wireless sensor nodes the ability to test their ideas without needing to use
physical environment. We have built the functionality operations which are related to the platform kernel at several stages.
We defined (as a first step) the essential operations inside a virtual microprocessor that uses a partial set pf MIPS
instructions, and built the kernel of minimized virtual WSN simulator depending on the proposed microprocessor, that
means we can add any number of nodes inside the GUI of the WSN simulator kernel, and these nodes use the proposed
virtual microprocessor . Then we improved this platform by adding the instruction set of a real microprocessor that is used
in wireless sensor network nodes. Finally, (and to ease and simplify the interaction operation between program GUI of the
platform kernel and the user), we have built simplified compiler that allows user to deal with microprocessor GUI inside
each node, and to clarify protocol and algorithm operations by a set of orders and functions without needing to deal with
low level language (Assembly language) in a direct way. The simulation results have presented high flexibility and
performance to this platform in observing the operation sequence inside wireless sensor nodes at assembly level, in

addition to focus on some parameters that are related to microprocessor inside each node.
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0000000000000000000000000101101
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§15 0000000000000000003020000000000
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file debug view editor properties
7~ i $k1,000000 il
8 |oni $k1 $zero,0x0007 0
9 [ui$i0,0x0000 u
10 |or $0$ze10.25 fﬁ;
11 |sb$t0,0x0000(3zero) .
12 {lui$t1,0x0000 ;’3
13 Jori$t1 $zer0135 &%-
14 1sb $t1,0x0001($zero) rm
15 flui$t3,0x0000 i
16 loni $t3 $zer06 ¥
17 |sb$t3,0x0003(3zero) &l
16 flui$t3,0x0000
19 |ori $t3 $zer0,12
20| |sh $t3,0x0004(3zen0)
21| {lui $t3,0x0000
22 jori §t3 $zer0 45 e
23 s $t3,0x0005($zer0) {&
24 intemupton &
25 | hers:jhere i
v recive: interrupt off v ?%S v
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Master sudall J| B sudall oo aluyl| Wlaydl oo GUII £ 32201 (4) Jgu
Message Header H{(IDB)K2 IDA Zero
00100001 00000011 00001100 00000000
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] wsn mips node 1 -0
file debug view editor properties
a0 alle [00000000000000000000000000000101 4 | [00000000000000000000001111100001 & | [o0000000 &
81 # | fIbu $t0,0x0002($zer0) R £0000000000000000000001111100010 20000000
82 | ldiv $to k1 =] % 00000000000000000000000000000010 £0000000000000000000001111100011 20000000
; oy o 000000000000 £0000000000000000000001111100100 00000000
83 | |mfhi$t2 & @ 00000000000000000000000000011001 - | |00000000000000000000001111100101 20000000
84 | |ui $t0.0x0000 st @ 00000000000000000000000010000111 | 00000000000000000000001111100110 20000000
Y @ §0 00000000000000000000000000000011 | 00000000000000000000001111100111 20000000
85 | |oni $t0 $zero,0x0091 &3 11 000001010000 D0000000000000000000001 111101000 00000000
st4 2 00000000000000000000000000000110 £0000000000000000000001111101001 20000000
86 | jsb $t0,1020($zero) &5 §3 000000000000000000000000000 10010 £0000000000000000000001111101010 20000000
87 | |lui $t0,0x0000 P §14 00000000000000000000000000111111 00000000000000000000001111101011 20000000
7 §15 00000000000000000000000000000011 | 00000000000000000000001111101100 20000000
88 | lou $10,0x000C($zer0) &0 o 00000000000000000000000000000000 £0000000000000000000001111101101 20000000
89 | [sb $t0,1021($zero) &1 57 0000000000000000000000000 1010010 D00000000000D0000000001 111101110 10000000
