
!"#$%&'#()*+,*-.'/#"0(+"*

1+2.)3'*1+4#5'*

!! 6""+7"5%8%"('9*

!! !"##$%&#'#()**

!! +,(-'*"(%.(/&&,0.*/--,.0&#0'*'%*1#*"%-'#$*23/1*45*'%0,.6'7*

!! 8-#*$,-9:--,%0*1%/($-)*

!! ;6#9<*,=*%>9#*6%:(-*?%(<*=%(*@%:A*B#'*:-*<0%?*,=*'6#@*$%0C'7*

!! D/<#*-:(#*'%*$%?0B%/$*9%:(-#*E,(':/B*&/96,0#*%0*@%:(*B/"'%"*

2-##*B#F*0/E,./G%0*1/(*:0$#(*H#-%:(9#-*IJ*KD*L0=%(&/G%057*

!! :%8+&)*."2*#('*;#('<*;)(%'<*."2*#"(%0%&'*

!! =%4&%'%">"0*#",+&8.>+"*.'*;#('*

!! ?#(@A%$%A*8."#47A.>+"'*

!! M%%B#/0*/B.#1(/*

!! M%%B#/0*/B.#1(/*,0*;*

67(78"*BCDB* D*:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

E.&2F.&%9*G+0#5.A*H#%F*

67(78"*BCDB* B*:%8+&)*

CPU Memory 

Bus 

Disks Net USB Etc. 



!"#$%&'#()*+,*-.'/#"0(+"*

E.&2F.&%9*I%8#@G+0#5.A*H#%F*

67(78"*BCDB* J*:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

E.&2F.&%9*K/)'#5.A*H#%F*

67(78"*BCDB* L*:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

MK!*N:%8+&)O9*=%0#'(%&'*."2*P"'(&75>+"*M.5/%*

67(78"*BCDB* Q*:%8+&)*

"! 1/%&%*.&%*.*RS%2*"78;%&*+,*&%0#'(%&'*#"*(/%*MK!*

"! H#.,-'#(-*6%B$*$/'/*

"! 1/%&%*#'*."*P@5.5/%*#"*(/%*MK!*(/.(*/+A2'*&%5%"(A)*,%(5/%2*#"'(&75>+"'*

"! L=*@%:*#N#9:'#*/*B%%"*'6/'*O'-*,0*'6#*9/96#A*'6#*;P8*.%#-*'%*&#&%(@*=%(*

'6%-#*,0-'(:9G%0-*%0B@*%09#A*'6#0*#N#9:'#-*,'*%:'*%=*,'-*9/96#*

"! !"#$%$&#'(%#$%)*$+%,-%#-+./'*01/-2%%

3(4&&%$((%,%5*&&(.%(67&,-,1/-%&,+(.%#-%+"(%0/*.$(2%

Instruction 
Cache 

Registers 

Memory 

Program 

controlled 
data 

movement 

Transparent 
(hw controlled) 

instruction 
caching 

CPU 

!"#$%&'#()*+,*-.'/#"0(+"*

K%&,+&8."5%9*P(T'*U+(*V7'(*MK!*I4%%2*

!! W.(.*."2*#"'(&75>+"'*&%'#2%*#"*8%8+&)*

!! Q%*#N#9:'#*/0*,0-'(:9G%0A*,'*&:-'*1#*=#'96#$*,0'%*'6#*;P8*

!! R#N'A*'6#*$/'/*'6#*,0-'(:9G%0*%"#(/'#-*%0*&:-'*1#*=#'96#$*,0'%*'6#*;P8*

!! MK!*!*:%8+&)*;."2F#2(/*5."*A#8#(*4%&,+&8."5%*

!! L&"(%E,0.*"#(=%(&/09#*4S*6/($?/(#*,&"(%E#&#0'-*'%*,09(#/-#*&#&%(@*

1/0$?,$'6*2#7.7A*TTH*U*TTHV*U*TTHW5*

!! L&"(%E,0.*"#(=%(&/09#*VS*&%E#*B#--*$/'/*,0'%X%:'*%=*'6#*;P8*

!! P:'*-%&#*Y&#&%(@Z*,0*'6#*;P8*96,"*,'-#B=*2'6,-*,-*Y9/96#Z*&#&%(@5*

67(78"*BCDB* X*:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

?#".&)*=%4&%'%"(.>+"'*

!! ?.'%*B*"78;%&*&%4&%'%"(.>+"*

!! H#"(#-#0'*W[44\*/-*\\\\\\\4\4\44444V**%(**4\4\44444V*

!! YA%5(&+"#5*#84A%8%"(.>+"*

!! ]/-@*'%*-'%(#*?,'6*1,I-'/1B#*#B#&#0'-*

!! H#B,/1B@*'(/0-&,^#$*%0*0%,-@*/0$*,0/99:(/'#*?,(#-**

\7\K*

\7[K*

V7_K*

W7WK*

\* 4* \

67(78"*BCDB* Z*:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

Y"5+2#"0*?)(%*H.A7%'*

!! ?#".&)* *CCCCCCCCB *@@**DDDDDDDDB*
!! M@'#*`*_*1,'-*21,0/(@*$,.,'-5*

!! W%5#8.A ***************CDC *@@**BQQDC*

!! E%S.2%5#8.A*** *************CCDX *@@**[[DX*
!! M@'#*`*V*6#N/$#9,&/B*26#N5*%(*1/-#*4a*$,.,'-*

!! M/-#I4a*0:&1#(*(#"(#-#0'/G%0*

!! 8-#*96/(/9'#(-*b\C*'%*bcC*/0$*bdC*'%*b+C*

!! e(,'#*+d4TWfM4a*,0*;**

!! /-***0xFA1D37B  %(***0xfa1d37b 

\* \* \\\\*
4* 4* \\\4*
V* V* \\4\*
W* W* \\44*
g* g* \4\\*
[* [* \4\4*
a* a* \44\*
f* f* \444*
_* _* 4\\\*
c* c* 4\\4*
d* 4\* 4\4\*
M* 44* 4\44*
;* 4V* 44\\*
T* 4W* 44\4*
]* 4g* 444\*
+* 4[* 4444*

