C and Linking

LC3 C compiler, Icc; hand linking with assembly code; function call interfaces and protocols.

see src/Makefile for instructions:

@B o ld fee ) C CO’N*‘siICr fa LCS. .
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fila.

cd ../run
cp ../bin/fig.16.4.c f.c

lcc f.c

We also assume gcc is installed.
Build problems?
--- cpp/unix.c and string.h

memmove() redefined in unix.c,

might cause

build problem for compiling unix.c.
1. Possible solution: remove memmove()
definition from bin/lcc-1.3/cpp/unix.c. Then,
rebuild.

Do not unzip again, that would clobber your
change.

HW%\WWWJKJW

f.c:24: warning: missing return value ICC UW)OJEF }VRS WW (NL‘} ? 5 'ffwvx

STARTING PASS 1

0 errors found in first pass. D3 4s /Wit § (‘\STARTWG,.,“) ﬂ/} ﬂ/dﬂ}déeﬁ

STARTING PASS 2

0 errors found in second pass. 3 ﬂd‘pd’ fis ;

a.asm The compiler's assembly language output.
a.sym The symbol table from assembling a.asm.

a.obj
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The LC3 load module from assembling a.asm.
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C code, f.c, is from Fig. 16.4 in Patt&Patel.



Build/install C compiler, Icc:
--- unzip source to bin/lcc-1.3/
--- configure Makefiles

--- do "make" to compile
--- do "make install" to copy executables to bin/

NB--Do not have path names with spaces. :L(l k(m//q - l 3/ we. Cax
J

sh configure --installdir ~/my work/bin _ sh mf;;,m,t
or % gPa:CEJ U"‘ @aj&" "WM'LJ.
- make ws-f”ﬂ)

BJ}: WMAM %MLAIZ»}.@ p/

TORDIR =1 /)MJJ\

sh configure --installdir "~/my\ work/bin"

cd ~
In-s "~/my\ work/bin" LC3trunk-bin
Add it to your PATH .
CA\L t
fwa, A«PMM_.
Tof DIk = ~/L(3tuerk-bin

Alfo/ In {o’ccs 50{1(0«9 This f/;a /ﬂ\j ,oro”m. o) Ao}

% PATH= ~/LC3trunk-bin:${PATH}

AT -
§CM(Q P H Sl\ C‘TWF\‘ZWC ——Ips QIUI} "/LCth/wk-L)m
Creat d -readable LC3 .
oxectutable object fie Frobj — f.bin

@nmﬂ? Cn be dore ;’7 M grep "obj2bin " src/Makefile
7%6 “WP” W\:MM Mpg /A[m,, h’) AZL %ﬂy grep "sed" src/Makefile
A reﬂ% oxpressom (12 %3. %‘: lo. M A

M'ucanV‘V\ SPC/M '

obj2bin < a.obj > a.bin

sed '1d' < a.bin > prog.bin



--- Linking separate asm sources. --- Combining C and ASM.

--- Compiler output as .asm --- call frames, local vars, return values, text-data-stack layout.
--- Running LC3 code in verilog simulations.

==> f.c uses operating system's services.

%> more f.c
==> HALT and OUT.

#include <stdio.h> L
#define MAX_NUMS 10 ==> NOT in f.c's C code!

==> printf()? IS THAT C TOO?

int main() ==> printf.asm is linked in.
{ int index; cd bin/lcc-1.3/Ic3lib/
int numbers[]MAX_NUMS]; |
s
printf("Enter %d numbers.\n", MAX_NUMS); getchar.asm  printf.asm
putchar.asm scanf.asm
stdio.asm stdio.h

W}%/-A& , de %Jax we rit fiked, /Iﬁ'id.u
bk e 0l filenr It \ﬁé@ Hamy
0 Ed' ﬂe}“ m w%dtup Mji Mm”

Static Link N ! (L
atic Linking: . ’ [
| N Linke) objell 174 e
Library header provides pointers to sections of code. .

Contuns gxecilables
Sections extracted and copied to form one file.

Loader: K
>

Headers (.o file headers) stripped, executble code [o 3
copied to memory, along w/ preamble. a

References (addresses) fixed
---- at link time
---- at load time
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Contrast:

Dynamic linking (.DLL)
--- call is via a jump table

--- jump table filled in as
needed at runtime

--- 1ST jump goes to loader
--- executable loaded

--- next time, jumps to
executable

W aj' ’MW\Q{\&_

%> gcc -S fo.c
%> more f.s

LCO:

.globl

_main:

file  "f.c"
def _ main; .scl 2;

.endef
/.