90 |liSto 00000 @ B 00000000000000000000000000000000 £0000000000000000000001111101111 20000000
UI-51U, UX & §19 00000000000000000000000000000000 £0000000000000000000001111110000 20000000
91 | [lbu $t0,0x0006($zero) b 0 00000000000000000000000000000000 £0000000000000000000001111110001 20000000
® ; &5 o1 00000000000000000000000000000000 £0000000000000000000001111110010 20000000
b $t0,1022(5zero) bt 0 00000000000000000000000000000000 £0000000000000000000001111110011 20000000
93 | |lui$t0.0x0000 &7 7] 00000000000000000000000000000000 £0000000000000000000001111110100 20000000
|
et 4 00000000000000000000000000000000 £0000000000000000000001111110101 20000000
84 bu $10,0x0000($zero) s 5 00000000000000000000000000000000 0000000000000000000000 1111110110 00000000
95 | [sh $t0,1023(5zer0) &0 % 00000000000000000000000000000000 £0000000000000000000001111110111 20000000
' &1 7 00000000000000000000000000000111 | 00000000000000000000001111111000 20000000
E sb $a1,1019($zero) s B 00000000000000000000000000000000 00000000000000000000001111111001 00000000
97 | Iwaitloon3: i §t0 Pt 0 00000000000000000000000000000000 00 00000000
el N % 0 00000000000000000000000000000000 00000000000000000000 111111011
86 [lbu $t0,1019(5zero) ga &1 0000000000000000000000000 1101000 00000000000000000000001 111111100 10010001
P R 00000000000000000000000110000100 £0000000000000000000001111111101 10010110
99 | lbeq $t0,$a1 waitloop3 H H 00000000000000000000000000000011 || 000000000000000000000011 11111110 0111111
100 | {lui $t4,0x0000 o Yo 000000001011 | 0000000000000000000001 111111111 ¥ | Jonoitoos ¥
dock number = 136
max value of unsigned 16bits bin = 65535
max value of unsigned 32bits bin = 423486729
max value of signed 16bits bin = 32767
max value of signed 32bits bin = 2147433647
no intterupt :
\/
e e aa i
00000000000000000000001111111100 10010001 Header
00000000000000000000001111111101 10010110 NonceA
00000000000000000000001111111110 00111111 —
00000000000000000000001111111111 00011001 v OB
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i wsn mips node 1 - oIl |

file debug view editor  properties
105 1 S0.00000 [0 a][m ] |0000000000000000000000000000000 | |0ODODDOCOONOOUONCOOONELLLIONOOL | (00000000
A Gt i 00000000000000000000000000000000 | | 0000000000000000000000: 111100010 20000000
106, |10 S0 0021 M US| oowmowoomommomonon || owomonommmonins | ey
1 £ 00000000
107 | jsb $10,1020($zero) a0 : 0000000000000000000000000000101 | | 0000000000000000000000; 111100401 00000000
108 | lsb $t2,1021(zera) fk E@- R el | 0000000000000000000000: 111100110 20000000
o @ & 00000000000000000000000000000010 | |0000DG00000000C0000000: 111100111 20000000
109 | ui $t1,0:0000 3 i 00000000000000000000000000000000 | | A000000000000000000000: 111101000 20000000
& 8 00000000000000000000000000100001 | | 0000000000000030000000: 111101001 20000000
110, | fou $t1,0x0008{Szero) it & 00000000000000000000000000001100 | |0000D0000000000000000: 111101010 20000000
111 ||sb $t1,1022($zer0) i ¢ | D0000DCODOORNONDONBONONCOLOLL | 0D0OCOTBOOBONCROONN1LI110I01L 00000000
i £l 0000000000000000000000000 10140000 | | 00000000000000000000: 111101100 20000000
112 | isb $zer0,1023($zero) i £ 00000000000000000000000000011140 | | 0000D00000000020000000: 111101101 20000000
b $al,1019(5zer0) it i 00000000000000000000000000111:0 | |0000000CC0000000000000 111101110 20000000
114 | waitloopd: 1 $t0 0x000 i I 00000000000000000000000001 11441 | |0000DD000D0DG000000000; 111401111 20000000
PAIEP. LD ALY & &5 00000000000000000000000000000011 | | 0000000000000000000000: 111110000 20000000
115 |lbu $t0,1019($ze[0} &0 §ls £0000000000000000000000000000000 0000000000000000000000 1111110001 00000000
; &1 &7 0000000000000000000000000 1010040 | | B000000000000000000000: 111110010 20000000