67(78"*BCDB* \*:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

-/.(*#'*8%8+&)<*&%.AA)]*

!! h%?*$%*?#*O0$*$/'/*,0*&#&%(@i*

67(78"*BCDB* *̂:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

?)(%@_&#%"(%2*:%8+&)*_&0."#`.>+"*

!! K&+0&.8'*&%,%&*(+*.22&%''%'*

!! ;%09#"':/BB@A*/*E#(@*B/(.#*/((/@*%=*1@'#-*

!! !@-'#&*"(%E,$#-*/0*/$$(#--*-"/9#*"(,E/'#*'%*#/96*Y"(%9#--Z*

!! P(%9#--*`*"(%.(/&*1#,0.*#N#9:'#$*j*,'-*$/'/*j*,'-*Y-'/'#Z*

!! P(%.(/&*9/0*9B%11#(*,'-*%?0*$/'/A*1:'*0%'*'6/'*%=*%'6#(-*

!! ;B%11#(,0.*9%$#*%(*Y-'/'#Z*%F#0*B#/$-*'%*9(/-6#-*2%(*-#9:(,'@*6%B#-5*

!! M+84#A%&*a*&7"@>8%*')'(%8*5+"(&+A*8%8+&)*.AA+5.>+"*

!! e6#(#*$,k#(#0'*"(%.(/&*%1l#9'-*-6%:B$*1#*-'%(#$*

!! dBB*/BB%9/G%0*?,'6,0*/*-,0.B#*/$$(#--*-"/9#*

• • •!