.section .rdata,"dr"
.ascii "Enter %d numbers.\12\0"

type 32;
aseil xPA=LF

text \ = NV
i Ascn x00 = MUl
.def _main; scl 2; type 32;
.endef

(ave BP push BP

pushl %ebp yew BO: sp—>TBP

movl %esp, %ebp _—

subl $104, %esp /M&AC S/ééf N SF" /oY

andl $-16, %esp
movl $0, %eax — oll\'yn:XOf?SP[-z’“o]

~ more preamble

After linking and loading,

Qﬁm jvnr:m\d JW& printf() becomes

jsr _printf

_printf is a label (i.e., an offset)

Lb. U
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7. Meed o - fene] 0@(/\4'*1‘0‘(\5 - . 4SW|
2.Vse C, when poss'llole

1
1. user main() C code: _ Van
"printf()" ===> "jsr printf" PV+S- 1 ) rd, DSR
: Asm
2.|_printf C code: —
(handle formats, conversions, ...) e s o
3.)_printf ASM code: —
(do prep) while (1) C
trap x22  (jump to "puts") print {(( o g""‘ft v)
scenflem
4\PUTS C + ASM code: 5wi+oA/ch)
\di r0, DSR

—

\l‘mvv\z s % I'\U\Me

| KR\.\\C\»\MQY“\ C ) h/—\mcb
ASm “ f;\ﬁ: +’.me( [N] ,'
of (head >N head =0,

. Ar-\TML
”\més To ‘ i [kef\t} =%l) {
howd o ow u head - =~/

Asm ‘ overflow();
®__~ HEAD g_/;g . #U)wﬂzch}
- T & « KBDR ’
< Turn on |fterr UTJ‘l—f
— sef vp 5+“4[< fa u.QQ Linking C and ASM makes life easier
— PU+ K¢ cntert m stack Can build more interesting stuff faster

— RTI Link higher-level languages too



Sevrce ceode \{v\k(v\a (L.Q3)
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Now we vun auc Q(oca,bm sed 'l
1. Electric.open : test.jelib : Ic3run : Tools.Simulation.WriteVerilogDeck r“%roa,\om
===> run/Ic3run.v
2. cd run; iverilog Ic3run.v
===> a.out
3.a (run w/o keyboard support): )
vvp a.out \ \SY\‘W\
Ly MY
3.b (run w/ keyboard support): |o en
../bin/kb —_/
[esc] <
*only need to do 1. and 2. once, then use same a.out for 3. OI'J 2 .GLJ. U.\..
** check what Ic3run reads into LC3 memory, .
0s.bin w/ prog.bin? only o0s.bin? PQMHSIM .

(W/ both OS and user progs): -— No .}'.“‘erru‘){'{, Bfk
readmemb("o0s.bin", mem.data[x0200]); .
readmemb("prog.bin", mem.data[x3000]); - qud P‘] nguaz tm.a_

(Or, only foo.bin runs): o‘ﬂ.el'w e

readmemb("foo.bin", mem.data[x0200]);

refs:
traps in Ic3 (w/-memory protection, user-super modes):
http://www.cis.upenn.edu/~milom/cse240-Fall05/handouts/Ch09-a.pdf




Q conventions

L3 Dee S+3|€

Co—

meain

ENTER

C.;..!l 9
-‘>
LEAVE

ret

L

PRoG. 0B T

intg(intx){

}

return(x);

int main() {

}

inty, z;
z=1;

y =9(2);
return(y);

Y

‘ Enver

I LEAVE
l rc'l'

el JEA
Preawb le

Te.x—" sej m&;\'

] Jd.'l'a SGJ mw.l-

Standardized protocol
1. ENTER, set up stack
2. do stuff

3. LEAVE, unwind stack

Object structure (.o or .obj)

0. Header(s)
Pointers, offsets, types

1. Preamble inserted
Handles OS conventions

2. Text Segment(s)
machine instructions

3. Data Segment(s)
pointers to functions
constants' data
global variables
variables' initial values

*’*‘&C ® Wﬂ

ﬂ‘bbj



.Orig x3000

INIT_CODE A PREAMBLE
LD R6, STACK_POINTER

LD R5, STACK_POINTER

LD R4, GLOBAL_DATA_POINTER

LD R7, GLOBAL_MAIN_POINTER

jsrr R7

HALT

GLOBAL_DATA_POINTER .FILL GLOBAL_DATA START

GLOBAL_MAIN_POINTER .FILL main ;;—-- pointer wvar.

STACK_POINTER .FILL xFO00O

P TEXT SEGMENT
( main's and g() 's text)

i DATA SEGMENT
GLOBAL_DATA_START:
g .FILL 1ec3_g ;;—-— Pointer variable to g()
L1_f .FILL 1c3_L1_f
L4_f .FILL 1c3_L4_f
L3_f .FILL #2 ; ;—— CONST 2
L5_f .FILL #1 ;;—— CONST 1
L2_f .FILL #5 ;;—— CONST 5
.END

main

e BEGIN ENTER ————————

ADD R6, R6, #-1 ;;-- allocate ret val space
#-1 ;;-—— Sp——
STR R7, R6, #0 ;;—— push ret addr
ADD R6, R6, #-1 ;;-— SP——
STR R5, R6, #0 ; ;—— push BP
ADD R5, R6, #-1 ;;-— set new BP
;i ————— allocate locals
ADD R6, R6, #-3

ldr R7, R5, #0 ;—— R7 <== 1D
1dr R3, R5, #-1 ;—— R3 <== a
add R3, R3, R7 ;—— R3 <== a+b
str R3, R5, #-2 ;—— ¢ <== R3
ldr R3, R5, #