116 | [oeq $10,$21 waitloop4 © b 0000000C000000CC00000000000000 | |DOBOCCODEOR00CC0ADD00 1L 1110011 20000000
117 | |sh $a1,0:0008(Szerc) ps i 00000000000000000000000000000000 | |0000000000000000000000: 111110100 20000000
ond P a 00000000000000000000000000000000 | |0000DG00000000C0000000: 111110101 00300000
118 |fen &5 o 00000000000000000000000000000000 || 0000000000000000000000: 111110110 20000000
o imastr i $51 00000 ol gl |iberetromoaostoodl ||peeosromosrommmiogl oo
&7 ] 00000000
120 | Jbu $51,0x0008($zer0) i o 00000000000000000000000000000000 | | 0000000000000000000000; 111111001 20000000
121 | |bne $s1 81 end P o 00000000000000000000000000000000 (i 20000008
} &0 &% 00000000000000000000000000000000 AR A PRV E PR 0000001
122 | ui $t0,0x0000 & o 0000000000000000000000000000111 | | 0000000000000000000000 1111111100 20100001
I $t0 1022(8za10 . b 0000000000000000000000000000000 | | 0000000000000000000000; 111111101 20000011
123 $10,1022(8zer) Pl i 00000000000000000000000000000000 | |0000000000000000000000: 111111110 20001100
124 v | [bne $10 $zero error v ol v|lem v | ooooooommcoooonaeccooosenncomonn Y N ooooommoooooomenodnomoititiitiit ¥ | pgooomy ¥
dock number =217
max value of unsigned 1ehitsbin 4 J35
max value of unsigned 32bitsbin 4 J4367295
max value of signed 18bits bin =
max value of signed 32bitsbin =3 [33647
no intterupt

0000000000000000000000 1111111011 e

00000000000000000000001111111100 00100001 '
00000000000000000000001111111101 00000011 | MHODBIK2}
00000000000000000000001111111110 00001100 '

00000000000000000000001111111111 ¥ { 00000000 IDA I

Jlatl ggiudl @13 sugall I (H{(IDB)K2}|IDA) &Lyl (o GLII ¢ el B Budall Jluyl (14) JSadI
Master Node
455 @5 ($t6 Joxad! 2e48) mod {IDB(K2)/7}paleld (239 H{(IDB)K2 Master 5uaall s 13 day
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B suaall (IDA)KT Lpass (i) &g label: response 2uaM| g jaally Master 3udall asds (niesdll Golud
el sia (15) Sl o s
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¢ wsn mips node 2 =iH
file debug view editor properties
G a|# s [0000000O0000N0N00CONDON0NI0T 4 [ODOODCORCONDONDONOONOOCACEONNNE A | [momnomi 4
72 A llou $t5,0x0004($zer0) A lar 5 000000000000000000CA000000001 | {000000B000000000D0000000000 0 oot
73| ladd St 5t5.4t4 & & 0000000000000000C00000000000010 | {000002000000000C000000000000 .1 Qu0mt
T e g 00000000000000000000000000000000 | {00000200000000000000000000000:00 Q0001100
74| |div $t6 $a2 & e 0000000000000000C00000000100001 | |0000000000000000000000000000 01 Q000
75 o $16 i @ 0000000000000000000000010000001 {00000000000000000000000000000 110 Q000110
@ 0 000000000000000000000010000111 | {00000200000000002000000000000 111 01010000
76 | sb $t6,0x0006($zero) . s 00000000000000000000CA0DLI01001 | {0000000000D0D000000a0an 1000 00000000
77 i $t4 040000 P s 000000000000000000000000mnnnm 000003000000000000200000000 1001 20000000
) 000 ‘ 0000030000000000000000000000 1010 Q0000000
76 | bu $t4 0x0002($zero) & &1 uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu11 0000000000000000000000000000:0:.1 00000000
79 | lui $5.00000 # 555 00000000000400000000000000001100{00000000000000000000000000001100 Q0000000
) & P 00000000000400000000000000000001 | {00000200000000002000000000001 01 Q0000000
80 | Ibu $t5,0x0005($zer0) &1 & Q00000D00004000D00RB0N00100001 | D0BORBACBALCBLCBLCDAN 1110 10010110
81 ! ESZ 518 ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂrﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂnnnnnnnnnn '|!I TfaTuTuTuTuluTulalalalalaTTaTuTuTu a a Ta T W] uujjjjjj
add $t6;$t5;$t‘4 &3 414 00000000000400000000000000000000 0(40000000000000000000000000 10000 00011001
82 div $t6,$82 ot o0 10000000000400000000000000000000