67(78"*BCDB* DC*:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

:.5/#"%*-+&2'*

!! :.5/#"%*/.'*.*NF+&2*'#`%O*

!! R%&,0/B*-,m#*%=*,0'#.#(IE/B:#$*$/'/*

!! L09B:$,0.*/$$(#--#-*

!! 80GB*(#9#0'B@A*&%-'*&/96,0#-*:-#$*WV*1,'-*2g*1@'#-5*?%($-*

!! 3,&,'-*/$$(#--#-*'%*gnM*

!! M#9/&#*'%%*-&/BB*=%(*&#&%(@I,0'#0-,E#*/""B,9/G%0-*

!! D%(#*(#9#0'*/0$*6,.6I#0$*-@-'#&-*:-#*ag*1,'-*2_*1@'#-5*?%($-*

!! P%'#0G/B*/$$(#--*-"/9#*"*47_*o*4\4c*1@'#-*24_*]M*p*#N/1@'#-5*

!! N_aIag*-:""%('-*g_I1,'*"6@-,9/B*/$$(#--#-S*V[a*QM*2'#(/1@'#-5*

!! D/96,0#-*-:""%('*&:BG"B#*$/'/*=%(&/'-*

!! +(/9G%0-*%(*&:BG"B#-*%=*?%($*-,m#*

!! dB?/@-*,0'#.(/B*2/9':/BB@*"%?#(*%=*V5*0:&1#(*%=*1@'#-S*4A*VA*gA*_A*q*

67(78"*BCDB* DD*:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

-+&2@_&#%"(%2*:%8+&)*_&0."#`.>+"*

!! 622&%''%'*'4%5#,)**

A+5.>+"'*+,*;)(%'*#"*8%8+&)*

!! d$$(#--*%=*O(-'*1@'#*,0*?%($*

!! d$$(#--#-*%=*-:99#--,E#*?%($-**

$,k#(*1@*g*2WVI1,'5*%(*_*2agI1,'5*

!! d$$(#--*%=*?%($*\A*4A*77*4\i*

\\\\*
\\\4*
\\\V*
\\\W*
\\\g*
\\\[*
\\\a*
\\\f*
\\\_*
\\\c*
\\4\*
\\44*

WVI1,'*

e%($-*
M@'#-* d$$(7*

\\4V*
\\4W*
\\4g*
\\4[*

agI1,'*

e%($-*

d$$(**

*̀

ii*

d$$(**

*̀

ii*

d$$(**

*̀

ii*

d$$(**

*̀

ii*

d$$(**

*̀

ii*

d$$(**

*̀

ii*

67(78"*BCDB* 4V*:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

-+&2@_&#%"(%2*:%8+&)*_&0."#`.>+"*

!! 622&%''%'*'4%5#,)**

A+5.>+"'*+,*;)(%'*#"*8%8+&)*

!! d$$(#--*%=*O(-'*1@'#*,0*?%($*

!! d$$(#--#-*%=*-:99#--,E#*?%($-**

$,k#(*1@*g*2WVI1,'5*%(*_*2agI1,'5*

!! d$$(#--*%=*?%($*\A*4A*77*4\i*

\\\\*
\\\4*
\\\V*
\\\W*
\\\g*
\\\[*
\\\a*
\\\f*
\\\_*
\\\c*
\\4\*
\\44*

WVI1,'*

e%($-*
M@'#-* d$$(7*

\\4V*
\\4W*
\\4g*
\\4[*

agI1,'*

e%($-*

d$$(**

*̀

ii*

d$$(**

*̀

ii*

d$$(**

*̀

ii*

d$$(**

*̀

ii*

d$$(**

*̀

ii*

d$$(**

*̀

ii*

\\\\*

\\\g*

\\\_*

\\4V*

\\\\*

\\\_*

67(78"*BCDB* 4W*:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

622&%''%'*."2*K+#"(%&'*

!! 622&%''*#'*.*&/0,1/-*#"*8%8+&)*

!! K+#"(%&*#'*.*2.(.*+;b%5(**

(/.(*0/-+,#-$%,-%,''.($$%

!! 622&%''*CCCL*

'(+&%'*(/%*$.A7%*JQD*c+&*DQ[DXd*

67(78"*BCDB* DL*

\\\\*
\\\g*
\\\_*
\\\;*
\\4\*
\\4g*
\\4_*
\\4;*
\\V\*
\\Vg*

[+*\4*\\*\\*

:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

622&%''%'*."2*K+#"(%&'*

!! 622&%''*#'*.*&/0,1/-*#"*8%8+&)*

!! K+#"(%&*#'*.*2.(.*+;b%5(**

(/.(*0/-+,#-$%,-%,''.($$%

!! 622&%''*CCCL*

'(+&%'*(/%*$.A7%*JQD*c+&*DQ[DXd*

!! K+#"(%&*(+*.22&%''*CCCL*

'(+&%2*.(*.22&%''*CCDM*

67(78"*BCDB* DQ*

\\\\*
\\\g*
\\\_*
\\\;*
\\4\*
\\4g*
\\4_*
\\4;*
\\V\*
\\Vg*

\g*\\*\\*\\*

[+*\4*\\*\\*

:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

622&%''%'*."2*K+#"(%&'*

!! 622&%''*#'*.*&/0,1/-*#"*8%8+&)*

!! K+#"(%&*#'*.*2.(.*+;b%5(**

(/.(*0/-+,#-$%,-%,''.($$%

!! 622&%''*CCCL*

'(+&%'*(/%*$.A7%*JQD*c+&*DQ[DXd*

!! K+#"(%&*(+*.22&%''*CCCL*

'(+&%2*.(*.22&%''*CCDM*

!! K+#"(%&*(+*.*4+#"(%&*

#"*CCBL*

67(78"*BCDB* DX*

\\\\*
\\\g*
\\\_*
\\\;*
\\4\*
\\4g*
\\4_*
\\4;*
\\V\*
\\Vg*

\g*\\*\\*\\*

4;*\\*\\*\\*

[+*\4*\\*\\*

:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

622&%''%'*."2*K+#"(%&'*

!! 622&%''*#'*.*&/0,1/-*#"*8%8+&)*