ADD R6, R6, #-1 ;-— sp—-
STR R3, R6, #0 ;-- push c
ADD R6, R6, #-1 ;-— sp—-
STR R7, R6, #0 ;-—- push b

ADD RO, R4, #0 ;-- RO <== address of g() pointer

LDR RO, RO, #0 ;-—- RO <== address of g{()
jsrr RO ;—— call g()

¥ MMZS&

int g( int x,
int y, z;
y = x+5+w;
z = y+2;
return(z);

int main (void) {
int a, b, c;

a=1;
b = 2;
c = a+tb;

return( g(b,

Mem

int w ) {

c) );

X 3000
TEXT
| DATA
xF00p
SP—>
-3 |
oo ) B
Pusne [ BP |« R7
PUSHC RQTAWK
-1 X fodo
SP—s |
C
& }Bocaﬁsj
pP—=_° |
BP
R<Y adde |
X fodo0
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ADD
ADD
STR
ADD
STR
ADD

LDR
STR
LDR
LDR

RET

————————— BEGIN ENTER ———————-

R6, R6, #-1 ;;-—- allocate ret val space
R6, R6, #-1 ;;—-—— SP——
R7, R6, #0 ;;—— push ret addr
R6, R6, #-1 ;;-— SP—-
R5, R6, #0 ;;—— push BP
R5, R6, #-1 ;;—-— set new BP
;o ————— allocate locals

R6, R6, #-2
;j——————— END ENTER ——————————
;——————— BEGIN-LEAVE ———————-—
R6, 5 ;;-—— SP to
R7, R6 ;;—— ret wval to
R7, HHE ret addr
R5, ;;—— restore BP
; jm—————— END-LEAVE ————————

LDR R7, ;—— pop

ADD R6, R6, #1 ;—— SP++
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i.n'nkiiic amd ASM \Ml.hima' ﬂf’fmdcl‘ll Hprdmé A /&w
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void putchar(char); M/)A/t, ASM Mzc/»
Lee L fows:

lcc f.c foo.asm

—

#include "foo.h"

char getchar(void);

int main (void) {
char ch;
ch = getchar();
putchar( ch );
return(0);

}

Foo. ash Conyenlion, om ENTRY

- .global getchar SP — 1€I dr‘g

; char getchar (void)
LC3_GFLAG getchar LC3_GFLAG .FILL lc3_getchar

SP -—o-; fap of (!4."“~

STR R7, R6 (no aA/L CWJJZB
STR RO, R6

GETC

our Rz?___»{ pp < KBDR ; echo ng } R

LDR RO, R6
LDR R7, R6 <«—5S?

ADD R6, R6, #-1
RET S pom‘l’ SP & &— S¢P

lc3_getchar

Vs
.global putchar callers Frd\f\e
; void putchar (char)
LC3_GFLAG putchar LC3_GFLAG .FILL lc3_putchar

Convenlian om EXIT
SP > RET VAL

lc3_putchar

STR R7, R6,
STR RO, R6, (J‘u& above caller mee)

LDR RO, R6, #0
ouT

LDR RO, R6, (a/t}o/ /VL»CSO’# °4w>
LDR R7, R6,

ADD R6, R6, #-0
RET

.END

<SP




]CC CGMPQ:I. t L-\l ;"'g]

P User  oode Qonded 4 x3000, o 4s-is: fhpa the wobj —> .bin
S Provided 0S5 & foads) & x0200

U W\ . ]
“,orf; 300" > Oy x0200

for OS cbe, Qjui . ekt aam EFEET = SaFFF

Je3as a.asm — a.obj —> 0s,bin
Le3as These are used by lcc's C/ASM code.

GE T —————————> TeAP .0 Case (upper/lower) is ignored: halt == HALT

oVT T
| RAP x| Our Ic3pre definitions are not the same, e.g.,
PUTS > TRAP x 22

trap(x20)_  ===> push__( R7)
IN — < TRA? x27 TRAP x20
o pop__(R7)
PuTsp ——mm TRAP getc ===> push__( R7)
= TP x A5 TRAP x20
HalLT pop__(R7)
N Even so,
Don t Wae -'&\C-‘e' res e.\’\lﬁé C conventions are still ok, push/pop is ok.
. But,
Wwory AS un ka,ouf C,OAC . not if you violate C's conventions (stack usage).

All is ok, as long as,
--- convention is not violated
--- trap routines do what is expected

For OS5 code M”P'”’ Qj - trap vectors are the same

Com wro CrASM o ebme | bud

dod we C et calls & Trap WWOSM wymp/mw%.
\_>'é<mfomr0v( M'MJ& oM 72»70 vectns £ x0200 n b code T

helt 13 (Ld stp, STR MCR)
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