0 &5 1 DDDDDDDDDMDDDDDDDDUDOUDUDOUD 00001100
mio $i6 A ‘QQUDDUDD i 00000000
84 ||sb t6,x0007(Szer0) { o i b uuu - 7 |000002000000000000000000) 20000000
: I H{IDB(K2)} “esd (o ylall 000003000000000020000 Q0000000
85 1| |div $t6 $k0 ! = iuuuuu 000003020000000000000000 Q000000
% mihi $%5 ] icg ‘74_3 iq B ;“. MY :ggééé (0000000000000000000000K Uuuuuugg
67 | |ui $t5,0x0000 ! 100000
8 by $té T7(bzerg) response J| 3aall i Soludl! Yoou0n Master node Jdiud |
: - 5 Booono 0
80 |one st gt petaecepted B LAl IDA(KY) Jbwsl &l fyy | B suzall oo Wllupdl |
3 m JrespDn - UMMMUmummmﬂﬂﬁéégégg -‘5-U o L«'-}."a'tj g
91 | |notaccepted: or §t4 $zero, OXOOFF v L EUuu0000000000000000000000001011 & ) 0 v
.(14- 18)decimal
dock number = 275
max value of unsigned 16bits bin = 85535
max value of unsigned 32bits bin = 4294367295
max value of signed 16hits bin = 32767
may value of signed 32bits bin = 2147433647
nointterupt

IDA(KT) L Juoys oF i3 B Budall Audgige oo Jladl goiud! il Buadll 3azes (15) JSCad
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G A l[6 ] |00000000000000000000000000000101 | |EETEOTACD TRV VCMN | ETRCCRR o
139+ b $13,0x000C(8zerq) e & 00000000003000300000000000000001 || 000B00B00ATBBA000000000NLI0L 20000000
140 [add $t4 $t0 613 @ % 000000000000000000000C0000N0010 | |00AE0BA000A0D0BD0NN000000: 110 20000000
NN a3 g 00000000000000000000000000000000 | D000B0DI000000020000000000 L1 11 20000000
141 | {div $t4.$a0 & 8 000000000000000000000C0001000110 - |000000000000000000000000000 10000 00000000
142 i i p 00000000000000000000000000000000 | 000000200002000200000000010001 20000000
@ €0 000000000000000000000C0000000000 | |00000000000000000000000000010010 20000000
bne $t2 $t4 arrort I 0090000000A000A000N000N0INI0TL || 000D00B0N0aN00n000000 00 1L 010010
: EE- P | |000000000000000000000000000 1010 20000000
144 o $t1,$zero, 00053 & i 00000000000000000000000000011440 | 0000000200000000000000000001010: 20000000
145 lsh $H,1020($zero} ¢ ¢ H0000000000000000000000000LE 1441 || 0DO0DO00000B00000000000000 0110 20000000
146 |l $10 60000 & ¢5 00000000000000000000000000000011 | D000B0D2000000AD0000N0N00H01 11 20000000
I &0 i 000000000000000000000C000000000 . |000000000000B0B00RNN0000 L1000 20000000
147 |ori $10,5zero,(x00FF A% T S
T T hO000000000I000000000011010 20000000
148 [sh $10,1021(Szero) I A Gylas poe domeld Uos Sgu>  hooommmonondooonazins: 20000000
149 | 1sh $zar0, 1022($zer0 g o A s 000000000000000000000 120 Q000000
150 1022(3zer) Asguul| died ae Aidiwd | MAC ooz Q0000000
sb $zer0,1023(5zer0) 0000000000C000C000001 110 20000000
151 lsb $am(}‘|g($zem) =7 E7A] 000000000000000000000001 1111 00000000
ML e o 000000000000000000000C0000000000 | 00A000B00000000000RN00000 100000 20000000
152 waitloop: lui $10,0x0000 & oy 00000000003000300030003000000000 || 000000B00ATBBA000000000 10000 L 20300000
153 Iou $t0,1019($zero) &0 % 000000000000000000000C0000000000 | 000000000000B0B00RN00000 100010 20000000
! . & o 00000000000000000000000000000111 | 00000020000000200000000 100011 20000000
154 | [beq 50, $a1 waitloop5 G i3 || 00o0ORCCONCODNDOONDONNanNNOc | 00OORNCCON0an0n0TN0R 001D 00000000
15 Pt o 00000000000000000000000000000000 | 0000000200000000000000000010010: 20000000
_Sb $zer0 040008 (5zero) rs & 00000000000000000000000000000000 | 00000000000000000000000000100140 20000000
136 jjend i 1 0000000000000000000000000110:000 | 000000020000000000000000001001 11 20000000
et eh a1 (00A(C7ernl B R 00000000000000000000001001110100 | 0000000000000000000000000010:000 20000000
197 e..oﬂ.su a7 04000A(3zero} H H 00000000000000000000000000000001 | D000B002000000AI0000N0N01000: 20000000
158+ | lend: interrupt on v olp Vil v 00000DODCODODONOO0ONDONODIONI00 ¥ || DODODODDO0OCODODIONONNONOIIDED V| momomaon ¥