!! K+#"(%&*#'*.*2.(.*+;b%5(**

(/.(*0/-+,#-$%,-%,''.($$%

!! 622&%''*CCCL*

'(+&%'*(/%*$.A7%*JQD*c+&*DQ[DXd*

!! K+#"(%&*(+*.22&%''*CCCL*

'(+&%2*.(*.22&%''*CCDM*

!! K+#"(%&*(+*.*4+#"(%&*

#"*CCBL*

!! 622&%''*CCDL*

'(+&%'*(/%*$.A7%*DB**

!! L-*,'*/*"%,0'#(i*

67(78"*BCDB* DZ*

\\\\*
\\\g*
\\\_*
\\\;*
\\4\*
\\4g*
\\4_*
\\4;*
\\V\*
\\Vg*

\g*\\*\\*\\*

4;*\\*\\*\\*

[+*\4*\\*\\*

\;*\\*\\*\\*

:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

W.(.*=%4&%'%"(.>+"'*

!! I#`%'*+,*+;b%5('*c#"*;)(%'d*

!! r/E/*$/'/*'@"# *;*$/'/*'@"# *Q@",9/B*WVI1,' *N_aIag*

!! 1%%B#/0 *!""# *4 *4*

!! 1@'# *96/( *4 *4*

!! 96/( * *V *V*

!! -6%(' *-6%('*,0' *V *V*

!! ,0' *,0' *g *g*

!! s%/' *s%/' *g *g*

!! * B%0.*,0' *g *_*

!! $%:1B# *$%:1B# *_ *_*

!! B%0. *B%0.*B%0. *_ *_*

!! * *B%0.*$%:1B# *_ *4a*

!! 2(#=#(#09#5 *"%,0'#(*t *g *_*

67(78"*BCDB* D\*:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

?)(%*_&2%&#"0*

!! E+F*'/+7A2*;)(%'*F#(/#"*87A>@;)(%*F+&2*;%*+&2%&%2*#"*

8%8+&)]*

!! P#/0:'*1:^#(*%(*96%9%B/'#*O(-'i*

!! I.)*)+7*F."(*(+*'(+&%*CS..;;5522*

!! e6/'*%($#(*?,BB*'6#*1@'#-*1#*-'%(#$i*

* **

67(78"*BCDB* D *̂:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

?)(%*_&2%&#"0*

!! E+F*'/+7A2*;)(%'*F#(/#"*87A>@;)(%*F+&2*;%*+&2%&%2*#"*

8%8+&)]*

!! P#/0:'*1:^#(*%(*96%9%B/'#*O(-'i*

!! I.)*)+7*F."(*(+*'(+&%*CS..;;5522*

!! e6/'*%($#(*?,BB*'6#*1@'#-*1#*-'%(#$i*

* **

!! M+"$%">+"'e*

!! M,.I#0$,/0A*3,^B#I#0$,/0*

!! M/-#$*%0*Yn:BB,E#(C-*Q(/E#B-Z*

!! '(,1#-*9:'*#..-*%0*$,k#(#0'*-,$#-*21,.A*B,^B#5*

67(78"*BCDB* BC*:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

?)(%*_&2%&#"0*YS.84A%*

!! ?#0@Y"2#."*2P%?#(P;A*!:0A*L0'#(0#'5*

!! 3#/-'*-,.0,O9/0'*1@'#*6/-*6,.6#-'*/$$(#--*

!! G#fA%@Y"2#."*2N_a5*

!! 3#/-'*-,.0,O9/0'*1@'#*6/-*B%?#-'*/$$(#--*

!! YS.84A%*

!! K/(,/1B#*6/-*gI1@'#*(#"(#-#0'/G%0*0x01234567 

!! d$$(#--*%=*E/(,/1B#*,-*0x100 

CSDCC* CSDCD* CSDCB* CSDCJ*

CD* BJ* LQ* XZ*

CSDCC* CSDCD* CSDCB* CSDCJ*

XZ* LQ* BJ* CD*

?#0*Y"2#."*

G#fA%*Y"2#."*

CD* BJ* LQ* XZ*

XZ* LQ* BJ* CD*

67(78"*BCDB* BD*:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

=%.2#"0*?)(%@=%$%&'%2*G#'>"0'*

!! W#'.''%8;A)*

!! Q#N'*(#"(#-#0'/G%0*%=*1,0/(@*&/96,0#*9%$#*

!! n#0#(/'#$*1@*"(%.(/&*'6/'*(#/$-*'6#*&/96,0#*9%$#*

!! YS.84A%*#"'(&75>+"*#"*8%8+&)**

!! /$$*E/B:#*\N4V/1*'%*(#.,-'#(*b#1NC*$%&'()*+%#&#"*%,"-&+-&./01'&2)2"345&

 Address !Instruction Code !Assembly Rendition!

8048366:  81 c3 ab 12 00 00     add    $0x12ab,%ebx 

67(78"*BCDB* BB*:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

=%.2#"0*?)(%@=%$%&'%2*G#'>"0'*

!! W#'.''%8;A)*

!! Q#N'*(#"(#-#0'/G%0*%=*1,0/(@*&/96,0#*9%$#*

!! n#0#(/'#$*1@*"(%.(/&*'6/'*(#/$-*'6#*&/96,0#*9%$#*

!! YS.84A%*#"'(&75>+"*#"*8%8+&)**

!! /$$*E/B:#*\N4V/1*'%*(#.,-'#(*b#1NC*$%&'()*+%#&#"*%,"-&+-&./01'&2)2"345&

 Address !Instruction Code !Assembly Rendition!

8048366:  81 c3 ab 12 00 00     add    $0x12ab,%ebx 

W%5#4/%&#"0*"78;%&'*

#! H.A7%9* *CSDB.;*

#! K.2*(+*JB*;#('9* *CSCCCCDB.;*

#! I4A#(*#"(+*;)(%'9* *CC*CC*DB*.;*

#! =%$%&'%*cA#fA%@%"2#."d9* *.;*DB*CC*CC*
67(78"*BCDB* BJ*:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

622&%''%'*."2*K+#"(%&'*#"*M*

!! K+#"(%&*2%5A.&.>+"'*7'%*g*

!! ,0'*t*"'(u**,0'*NA*@u***"'(*`*vNu*

!! T#9B/(#-*/*E/(,/1B#*"'(*'6/'*,-*/*"%,0'#(*'%*/*$/'/*,'#&*'6/'*,-*/0*,0'#.#(*

!! T#9B/(#-*,0'#.#(*E/B:#-*0/&#$*N*/0$*@*

!! d--,.0-*"'(*'%*"%,0'*'%*'6#*/$$(#--*?6#(#*N*,-*-'%(#$*

!! -%*5."*2+*.&#(/8%>5*+"*4+#"(%&'*

!! "'(*`*"'(*j*4u*****66&3)%##4&%77'&8&$!)*%9')&%-&+-:);)3&9')'&8&!4:)'<5&

!! ;6/0.#-*'6#*E/B:#*%=*'6#*"%,0'#(*-%*'6/'*,'*0%?*"%,0'-*'%*'6#*0#N'*$/'/*

,'#&*,0*&#&%(@*2'6/'*&/@*1#*@A*%(*,'*&/@*0%'*p*'6,-*,-*$/0.#(%:-)5*

!! 1+*7'%*(/%*$.A7%*4+#"(%2*(+*;)*.*4+#"(%&*F%*7'%*2%@&%,%&%"5%*

!! @*`*t"'(*j*4u**,-*'6#*-/&#*/-*@*`*N*j*4u*

!! M:'A*,=*"'(*`*v@*'6#0*@*`*t"'(*j*4u*,-*'6#*-/&#*/-*@*`*@*j*4u*

!! t"'(*,-*'6#*E/B:#*-'%(#$*/'*'6#*B%9/G%0*'%*?6,96*'6#*"%,0'#(*"'(*,-*"%,0G0.*

67(78"*BCDB* BL*

=&>&?%773)''&"@&A%#9)1&

B&>&?A%#9)&%:&%773)''1&

&&&&&&&&"3&?7)C3)@)3)-*)1&

B$=D5&+'&)E9+A%#)-:&:"&<<&

:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

6&&.)'*

!! 6&&.)'*&%4&%'%"(*.2b.5%"(*A+5.>+"'*#"*8%8+&)*'(+&#"0*(/%*

'.8%*()4%*+,*2.(.*+;b%5(*

!! #7.7A*,0'*1,.w/((/@x4V_yu**

/BB%9/'#$*[4V*/$l/9#0'*B%9/G%0-*,0*&#&%(@*-'/(G0.*/'*\N\\k\\\\*

!! K+#"(%&'*(+*.&&.)'*4+#"(*(+*.*5%&(.#"*()4%*+,*+;b%5(*

!! #7.7A*,0'*t*/((/@w"'(u***

/((/@w"'(*`*1,.w/((/@u** **

/((/@w"'(*`*v1,.w/((/@x\yu* **

/((/@w"'(*`*v1,.w/((/@xWyu* **

/((/@w"'(*`*v1,.w/((/@x\y*j*Wu* **

/((/@w"'(*`*1,.w/((/@*j*Wu* **

t/((/@w"'(*`*t/((/@w"'(*j*4u* *&

/((/@w"'(*`*v1,.w/((/@x4W\yu* *&

!! L0*.#0#(/BS**v1,.w/((/@x,y*,-*'6#*-/&#*/-*21,.w/((/@*j*,5*

!! FG+*G&+2(#+*+:#4&*"2(9:)'H&=!+;%33%4IJK&L&+B'+M)"@$!+;%33%4IJK5N*

67(78"*BCDB* BQ*:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

6&&.)'*

!! 6&&.)'*&%4&%'%"(*.2b.5%"(*A+5.>+"'*#"*8%8+&)*'(+&#"0*(/%*

'.8%*()4%*+,*2.(.*+;b%5(*

!! #7.7A*,0'*1,.w/((/@x4V_yu**

/BB%9/'#$*[4V*/$l/9#0'*B%9/G%0-*,0*&#&%(@*-'/(G0.*/'*\N\\k\\\\*

!! K+#"(%&'*(+*.&&.)'*4+#"(*(+*.*5%&(.#"*()4%*+,*+;b%5(*

!! #7.7A*,0'*t*/((/@w"'(u***

/((/@w"'(*`*1,.w/((/@u** *\N\\k\\\\*

/((/@w"'(*`*v1,.w/((/@x\yu* *\N\\k\\\\*

/((/@w"'(*`*v1,.w/((/@xWyu* *\N\\k\\\9*

/((/@w"'(*`*v1,.w/((/@x\y*j*Wu* *\N\\k\\\9*$%77'&O&B&'+M)&"@&+-:5*

/((/@w"'(*`*1,.w/((/@*j*Wu* *\N\\k\\\9*$%77'&O&B&'+M)&"@&+-:5*

t/((/@w"'(*`*t/((/@w"'(*j*4u* *\N\\k\\\9*$!9:&!+;P%33%4IOK&+'&+-*3)2)-:)75&

/((/@w"'(*`*v1,.w/((/@x4W\yu* *\N\\k\V\_*$"9:&"@&!"9-7'Q&.&7")'-1:&*G)*R5&

!! L0*.#0#(/BS**v1,.w/((/@x,y*,-*'6#*-/&#*/-*21,.w/((/@*j*,5*

?6,96*,&"B,9,'B@*9%&":'#-S*=!+;%33%4IJK&L&+B'+M)"@$!+;%33%4IJK5N&

67(78"*BCDB* BX*:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

h%"%&.A*&7A%'*,+&*M*c.''#0"8%"('d*

!! G%i@/."2@'#2%*j*&#0/(@/."2@'#2%*

!! 3h!*&:-'*#E/B:/'#*'%*/*&#&%(@*3z;dQLzR*

!! Hh!*&:-'*#E/B:/'#*'%*/*Kd38]*29%:B$*1#*/0*/$$(#--5*

!! Yk0k<*S*.(*A+5.>+"*CSCL<*)*.(*CSD\*

!! N*%(,.,0/BB@*\N\A*@*%(,.,0/BB@*\NW;T\Vf\\*

67(78"*BCDB* BZ*

\\\\*
\\\g*
\\\_*
\\\;*
\\4\*
\\4g*
\\4_*
\\4;*
\\V\*
\\Vg*

\\*\\*\\*\\*

W;*T\*Vf*\\*

:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

h%"%&.A*&7A%'*,+&*M*c.''#0"8%"('d*

!! G%i@/."2@'#2%*j*&#0/(@/."2@'#2%*

!! 3h!*&:-'*#E/B:/'#*'%*/*&#&%(@*3z;dQLzR*

!! Hh!*&:-'*#E/B:/'#*'%*/*Kd38]*29%:B$*1#*/0*/$$(#--5*

!! Yk0k<*S*.(*A+5.>+"*CSCL<*)*.(*CSD\*