clock number = 322
max value of unsigned 16bits bin = 65535
max value of unsigned 32bits bin = 4294367295
max value of signed 18bits bin = 32767
max value of signed 32hits bin = 2147483647
{ no intterupt |
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01010011 11111111 00000000 00000000
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@ a5 00000000000000000000000000000101 _ » | (000000000000000000001111100001 | 00000000 A
87 ~ | |bne $t1.$a1.errorl e [ 000000000000000000000030000000: 00000000000000000000001111100010 00000000
88 | |lui $a3.0x0000 ] % 000000000000000000000000000000 10 00000000000000000000001111100011 00000000
' 3 57 0000000000000000000000001 1111111 00000000000000000000001111100100 00000000
89 | lbu $a3,1022($zero) st 8 0000000000000000000000000101001% 0000000000000DOC000000 1111100101 00000000
povt 59 0000000000000000000000001 1111111 00000000000000000000001111100110 00000000
90 | lbne $23 Szero,errorl 0 $10 0000000000000000000000000 1000110 00000000000000000000001111100111 00000000
n Iui $a3 0x0000 o 11 00000000000000000000000000000000 D000000000000000000000 1111101000 00000000
$t4 52 00000000000000000000000000001100 00000000000000000000001111101001 00000000
92 | lbu $a3,1023($zero) 5 13 00000000000000000000000010001101 00000000000000000000001111101010 00000000
93 | |bne $a3 $zero emorl S5 514 00000000000000000000000010010110 00000000000000000000001111101011 00000000
04 | i $a3 00000 b 415 00000000000000000000000000000000 00000000000000000000001111101100 00000000
i 0 16 00000000000000000000000000000000 00000000000000000000001111101101 00000000
95 | flui $t1,0x0000 b 517 0000000000000000000000000 1010011 00000000000000000000001111101110 00000000
96 | lbu$a3 1021(6zer0 2 518 00000000000000000000000000000000 00000000000000000000001111101111 00000000
,1021($zer0) i3 i1 00000000030000000000000000000000 00000000000000000000001111110000 00000000
97 | |ori $t1$zero OX0OFF s 2 00000000000000000000000000000000 00000000000000000000001111110001 00000000
: &5 21 00000000030000000000000000000000 00000000000000000000001111110010 00000000
98 | beq$a3 $t1,positeresp s o 03000000030000000300000000000000 | |0030000000300000000000 1111110011 00000000
98 | [bne $23,$t1 negativeresp s o 00000000000000000000000000000000 00000000000000000000001111110100 00000000
o ’ i 24 00000000000000000000000000000000 00000000000000000000001111110101 00000000
100 | |positiveresp: sb $a1,21($zero) ps 55 00000000000000000000000000000000 £0000000000000000000001111110110 00000000
101 |jend 0 % 00000000000000000000000000000000 £0000000000000000000001111110111 00000000
. _ 41 7 00000000000000000000000000000000 £0000000000000000000001111111000 00000000
102. | [negativeresp: sb $zero,21($zero) s B 00000000000000000000000000000000 £0000000000000000000001111111001 00000000
103 | fjend & 2 00000000000000000000000000000000 £0000000000000000000001111111010 00000000
s &0 00000000000000000000000000000000 033000000020009005000 - L 1L o N
104 | lerror1: sb $a1,10($zero) &2 31 000000000000000000000000 11111000 0f00000000000000000001111111100 01010011
105 | lend: interrupt on P P 000000000000000000000001 10101100 00000000000000000001 111111101 11111
- H H 00000000000000000000000000000000 000000000000000000001111111110 00000000
Elﬁ v|[rdra o ¥l 00000000000000000000000000101100 ¥ | 0AQODOO0DOC00000D00DLL1LITILLL ¥ Vi
dock number = 370
max value of unsigned 16bits bin = 65535
max value of unsigned 32bits bin = 4294967295
max value of signed 16bits bin = 32767
max value of signed 32bits bin = 2147433647
no intterupt
\/
W W
00000000000000000000001111111111 00000000
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