!! N*%(,.,0/BB@*\N\A*@*%(,.,0/BB@*\NW;T\Vf\\*

!! ,0'*NA*@u*

N*`*@u*XX*.#'*E/B:#*/'*@*/0$*":'*,'*,0*N*

67(78"*BCDB* B\*

\\\\*
\\\g*
\\\_*
\\\;*
\\4\*
\\4g*
\\4_*
\\4;*
\\V\*
\\Vg*

W;*T\*Vf*\\*

:%8+&)*

\\*\\*\\*\\*



!"#$%&'#()*+,*-.'/#"0(+"*

h%"%&.A*&7A%'*,+&*M*c.''#0"8%"('d*

!! G%i@/."2@'#2%*j*&#0/(@/."2@'#2%*

!! 3h!*&:-'*#E/B:/'#*'%*/*&#&%(@*3z;dQLzR*

!! Hh!*&:-'*#E/B:/'#*'%*/*Kd38]*29%:B$*1#*/0*/$$(#--5*

!! Yk0k<*S*.(*A+5.>+"*CSCL<*)*.(*CSD\*

!! N*%(,.,0/BB@*\N\A*@*%(,.,0/BB@*\NW;T\Vf\\*

!! ,0'*NA*@u*

N*`*@u*XX*.#'*E/B:#*/'*@*/0$*":'*,'*,0*N*

67(78"*BCDB* B *̂

\\\\*
\\\g*
\\\_*
\\\;*
\\4\*
\\4g*
\\4_*
\\4;*
\\V\*
\\Vg*

W;*T\*Vf*\\*

W;*T\*Vf*\\*

:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

h%"%&.A*&7A%'*,+&*M*c.''#0"8%"('d*

!! G%i@/."2@'#2%*j*&#0/(@/."2@'#2%*

!! 3h!*&:-'*#E/B:/'#*'%*/*&#&%(@*3z;dQLzR*

!! Hh!*&:-'*#E/B:/'#*'%*/*Kd38]*29%:B$*1#*/0*/$$(#--5*

!! Yk0k<*S*.(*A+5.>+"*CSCL<*)*.(*CSD\*

!! N*%(,.,0/BB@*\N\A*@*%(,.,0/BB@*\NW;T\Vf\\*

!! ,0'*NA*@u*

N*`*@u*XX*.#'*E/B:#*/'*@*/0$*":'*,'*,0*N*

!! ,0'*t*Nu*,0'*@u*

N*`*v@*j*Wu*XX*.#'*/$$(#--*%=*@*/$$*4V*

67(78"*BCDB* JC*

\\\\*
\\\g*
\\\_*
\\\;*
\\4\*
\\4g*
\\4_*
\\4;*
\\V\*
\\Vg*

W;*T\*Vf*\\*

:%8+&)*

W;*T\*Vf*\\*



!"#$%&'#()*+,*-.'/#"0(+"*

h%"%&.A*&7A%'*,+&*M*c.''#0"8%"('d*

!! G%i@/."2@'#2%*j*&#0/(@/."2@'#2%*

!! 3h!*&:-'*#E/B:/'#*'%*/*&#&%(@*3z;dQLzR*

!! Hh!*&:-'*#E/B:/'#*'%*/*Kd38]*29%:B$*1#*/0*/$$(#--5*

!! Yk0k<*S*.(*A+5.>+"*CSCL<*)*.(*CSD\*

!! N*%(,.,0/BB@*\N\A*@*%(,.,0/BB@*\NW;T\Vf\\*

!! ,0'*NA*@u*

N*`*@u*XX*.#'*E/B:#*/'*@*/0$*":'*,'*,0*N*

!! ,0'*t*Nu*,0'*@u*

N*`*v@*j*Wu*XX*.#'*/$$(#--*%=*@*/$$*4V*

67(78"*BCDB* JD*

\\\\*
\\\g*
\\\_*
\\\;*
\\4\*
\\4g*
\\4_*
\\4;*
\\V\*
\\Vg*

W;*T\*Vf*\\*

\\*\\*\\*Vg

:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

h%"%&.A*&7A%'*,+&*M*c.''#0"8%"('d*

!! G%i@/."2@'#2%*j*&#0/(@/."2@'#2%*

!! 3h!*&:-'*#E/B:/'#*'%*/*&#&%(@*3z;dQLzR*

!! Hh!*&:-'*#E/B:/'#*'%*/*Kd38]*29%:B$*1#*/0*/$$(#--5*

!! Yk0k<*S*.(*A+5.>+"*CSCL<*)*.(*CSD\*

!! N*%(,.,0/BB@*\N\A*@*%(,.,0/BB@*\NW;T\Vf\\*

!! ,0'*NA*@u*

N*`*@u*XX*.#'*E/B:#*/'*@*/0$*":'*,'*,0*N*

!! ,0'*t*Nu*,0'*@u*

N*`*v@*j*Wu*XX*.#'*/$$(#--*%=*@*/$$*4V*

!! ,0'*t*Nu*,0'*@u*

tN*`*@u*XX*E/B:#*%=*@*9%",#$*'%**

************XX*B%9/G%0*'%*?6,96*N*"%,0'-*

67(78"*BCDB* JB*

\\\\*
\\\g*
\\\_*
\\\;*
\\4\*
\\4g*
\\4_*
\\4;*
\\V\*
\\Vg*

\\*\\*\\*Vg*

W;*T\*Vf*\\*

:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

h%"%&.A*&7A%'*,+&*M*c.''#0"8%"('d*

!! G%i@/."2@'#2%*j*&#0/(@/."2@'#2%*

!! 3h!*&:-'*#E/B:/'#*'%*/*&#&%(@*3z;dQLzR*

!! Hh!*&:-'*#E/B:/'#*'%*/*Kd38]*29%:B$*1#*/0*/$$(#--5*

!! Yk0k<*S*.(*A+5.>+"*CSCL<*)*.(*CSD\*

!! N*%(,.,0/BB@*\N\A*@*%(,.,0/BB@*\NW;T\Vf\\*

!! ,0'*NA*@u*

N*`*@u*XX*.#'*E/B:#*/'*@*/0$*":'*,'*,0*N*

!! ,0'*t*Nu*,0'*@u*

N*`*v@*j*Wu*XX*.#'*/$$(#--*%=*@*/$$*4V*

!! ,0'*t*Nu*,0'*@u*

tN*`*@u*XX*E/B:#*%=*@*9%",#$*'%**

************XX*B%9/G%0*'%*?6,96*N*"%,0'-*

67(78"*BCDB* JJ*

\\\\*
\\\g*
\\\_*
\\\;*
\\4\*
\\4g*
\\4_*
\\4;*
\\V\*
\\Vg*

\\*\\*\\*Vg*

W;*T\*Vf*\\*

W;*T\*Vf*\\*

:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

=%4&%'%">"0*P"(%0%&'*

!! int A = 12345; 
!! int B = -12345; 
!! long int C = 12345; 

Decimal:!         12345!

Binary:   0011 0000 0011 1001 

Hex:       3      0      3      9 

J^*

JC*

CC*

CC*

P6JB<*S\X@XL*6*

JC*

J^*

CC*

CC*

I7"*6*

MZ*

M[*

[[*

[[*

P6JB<*S\X@XL*?*

M[*

MZ*

[[*

[[*

I7"*?*

1F+3'*5+84A%8%"(*&%4&%'%"(.>+"**

,+&*"%0.>$%*#"(%0%&'*c5+$%&%2*A.(%&d*

CC*

CC*

CC*

CC*

J^*

JC*

CC*

CC*

l\X@XL*M*

JC*

J^*

CC*

CC*

I7"*M*

J^*

JC*

CC*

CC*

P6JB*M*

67(78"*BCDB* JL*:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

=%4&%'%">"0*K+#"(%&'*

!! int B = -12345; 
!! int *P = &B; 

[[*

Z[*

CC*

CC*

CM*

\^*

YM*

[[*

S\X@XL*K*

8#9(.(-+%0/:7#&(.$%;%:,0"#-($%,$$#<-%'#9(.(-+%&/0,1/-$%+/%/=)(0+$%

[?*

BM*

Y[*

[[*

I7"*K*

[[*

?[*

WL*

[\*

P6JB*K*

67(78"*BCDB* JQ*:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

YS.8#"#"0*W.(.*=%4&%'%"(.>+"'*

!! M+2%*(+*4&#"(*;)(%*&%4&%'%"(.>+"*+,*2.(.*

!! ;/-G0.*"%,0'#(*'%*unsigned char **9(#/'#-*1@'#*/((/@*

typedef unsigned char * pointer; 

void show_bytes(pointer start, int len) 
{ 
  int i; 
  for (i = 0; i < len; i++) 
    printf("0x%p\t0x%.2x\n", start+i, start[i]); 
  printf("\n"); 
} 

I+8%*4&#"m*2#&%5>$%'9*

n49**K&#"(*4+#"(%&*

nS9 **K&#"(*/%S.2%5#8.A*

No"O9*U%F*A#"%*
67(78"*BCDB* JX*

void show_int (int x) 
{ 
  show_bytes( (pointer) &x, sizeof(int)); 
} 

:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

show_bytes*YS%57>+"*YS.84A%*

67(78"*BCDB* JZ*

int a = 12345; // represented as 0x00003039 

printf("int a = 12345;\n"); 

show_int(a);  // show_bytes((pointer) &a, sizeof(int)); 

Result (Linux):!

int a = 12345;    

0x11ffffcb8  0x39 

0x11ffffcb9  0x30 

0x11ffffcba  0x00 

0x11ffffcbb  0x00 

:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

=%4&%'%">"0*'(&#"0'*

!! 6*M@'()A%*'(&#"0*#'*&%4&%'%"(%2*;)*."*.&&.)*+,*;)(%'k*

!! ]B#&#0'-*/(#*%0#I1@'#*d!;LL*9%$#-*=%(*#/96*96/(/9'#(7*

!! d*\*E/B:#*&/(<-*'6#*#0$*%=*'6#*/((/@7*

67(78"*BCDB* :%8+&)*

32 space 48 0 64 @ 80 P 96 ` 112 p 

33 ! 49 1 65 A 81 Q 97 a 113 q 

34 ! 50 2 66 B 82 R 98 b 114 r 

35 # 51 3 67 C 83 S 99 c 115 s 
36 $ 52 4 68 D 84 T 100 d 116 t 

37 % 53 5 69 E 85 U 101 e 117 u 

38 & 54 6 70 F 86 V 102 f 118 v 

39 " 55 7 71 G 87 W 103 g 119 w 

40 ( 56 8 72 H 88 X 104 h 120 x 

41 ) 57 9 73 I 89 Y 105 I 121 y 

42 * 58 : 74 J 90 Z 106 j 122 z 

43 + 59 ; 75 K 91 [ 107 k 123 { 

44 , 60 < 76 L 92 \ 108 l 124 | 

45 - 61 = 77 M 93 ] 109 m 125 } 

46 . 62 > 78 N 94 ^ 110 n 126 ~ 

47 / 63 ? 79 O 95 _ 111 o 127 del 

J\*



!"#$%&'#()*+,*-.'/#"0(+"*

Null-terminated Strings 
!! For example, #Harry Potter! can be stored as a 13-byte array. 

!! Why do we put a 0, or null, at the end of the string? 

!! Computing string length? 

72 97 114 114 121 32 80 111 116 116 101 114 0 

H a r r y P o t t e r \0 

67(78"*BCDB* J *̂:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

M+84.>;#A#()*

!! ?)(%*+&2%&#"0*"+(*."*#''7%*

!! !"#5+2%*5/.&.5(%&'*p*74*(+*L*;)(%'q5/.&.5(%&*
!! d!;LL*9%$#-*-GBB*?%(<*2B#/$,0.*\*1,'5*1:'*9/0*-:""%('*'6#*&/0@*96/(/9'#(-*

,0*/BB*B/0.:/.#-*,0*'6#*?%(B$*

!! r/E/*/0$*;*6/E#*B,1(/(,#-*=%(*80,9%$#*2r/E/*9%&&%0B@*:-#-*V*1@'#-X96/(5*

G#"7Sq6A4/.*I* I7"*I*

JJ*

JL*

JD*

JB*

JQ*

CC*

JJ*

JL*

JD*

JB*

JQ*

CC*

67(78"*BCDB* LC*:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

?++A%."*6A0%;&.*

!! W%$%A+4%2*;)*h%+&0%*?++A%*#"*D^(/*M%"(7&)*

!! dB.#1(/,9*(#"(#-#0'/G%0*%=*B%.,9*

!! ]09%$#*YQ(:#Z*/-*4*/0$*Y+/B-#Z*/-*\*

!! dRTS*dvM*`*4*?6#0*1%'6*d*,-*4*/0$*M*,-*4*

!! zHS*d{M*`*4*?6#0*#,'6#(*d*,-*4*%(*M*,-*4*

!! ozHS*d|M*`*4*?6#0*#,'6#(*d*,-*4*%(*M*,-*4A*1:'*0%'*1%'6*

!! RzQS*}d*`*4*?6#0*d*,-*\*/0$*E,9#IE#(-/*

!! T#D%(./0C-*3/?S**}2d*{*M5*`*}d*v*}M*

67(78"*BCDB* LD*:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

h%"%&.A*?++A%."*6A0%;&.'*

!! _4%&.(%*+"*;#(*$%5(+&'*
!! z"#(/G%0-*/""B,#$*1,'?,-#*

!! 6AA*+,*(/%*4&+4%&>%'*+,*?++A%."*.A0%;&.*.44A)*

!! E+F*2+%'*(/#'*&%A.(%*(+*'%(*+4%&.>+"']*

****CDDCDCCD*

r*CDCDCDCD*

**CDCCCCCD*

***CDDCDCCD*

s*CDCDCDCD*

**CDDDDDCD*

***CDDCDCCD*

t*CDCDCDCD*

**CCDDDDCC*

u*CDCDCDCD*

**DCDCDCDC*

67(78"*BCDB* LB*

***CDCDCDCD*

t*CDCDCDCD*

**CCDDDDCC*

:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

=%4&%'%">"0*r*:."#47A.>"0*I%('*

!! =%4&%'%"(.>+"*
!! e,$'6*F*1,'*E#9'%(*(#"(#-#0'-*-:1-#'-*%=*~\A*qA*Fp4�*

!! /S*`*4*,=*S**#*T&

01101001  ~*\A*WA*[A*a*�*

76543210 

01010101  ~*\A*VA*gA*a*�*

76543210 

!! _4%&.>+"'*
!! v* *L0'#(-#9G%0 *01000001 ~*\A*a*�*

!! {** *80,%0 *01111101 ~*\A*VA*WA*gA*[A*a*�*

!! | *!@&&#'(,9*$,k#(#09# *00111100 ~*VA*WA*gA*[*�*

!! } *;%&"B#&#0' *10101010 ~*4A*WA*[A*f*�*

67(78"*BCDB* LJ*:%8+&)*

!"#$%&'#()*+,*-.'/#"0(+"*

?#(@G%$%A*_4%&.>+"'*#"*M*

!! _4%&.>+"'*r<**s<*t<*u*.&%*.$.#A.;A%*#"*M*
!! d""B@*'%*/0@*Y,0'#.(/BZ*$/'/*'@"#*

!! longA**intA**shortA**char, unsigned 

!! K,#?*/(.:&#0'-*/-*1,'*E#9'%(-*

!! d(.:&#0'-*/""B,#$*1,'I?,-#*

!! YS.84A%'*c5/.&*2.(.*()4%d*
!! ~0x41 -->  0xBE 

~010000012 --> 101111102 

!! ~0x00 -->  0xFF 

~000000002 --> 111111112 

!! 0x69 & 0x55  -->  0x41 

011010012 & 010101012 --> 010000012 

!! 0x69 | 0x55  -->  0x7D 

011010012 | 010101012 --> 011111012 

67(78"*BCDB* LL*:%8+&)*



!"#$%&'#()*+,*-.'/#"0(+"*

M+"(&.'(9*G+0#5*_4%&.>+"'*#"*M*

!! M+"(&.'(*(+*A+0#5.A*+4%&.(+&'*

!! &&A*||A*!*

!! K,#?*\*/-*Y+/B-#Z*

!! d0@'6,0.*0%0m#(%*/-*YQ(:#Z*

!! dB?/@-*(#':(0*\*%(*4*

!! ]/(B@*'#(&,0/G%0*

!! YS.84A%'*c5/.&*2.(.*()4%d*

!! !0x41  -->  0x00 

!! !0x00  -->  0x01 

!! !!0x41 -->  0x01 

!! 0x69 && 0x55  -->  0x01 

!! 0x69 || 0x55  -->  0x01 

!! p && *p++  (/E%,$-*0:BB*"%,0'#(*/99#--A*0:BB*"%,0'#(*`*\N\\\\\\\\*5*

!! if (p) *p++; 
67(78"*BCDB* LQ*:%8+&)*


